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1. Wykaz stosowanych skrotow

Skrot Rozwini¢cie w jezyku angielskim Rozwini¢cie w jezyku polskim
CGM  continuous glucose monitoring ciggle monitorowanie stgzenia
glukozy
CSllI ;:r?frlljtslinour?us subcutaneous insulin ciagly podskérny wlew insuliny
Cv coefficient of variation wspolezynnik zmiennosci
FGM  flash glucose monitoring system monitorowania st¢Zenia
glukozy typu flash
GMI glucose management indicator wskaznik kontroli stezenia glukozy
HbAlc  glycated hemoglobin hemoglobina glikowana
HCLS hybrid closed-loop system zamknigtej petli
h-Gl high- glycemic index wysoki indeks glikemiczny
ICR insulin-to-carbohydrate ratio wspotczynnik insulina -wymiennik
weglowodanowy
IFcc  International Federation of Clinical Migdzynarodowa Federacja Chemii
. g Klinicznej i Medycyny
Chemistry and Laboratory Medicine .
Laboratoryjnej
IG glycemic index indeks glikemiczny
ISPAD  the International Society for Pediatric 2;)[;zc\}\f}énuaifzdév;e[)"l;?gg?rizystwo do
and Adolescent Diabetes .
Miodziezy
MDI multiple daily injections metoda wielokrotnych iniekcji
insuliny
NB normal bolus bolus standardowy
. ] system predykcyjnego,
PLGS ';hitré:ﬁdlctlve low-glucose suspend automatycznego zatrzymania przed
Y niskim poziomem glikemii
PTD  The Polish Diabetes Association Palskie Towarzystwo
Diabetologiczne
SB super bolus super bolus
SBP  systolic blood pressure ci$nienie skurczowe
SMBG  self-monitoring of blood glucose samokontrola glikemii za pomocy
glukometru
TAR time above target glucose range czas w glikemii powyzej zakresu
docelowego
TBR czas w glikemii ponizej zakresu

time below target glucose range

docelowego




TITR time in tight range czas w glikemii w waskim zakresie

docelowym
TIR time in range géise;/(\)/vg)l;rﬁemu w zakresie
TID  type 1 diabetes cukrzyca typu 1




2. Streszczenie w jezyku polskim

Systemy cigglego monitorowania stezenia glukozy (ang. continuous glucose
monitoring, CGM) sg obecnie najszybciej rozwijajaca si¢ technologia w dziedzinie
diabetologii. W zwigzku z coraz wicksza dokladno$cig oraz zaawansowaniem systemow
monitorowania stezenia glukozy, a jednocze$nie ich powszechng dostepnosciag pojawily si¢ w
literaturze nowe wskazniki prawidlowej kontroli glikemii. Na szczeg6lng uwage zastuguje
wskaznik czasu spedzonego w glikemii docelowej (ang. time in range, TIR), ktory jest $cisle
zwigzany z wystepowaniem powiktan pod postacig mikroangiopatii oraz makroangiopatii.. W
2019 roku Batellino i wsp. opublikowali migdzynarodowy konsensus dotyczacy docelowych
wartosci glikemii dla pacjentow stosujacych systemy CGM, ktory zostal zaakceptowany przez
wiele migdzynarodowych towarzystw, w tym takze Polskie Towarzystwo Diabetologiczne
(PTD). ,,Zalecenia kliniczne dotyczace postepowania u 0sob z cukrzycg 2024 PTD” do celow
leczenia cukrzycy dotyczacych kontroli glikemii poza wskaznikiem HbAlc wlaczaja takze
parametry z systeméw CGM, ze szczegdlnym uwzglednieniem wskaznika TIR (70-180mg/dl,
3,9-10mmol/l), ktorego docelowa wartos¢ powinna wynosi¢ >70%.

Niniejszg rozprawe doktorskg stanowi cykl tematycznie powigzanych ze sobg
publikacji, ktorych celem bylo okreslenie, co warunkuje wydhluzenie czasu spedzonego w
glikemii docelowej przez dzieci 1 nastolatkow chorujacych na cukrzyce typu 1.

Celem badania kliniczno-kontrolnego: “Factors affecting the prolongation of glycemic
time in range among children with type 1 diabetes using continuous glucose monitoring
systems: A case control study.” bylo zidentyfikowanie czynnikdw, ktore wplywajg na
wydtuzenie czasu glikemii w zakresie wartosci docelowych oszacowanym na podstawie CGM
wérdod dzieci chorych na cukrzyce typu 1. Przeanalizowano dane pochodzace od 110 dzieci (1-
17 lat) chorujgcych na cukrzyce typu 1 powyzej roku, leczonych ciggtym podskornym wlewem
insuliny za pomocg pompy insulinowej (ang. continuous subcutaneous insulin infusion, CSII),
stosujacych CGM co najmniej 3 miesigce, z czasem rejestracji danych >70%. Rodzice lub
prawni opiekunowie proszeni byli takze o wypetnienie kwestionariusza dotyczacego
codziennych nawykdw oraz wykorzystywanych funkcji pompy insulinowej. Uczestnikow
podzielono na dwie grupy: osiagajacych cele terapeutyczne (TIR >70%) oraz niespetniajacych
tych kryteriow (TIR <70%). Grupa z TIR <70% charakteryzowata si¢ powtarzajacymi si¢

epizodami hiperglikemii oraz wysokim wskaznikiem zmiennos$ci glikemii (ang. coefficient of



variation, CV). Pacjenci z TIR >70% znacznie czgSciej Korzystali z systemu wstrzymania
podazy insuliny przed niskim poziomem glikemii (ang. the predictive low-glucose suspend
system, PLGS), zachowywali odpowiednie interwaly czasowe miedzy podaniem insuliny a
spozyciem positku, korzystali z funkcji pompy insulinowej "kalkulator bolusa™ oraz czgsciej
generowali elektroniczne raporty z oprogramowania pompy insulinowej lub systemu CGM. W
obydwu grupach odnotowano akceptowalny odsetek hipoglikemii (3%), niezaleznie od
osiggnigtych wartosci TIR. W powyzszym badaniu wykazano, iz gldwnym problemem
pacjentoOw nieosiggajacych celu terapeutycznego, jakim jest TIR >70% sa powtarzajace si¢
epizody hiperglikemii oraz duza zmiennos¢ glikemii. Czynniki, ktére moga powodowac
wydtuzenie TIR to: stosowanie zaawansowanych funkcji systemow CGM, zachowanie
odpowiedniego odstgpu czasowego od podazy insuliny do spozycia positku, stosowanie funkcji
,kalkulator bolusa” oraz duze zaangazowanie pacjenta w proces terapeutyczny (regularne,
samodzielne generowanie raportow z oprogramowania pompy i CGM).

Biorgc pod uwage fakt, iz gldownym problemem pacjentéw chorych na cukrzyce typu 1, ktorzy
nie osiggajg oczekiwanej kontroli metabolicznej sg powtarzajace si¢ epizody hiperglikemii
kolejne badanie bylto probg znalezienia rozwigzania na bardzo powszechny kliniczny problem,
jakim jest hiperglikemia popositkowa. Jest to zjawisko czeste, zwlaszcza w odniesieniu do
positkow o wysokim indeksie glikemicznym (ang. glycemic index, 1G). Nadal brak jest
optymalnego sposobu podazy insuliny do positkow o wysokim IG. W ostatnich latach w
literaturze pojawiato si¢ pojecie super bolusa (SB), w ktérym dawka insuliny dopositkowej jest
zwiekszona, z jednoczesnym wstrzymaniem lub zmniejszeniem podazy insuliny bazalnej. Brak
jest jednoznacznej definicji, jak taki bolus powinien by¢ skonstruowany oraz brak jest badan
klinicznych z wykorzystaniem tego rodzaju bolusa. Dostepne dane odnosza si¢ do badan
przeprowadzonych w modelu in-silico. Praca ,,Super Bolus—A Remedy for a High Glycemic
Index Meal in Children with Type 1 Diabetes on Insulin Pump Therapy?—A Randomized,
Double-Blind, Controlled Trial” oraz jej szczegdtowy, opublikowany protokét miata na celu
wykazanie, czy SB jest efektywniejsza metoda zapobiegania hiperglikemii popositkowej, niz
bolus standardowy (ang. normal bolus, NB). Super bolus zostat zdefiniowany, jako zwiekszenie
dawki insuliny dopositkowej obliczonej na podstawie indywidualnego wspotczynnika insulina-
wymiennik weglowodanowy (ang. insulin-to-carbohydrate ratio, ICR) 0 50% z jednoczesnym

wstrzymaniem podazy insuliny bazalnej przez 2 godziny. NB zostat zdefiniowany jako dawka



insuliny dopositkowej obliczona na podstawie ICR. Do badania zakwalifikowano 72 dzieci, w
wieku 10-17 lat, chorych na cukrzyce typu 1 powyzej roku, leczonych metodg CSII > 3
miesigce. Wszyscy pacjenci podczas badania byli hospitalizowani, wspdtczynniki ICR byly
ustalane indywidualnie dla kazdego pacjenta na podstawie glikemii mierzonej 2 godziny po
positku. Interwencja bylo spozycie $niadania o wysokim IG (pfatki §niadaniowe z mlekiem) 0
tej samej porze przez 2 dni. W losowej kolejnosci uczestnicy otrzymywali do $niadania SB lub
NB. Pierwotnym punktem koncowym bylo stezenie glukozy zmierzone za pomocg glukometru
(ang. self-monitoring of blood glucose, SMBG) w 90-tej minucie okresu obserwacji (okres
obserwacji wynosit 180 minut). Podczas catego czasu trwania badania pacjenci byli podiaczeni
do tego samego CGM oraz mieli wykonywane oznaczenia SMBG co 30 minut.

W niniejszym badaniu wykazano, iz SB jest skuteczng strategig zapobiegania hiperglikemii
popositkowej. Po podazy SB odnotowano istotnie statystycznie nizsze wartosci glikemii
podczas calego okresu obserwacji (takze w pierwotnym punkcie koncowym). Ponadto, po
zastosowaniu SB pacjenci przebywali istotnie dtuzej w zakresie docelowych wartosci glikemii,
w poréwnaniu z NB. SB powodowat jednak czestsze wystepowanie epizodow hipoglikemii.
Niemalze 90% z nich stanowily epizody alertowego stezenia glukozy (54-69 mg/dl, 3.0-3.8
mmol/L), ktore pojawialy si¢ pod koniec okresu obserwacji. Po zastosowaniu NB odnotowano
istotnie wyzszy odsetek epizodéw hiperglikemii oraz ponad dwukrotnie dtuzszy czas sp¢dzony
w hiperglikemii. Biorgc pod uwage powyzsze wywnioskowano, ze SB jest skuteczng strategig
zapobiegania hiperglikemii popositkowej, jednak czas wstrzymania podazy insuliny bazalnej

powinien byl wydtuzony, np. do 3 godzin.
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3. Streszczenie w jezyku angielskim

Continuous glucose monitoring (CGM) systems are currently the fastest growing
technology in the field of diabetology. Due to the increasing accuracy and sophistication of
glucose monitoring systems and their widespread availability at the same time, new indicators
of proper glycemic control have appeared in the literature. Of particular note is the time in range
(TIR) index, which is closely related to the incidence of complications in the form of
microangiopathy and macroangiopathy. In 2019, Batellino et al. published an international
consensus on glycemic targets for patients using CGM systems, which has been accepted by
many international societies, including the Polish Diabetes Association (PTD). "Clinical
Recommendations for the Management of People with Diabetes 2023 of the PTD" include
parameters from CGM systems in addition to the HbAlc index for glycemic control targets,
with particular emphasis on the TIR index (70-180mg/dl, 3.9-10 mmol/l), whose target value
should be >70%.

This doctoral dissertation is a series of related publications, which aimed to isolate the
factors affecting the prolongation of time spent in target glycemia by children and adolescents
with type 1 diabetes.

The purpose of the case-control study: "Factors affecting the prolongation of glycemic
time in range among children with type 1 diabetes using continuous glucose monitoring
systems: A case control study." was to identify factors that affect the prolongation of glycemic
time in range estimated by the CGM systems among children with type 1 diabetes. Data from
110 children (1-17 years old) with type 1 diabetes over one year, treated with continuous
subcutaneous insulin infusion by an insulin pump, using CGM for at least 3 months, with data
recording time over 70% were analyzed. Parents or legal caregivers were also asked to complete
a questionnaire concerning daily habits, a type of using insulin, devices, and their settings in
diabetes therapy. Participants were divided into two groups: those achieving therapeutic goals
(TIR >70%) and those not meeting these criteria (TIR <70%). The group with TIR <70% was
characterized by repeated episodes of hyperglycemia and a high glycemic coefficient of
variation (CV). Patients with TIR >70% were significantly more likely to use the predictive
low-glucose suspend system (PLGS), maintain appropriate time intervals between insulin
administration and a meal consumption, use the insulin pump's function"bolus calculator”, and

were more likely to generate electronic reports from the insulin pump and/or CGM system
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software. In both groups, we recorded an acceptable rate of hypoglycemia (3%), regardless of
achieved TIR values. In the above study, we presented that the main problem of patients not
reaching the therapeutic goal of TIR >70% is repeated episodes of hyperglycemia and high
glycemic variability. Factors that can result in prolonged TIR include: use of advanced features
of CGM systems, maintenance of an appropriate time interval from insulin delivery to meal
consumption, use of the "bolus calculator” function, and high patient involvement in the
therapeutic process (regular self-generation of reports and their analysis).

Taking into consideration that the main problem of type 1 diabetes patients who do not
achieve the expected metabolic control is repeated episodes of hyperglycemia, the next study
was an attempt to find a solution to a very common clinical problem, which is postprandial
hyperglycemia. It is commonly observed, especially with regard to high glycemic index (Gl)
meals. There is still no optimal way to adjust insulin to high GI meals. In recent years, the
concept of a super bolus (SB), in which the dose of meal insulin is increased with subsequent
decreased or suspended basal insulin, was mentioned in the literature. There is no clear
definition of how SB should be created, and there are no clinical trials using this type of bolus.
The available data refer to studies conducted in an in-silico model. The study, "Super Bolus-A
Remedy for a High Glycemic Index Meal in Children with Type 1 Diabetes on Insulin Pump
Therapy?-A Randomized, Double-Blind, Controlled Trial,” and its detailed, published protocol,
aimed to demonstrate whether SB is a more effective method of preventing postprandial
hyperglycemia than a standard bolus (normal bolus, NB). Super bolus was defined as an
increased by 50% dose of prandial insulin calculated on the basis of an individual's insulin-to-
carbohydrate ratio (ICR) with subsequent suspended basal insulin for 2 hours. NB was defined
as the dose of prandial insulin calculated based on the ICR.

Seventy-two children, aged 10-17 years, with type 1 diabetes for more than a year and
treated with CSII for more than 3 months were enrolled. All patients were hospitalized during
the study, ICRs were estimated accordingly. The intervention was the consumption of a high
Gl breakfast (cereal with milk) for the two separate days. In random order, participants received
SB or NB for the breakfast. The primary endpoint was the glucose level measured with a
glucometer at the 90th minute of the observation period (the observation period was
180minutes). Throughout the study, patients were connected to the same CGM and had SMBG

measured every 30 minutes.
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In this study, we demonstrated that SB is an effective strategy for preventing
postprandial hyperglycemia. After SB administration, there were statistically significant lower
glycemic values during the entire follow-up period (including the primary endpoint).

In addition, patients stayed significantly longer in the glycemic time in range after SB,
compared to NB. However, SB resulted in more hypoglycemic episodes. Almost 90% of these
were hypoglycemia alert values in the range of 54-69 mg/dl, 3.0-3.8 mmol/L, which occurred
at the end of the observation period. After NB, there was a significantly higher percentage of
hyperglycemic episodes and more than double the time spent in hyperglycemia. Taking this
into account, we concluded that SB is an effective strategy for the prevention of postprandial

hyperglycemia, but the time of suspending basal insulin should be extended, f.ex. up to 3 hours.
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4. Wstep
4. 1 Systemy ciaglego monitorowania stezenia glukozy

Cukrzyca typu 1 (ang. type 1 diabetes, T1D) jest jedng z najczeSciej wystgpujacych
chordb autoimmnizacyjnych w populacji pediatrycznej. Jest to schorzenie wymagajace duzej
samodyscypliny i zaangazowania pacjenta w proces terapeutyczny. Niezbednym narzedziem w
skutecznym zarzadzaniu cukrzyca jest regularna kontrola glikemii. Przez ostatnie 100 lat
sposoby kontroli stezenia glukozy zmienity si¢ diametralnie. W 1909 r. Stanley Rossiter
Benedict opublikowat swojg przefomowg prace na temat metod pomiaru stezenia glukozy w
moczu.! Oznaczenie to stalo si¢ gtdownym testem do monitorowania stezenia glukozy do czasu
odkrycia reakcji enzymatycznych opartych na oksydazie glukozy pod koniec lat 50-tych XX
wieku.? Metoda enzymatyczna zostala przystosowana do pomiaru stezenia glukozy w osoczu
w laboratoriach klinicznych - poczatkowo r¢cznie, a nastepnie metodami zautomatyzowanymi.
Kolejno obserwowano postep w rozwoju paskow testowych, natomiast dopiero pod koniec lat
70. i na poczatku lat 80. koncepcja samokontroli stgzenia glukozy we krwi (ang. self monitoring
of blood glucose, SMBG) za pomoca glukometrow stala si¢ powszechnie stosowana.? Kolejnym
rewolucyjnym etapem kontroli stezenia glukozy byt rozwoj systemow cigglego monitorowania
(ang. continuous glucose monitoring, CGM), ktory trwa do dzisiaj. Pierwszy taki system
wprowadzono na rynek w 1999 r., poczatkowo do stosowania jedynie w warunkach
klinicznych.® Obecnie systemy CGM sa uzytkowane w warunkach domowych, posiadaja wiele
zaawansowanych funkcji i sg najwickszym osiggnieciem dotyczgcym nowoczesnych

technologii w dziedzinie diabetologii.

CGM to metoda pomiaru, ktora daje petny wgladu w to, jak ksztaltuje si¢ stezenie
glukozy w ciagu catej doby. System zostat stworzony, aby pacjent w sposob latwy, szybki i
dyskretny miat staly dostep do informacji o stezeniu glukozy w czasie rzeczywistym. Sktada
si¢ z trzech czesci: sensora (czujnika), transmitera (nadajnika) i odbiornika - w czesci modeli
sensor zostat zintegrowany z transmiterem. Uklad w sposob ciagly dokonuje pomiaru st¢zenia
glukozy, a nastgpnie automatycznie przesyta dane do urzadzenia odbiorczego. Odbiornikiem
moze by¢, zaleznie od systemu: pompa insulinowa, czytnik, smartfon lub zegarek. System
CGM poprzez wbudowane alarmy zaréwno hipo-, jak i hiperglikemii pozwala na

natychmiastowg interwencje¢. Istnieje mozliwo$¢ wlaczenia takze innych ostrzezen, jak: alarmy
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tempa zmian aktywowane przy gwattownym wzroscie lub spadku st¢zenia glukozy oraz alarmy
predykcyjne ostrzegajace o zblizaniu si¢ stgzenia glukozy do wyznaczonego dolnego i gérnego
limitu. Zasada dziatania systemow CGM opiera si¢ na pomiarze st¢zenia glukozy w plynie
srodtkankowym, nie we krwi, jak w przypadku pomiaru za pomoca glukometru. Przy stabilnych
wartos$ciach glikemii wartosci te sg do siebie zblizone, przy gwattownych zmianach roznica ta
moze si¢ istotnie zwigcksza¢. Jest to fizjologiczne zjawisko - glukoza pojawia si¢ w plynie
srodtkankowym nieco pdzniej, niz w krwioobiegu (ang. lag time). Dokladnos¢ urzadzen oraz
algorytméw shuzacych do monitorowania stezenia glukozy ulega statej poprawie. Pomiar
precyzji pomiaru okre$lany jest za pomoca wskaznika MARD (ang. mean absolute relative
difference), im jego warto$¢ nizsza, tym precyzja pomiaru wyzsza. Uwaza si¢, ze¢ MARD <
10% pozwala na bezpieczne podejmowanie decyzji terapeutycznych, co do dawki stosowanej

insuliny.*

Na przestrzeni ostatnich kilkunastu lat nastgpilo wiele rewolucyjnych postepow
dotyczacych technologii CGM. Doktadno$¢ systemow wzrosta diametralnie i obecnie jest
zblizona do pomiaréw z krwi. Dzieki temu sensory nie wymagaja kalibracji (sg fabrycznie
skalibrowane), a oznaczenia dokonywane za ich posrednictwem zostaly zatwierdzone do
podejmowania decyzji terapeutycznych dotyczacych dawkowania insuliny. Byto to kluczowym
elementem do stworzenia systemow zamknigtej petli (ang. hybrid closed-loop systems, HCLS).
Ponadto, doszto do zmniejszenia wiclkosci urzgdzen (zaréwno sensordw, jak i transmiteréw),
stopniowej integracji sensora z transmiterem oraz wydluzenia czasu zywotnosci Sensorow.
Mimo faktu, Zze obecnie stosowane systemy CGM w wigkszos$ci nie wymagaja kalibracji nadal
istniejg sytuacje, w ktorych zalecane jest potwierdzenie uzyskiwanych wartosci za pomocg
pomiaru stezenia glukozy z krwi. Weryfikacja taka powinna nastapi¢ przy hipoglikemii oraz
kazdorazowo, gdy wystepuje rozbiezno$¢ miedzy doswiadczanymi objawami, a warto$ciami
wskazywanymi przez CGM.® Korzyséci wynikajace z zastosowania CGM mogg si¢ 16zni¢, w
zaleznosci od uzytkowanego systemu. Powszechnie wiadomo jednak, ze systemy CGM
poprawiaja jako$¢ Zycia pacjentdbw z cukrzyca oraz zmniejszaja obcigZenie choroba.’
Przyczyniaja si¢ do poprawy wyrownania metabolicznego, zmniejszajac ilo$¢ powiktan
choroby, a tym samym wydhizaja zycie.® Zastosowanie sytemu CGM w terapii wiaze sie z
redukcja epizodow hipoglikemii oraz obnizeniem odsetka HbAlc od 0,22% do nawet 2,05%,

niezaleznie od sposobu podazy insuliny.®"® U nastolatkéw, ktorzy cechuja si¢ najgorszym ze
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wszystkich grup wiekowych wyréwnaniem metabolicznym choroby, samo wprowadzenie do
terapii systemu CGM prowadzi do redukcji HbAlc o 0,37% w poréwnaniu do SMBG.®
Wykazano, ze regularne stosowanie systemu CGM ma duze znaczenie w redukcji epizodoéw
nocnych hipoglikemii (nawet 0 54%).%° U dzieci z cukrzyca $rednio przez 27 nocy w roku
wystepuja epizody hipoglikemii, z czego 23% to hipoglikemie trwajace ponad 2h.}° Sg one
zwigzane z odlegtymi powiklaniami, takimi jak: zaburzenia funkcji poznawczych, utrata
przytomnosci oraz problemy emocjonalne zaréwno wérdd dzieci, jak i rodzicow.? Obecnie
zwraca si¢ takze uwage na jak najwcze$niejsze wprowadzenie do terapii cukrzycy systemu
CGM, poniewaz jest to zwigzane z dlugoterminowymi korzys$ciami, zwlaszcza w odniesieniu

do redukcji odsetka HbA1lc.®

Obecnie stosowane w Polsce w populacji pediatrycznej systemy CGM, ktore sg
kompatybilne z dostepng na rynku pompa insulinowa to system Medtronic Guardian™ 3,
Medtronic Guardian™ 4, Simplera™ (kompatybilno$¢ z odpowiednimi pompami Medtronic
MiniMed™ 780G®, 720G®/740G®, 640G®). Sensory Simplera™ oraz Guardian™ 3 moga
by¢ stosowane przez dzieci po drugim roku zycia, natomiast Guardian™ 4 po 7 roku zycia.
System Medtronic MiniMed™ 780G jest oficjalnym systemem dostepnym na polskim rynku
dziatajagcym w zamknietej petli HCLS 1 jest przeznaczony do stosowania przez pacjentow w
wieku 7-80 lat z cukrzycg typu 1, u ktorych catkowita dobowa dawka insuliny wynosi CO
najmniej 8 jednostek.!' Systemy dostepne obecnie w Polsce bez dedykowanej pompy
insulinowej to Dexcom G6®, Dexcom G7®, Dexcom One+® oraz Free Style Libre 2®. System
Dexcom G6® jest kompatybilny z pompami insulinowymi takimi, jak: Tandem t:slim,
Omnipod 5, Omnipod 7 oraz aplikacja do hybrydowego systemu zamknigtej petli Camp APS
FX.'? Sensory firmy Dexcom sg stosowane u najmiodszych, zostaty zatwierdzone u dzieci od
2 roku zycia, cechuja si¢ brakiem konieczno$ci kalibracji systemu oraz sensorem dzialajacym
przez 10 dni.*? Dodatkowo w systemie Dexcom One+ oraz Dexcom G7® zintegrowano sensor
wraz z transmiterem z jednoczesnym zmniejszeniem rozmiaru catego urzadzenia w stosunku
do wersji poprzednich.'? System Dexcom G7® zostat wlasnie wprowadzony na rynek polski,
cechuje si¢ najnizszym wskaznikiem MARD (zwlaszcza, gdy elektroda jest umieszczona na
ramieniu) oraz zmniejszeniem sensora i transmitera (jak w modelu One+).*2 Kolejne generacje
systemu Dexcom poprzez coraz latwiejsze i wygodniejsze uzytkowanie systemu (zmniejszenie

sensora, ktory zostal zintegrowany z transmiterem, tatwiejsza aplikacja, mniejszy obszar
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przylegania do skory) przyczyniaja si¢ do dluzszego czasu, przez ktory pacjenci korzystajg z

systemu CGM, a dzieki temu osiagaja dluzszy czas w zakresie docelowym.

Innym rodzajem monitorowania glikemii jest system ,,flash” (ang. flash glucose monitoring,
FGM) skladajacy si¢ z sensora umieszczanego na ramieniu na okres 14 dni oraz czytnika.
Urzadzeniem dziatajagcym w ten sposob, dostepnym na polskim rynku od potowy 2017 r. jest
Free Style Libre® firmy Abbott. System zostat zatwierdzony do uzytkowania przez dzieci od
4 roku zycia.'* Cechuje go zintegrowany czujnik sensora z transmiterem oraz niewielki, plaski
ksztalt.'* Urzadzenie nie wymaga kalibracji, a jedynie skanowania poprzez zblizenie czytnika
do sensora, co pozwala na odczyt glikemii. Obecnie powszechnie uzytkowany jest system
FreeStyle Libre 2®, ktory nie zmienit si¢ pod wzgledem wymiaréw i ksztattu w stosunku do
poprzedniej wersji, ale dodano do niego modul bluetooth, ktory umozliwia bezposrednig
komunikacje z telefonem i otrzymywanie alarméw predykcyjnych bez konieczno$ci
skanowania. FreeStyle Libre 2® moze dziataé, jak systemem cigglego monitorowania glikemii
i pozwala na odczyt danych o st¢zeniu glukozy w czasie rzeczywistym. Do rozpoczecia
korzystania z systemu Free Style Libre 2® nadal konieczne jest zeskanowanie sensora przez
czytnik, nastepnie po 60 minutach okresu inicjalizacji system dokonuje pomiaréw co minute.'*
Duze znaczenie ma urzgdzenie odbiorcze, jesli czujnik zostanie uruchomiony (zeskanowany)
za pomocg aplikacji w urzadzeniu mobilnym nie ma mozliwosci jednoczesnego odczytywania
danych za pomoca czytnika, jest natomiast dostep do alarmow przy ustalonych progach hipo,
jak 1 hiperglikemii. W przypadku uruchomienia czujnika za pomocg czytnika istnieje
mozliwo$¢ odczytywania (skanowania) za pomocg zarowno aplikacji mobilnej, jak i czytnika,
brak jest wowczas mozliwosci korzystania z funkcji alarmow. Urzagdzenie odbiorcze (czytnik
lub telefon) wskazuje aktualng wartos$¢ stezenia glukozy, dane o st¢zeniach glukozy z ostatnich
8 godzin oraz trend zmiany w postaci symbolu strzatki. Strzatka trendu wskazuje, w ktorym
kierunku i jak szybko zmienia si¢ aktualne stezenie glukozy.

W  najwiekszym, wieloosrodkowym, randomizowanym badaniu dotyczacym
stosowania systemow ,,flash” FGM IMPACT wykazano, Ze stosowanie FGM wiaze si¢ z 38%
redukcja czasu spedzonego w hipoglikemii, bez zmiany dobowej dawki insuliny.*™ W grupie
dzieci 1 mlodziezy uzywajacej systemu zaobserwowano istotne statystycznie wydtuzenie TIR
0 1,0+2,8 godzin/dobg, redukcje HbAlc o 0,4+0,6% oraz istotny wzrost satysfakcji z leczenia

wérod rodzicow, jak i pacjentow.’® Wada systemu FGM jest brak alarméw o hipo- lub
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hiperglikemii (dotyczy wersji Free Style Libre 1®) oraz brak potaczenia z urzadzeniem
dozujacym insuling.’® Poréwnujac system FGM z systemem CGM w badaniu CORRIDA
wykazano jednoznacznie wyzszos¢ systeméw CGM. 16 Réznice pomiedzy systemami dotyczyty
nizszego odsetka czasu spgdzonego w hipoglikemii u uzytkownikow CGM (5.3+2.5% vs.
7.3+4.4%; p=0.035), co bylo widoczne zwlaszcza w godzinach nocnych.® Ponadto systemy
CGM prowadza do wyzszego odsetka czasu w zakresie docelowym (75.64£9.7% vs.
67.4+17.8%; p=0.0339).1

Jeszcze inng opcja monitorowania glikemii w czasie rzeczywistym jest system
Eversense® -obecnie dostepny jest model Eversense® E3.!7 Zostal on stworzony, aby
zminimalizowa¢ ograniczenia bedace powodem rezygnacji z wyzej wymienionych metod, tj.
dyskomfortu wynikajacego z noszenia sensora, trudnosci z zalozeniem, problemow w
umocowaniu, zmian skornych w miejscu przylegania oraz dyskomfortu podczas uprawiania
sportu oraz koniecznoéci kalibracji (w starszych modelach CGM),.!3® Wspomniane urzadzenie
umieszczane jest pod skora przez niewielkie nacigcie na gornej czesci ramienia na okres 180
dni. Dane dotyczace st¢zenia glukozy przesylane sg na smartfon do dedykowanej aplikacji za
pomoca transmitera umieszczonego na skorze, bezposrednio nad sensorem.!’ Ponadto
urzadzenie ma wbudowany alarm wibracyjny informujacy o hipo- lub hiperglikemii niezaleznie
od obecnosci telefonu w otoczeniu.!” Badanie PRECISE Il wykazalo duza dokladnosé
pomiard6w wykonywanych za pomoca urzadzenia (99,3% pomiarbw w granicach
akceptowalnego Klinicznie marginesu bledu) oraz bezpieczenstwo stosowania w grupie
dorostych pacjentow.'® W prospektywnym badaniu PRECISION zweryfikowano dokladnosé
dokonywanych pomiarow przez system Eversense po zaktualizowaniu oprogramowania
systemu.'® Wykazano, iz zaktualizowany algorytm cechuje sie wartoscia MARD wzgledem
wartosci referencyjnej wynoszaca 8,5% (95% CI: 8,0%-9,1%).° Brak jest natomiast danych
dotyczacych wiarygodno$ci pomiarOw oraz bezpieczenstwa stosowania w populacji

pediatrycznej.

Aby osiagnac¢, jak najwiecej korzysci z systemu CGM bardzo waznym aspektem jego
uzytkowania jest stosowanie alertow dotyczacych progowych wartosci stezenia glukozy oraz
prawidlowa interpretacja trendow w postaci strzalek, ktore wyswietlane sa na urzadzeniu
odbiorczym. Tabela 1 przedstawia najczesciej uzytkowane systemy CGM wraz z interpretacja

strzalek trendow.?® Mimo niezaprzeczalnych zalet i wielu korzysci wynikajacych z
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uzytkowania systemoéw CGM istnieja Sytuacje kliniczne, w ktorych pacjenci rezygnuja z ich

uzytkowania. Obecnie dost¢gpne dane wskazuja jednoznacznie, ze glowna przyczyna

zaprzestania korzystania z systeméw CGM jest podraznienie skory w miejscu przylegania
plastra sensora.’

System Abbott Dexcom Senseonics Inc. Medtronic
Free Style Libre® G4/G5/G6® Eversense® Simplera
One+® Guardian 3,4
Guardian™ Connect
>3mg/dl/min
"I ND ND ND (>0,17mmol/L/min)
. 2-3mg/dl/min
>3mg/dl/min
" ND (>0.17mmol/L/min) ND (0,11-0$i7nr;1mo|/u
. 1-2mg/dl/min
I >2mg/di/min o ffB”%dr:frTéT/L / >2mg/di/min (0,06-
(>0,11mmol/L/min) ’ ;nin) (>0,21mmol/L/min) 0,12mmol/L/min)
1-2mg/dl/min 1-2mg/dl/min 1-2mg/dl/min
(0,06-0,11mmol/L/ (0,06-0,21mmol/L/ | (0,06-0,11mmol/L/ ND
j min) min) min)
. . <1 mg/dl/min Brak strzafki trendu
—) (<0 E%)(;nn?r/r?c!/l;r_llr:nin) (<0 ?)%)Gmn?rﬁylqu_ll?nin) (<0,006mmol/L/ <1 mg/di/min
' ’ min) (<0,006mmol/L/min)
1-2mg/dl/min 1-2mg/dl/min 1-2mg/dl/min
\ (0,06-0,11mmol/L/ | (0,06-0,11mmol/L/ | (0,06-0,11mmol/L/ ND
min) min) min)
. 1-2mg/dl/min
>2mg/di/min o ffg‘%dr:fn“:(')’l‘“_ ;| samgrdiimin (0,06-0,11mmol/L/
(>0,21mmol/L/min) ’ ;nin) (>0,11mmol/L/min) min)
. 2-3mg/dl/min
>3mg/dl/min
u ND (>0 L7mmol/Limin) ND (0,11-0,17mmol/L/
min)
ul ND ND ND >3mg/dl/min

(>0,17mmol/L/min)

Tabela 1. Najczesciej uzytkowane systemy monitorowania stezenia glukozy wraz z interpretacjg strzatek trendow

dotyczacych tempa zmiany stezenia glukozy.?°
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Dostep do systeméw CGM nie jest uniwersalny 1 zalezy od warunkow
socjoekonomicznych kraju oraz polityki zdrowotnej. W Polsce, w populacji pediatrycznej
istnieje obecnie dobry dostep do systeméw CGM. Zgodnie z rozporzadzeniem ministra zdrowia
dzieci z cukrzyca typu 1 wymagajace intensywnej insulinoterapii z nieSwiadomoscig
hipoglikemii (brak objawow prodromalnych hipoglikemii, z wykluczeniem hipoglikemii
poalkoholowej) otrzymujg 70% refundacj¢ kosztow zardwno sensoréw, jak i transmitera do
systemow CGM, ktore pozwalaja na dawkowanie insuliny na podstawie uzyskanych
odczytow.?1?2 System Free Style Libre jest refundowany w 80% dla dzieci od 4-18 roku zycia

z cukrzyca typu 1, niezaleznie od koniecznosci przyjmowania insuliny.?1?

Ostatnie dziesig¢ciolecie zwigzane jest z dynamicznym rozwojem oraz dostepnoscig do
nowych technologii w terapii cukrzycy. Wedtug danych pochodzacych z europejskiego rejestru
German/Austrian Diabetes Patienten Verlaufsdokumentation (DPV) oraz amerykanskiego
rejestru T1D Exchange (T1DX) w 2017r. w populacji pediatrycznej niespelna 60% pacjentow
korzystalo z systeméw CGM.?® Wowczas w populacji dorostych max. 30% pacjentow
korzystalo z tej technologii (o polowe mniej uzytkownikow, niz posrod dzieci).?® Obecnie
liczba ta diametralnie wzrosla i uwaza si¢, ze do 80% pacjentow korzysta z systemow CGM,
Rycina 2.242%26 W populacji pediatrycznej odsetek uzytkownikow systeméw CGM jest
najwyzszy wérod najmtodszych dzieci, a najnizszy posrod nastolatkow.?® Zalezy on takze od
rasy (najwyzszy wsrod rasy kaukaskiej) oraz rodzaju ubezpieczenia zdrowotnego (parametr
specyficzny dla polityki zdrowotnej danego kraju) — osoby korzystajace z prywatnego

ubezpieczenia czgsciej korzystaja z CGM.?®
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A  Trends in CGM Use
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Rycina 2. Trend uzycia systemow CGM wsrdd pacjentéw z cukrzycg typu 1 na przestrzeni lat 2016-2022.24
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4.2. Raport ambulatoryjnego

profilu glikemii

Waznym aspektem korzystania z systemow CGM jest dostep do wystandaryzowanych
raportow (raport AGP, ang. ambulatory glucose profile), ktore staly si¢ integralnym elementem

w podejmowaniu decyzji terape

monitorujgcego stezenie glukozy raport AGP wyglada w taki sam, wystandaryzowany sposéb-

jest jednostronicowym, graficznym podsumowaniem kontroli stezenia glukozy danego

utycznych.

pacjenta.?’ Przyktadowy dokument przedstawia Rycina 3.

Raport AGP

23 lutego 2024 -7 marca 2024 (14 Dni)

STATYSTYKI| WART.DOCEL. DLA STEZ. GLUKOZY

23 lutego 2024 -7 marca 2024
Czas aktywnosci czujnika (sensora):

LibreView

CZAS W POSZCZEGOLNYCH ZAKRESACH

Zakresy iwart. docel. dla

Zakresy stez. glukozy
Zakres docelowy 70-180 mg/dL
Ponizej 70 mg/dL

Ponizej 54 mg/dL

Powyzej 180 mg/dL

Powyzej 250 mg/dL Mniejszy niz 5% (1h

Kazde wydluzenie czasu, w ktérym stezenie glukozy miesci sie w zal
mgldL) o 5%, przynosi korzysci kliniczne

Wart. docelowe % odczytow (czas/dzien)
Wigkszy niz 70% (16h 48min)

14 Dni
98%
— Bardzo wysoki 4%
>250 mg/dL (58min)
Cukrzyca typu 1 itypu 2 250
" Wysoka 13%
180 181 - 250 mg/dL (3h 7min)

Mniejszy niz 4% (58min)
Mniejszy niz 1% (14min)
Mniejszy niz 25% (6h)

00
(19h 41min)

Zakres docelowy

12min) 70 - 180 mg/dL.

kresie docelowym (70-180

Srednie stez. glukozy
Wskaznik zarzadzania poziomem glukozy (GMI)

Zmiennos$¢ stez. glukozy
jako pi

Niska 1%

136 mgraL 70 54 -69 mg/dL (14mmn)

6,6% lub 48 mmol/mol Bardzo niski 0%
374% <54 mg/dL (Omin)

$ci (%CV); cel <36%

AMBULATORYJNY PROFIL STEZ. GLUKOZY (AGP)

AGP to suma wartosci stez. glukozy w raportowanym okresie z mediar

na (50%) i innymi percentylami pokazanymi jakby wystapity jednego dnia

350mg/dL
250
180 LN 95%
75%
Zakres docelowy - 50%
25%
70 5%
54
" 00:00 03:00 06 00 12:00 00 21:00 00:00
DZIENNY PROFIL STEZ. GLUKOZY
Profil dzienny prezentuje okres od pétnocy do pétnocy z data w gormym lewym rogu
piatek sobota niedziela poniedziatek wtorek $roda czwartek
23 : 24 25 26 H 27 i 28 i 29 i
180 \[W
70
00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00

Rttt A

Zrédio: Battelino, Tadej i in. ,Clinical Targets for Continuous Glucose Monitoring Data

Diabetes Association, 7 czerwca 2019, hitps://doi.org/10.2337/dci19-0028.

terpi From the International Consensus on Time in Range” Diabetes Care, American

Rycina 3. Przyktadowy raport ambulatoryjnego profilu st¢zenia glukozy z FreeStyle Libre.
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Raport generowany z systemu CGM sktada si¢ z trzech czgs$ci: (1) statystyk dotyczacych
docelowych warto$ci stezenia glukozy wraz z wykresem graficznym; (2) wizualnej formy
dobowego profilu stgzen glukozy — przedstawia dobowa zmienno$¢ stezenia glukozy
w wybranym przedziale czasu oraz (3) dziennych profili stezenia glukozy.?’

Waznym aspektem oceny raportow CGM jest takze standaryzacja koloréw, w ktérych
przedstawione s3 poszczegdlne zakresy stezen glukozy.?® Aby jeszcze latwiej i szybciej
uzyskaé ogdlng informacj¢ dotyczaca kontroli stezenia glukozy. Czas w zakresie docelowym
oznaczany jest kolorem zielonym, warto$ci powyzej docelowych oznaczane sg odpowiednio na
761to 1 pomaranczowo, natomiast wartosci ponizej zakresu docelowego na czerwono i bordowo,

Rycina 4.2

Cukrzyca typu 1"

itypu 2
Cel
>250 mg/dl <59,
(13,9 mmol/l)
>180 mg/dl <259%,*
(10,0 mmol/)

Zakres docelowy:
70-180 mg/d' >70%
(3,9-10,0 mmol/l)

<70 mg/dl (3,9 mmol/l) <4%**
<54 mg/d! (3,0 mmol/l) <1%

Rycina 4. Zakresy docelowych wartosci stezenia glukozy zgodnie z miedzynarodowym konsensusem. 2°

Stad powszechnie stosowane w kontek$cie systemoéw CGM hasto ,,more green, less red”
(,,wigcej zielonego, mniej czerwonego™).?® ldealny wykres z systemu CGM okresla akronim
FNIR (flat - ptaski, narrow - waski, in range - w zakresie).?® Dzieki dostepnoséci do

wystandaryzowanych elektronicznych raportow z CGM mozliwe jest odbywanie wideo lub
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telekonsultacji, co w pewnych sytuacjach pozwala na zapewnienie cigglosci opieki
diabetologicznej.

Zgodnie z miedzynarodowym konsensusem dotyczacym docelowych wartos$ci st¢zenia
glukozy dla pacjentow stosujacych CGM ocena raportu rekomendowana jest w 10

punktach, /3031

1. Tlo&¢ dni, ktora zostata poddana analizie. Wigkszo$¢ programéw docelowo ustawia ten
okres na 14 dni, poniewaz jest to minimalny czas, ktory pozwana na wiarygodna ocene
kontroli stezenia glukozy.*’*? U pacjentéw z duzymi wahaniami glikemii warto
przeanalizowa¢ jednak dtuzszy okres, zwlaszcza celem oceny epizodow hipoglikemii,

np. 4 tygodnie.

2. Nalezy oceni¢, jak duzo danych jest dostepnych, jaki procent czasu w wybranym okresie
pacjent uzytkowal system, czy byly przerwy w jego uzytkowaniu. Czas rejestracji
powinien wynosi¢ co najmniej 70% (z minimum 14 dni) - koreluje to silnie ze $rednig

glikemig z ostatnich 3 miesiecy, TIR oraz epizodami hiperglikemii.

3. Srednie stezenie glukozy.

4. Wskaznik kontroli glikemii parametr oceniajacy kontrole glikemii na podstawie $rednich
warto$ci stezenia glukozy. Wyliczany jest w nastepujacy sposob: GMI (%) = 3,31 +
0,02392 x $rednie stezenie glukozy (mg/d1)*

5. Zmienno$¢ stezenia glukozy Wyliczana jest w nastgpujacy sposob:
CV (%) = [odchylenie standardowe/$rednie stezenie glukozy x 100]. Zalecana wartos$¢
<36%.

6. Czas powyzej zakresu docelowego (ang. time above target glucose range, TAR), poziom
2: procentowa warto$¢ z analizowanego okresu, kiedy st¢zenie glukozy wynosito

>250mg/dl (13.9 mmol/L). Rekomendowane wartosci:

<5% (tj. 1 godz. 12 min/ dzien)?
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7.

10.

<10% (tj. 2 godz. 24 min/ dzien)®

Czas powyzej zakresu docelowego, poziom 1: procentowa warto$¢ z analizowanego
okresu czasu, kiedy stezenie glukozy wynosito >180mg/dl (10 mmol/L)*® lub >140

mg/dL (7.8 mmol/l)°. Rekomendowane wartosci:

<25% (tj. 6 godz/ dzien)**
<50% (tj. 12 godz/ dzien)P

Czas w zakresie docelowym procentowa warto$¢ z analizowanego okresu czasu, kiedy
stezenie glukozy bylo w zakresie 70-180 mg/dl (3.9-10 mmol/)*® lub 63—140 mg/dl

(3.5-7.8 mmol/l)°. Rekomendowane wartosci:

>70% (tj. 16godz. 48 min/ dzien)**
>50% (tj. 12 godz./ dzien)P

Czas ponizej zakresu docelowego (ang. time below target glucose range, TBR)—poziom
1: procentowa warto$¢ z analizowanego okresu czasu, kiedy stezenie glukozy wynosito

<70 mg/dl (3.9 mmol/I)*® lub <63 mg/dl (3.5 mmol/l)¢. Rekomendowane wartosci:

<4% (tj. <58 min/ dzien)*®
<1% (tj. 15 min/ dzien)°

Czas ponizej zakresu docelowego poziom 2: procentowa wartos¢ z analizowanego
okresu czasu, kiedy stezenie glukozy wynosito <54 mg/dl (3 mmol/l)?c,

Rekomendowane warto$ci:

<1% (tj. <14 min/ dzien)®°
0%"

@ Zakresy i cele dla ogolnej populacji 0s6b chorych na cukrzyce typu 1 lub 2.
b Zakresy i cele dla 0sob starszych i/lub pacjentoéw ze zwigkszonym ryzykiem hipoglikemii.

¢ Zakresy i cele dla kobiet ciezarnych z cukrzycg typu 1.
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4.3 Czas w zakresie docelowym

Ustalenie spojnego celu dotyczacego optymalnej kontroli st¢zenia glukozy jest
kluczowe w diabetologii, by zalecenia dla pacjentdbw byty jednoznaczne, niezaleznie od
osrodka terapeutycznego. Nadrzednym celem takiego postgpowania jest zapobieganie
rozwojowi powiklan zarowno ostrych, jak i przewlektych. W pediatrii, a zwtaszcza w cukrzycy
o wczesnym poczatku kluczowe znaczenie ma unikanie ostrych epizodéw hipoglikemii, jak i
hiperglikemii, poniewaz maja one negatywny wptyw zaréwno na funkcje poznawcze, jak i
strukture rozwijajacego sie mézgu.> Postepowanie, W ktorym s3 jasno okreslone cele
terapeutyczne prowadzi ostatecznie do czestszego icCh osiggania oraz poprawy komfortu
psychicznego pacjentow.®

Odsetek HbA1c jest dotychczas najlepiej poznanym i od lat stosowanym jako ,,ztoty
standard” markerem stuzacym do oceny wyrdéwnania metabolicznego pacjentow z cukrzycg.®*
Korelacja miedzy wysokoscig odsetka HbAlc, a rozwojem powiklan cukrzycy jest bardzo
dobrze udokumentowanym zjawiskiem.>343% Ponadto, powszechna dostepno$¢ aparatow
zarowno w przychodniach, jak i klinikach diabetologicznych, szybko$¢ oznaczenia i
standaryzacja procedury, ktora zostata zatwierdzona przez International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC) sprawiaja, ze nadal jest to metoda bardzo wazna i
powszechnie stosowana na $wiecie.®> Zgodnie z zaleceniami Miedzynarodowego Towarzystwa
do spraw Cukrzycy Dzieci i Mtodziezy (The International Society for Pediatric and Adolescent
Diabetes, ISPAD) nalezy dazy¢ do wartosci HbAlc <7.0% (<53 mmol/mol).° Nizszy cel <6.5%
(<48 mmol/mol) dotyczy pacjentow w okresie remisji lub we wczesnym 3. stadium cukrzycy
oraz kiedy terapia jest prowadzona w oparciu 0 nowoczesne metody leczenia, takie jak: systemy
cigglego monitorowania stezenia glukozy lub algorytmy automatycznej podazy insuliny pod
nadzorem wysoko wykwalifikowanego zespotu diabetologicznego.® Zalecenia Polskiego
Towarzystwa Diabetologicznego (PTD) jako cel terapeutyczny u dzieci wskazuja docelowg
warto$¢ HbAlc <6,5% (<48 mmol/mol) przy stabilnej glikemii, zminimalizowaniu epizodow
hipoglikemii oraz utrzymaniu dobrej jakosci zycia.*® Zalecane jest dokonywanie oznaczenia
HbALc u kazdego pacjenta z cukrzyca, co okoto 3 miesigce (3-4x W roku).>3¢ Parametr ten nie
jest niezawodny i posiada pewne ograniczenia. Podczas interpretacji wyniku nalezy bra¢ pod

uwage czynniki, ktore zakldcaja zaleznoéé pomiedzy wartoscig HbA1c a $rednig glikemig.>63
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Czynniki, ktore powoduja falszywie zawyzone wartosci to: niedokrwistosci niedoborowe
(niedoboér zelaza, witaminy B12, kwasu foliowego), cigza (III trymestr), przewlekta choroba
nerek (uremia).® Czynniki prowadzace do falszywego obnizenia odsetka HbAlc to: okres
zdrowienia z niedokrwistosci niedoborowych (okres leczenia preparatami zelaza, kwasu
foliowego i witaminy B12), hemoliza, cigza (II trymestr), przewlekla choroba nerek
(dializoterapia, leczenie erytropoetyna), nagla utrata krwi, mukowiscydoza, chemioterapia.®
Ponadto nalezy wzia¢ pod uwage indywidualne czynniki wyptywajace na dlugos¢ przezycia
czerwonych krwinek, genetyczne czynniki wptywajace na glikacje czy rase.3’:3®

W zwiazku z coraz wigkszg dokladnoscig oraz zaawansowaniem systemow CGM, a
jednoczesnie ich powszechng dostepnoscig pojawity sie w literaturze nowe wskazniki
prawidlowej kontroli glikemii. W 2019 roku Batellino 1 wsp. opublikowali miedzynarodowy
konsensus dotyczacy docelowych wartosci glikemii dla pacjentow stosujacych CGM, ktory
zostal zaakceptowany przez wiele miedzynarodowych towarzystw, takze przez Polskie
Towarzystwo Diabetologiczne. % Docelowe wartosci w poszczegdlnych grupach pacjentow
zostaty przedstawione powyzej. Na szczegolng uwage zastuguje wskaznik czasu spedzonego w
glikemii docelowej — TIR, ktory jest $cisle zwigzany z wystgpowaniem powiktan pod postacia
mikroangiopatii oraz makroangiopatii.®**%4! Jako glikemie docelowa rozumiemy wartosci
pomigdzy 70-180 mg/dl (3,9-10 mmol/l), ktdra powinna utrzymywac si¢ >70% analizowanego
czasu, co daje powyzej 16h 48min na dobe.*° Obecnie jednak dyskutowanym tematem jest jego
wydhuzenie > 80% oraz zawe¢zenie zakresu docelowego (time in tight range, TITR) do 70-140
mg/dl (3,9-6,9mmol/l), na co zwracaja uwage takze zalecenia PTD. 364243

Poréwnujac TIR z HbAlc nalezy mie¢ $§wiadomos$¢, ze HbAlc nie przedstawia catego
obrazu dotyczacego osigganych st¢zen glukozy, nie odzwierciedla zmiennos$ci glikemii, nie
wskazuje na ilo$¢ epizodow hipo-, jak i hiperglikemii. Przeciwnie TIR, pozwala na ciagla ocene
uzyskiwanych wartosci stezen glukozy oraz ich zmiennosci w dowolnych przedziatach
czasowych i w czasie rzeczywistym. Dodatkowo TIR pozwala na szybka ocene efektu
wprowadzonych zmian w terapii, co przy HbAlc nie jest mozliwe. HbAlc jest natomiast
parametrem, ktory pozwala na retrospektywna ocen¢ uzyskiwanych glikemii w dos$¢ dlugich
odstepach czasu, stad zasadno$¢ dokonywania jej oznaczenia co ok. 3 miesigce. Zalezno$¢
miedzy $rednig glikemig a ostateczng warto$cig HbAlc nie jest liniowa (za ostateczng wartos¢

HbAlc w 50% odpowiada glikemia w miesigcu poprzedzajacym pomiar).> TIR i $rednie
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wartosci glikemii sg ze sobg skorelowane, kazdy wzrost TIR o 10% zwigzany jest ze spadkiem
HbA1c 0 0.5-0.8%.%0445 Okreslonej wartosci HbALc odpowiadaja jednak rozne zakresy TIR,
stad wyzszo$¢ wskaznika TIR nad HbAlc, ktora nie uwzglednia zmiennosci glikemii.*® Jest to
bardzo istotne, poniewaz pacjenci, ktorzy osiggaja te same wartosci HbAlc mogg si¢ mierzy¢
z zupehie innymi problemami i zalecenia dla nich moga by¢ odmienne.

TIR jest parametrem, ktory zostat zatwierdzony w badaniach klinicznych, jako jeden z
elementdéw shizacych do prawidlowej oceny kontroli glikemii.313°4 Wykazano, ze czas w
zakresie docelowym silnie koreluje z wystepowaniem powiktan naczyniowych pod postacia
mikro, jak i makroangiopatii oraz neuropatii. ***° Kazdy spadek TIR o 10% zwieksza o 64%
ryzyko progresji retinopatii, a o 40% ryzyko rozwoju mikroalbuminurii.*®* Obecnie
rekomendowana warto$¢ TIR 70% koreluje ze $rednig HbAlc 7%, co chroni przed
wystepowaniem wiekszosci powiktan.**#® Pacjenci osiggajacy TIR >70% maja 5% ryzyko
rozwoju retionopatii oraz ok. 2-3% ryzyko mikroalbuminurii w przeciwienstwie do pacjentow
z TIR <10%, u ktorych ryzyko retinopatii wynosi az 58%, a mikroalbuminurii 27%.°
Utrzymanie glikemii, jak najdluzszy czas w zakresie docelowym ma kluczowe znaczenie w
terapii cukrzycy. Hiperglikemia jest zjawiskiem szkodliwym, a obnizenie TIR ponizej
rekomendowanych wartosci oraz znaczne wahania glikemii prowadzg do negatywnych
konsekwencji dotyczacych zaréwno kondycji fizycznej, jak 1 psychicznej pacjentow z
cukrzyca. Wykazano, iz zarowno przewlekte, jak 1 ostre epizody hiperglikemii wptywaja
niekorzystnie na pamie¢ przestrzenna dzieci z cukrzyca typu 1.4’ W badaniach spektroskopii
rezonansu magnetycznego uwidoczniono utrate aksondéw nerwowych dotyczaca istoty biatej
moézgu u dzieci ze zlg kontrolg metaboliczng cukrzycy. Utrata ta wzrasta w miar¢ wzrostu
HbAlc oraz ma zwigzek z obecnoécia kwasicy ketonowej przy rozpoznaniu choroby.*® W
zwigzku z tym cukrzyca typu 1 zwigzana jest z przyspieszonym starzeniem si¢ mozgu i
zmianami poznawczymi.*® Badania wskazuja, ze zmiany zachodzace w moézgu dzieci z
cukrzycg sag mozliwe do uniknigcia i1 potencjalnie odwracalne przy rygorystycznej kontroli

glikemii.®® Wspomniane zaleznosci przedstawiono na Rycinie 5.
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Podwyzszone warto$ci

HbAlc
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insuliny
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Trudnosci z osiggnigeiem
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Rycina 5. Czynniki wptywajace na duzg zmienno$¢ glikemii oraz prowadzace do podwyzszonych wartosci

HbA1c,3451525354

CV- coefficient of variation, wspo6tczynnik zmiennosci

DKA-diabetic ketoacidosis, kwasica ketonowa

SBP-systolic blood preassure, ci$nienie skurczowe
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A zatem, dzigki informacjom dostarczanym przez systemy CGM odsetek HbAlc nie

jest juz jedynym markerem, lecz stanowi element oceny wyréwnania metabolicznego cukrzycy.

HbA1lc i TIR to wskazniki komplementarne, a ich polaczenie stanowi obecnie najdoktadniejsza

ocen¢ kontroli stg¢zenia glukozy U pacjentow z cukrzyca.

Zarzadzanie cukrzycg jest procesem bardzo zlozonym i osiggniecie celow

terapeutycznych nadal stanowi wyzwanie dla wigkszo$ci pacjentow. Odzwierciedleniem trendu

powszechnego uzycia systeméw CGM jest znaczna poprawa Sredniego stezenia glukozy, co

dobrze obrazuje dlugoterminowa analiza (2016-2022) dotyczgca ponad 48 000 pacjentow z

cukrzyca typu 1, Rycina 6.2

A Trends in HbAlc by Age
(2016/2017 versus 2021/2022; all patients)

B Trends in HbA1c by Age
(2016/2017 versus 2021/2022; same patient group)

10 86 10 86
9
* ®
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c
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3
= =
8 8
7 7
O 5 10 15 20 25 30 35 40 45 %0 95 60 65 70 75 80 O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Age (years) Age (years)
2016 & 2017 2021 & 2022 2016 & 2017 2021 & 2022
N 27584 33070 N 9579 9579
Mean HbAlc (SD) 8.7(1.9) 84(2.1) Mean HbAlc (SD) 85(1.7) 84(19)
% with HbAlc <7% [N (%)) 5416 (20) 8557 (26) % with HbAlc <7% [N (%)) 2032 (21) 2507 (26)
% with HBA1¢ >9% [N (%)) 11811 (43) 10169 (31) % with HBA1c >9% [N (%)) 3524 37) 3200 (33)
p-value p-value <0.01 p-value p-value <0.01

Rycina 6. Trend dotyczacy $redniej warto$ci odsetka HbAlc posrod pacjentdow z cukrzyca typu 1 na przestrzeni

lat 2016-2022. *
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Uzytkownicy systeméw CGM maja nizszy odsetek HbAlc oraz rzadziej dochodzi u nich do
ostrych powiktan cukrzycy pod postacig ci¢zkich hipoglikemii oraz epizodéw kwasicy
ketonowej.?> Dane pochodzace ze $wiatowego rejestru SWEET, z 22 os$rodkéw (z 19 krajow)
obejmujgce 16 082 dzieci wykazaty, iz 34% pacjentow populacji pediatrycznej osigga odsetek
HbAlc <7%.° Wedlug doniesien jednego z polskich, pediatrycznych osrodkow
diabetologicznych jedynie 21% pacjentow spetia zalecenie PTD dotyczace odsetka HbAlc <
6,5% (oceniono 388 dzieci z cukrzyca typu 1).%®

Dane ze szwedzkiego rejestru SWEDIABKIDS wykazaty $redni TIR wsrod dzieci z
cukrzyca typu 1 wynoszacy 60,8% (£13,1%).>” Osiggane wartosci TIR zaleza w duzym stopniu
od zastosowanych technologii w terapii cukrzycy 1 wzrastajg w miar¢ automatyzacji podazy
insuliny. Najwyzszy odsetek TIR, dochodzacy do 80% obserwowany jest wsrod uzytkownikow
najnowszych technologii - systemow zamknietej petli (ang. hybrid closed-loop, HCLS).
Zaleznosci te zostaly przedstawione w Tabeli 2. Obserwowany jest staly wzrost uzytkownikow

HCLS, obecnie szacuje sie, ze az 38% pacjentow korzysta z tych systeméw, Rycina 7.24

Systemy zamknietej petli (HCLS)°85960616263 71- 80%
MDI + CGM®48 57%
Pompa insulinowa + CGM® 51%
MDI + SMBG3:4 31-43%

Tabela 2. Zaleznosci pomiedzy $rednig wartoscig TIR a stosowang metoda leczenia cukrzycy typu 1.

CGM- continuous glucose monitoring, system ciggtego monitorowania glikemii

HCLS- hybrid closed-loop, system zamknigtej petli

MDI - multiple daily injections, metoda wielokrotnych iniekcji insuliny

SMBG- self-monitoring of blood glucose, samokontrola glikemii za pomocg glukometru
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G Trends in HCLS Use
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Note: Percentages are calculated based on a subset of the population for whom HCLS data was available.

Rycina 7. Odsetek pacjentdw chorujacych na cukrzyce typu 1 korzystajacych z systeméw zamknietej petli.?

W zwiazku z tym, ze okres nastoletni zwigzany jest zazwyczaj z pogorszeniem kontroli

metabolicznej cukrzycy zostata przeprowadzona analiza dotyczaca zastosowania systemow

HCLS w tej grupie wiekowej. Wykazano, ze ponad 75% uzytkownikow systemu (Medtronic

MiniMed™ 780G®) osiagneto rekomendowang warto$¢ TIR >70%, zarbwno pacjenci ponizej,

jak i powyzejl5 roku zycia.® W populacji pediatrycznej zastosowanie systeméw HCLS

zwigzane jest z osiggnieciem wartosci TIR na poziomie 75.5 +11.7%, z czego prawie 60% to

wartosci w TITR.®® W dotychczas przeprowadzonych analizach dotyczacych zastosowania

systemow HCLS w Europie wykazano, iz polscy pacjenci (zarowno dzieci, jak i doro$li)

osiagaja najwyzsze W wartoéci TIR, Rycina 8,9. °°
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Supplement Figure 2. MiniMed™ 780G system performance post-AHCL initiation (Cohort 1), per country

A) Users <15 years )
= 0 = = | = | b il
Overall NL T FI SE GB PL cz CH BE
Users, n 3211 603 541 305 265 265 239 230 132 104
TDD, units 39.0 39.0 39.3 34.6 38.0 445 295 452 39.1 434
Time in AHCL, % 927 27 925 949 93.4 914 9.0 882 94.0 96.0
Mean SG, mg/dL 1453 148 147 152.8 1415 148.3 1315 1375 148.5 137.7
GMI, % 6.8 6.9 6.8 7.0 6.7 6.9 65 6.6 6.9 6.6
Users with GMI <7%, % 753 71.0 756 58.7 83.0 706 97.1 90.0 720 942
Users with TIR >70%, % 69.6 62.9 726 485 743 653 95.4 87.4 614 81.7

Time in ranges, %

54 70 180 250 mg/dL
Wz
30 39 100139 mmollL

07 “o7 06 06 0.8 “os 0.8 0.9 058 2
H
Rycina 8. Wyniki kontroli glikemii osiggane przez uzytkownikéw systemow HCLS (Medtronic,

MiniMed™ 780G®) w wieku < 15 1at.%

B) Users >15 years

=0 R e == e =
Overall IT NL BE SE GB CH cz Fl ZA IE PL Is
Users, n 8,874 2,522 1,214 1,030 739 697 587 441 394 316 168 167 103
TDD, units 47.4 43.2 52.9 46.0 50.8 48.0 46.7 47.5 496 50.0 50.6 46.6 53.8
Time in AHCL, % 923 91.5 93.9 94.9 93.9 91.5 91.9 87.5 93.3 90.0 93.5 90.4 921
Mean SG, mg/dL 145 144.6 145.6 143.3 147.4 149.1 145.1 139.7 147.9 146.7 146.8 138.8 11545
GMI, % 6.8 6.8 6.8 6.7 6.8 6.9 6.8 6.7 6.8 6.8 6.8 6.6 7.0
Users with GMI <7%, % 77.0 78.2 A 80.3 723 69.2 75.5 87.3 70.8 715 73.2 88.0 60.2
Users with TIR >70%, % 784 80.0 78.6 81.7 729 70.4 76.3 88.4 75.4 731 70.2 88.0 63.1

Time in ranges, %

54 70 180 250 mg/dL
| =
30 39 100 139 mmolL

Rycina 9. Wyniki kontroli glikemii osiagane przez uzytkownikow HCLS (Medtronic, MiniMed™
780G®) w wieku > 15 lat.%®
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4.4 Hiperglikemia poposiltkowa

Codzienna praktyka kliniczna oraz powszechne zastosowanie systemow cigglego
monitorowania st¢zenia glukozy wskazuja, ze hiperglikemia popositkowa jest zjawiskiem
czestym - Zwlaszcza w odniesieniu do positkow o wysokim indeksie glikemicznym oraz
gldéwnym czynnikiem uniemozliwiajacych osigganie celow terapeutycznych. W populacji
pediatrycznej duzym wyzwaniem jest przestrzeganie zasad zdrowej diety, poniewaz dzieci
preferuja produkty o wysokim indeksie glikemicznym, zwtaszcza w godzinach porannych.®’
Diety niskoweglowodanowe lub ketogeniczne staly si¢ w ostatnich latach bardzo popularne,
poniewaz zmniejszaja wahania glikemii, a jednocze$nie prowadza do obnizenia HbAZLc.®’
Pomimo pozytywnych efektow ISPAD nie zaleca tego typu diet u dzieci, poniewaz moga
potencjalnie prowadzi¢ do niedoboréw zywieniowych oraz problemow z dojrzewaniem i
wzrastaniem.®”%® Zalecang strategia w tej grupie jest niewykluczanie weglowodanéw 0
wysokim IG z diety, ale odpowiednie zbilansowanie produktéw o niskim i wysokim 1G.%8

Produkty o wysokim IG powoduja znaczne wahania stezenia glukozy, cechujg si¢ duzym
wzrostem po positku, osiagajac maximum miedzy 60-90 min, z nastepcza hipoglikemig.®% ™
U pacjentéw chorych na T1D dochodzi do 3-krotnie wyzszego wzrostu stezenia glukozy po
positku o wysokim IG, mimo podazy insuliny dopositkowej, w porOwnaniu z grupa pacjentow
bez cukrzycy.®® Pole pod krzywa stezenia glukozy we krwi jest o 20% wieksze po positku 0
wysokim 1G zawierajacym taka sama ilo$¢ weglowodanow, niz po positku o niskim 1G."
Wykazano, iz popositkowa hiperglikemia, jak 1 znaczne wahania glikemii sg niekorzystnym
czynnikiem rokowniczym 1 wigzg si¢ ze znacznym wzrostem ryzyka powiklan sercowo-
naczyniowych.”

Podaz boluséw dopositkowych stanowi kluczowy czynnik w osiggnigciu normoglikemii.
U dzieci, ktore stosowaty systemy HCLS wykazano, iz nizszy odsetek autokorekt oraz insuliny
w przeplywie podstawowym byt zwigzany z dluzszym TITR.” A zatem, mimo dostepnych
metod automatyzacji podazy insuliny, nadal najwazniejszym aspektem we wiasciwej kontroli
cukrzycy jest odpowiednia podaz boluséw positkowych.”® Dyskusyjng pozostaje kwestia
optymalizacji dawki oraz rodzaju bolusa insuliny do positkéw o wysokim IG. Dotychczas nie
ustalono optymalnego rozwigzania, aby unikng¢ hiperglikemii popositkowej, ktora jest czgsta

oraz stanowi istotny problem kliniczny, zwlaszcza w populacji pediatryczne;.
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Znang strategia redukcji hiperglikemii popositkowej jest spozycie thuszczu i biatka 15 minut
przed positkiem 0 wysokim IG. Lujif i wsp. wykazali, iz podanie analogu szybkodziatajacego
insuliny 15 min przed positkiem skutkuje zmniejszeniem odsetka hiperglikemii popositkowe;,
bez zwickszenia ryzyka hipoglikemii, w pordwnaniu z zastosowaniem insuliny bezposrednio
po lub 30 min przed positkiem.” Strategia taka jest jednak nieskuteczna w odniesieniu do
positkéw o wysokim 1G.®8 W badaniu Parillo i wsp. poréwnano zastosowanie bolusa prostego
z bolusem zlozonym (50%:50%) do positku o wysokim IG wykazujac znaczng 1 przedtuzong
hiperglikemie popositkowg niezaleznie od zastosowanego rodzaju bolusa.”* Groele i wsp.
wykazali natomiast, iz zwigkszenie dawki insuliny wyliczonej na podstawie indywidualnego
wskaznika ICR do positkow o wysokim IG o 30% skutkowalo obnizeniem popositkowych
wartosci glikemii, bez zwigkszenia czestosci hipoglikemii, natomiast odsetek hiperglikemii
pozostawat wysoki.”® Rodzaj insuliny jest réwniez czynnikiem wplywajacym na glikemie
popositkowg. Dotychczasowe badania wskazuja, ze ani insulina glulizyna, ani insulina aspart
Nie zapewniaja stabilnego profilu glikemii po takim rodzaju positku.”” Nowy preparat insuliny
— insulina faster aspart - ma potencjalny wplyw na redukcje¢ hiperglikemii popositkowej
zwlaszcza w najmlodszych grupach wickowych i u dorostych.”®79.80

Jednym z najwazniejszych celéw insulinoterapii wsrod pacjentéw chorych na cukrzyce jest
jak najdoktadniejsze odwzorowanie fizjologicznego wydzielania insuliny, a przez to
osiggniecie normoglikemii. Probg odwzorowania fizjologicznego wyrzutu insuliny w
odpowiedzi na positek o wysokim IG wydaje sie super bolus (SB). Koncepcja SB zostata
opracowana przez Walsha i Robertsa wiele lat temu, jako sposob podawania insuliny do
positkow o wysokim IG w przysztych, inteligentnych pompach insulinowych.8182 SB jest
rodzajem bolusa, w ktorym dawka insuliny dopositkowe;j jest zwigkszona w stosunku do dawki
wyliczonej na podstawie ICR, tak aby uniknaé popositkowego piku glikemii, z jednoczesnym
usunieciem insuliny podstawowej, aby zapobiec wystapieniu hipoglikemii.” Czeéé autorow
sugeruje zatrzymanie podazy insuliny podstawowej na 2-4 godziny oraz dodanie usunietej
iloéci do bolusa positkowego, tak by sumaryczna iloé¢ insuliny pozostala niezmieniona. 81828384
Dotychczas nie przeprowadzono badan klinicznych dotyczacych tego typu bolusa, a dostepne

doniesienia odnoszg si¢ jedynie do modelu in silico.8

Opierajac si¢ na modelu in silico, sumarycznie niezmieniona ilo$¢ insuliny jest skutecznym

rozwigzaniem w przypadku positkéw zawierajacych do 50 g weglowodandow.% Przy
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wiekszych positkach ilo§¢ bolusa powinna zosta¢ zwigkszona o 50-60%, a dawka bazalna
insuliny zmniejszona w zaleznosci od zawartosci weglowodanow 1 trwa¢ maksymalnie 3
godziny.8®

Wiele organizacji diabetologicznych zaleca zastosowanie SB do positkow o wysokim
IG, lecz jego definicja nie jest jasna (o ile nalezy zwickszy¢ dawke dopositkowa insuliny
oraz na jak dlugo nalezy zmniejszy¢ lub usungé¢ insuling bazalng) i jednoczes$nie brak jest
badan klinicznych oceniajacych jego skuteczno$é.8®84
Waznym aspektem stosowania SB jest takze rosngca popularnosc systeméw HCLS, ktore sg
dostepne na polskim rynku od 2021r. Vetrani i wsp. zaobserwowali, ze wsrod osob
korzystajacych z HCLS odnotowano szybki wzrost stezenia glukozy we krwi po $niadaniu,
osiagajacy szczyt po zaledwie 1 godzinie od spozycia positku.8” Stwierdzono ponadto, ze
dobowa warto$¢ TIR jest istotnie skorelowana z TIR osigganym w godzinach porannych, co
sktania do konieczno$ci poswiecenia szczegOlnej uwagi wilasciwej kontroli glikemii w tej
czesci dnia.®” Nie jest jasne, czy sam system HCLS jest w stanie skompensowaé efekt super
bolusa na hiperglikemi¢ popositkowa, natomiast dawka insuliny dopositkowej zwiekszona o
50% wydaje si¢ by¢ dobrym rozwigzaniem do $niadania o wysokim IG w tej grupie pacjentow.
Teoretycznie system powinien wstrzymywac¢ podawanie insuliny podstawowej tak diugo, jak
to konieczne, aby zminimalizowac ryzyko wystgpienia hipoglikemii. Brak jest natomiast badan

dotyczacych zastosowania SB u 0s6b korzystajacych z HCLS.
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5. Zalozenia i cel pracy

Obecnie kluczowym narzedziem oceny skutecznosci leczenia cukrzycy typu 1 u
dzieci i mlodziezy jest wskaznik czasu spgdzonego w glikemii docelowej TIR 70-180 mg/dl
(3,9-10 mmol/l). Wyzsza wartos¢ TIR jest Scisle zwigzana ze zmniejszeniem wystepowania
przewlektych powiktan cukrzycy i redukcja objawdw hiperglikemii oraz hipoglikemii, co ma
bezposredni wptyw na samopoczucie pacjentow, ich funkcjonowanie w szkole oraz codzienne
aktywnos$ci. Dlatego ocena czynnikow wplywajacych na TIR jest kluczowa w skutecznej i
spersonalizowanej terapii cukrzycy typu 1 u dzieci.

Produkty o wysokim IG powoduja szybki i gwattowny wzrost stezenia glukozy
we krwi. Bez odpowiedniego dostosowania dawek insuliny, dzieci z cukrzyca typu 1 narazone
sg na wystepowanie popositkowej hiperglikemii, co negatywnie wptywa na ich ogo6lng kontrole
glikemii 1 wskaznik TIR. Wciaz brak jest optymalnego sposobu zapobiegania hipergikemii

popositkowej w odniesieniu do produktow o wysokim IG.

Cele badan objetych rozprawg byly nastepujace:
e wyodrgbnienie czynnikéw dotyczacych sposobu leczenia oraz codziennych
nawykow wsrod dzieci i mlodziezy chorujacych na cukrzyce typu 1, ktdre

przyczyniaja si¢ do wydtuzenia TIR,

e 0cena, czy Super Bolus jest skuteczng strategia redukcji hiperglikemii
popositkowej w odniesieniu do produktéw o wysokim IG i prowadzi do
wydhuzenia TIR.
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Abstract

Background Time in range is a reliable measure of the risk of diabetes complications. High percentage of patients with
diabetes fail to achieve the recommended time in range (TIR) target of 70-180 mg/dl (3.9—10 mmol/l) >70%.

Objective This study aimed to identify factors influencing TIR prolongation.

Methods Children aged 1-17 years with > 1-year type 1 diabetes (T1D) duration, treated with continuous subcutaneous
insulin infusion (CSII) >3 months, using continuous glucose monitoring (CGM) or intermittently scanned CGM (is-CGM)
>1 month, and with a registration time >70% were included. Data were collected during routine diabetology visits at an
outpatient clinic. Insulin pump and CGM or is-CGM reports in the most recent 14 days were recorded using a dedicated
software. Legal caregivers were also asked to complete a questionnaire on how the patients use the insulin pump functions
and eating habits.

Results A sample of 110 patients was categorized into two groups: those with TIR >70% and TIR <70%. TIR >70% group
presented with repeated hyperglycemia and a high glycemic variability coefficient of variation. We noted an acceptable
hypoglycemia rate (3%), regardless of the TIR value. Patients with TIR >70% predominantly used predictive low glucose
suspend system, maintained adequate intervals between insulin delivery and meal consumption, used the “bolus calculator”
function, and more frequently created electronic reports.

Conclusions Hyperglycemia and high glycemic variability prevent patients from achieving the target TIR. Advanced features
in the CGM systems, premeal insulin bolus, and patients’ involvement in diabetes treatment are the main factors contribut-
ing to TIR prolongation.

Keywords Blood glucose self-monitoring - Continuous glucose monitoring system - Type 1 diabetes - Disease
management - Therapeutics

Introduction

According to the US Type 1 Diabetes (T1D) Exchange
Registry, continuous glucose monitoring (CGM) systems
are currently the fastest growing technology for diabetes
treatment [1]. Numerous benefits of CGM have been dem-

4 Kowalczyk-Korcz Emilia

emilia.kowalczyk @uckwum. pl onstrated; it has led to a reduction in the incidence of hypo-
Szypowska Agnieszka glycemia and a decrease in glycated hemoglobin (HbA 1c)
agnieszka.szypowska@ wum.edu.pl levels up to 2.05% and reduce glycemic variability [2—4].

The increasing accuracy and advancement of CGM systems
and their widespread availability have resulted in new indi-
cators of proper glycemic control [5, 6].
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international societies, including the Polish Diabetes Asso-
ciation [6, 7]. The concept of the time spent in the target
range of 70-180 mg/dl (3.9-10.0 mmol/l) or the time in
range (TIR) warrants special attention. TIR was validated as
an outcome measure in clinical trials complementing other
components of glycemic control [8]. TIR is strongly asso-
ciated with the occurrence of vascular complications and
peripheral neuropathy [8-11]. Each 10% increase in TIR is
associated with a 64% reduction in the risk of retinopathy
and a40% reduction in the risk of microalbuminuria [8]. TIR
and HbAlc levels are correlated; each 10% increase in TIR
is associated with a 0.6-0.8% decrease in HbAlc levels [8,
12, 13]. However, HbAlc levels may be affected by many
conditions that influence the survival of the red blood cells
independent of glycemia, including the glycation rates, ure-
mia, pregnancy, smoking, and ethnicity [8]. Therefore, TIR
is a more reliable measure of the risk of diabetes complica-
tions [13]. High percentage of patients with diabetes fail
to achieve the recommended TIR target of >70%. Diabetes
Control and Complications Trial (DCCT) obtained data from
1440 participants and demonstrated that a TIR is relatively
low among patients with diabetes (52% vs. 31% for intensive
vs. conventional treatment, respectively) [9]. Data from the
Swedish Childhood Diabetes Registry revealed a mean TIR
of 60.8% (+13.1%) [14].

This study aimed to identify factors that influence TIR
prolongation, using CGM data among the pediatric popula-
tion with T1D, on continuous subcutaneous insulin infusion
(CSII).

Materials and Methods

The patients were recruited from the Department of Pedi-
atric Diabetology and the Diabetic Outpatient Clinic at the
Clinical Hospital. The study group were children aged 1-17
years with a >1-year T1D duration, treated with CSII >3
months, used CGM or intermittently scanned CGM (is-
CGM) >1 month, and with registration time >70% (the
percentage of time CGM is active, from the last 14 days)
[6]. No restrictions were imposed on participation with
respect to the type of CGM and is-CGM. Participants used

Table 1 Glycemic targets for patients using CGM systems

the following devices: Medtronic Minimed: Guardian™
Sensor 3 with Guardian™ Link 3 transmitter (GL3); Sen-
sor Enlite™ with Guardian™ 2 Link transmitter (GL2) or
Guardian™ Connect (GC); Dexcom Inc: Dexcom G6 and
Dexcom GS5; and Abbott Diabetes Care: Free Style Libre
(FSL). The records from the CGM system were registered
using the dedicated software.

Polish citizens have equal access to healthcare services
provided by the National Health Insurance System and man-
aged by the National Health Fund. Treatment with insulin
pumps is available and unpaid for, for children up to 26 years
of age with T1D. The patients had access to insulin pumps
Medtronic Minimed: Paradigm VEO, G640 and Roche Dia-
betes Care Accu-Chek Combo, free of charge.

The patients were under constant care at the outpatient
clinic and had permanent access to medical assistance. Data
were collected during routine clinical visit from January to
April 2021. The study flow diagram is presented in Fig. 1.
Insulin pump and CGM or is-CGM data were recorded using
a dedicated software. CGM metrics were analyzed in the
most recent 14 days, as per the recommendations of Interna-
tional Consensus on Time in Range [6, 8]. Moreover, legal
caregivers were asked to complete a questionnaire (Appen-
dix 1) on how the patients use the insulin pump functions
and eating habits. Severe hypoglycemia was defined as an
event with severe cognitive impairment (including coma and
convulsions) requiring assistance by another person.

Anthropometric measurements (weight and height) were
taken to calculate the body mass index standard deviation
score (BMI-SDS), which was calculated using the World
Health Organization child growth standards. A blood sam-
ple was taken for determining HbAlc levels. The test was
performed at the hospital laboratory using a high-perfor-
mance liquid chromatography (D-10 Hemoglobin Testing
System, Bio-Rad Laboratories, USA) at a nondiabetic range
of 4.1-6.4% (21-46 mmol/mol).

Statistical analysis
The sample of 110 patients was grouped into two categories:

those with TIR >70% (study group, n = 50) and those with
TIR <70% (control group, n = 60). Nominal variables were

Time in range (TIR) Time below range (TBR) Time above range (TAR)
Target values 70-180 mg/dl (3.9-10 mmol/l) <70mg/dl (<39 <54 mg/dl(<3.0 >180mg/dl(>10.0 >250 mg/
mmol/l) mmol/l) mmol/l) dl (>13.9
mmol/l)
Percent of readings [%] >70% <4% <1% <25% <5%
Daily time >16 h 48 min <lh <15 min <6h <1h 12 min

CGM continuous glucose monitoring, 4 hour, min minutes

@ Springer
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Assesed for eligibility

(n=520)
[ Excluded:
* Not meeting inclusion criteria (n=258)
* Decline to participate (n=86)
* Misfiled the questionnaire (n=66)
Analyzed (n=110)

Fig.1 The study flow diagram

presented as frequencies and percentages. Numeric variables
were described using basic descriptive statistics, depending
on the distribution (for those with normally distributed vari-
ables, mean + standard deviation were reported; for other
distributions, the median along with the first and third quar-
tiles are reported). The normality of variable distribution as
well as skewness and kurtosis were verified using Shapiro-
Wilk’s test. Homogeneity of variance was checked using
Levene’s test.

Groups were compared using Pearson’s chi-square test,
or Fisher’s exact test in case of categorical variables. For
assessing group similarity with numeric variables, the inde-
pendent Student #-test, independent Welch’s #-test, or Mann-
Whitney U test were used, as appropriate. Assessment of
group differences was additionally described using mean/
median difference or risk ratio, with 95% confidence inter-
vals (CIs).

Univariate logistic regression analyses were run for all
variables to assess the impact of each factor on the risk of
not exceeding 70% TIR. An additional multivariate logistic
regression analysis was executed and presented to describe
the simultaneous impact of selected variables. The variables
were selected based on the significance level reached in the
univariate model as well as the relationship between vari-
ables. Model quality assessment included chi-square test,
Hosmer and Lemeshow goodness of fit (GOF) test, and R?
Nagelkerke as well as variance inflation factor (VIF) meas-
ures. All calculations were conducted assuming 0.05 sig-
nificance level and run using R software, version 4.1.2 [15].

Univariate logistic regression analyses were performed
for all independent variables separately. Odds ratios (ORs)
and their 95% CIs were presented to determine the odds of

patients’ TIR not exceeding the level of 70%. In the second
step, a multivariate model including selected variables was
built. Variables included in the second step were selected
based on the significance level in the univariate models and
on the relationships between the variables.

Results
Characteristic of the group

The sample of 110 patients was grouped into study and con-
trol groups with TIR >70% (study group, n = 50) and TIR
<70% (control group, n = 60), respectively; both the groups
had an equal sex distribution (50.0% each) and all partici-
pants were of Caucasian descent. Average age at diagnosis
in the cohort was 7.06 + 3.74 years, with no statistical dif-
ference between groups (p = 0.057). Significant difference
occurred in the duration of the disease (p = 0.002), which
was 3 years (median = 3.19) in the study group and 4 years
(median = 4.34) in control group (median difference, MD =
—1.15,95% CIs [-2.58; —0.15], p = 0.002). Characteristic
of the analyzed groups is presented in Table 2.

Patients had CSII implemented just after diabetes diag-
nosis without differences between groups (p = 0.324).
Medtronic Paradigm VEO (49.1%) was the most common
type of insulin pump used. There was no difference in insulin
types (p = 0.224) but infusion set type differed significantly
between groups (p = 0.014). Ninety-degree teflon cannulas
were used by majority of the participants in the study group
(72.0%). Majority of the patients (78.2%) reported exchang-
ing the infusion set every 3 days. There was no statistical
difference between the frequency of replacement of infu-
sion sets between the two groups (p = 0.559). Median time
of CGM system usage was 763.50 days and did not differ
between the groups (p = 0.318). However, the groups used
different types of CGM (p = 0.022). In the study group, most
of the patients used GL3 (32.0%); in the control group, more
than half (60.0%) the patients used FSL.

There was a significant difference (p = 0.018) between
the study group (74.0%) and the control group (50%) in the
number of patients who generated electronic reports based
on CGM and insulin pump data in a domestic environment.
Those who were unable to create electronic reports at home
had 56% higher chance of being in TIR <70% group (RR
= 1.56, 95% CIs = [1.12; 2.17]). The study group patients
were more likely to use the “bolus calculator” function
(56.0% vs. 33.3%, respectively). The lack of function usage
tended to increase the chances of lower TIR by 55% (RR =
1.55,95% ClIs = [1.06; 2.27]). There was no difference in
the proportion of patients counting their carbohydrate and
fat-protein units (FPU) between the two groups (p = 0.374
and p = 0.371, respectively). Carbohydrate exchanges were
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Table 2 Characteristics of the analyzed group

Variable Total TIR > 70% TIR < 70% MD*/RR® (95% CI) P
N 110 50 60
Sex, n (%)
Girl 55 (50.0%) 23 (46.0%) 32(53.3%) Reference 0.566*
Boy 55 (50.0%) 27 (54.0%) 28 (46.7%) 0.88 (0.62; 1.23)7
Age, years, mean = SD 11.96 + 3.73 11.70 £ 3.56 12.18 +£3.89 —0.48 (—=1.9: 0.94)° 0.504"
BMI Z-score, mean + SD  0.46 + 1.03 0.63 +1.13 0.33 £0.93 0.30 (—0.09; 0.69)° 0.131"
Age (diagnosis), years, ~ 7.06 + 3.74 7.81 + 3.80 6.44 +3.61 1.36 (—0.04; 2.77)° 0.057"
mean + SD
Disease duration, days, 1430 (827.75; 2382.75) 1164.50 (634.25; 1583.50 (1188.75; —419.00 (-960.50; 0.002°
median (Q1; Q3) 1567.25) 2975.25) —57.50)°
Disease duration, years,  3.92 (2.27; 6.53) 3.19(1.74: 4.29) 4.34 (3.26; 8.15) —1.15(-2.58;-0.15°  0.002}
median (Q1: Q3)
Time from diagnosis 10.00 (7.00; 56.00) 12.00 (7.00; 56.00) 9.00 (7: 38.5.00) 3.00 (=2.00; 7.50)° 0.324°
to pump set up, days,
median (Q1; Q3)
Insulin pump type, n (%)
Accu-Chek® Spirit 21(19.1%) 8 (16.0%) 13 (21.7%) Reference 0.168*
Combo
MiniMed® PARA- 54 (49.1%) 21 (42.0%) 33 (55.0%) 0.99 (0.66; 1.47)7
DIGM VEO™
MiniMed® 640G 34 (30.9%) 20 (40.0%) 14 (23.3%) 0.67 (0.39; 1.12)7
OmniPod® 1(0.9%) 1(2.0%) 0 (0.0%) =
Insulin type, n (%)
NovoRapid, aspart. 35(31.8%) 16 (32.0%) 19 (31.7%) Reference 0.224%
Novo Nordisk
Fiasp, faster insulin 26 (23.6%) 12 (24.0%) 14 (23.3%) 0.99 (0.62: 1.58)7
aspart, Novo Nordisk
Apidra, insulin gluli- 13 (11.8%) 8(16.0%) 5 (8.3%) 0.71 (0.33; 1.50)"
sine, Sanofi-Aventis
Humalog, insulin 21(19.1%) 11(22.0%) 10 (16.7%) 0.88 (0.51; 1.51)7
lispro, Eli Lilly
Liprolog, insulin 15 (13.6%) 3(6.0%) 12 (20.0%) 1.47 (0.99; 2.19)7
lispro, Eli Lilly
Infusion set type, n (%)
Teflon cannulas 90° 65 (59.1%) 36 (72.0%) 29 (48.3%) Reference 0.014°
Teflon angular can- 7 (6.4%) 2 (4.0%) 5 (8.3%) 1.60 (0.93; 2.75)7
nulas 30-45°
Steel cannulas 36 (32.7%) 10 (20.0%) 26 (43.3%) 1.62 (1.15;2.27)"
OmniPod 1(0.9%) 1(2.0%) 0 (0.0%) -
Various 1(0.9%) 1(2.0%) 0 (0.0%) =
Infusion set change, n
(%)
Every 2 days 6(5.5%) 4 (8.0%) 2 (3.3%) Reference 0.559°
Every 3 days 86 (78.2%) 39 (78.0%) 47 (78.3%) 1.64 (0.52:5.17)
Every 4 days 16 (14.5%) 7 (14.0%) 9 (15%) 1.69 (0.50; 5.67)"
Every 5 or more days 2 (1.8%) 0(0.0%) 2 (3.3%) 3.00 (0.97; 9.30)
Length of CGM usage, 763.50 (430.00; 1171.75) 665.00 (411.25; 1105.00) 784.50 (463.50; 1217.25) —119.50 (—300.00; 0.318°
days, median (QI:; 153.77)
Q3)
CGM type, n (%)
@ Springer
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Table 2 (continued)

Variable Total TIR > 70% TIR < 70% MD?/RR® (95% CI) p
Dexcom 6 9(8.2%) 7 (14.0%) 2 (3.3%) Reference 0.022°
Dexcom 5 4(3.6%) 2 (4.0%) 2(3.3%) 2.25 (0.47; 10.78)’

Guardian™ Link 28 (25.5%) 16 (32.0%) 12 (20.0%) 1.93 (0.53:7.04)"
3 Transmitter and
Guardian™
Free Style Libre 51 (46.4%) 15 (30.0%) 36 (60.0%) 3.18 (0.92; 10.92)’
Mini Link 2 Trans- 14 (12.7%) 7 (14.0%) 7 (11.7%) 2.25 (0.60; 8.51)7
mitter and Enlite™
Sensor
Guardian Connect 4(3.6%) 3(6.0%) 1(1.7%) 1.12 (0.14;9.11)

Creating electronical
reports in domestic
environment, n (%)

Yes 67 (60.9%) 37 (74.0%) 30 (50.0%) Reference 0.018*
No 43 (39.1%) 13 (26.0%) 30 (50.0%) 1.56 (1.12;2.17)’

Bolus calculator func-
tion, n (%)

Yes 48 (43.6%) 28 (56.0%) 20 (33.3%) Reference 0.028*
No 62 (56.4%) 22 (44.0%) 40 (66.7%) 1.55 (1.06; 2.27)’

Carbohydrate exchanges
counting, n (%)

Yes 105 (95.5%) 49 (98.0%) 56 (93.3%) Reference 0.374°
No 5(4.5%) 1(2.0%) 4(6.7%) 1.50 (0.93; 2.41)’

Protein-fat units count-
ing, n (%)

Yes 62 (56.4%) 31 (62.0%) 31(51.7%) Reference 0.371*
No 48 (43.6%) 19 (38.0%) 29 (48.3%) 1.21 (0.86; 1.69)"

Insulin/meal latency. n
(%)

Yes 63 (57.3%) 38 (76.0%) 25 (41.7%) Reference 0.001*
No 47 (42.7%) 12 (24.0%) 35(58.3%) 1.88 (1.33;2.66)’

Insulin/meal latency

(time), n (%)
0 min 47 (42.7%) 11(22.0%) 36 (60.0%) Reference <0.001*
5 min 16 (14.5%) 9 (18.0%) 7(11.7%) 0.57 (0.32: 1.02)
10 min 18 (16.4%) 14 (28.0%) 4(6.7%) 0.29 (0.12; 0.70)”
15 min or more 29 (26.4%) 16 (32.0%) 13 (21.7%) 0.59 (0.38; 0.90)’

DKA., n (%)
Yes 31(28.2%) 15 (30.0%) 16 (26.7%) Reference 0.862*
No 79 (71.8%) 35 (70.0%) 44 (73.3%) 1.08 (0.73; 1.60)"

Severe hypoglycemia,
n (%)
Yes 16 (14.5%) 4 (8.0%) 12 (20.0%) Reference 0.132*
No 94 (85.5%) 46 (92.0%) 48 (80.0%) 0.68 (0.48: 0.96)’

Complications, n (%)

Yes (retinopathy) 1(0.9%) 1(2.0%) 0 (0.0%) - 0.455°
No 109 (99.1%) 49 (98.0%) 60 (100.0%) -
HbAlc, %, mean + 7.08 + 0.96 6.36 + 0.46 7.67 +0.86 —1.31 (=1.56; —1.05)° <0.0012
SD, mmol/mol 54 46 60
AVG glycemia, mg/dl,  147.50 (131.5; 164.00) 133.50 (124.00; 139.00) 162.50 (152.75: 183.25) —29.00 (—38.00; <0.001°
median (Q1; Q3) -21.50)°
@ Springer
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Table 2 (continued)

Variable Total TIR > 70% TIR < 70% MD?/RR® (95% CI) P

CV, %, mean + SD 36.06 + 7.64 31.16 + 4.67 40.13 £7.25 —8.97 (=11.25; —6.70)°  <0.001%

TIR, %, mean £ SD  67.76 + 17.35 82.97 + 7.38 55.08 +12.30 27.89 (24.12; 31.66)° <0.001?

TAR180, %, mean 19.27 + 9.66 11.75 + 6.36 25.53 £7.15 —13.78 (—16.36; <0.001"
+SD —-11.20)°

TAR250, median (Q1;  5.00 (1.00; 11.00) 1.00 (0.00; 2.00) 11.00 (7.00; 19.00) —10.00 (—15.00; —=8.00)° <0.001°
Q3)

TBR70, %, median 3.00 (2.00; 5.00) 3.00 (2.00; 5.00) 3.00 (1.00; 5.25) 0.00 (=2.00; 1.00)° 0.880°
(Q1:Q3)

TBR54, %, median 1.00 (0.00; 1.00) 0.00 (0.00; 1.00) 1.00 (0.00; 2.25) —1.00 (-1.00; —0.50)°  0.036’
(Q1:Q3)

TDD, IU/kg, mean 0.78 +£0.23 0.71 £ 0.20 0.83 £0.24 -0.12(=0.20; =0.03)°  0.007"
+SD

Base/kg, [U/kg, mean  0.29 + 0.12 0.25+0.12 0.32 £0.12 —0.07 (=0.11; =0.02)°  0.005"
+SD

Base/TDD, mean + SD 0.37 + 0.12 0.35+0.12 0.38 +£0.11 —0.03 (=0.08; 0.01)° 0.153!

AVG average, DKA diabetic ketoacidosis, TIR time in range, TARI80 time above range > 180 mg/dl £ 250 mg/dl, TAR250 time over 250 mg/dl,
TBR70 time below 70 mg/dl Z 54 mg/dl, TBR54 time below 54 mg/dl, TDD total daily dose of insulin, CV coefficient of variation, /U interna-
tional unit, SD standard deviation, Q/ first quartile, Q3 third quartile. Group comparisons executed with independent -Student test, independent
+-Welch test?, Mann-Whitney U test’, chi-square Pearson’s test* or exact Fisher test’. MD® mean or median difference (TIR < 70% vs. TIR >
70%) with 95% confidence interval, RR” relative risk with 95% confidence interval

calculated by almost all patients (95.5%), while FPU were
considered by more than half of them (56.4%).

The patients in the study group were more disciplined
with regard to the latency period between insulin delivery
and meal consumption (72.0%), when compared to the con-
trol group (41.7%, p < 0.001). Not maintaining a latency
period between insulin delivery and meal consumption was
correlated with an 88% higher chance of not reaching the
70% TIR level (RR = 1.88, 95% CIs = [1.33; 2.66], p =
0.001). Diabetic ketoacidosis (DKA) and severe hypoglyce-
mic episodes were rare in both groups with no differences.

Data from CGM, except for time below the <70 mg/
dl range, differed significantly between groups. Average
glucose was higher in the control group and the differ-
ence ranged from MD = —1.00, 95% CIs [—1.00; —0.50],
p = 0.036 for time spent below target glycemia (TBR, time
below range) <54 mg/dl to MD = —13.78, 95% CIs [-16.36;
—11.20], p < 0.001 for time spent above the target blood glu-
cose level (TAR) >180 mg/dl. The total daily dose of insulin
per kilogram (TDD) was significantly different between the
two groups (MD = —0.12, 95% CIs [-0.20; —0.03], p =
0.007). Also, the level of basal insulin rate (BIR) per kilo-
gram differed between the groups (MD = —0.07, 95% CIs
[-0.11; —0.02], p = 0.005).

Logistic regression results
The longer disease duration is correlated with the worse

TIR and one additional year increased the risk of not reach-
ing 70% TIR by 20% (OR = 1.20, 95% ClIs [1.06; 1.37], p

@ Springer

= 0.007). Use of metal cannulas increased the risk of TIR
<70% by three times, compared to usage of 90° teflon infu-
sion sets (OR = 3.23, 95% ClIs [1.37; 8.04], p = 0.009). The
lack of both domestic report generation and usage of “bolus
calculator” function almost tripled the risk of TIR <70%
(OR = 2.85,95% CIs [1.29; 6.55], p = 0.011 and OR =
2.55,95% CIs [1.18; 5.60], p = 0.0138, respectively). Lack of
keeping a latency period between insulin delivery and meal
consumption increased the risk by four times (OR = 4.43,
95% ClIs [1.98; 10.45], p < 0.001). The HbAlc levels had
a strong impact on the risk, with a 1% increase in HbAlc
levels relating to a 161 times higher risk (OR = 161.93,
95% Cls [27.14; 1852.76], p < 0.001). Analyzing the CGM
data, the strongest impact on the risk was noted for TAR
>250 mg/dl; for every 1 pp rise, the risk increased four times
(OR =3.89,95% ClIs [2.31; 9.20], p < 0.001). Additionally,
there was a significant risk of having a TIR <70% when both
TDD and BIR increased with an impact of 11 and 101 times,
respectively (TDD: OR = 11.75, 95% CIs [2.00 to 82.70],
p =0.009, BIR: OR = 101.08, 95% ClIs [3.93; 3443.02], p
=0.007).

The multivariate model verified the simultaneous impact
of HbAlc levels and different latency period categories on
the risk of TIR <70%. The model identified high impact of
additional 1 pp of HbAlc and the risk increased 278 times
(OR = 278.81, 95% CIs [35.56 to 4915.73], p < 0.001).
Further, maintaining a latency period of 5 or 10 min between
insulin delivery and meal consumption reduced the risk
by 95% (vs. not waiting). These showed OR = 0.05, 95%
CIs [0.00 to 0.37], p = 0.007 for 5 min latency and OR =
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0.05, 95% ClIs [0.00 to 0.60], p = 0.036 for 10 min latency
(Appendix 2).

Discussion

This study attempted to identify factors that contributed to
prolonged TIR in children and adolescents using CSII. We
found that the main problem of patients not achieving the
>70% target range included repeated hyperglycemia and
high glycemic variability defined by coefficient of varia-
tion (CV). Participants achieving TIR >70% predominantly
used predictive low glucose suspend systems, maintained
adequate interval between insulin delivery and meal con-
sumption, used bolus calculator, and more frequently cre-
ated electronic reports. Moreover, in this group, we observed
lower daily and basal insulin requirements.

Furthermore, disease duration >3 years in our study par-
ticipants lowered the probability of exceeding 70% TIR, and
one additional year of diabetes duration increased the risk
by 20%. The diabetes duration in the group was not long
(median, 3 and 4 years for study and control groups, respec-
tively) and the whole cohort had good metabolic control as
assessed by HbA Ic levels (median 7.08%; 54 mmol/mol).
The possible reason for this trend is the effect of the patients’
age (median age, 12 years); when they become adolescents,
the glycemic control worsens compared to childhood. Ado-
lescents have the highest glycemic variability and poorest
metabolic control (especially those aged 13—18 years) [16,
17].

We found no differences between the insulin analogs used
by the study participants. There is a huge interest now on
faster acting insulin analogs. As demonstrated, faster act-
ing insulin aspart (faster aspart) used in children prolonged
TIR (38% vs. 50%) and is more effective than insulin aspart
in reducing postprandial hyperglycemia during the first and
second hour after consuming a meal [18, 19]. We did not
note in our study group that more participants used faster
aspart. We also found no influence of the type of insulin
pump on the TIR.

Previous studies have not reported differences between
steel and teflon infusion sets in their function over 7 days
[20]. In this study, we found that teflon cannulas correlated
with better TIR. The possible cause of the observed trend is
the predominant use of teflon cannulas in our diabetology
center, thus making them the first choice for most patients.

The general rule concerning length of use is 2 and 3 days
for steel and teflon infusion sets, respectively [21, 22]. Our
study participants declared changing their infusion sets regu-
larly (78.2% declared every 3-day exchange), without differ-
ences between the two groups.

We recruited participants who used both types of CGM:
real-time CGM (RT-CGM) and is-CGM. Some RT-CGMs

work with insulin pump and have the following additional
features: predictive low glucose suspend (PLGS) or low
glucose suspend (LGS), that influence metabolic control.
Among our study group, patients with TIR >70% predomi-
nantly used the PLGS system (GL3). We noted that not all
participants who had the opportunity of using PLGS sys-
tem took advantage of it. Thirty-four participants (in both
groups) used Medtronic G640 insulin pump, but only 28
used compatible CGM system (GL3) with PLGS function.
The possible cause of that is dissatisfaction with the CGM
system due to inaccurate blood glucose measurements,
need for calibration, and/or lack of mobile phone applica-
tion. We observe that parents having younger children prefer
the CGM system with a mobile phone application to man-
age diabetes remotely as it increases their sense of security.
There is high quality evidence that PLGS leads to decreased
time spent in hypoglycemia and nocturnal hypoglycemia,
with no increase in the mean blood glucose concentration
and hyperglycemia episodes [23-25].

Participants in the study group were more likely to cal-
culate the insulin dose using “bolus calculator,” an avail-
able feature of automated bolus calculation in most insulin
pumps. Adult user data indicates that the use of a “bolus
calculator” improved HbAlc levels, mean blood glucose
levels, and glucose variability [26, 27]. On the other hand,
a randomized controlled trial in a pediatric group did not
reveal any additional effect of “bolus calculator” use with
regard to HbA Ic levels, postprandial blood glucose values,
or other study outcomes [26].

The International Society for Pediatric and Adolescent
Diabetes (ISPAD) recommends carbohydrate counting from
the onset of diabetes, because it is correlated with improved
glycemic control and quality of life among both adults and
adolescents [28]. There are few methods of calculating car-
bohydrate, but research found no evidence to suggest that
one particular method is superior to another [28]. In our
diabetology center, during the first hospitalization, patients
use 10 g carbohydrate portions and are introduced to car-
bohydrate counting and insulin dose calculations by using
an individualized insulin-to-carbohydrate ratio. It is worth
emphasizing that almost all study participants declared that
they were counting carbohydrates (95.5%). Some patients in
our center count also FPU because those macronutrients (fat
and protein) lead to delayed hyperglycemia (up to 3-6 h after
the meal) [29]. Usually, patients count that 1 FPU equals 100
kcal of fat or protein and requires the same amount of insulin
(as an extended bolus) as 10 g of carbohydrates [29]. Over
half (56.4%) of the participants declared that they counted
FPU, without any differences between the two groups.

The timing of insulin bolus plays a crucial role in achiev-
ing stable glycemic values and long TIR. The recommended
insulin timing is 15-20 min before meal consumption [28,
30]. Previous studies revealed that rapid-acting insulin
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analogs before meals as opposed to after meals reduce post-
prandial glycemia by almost 30% [30]. We found also that
participants in the study group were more disciplined with
regard to maintaining a latency period between insulin deliv-
ery and meal consumption (72.0%) than participants in the
control group.

We observed significantly higher insulin doses for both
total daily dose and basal insulin dose among participants
with poor metabolic control (TIR <70% group). Previous
studies clearly indicate that uncontrolled glycemia (chronic
hyperglycemia) is a risk factor of insulin resistance [29].
Interestingly, the study participants’ insulin requirements
are still being recommended by ISPAD at ranges of 0.7 to
1.0 IU/kg/day [29]. During puberty, the requirements may
increase even up to 2 U/kg/day [29]. The study and con-
trol group patients required about 0.71 and 0.83 IU/kg/day,
respectively.

Appropriate disease self-management is a crucial fac-
tor affecting good metabolic control in diabetes. Hence, it
was not surprising that creating electronic reports for gly-
cemic trends and insulin requirements using a dedicated
platform in a domestic environment was related with longer
TIR. Considering recent advancements in diabetes due to
the use of technology such as smartphone applications and
telemedicine, there is significant opportunity to achieve bet-
ter patients” involvement in diabetes self-management and
subsequently improve metabolic control and possibly ease
the disease burden.

Conclusions

Maintaining an adequate interval between insulin delivery
and meal consumption, usage of PLGS system with CSII,
usage of “bolus calculator” function, and patients’ involve-
ment in the diabetes treatment (generating electronical
reports in a domestic environment) may be the factors con-
tributing to prolonged TIR.

Patients with shorter TIR have a higher insulin
requirement.

Hyperglycemia and high glycemic variability are the
main problems preventing patients from achieving the goal
of treatment of TIR >70%.

Patients using CGM systems achieved an acceptable rate
of hypoglycemia, regardless of the achieved TIR values.
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Abstract

Background: Postprandial hyperglycemia (PPH) is a common clinical problem among patients with type 1 diabetes
(T1D), which is related to high glycemic index (h-GI) meals. The main problem is linked to high, sharp glycemic
spikes following hypoglycemia after h-Gl meal consumption. There is a lack of effective and satisfactory solutions
for insulin dose adjustment to cover an h-Gl meal. The goal of this research was to determine whether a Super
Bolus is an effective strategy to prevent PPH and late hypoglycemia after an h-Gl meal compared to a Normal
Bolus.

Methods: A total of 72 children aged 10-18 years with T1D for at least 1 year and treated with continuous
subcutaneous insulin infusion for more than 3 months will be enrolled in a double-blind, randomized, crossover
clinical trial. The participants will eat a h-Gl breakfast for the two following days and receive a prandial insulin bolus
in the form of a Super Bolus 1 day and a Normal Bolus the next day. The glucose level 90 min after the
administration of the prandial bolus will be the primary outcome measure. The secondary endpoints will refer to
the glucose levels at 30, 60, 120, 150, and 180 min postprandially, the area under the blood glucose curve within
180 min postprandially, peak glucose level and the time to peak glucose level, glycemic rise, the mean amplitude
of glycemic excursions, and the number of hypoglycemia episodes.

Discussion: There are still few known clinical studies on this type of bolus. A Super Bolus is defined as a 50%
increase in prandial insulin dose compared to the dose calculated based on the individualized patient’s insulin-
carbohydrate ratio and a simultaneous suspension of basal insulin for 2 h. Our patients reported the best
experience with such a combination. A comprehensive and effective solution to this frequent clinical difficulty of
PPH after an h-Gl meal has not yet been found. The problem is known and important, and the presented solution
is innovative and easy to apply in everyday life.

Trial registration: ClinicalTrials.gov NCT04019821
Keywords: Super Bolus, High glycemic index, Postprandial hyperglycemia
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Background

Many medical reports, together with our clinical prac-
tice, indicate that postprandial hyperglycemia (PPH) is
an everyday struggle for people with type 1 diabetes mel-
litus (T1D), even when metabolic control seems to be
adequate based on HbAlc levels. However, the defin-
ition of PPH is still not clear or reproducible. The
American Diabetes Association (ADA) does not differen-
tiate post-meal norms. The National Institute for Health
and Care Excellence (NICE) established post-meal
norms at a level above 162 mg/dl (9 mmol/l), whereas
the International Society for Pediatric and Adolescent
Diabetes (ISPAD) establishes them above 180 mg/dl (10
mmol/l) [1].

The glycemic peak is a common consequence of
ingesting carbohydrate-rich meals [2]. To achieve the
postprandial glycemic target, carbohydrate (CHO)
counting can be a crucial factor [3-6]. A single mealtime
insulin dose will cover a range of CHO amounts, with
the insulin dose calculated for a meal containing 60 g
CHO covering 10 g variations in CHO quantity (50-70
g) [7]. Interestingly, the postprandial glycemic peak rises
with increasing CHO intake in a range of 20-80 g of
CHOs, but meals containing over 80 g do not cause a
greater glycemic peak and instead cause prolonged
hyperglycemia [8, 9]. PPH is most often preceded by
high glycemic index (h-GI) meals, which causes great
glycemic variability, leading to a fast hyperglycemia in-
crease followed by the rapid decline of glucose levels
[10-14]. The area under the blood glucose curve (AUC)
is 20% larger after the h-GI meal containing the same
amount of CHOs compared to a low glycemic index (I-
GI) meal [13]. It was also proved that in T1D patients,
CHO-based meals caused an increase in the blood glu-
cose level peak within 60-90 min with variations among
individuals [10, 11, 15]. PPH and rapid and large gly-
cemic fluctuations are adverse prognostic factors and are
related to the development of cardiovascular complica-
tions, enhancement of oxidative stress, retinopathy, and
certain types of cancers [5, 16]. Furthermore, a correl-
ation between poor glycemic control and negative psy-
chological outcomes, such as depressive symptoms, has
been reported in teenagers (1016 years) [17]. Although
it is indicated that patients with T1D should consume I-
GI products, the recommendation is rarely followed, es-
pecially in the pediatric population [18, 19].

One of the most important goals of T1D treatment is
to imitate physiological insulin secretion as closely as
possible, thereby maintaining blood glucose levels within
the normal range. Previous studies have shown that early
preprandial rapid-acting insulin analog administration
up to 15-20 min before a meal resulted in lower post-
prandial glucose excursions compared to 30 min, taken
directly at the start of eating [20, 21]. This strategy
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resulted in a lower rate of PPH without an increased risk
of hypoglycemia. Other strategies, such as an additional
dose of insulin, were also considered as a possible solu-
tion to the h-GI meal issue. Previous studies showed that
a 30% increase in the insulin dose led to lower postpran-
dial glycemia and did not cause a higher incidence of
hypoglycemia episodes, but the frequency of hypergly-
cemia remained high [22]. Over the last few years, the
idea of “Super Bolus” as a potential solution to the h-GI
meal problem has been observed and practiced by some
patients every day. This type of bolus is not clearly and
unequivocally defined. The general establishment of a
bolus is related to the removal of basal insulin and
boosting of prandial insulin [23].

The proposed solution of Super Bolus is a combin-
ation of two components:

1.An increased dose of prandial insulin (50%) for the
quick coverage of h-GI meals

2.Basal insulin was stopped during the following 2-4 h
to account for the increased levels of active insulin in
circulation after intake of the bolus to prevent
hypoglycemia.

There is a lack of clinical studies concerning this type
of bolus, and the available literature only refers to in-
silico studies and clinical practice [23, 24]. A compre-
hensive and effective solution to this important clinical
problem presented above, which is frequent especially in
the pediatric population, has not yet been established.
This study aimed to determine whether Super Bolus is
more effective than Normal Bolus in preventing PPH
and avoiding late hypoglycemia after an h-GI meal in
children with T1D treated with continuous subcutane-
ous insulin infusion.

Methods

Trial design

This study was designed as a randomized, double-blind,
crossover study with an allocation ratio of 1:1. The trial
was registered at ClinicalTrials.gov (NCT04019821) be-
fore the inclusion of the first patient. Any important
changes in the protocol are introduced.

Study settings and participants

The participants will be recruited from the Department
of Pediatric Diabetology and Pediatrics at the Pediatric
Teaching Clinical Hospital, Medical University of
Warsaw, Poland. In case of a low recruitment rate, the
Diabetic Outpatient Clinic, Pediatric Teaching Clinical
Hospital, Medical University of Warsaw, Poland, would
also be a reliable source of participants. The hospital is a
tertiary referral center that provides medical care for
more than 1000 children with T1D. The medical staff
are adequately trained and competent in conducting
clinical trials. The research will be conducted in
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accordance with the ethical standards and the Helsinki
Declaration of 1964, as revised in 2013. In case of any
changes, appropriate information will be added to the
protocol registry site, and the bioethics committee will
be informed. The principal investigator is responsible for
the preparation of the protocol and revisions, the prep-
aration of case report forms (CRFs), data collection and
completion of the CRFs, randomization, recruitment of
patients, reviewing the progress of the study, and data
verification. Research physicians are responsible for data
collection and the completion of CRFs, randomization,
and recruitment processes.

Eligibility criteria

Inclusion criteria are children aged 10-18 years with
T1D as defined in the ISPAD Guidelines 2018 [25] with
a duration longer than 1 year and those who have
undergone insulin pump therapy for > 3 months. Pa-
tients with celiac disease, diabetes-related complications
(e.g., nephropathy), and those that are obese (defined as
body mass index [BMI] at or above the 95th percentile
for children and teens of the same age and sex) are ex-
cluded. The presence of comorbid conditions and treat-
ment, which could significantly affect the glycemic
values in the researcher’s opinion, and those who have
withdrawn their consent to participate in the study will
also be excluded. Written informed consent to

Table 1 Timeline of the study
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participate in the study must be provided by the patients’
parents (and from the patient if they are older than 16
years).

Intervention

The intervention will involve the administration of insu-
lin for an h-GI breakfast in the form of Super Bolus. The
participants will eat a h-GI breakfast for the two follow-
ing days and receive a prandial insulin bolus in the form
of a Super Bolus 1 day and a Normal Bolus the next day.
The h-GI breakfast consists of breakfast cereal, corn-
flakes with added cold milk: 50 g CHO will come from
the cornflakes and 10 g of CHO from the 2% milk (200
ml). Super Bolus is defined as the 50% increase in pran-
dial insulin dose compared with the dose calculated
based on the individual patient’s insulin-carbohydrate ra-
tio (ICR) and the simultaneous suspension of basal insu-
lin for 2 h. The definition of Super Bolus is based on the
patients’ best experiences. Normal Bolus will be defined
as the prandial insulin dose calculated based on the indi-
vidual’s ICR.

Study procedure

The study procedure is listed in Table 1. Patients who
meet the eligibility criteria will be asked to enter the trial
during hospitalization. Patients and their parents will re-
ceive oral and written information about the study.

Study period

Enroliment Run-in Allocation Post-location Close-out

Time point
Enrollment
Eligibility screen
Informed consent
Adjusting insulin doses
Allocation
Interventions
A new infusion set
CGM application
Super Bolus, Normal Bolus
Assessments
Anthropometric measurement (body weight, height, BMI)
TDD, basal insulin
HbA1c
Blood glucose level 30, 60, 90, 120, 150, and 180 min after prandial bolus
Occurrence of hypoglycemia
Register records from CGM

AUC, peak glucose, time to peak, glycemic rise, MAGE

0 0 0 Dayl Day2 Day3 Day3

X

X

Abbreviations: CGM Continuous glucose monitoring system, BMI Body mass index, TDD Total daily dose of insulin, AUC Area under the blood glucose curve, MAGE

Mean amplitude of glycemic excursion
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Verbal consent will be obtained from all participants. If
the caregivers agree to participate, written informed con-
sent will be obtained from the legal caregivers and par-
ticipants older than 16 years by the recruiting physician
who is familiar with the study protocol. Prior to the
study, the participants will be hospitalized and qualified
for a run-in period, which will last approximately 1
week. During this period, the doses of insulin will be ad-
justed. The 9-point glucose profile will be handled by
the nurses, and based on the ICR glucose values and
basal insulin rate, it will be optimized by a diabetologist
to meet target fasting and postprandial glycemia. After
achieving the glucose targets and adjusting the meals ac-
cording to the ICRs, the allocation process of the partici-
pants will be started.

The participants will be randomly divided into two
groups: SuBo-NoBo (Super Bolus-Normal Bolus) or
NoBo-SuBo (Normal Bolus-Super Bolus). The study will
last for three consecutive days. On the first day, a new
infusion set with the reservoir and insulin will be
inserted to minimize the chance of any leakages and oc-
clusions. Steel needle sets and soft cannulas will be used,
depending on the subject’s choice. There will be no re-
strictions on the insertion site of the set, except for the
infected and lipodystrophy areas. The continuous glu-
cose monitoring (CGM) system that will be used will
consist of an Enlite™ sensor with a MiniLink™ Transmit-
ter and a MiniMed® Paradigm VEO™ insulin pump
(Medtronic MiniMed, Northridge, CA). Proper calibra-
tion of the device must be performed. To ease glycemic
excursions during the study, participants can take the
last correction insulin bolus and any modifications con-
cerning basal insulin 3 h before the meal bolus. To avoid
asymptomatic nocturnal hypoglycemic episodes, gly-
cemic control during the nights preceding the test meals
will be intensified by performing additional blood glu-
cose meter tests at 12 p.m., 3 am., and 5 a.m.

On the second and third days, the test meal (h-GI
breakfast) will be given in the morning. The fasting self-
monitoring of blood glucose (SMBG) will be performed
with a Contour® Plus Link meter with a one-step calibra-
tion of CGM. If the fasting glucose value is above 130
mg/dl (> 7.2 mmol/l), the test day will be postponed
until the next day. The level was established according
to the ISPAD 2018 Guidelines concerning pre-meal tar-
gets [1]. Pre-meal insulin will be administered 15 min
before the h-GI breakfast as a Super Bolus (group SuBo-
NoBo) or Normal Bolus (group NoBo-SuBo) on the sec-
ond day and the Normal Bolus (group SuBo-NoBo) or
Super Bolus (group NoBo-SuBo) on the third day. A 15-
min time interval preceding breakfast was established in
previous studies as optimal based on the rapid-acting in-
sulin analog onset of action [20, 21]. The participants
will use rapid-acting insulin analogs (aspart, lispro, and
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glargine), as applied thus far. The h-GI breakfast,
planned by a clinical dietician, will consist of cornflakes
(50 g of CHO) and 2% milk (10 g of CHO), with a total
of 60 g of CHO. The test meal contains the following:
Nestle Cornflakes with a glycemic index (GI) of 81 and a
glycemic load (GL) of 40.5, while 2% ultra-high
temperature (UHT) milk has a GI of 27 and a GL of 2.7.
The overall GI of the test meal is 72. Despite the low GI
of milk, it is a problem that milk products produce high
insulinemic indexes of 90-98 [26]. The GI of the food
was estimated based on the International Glycemic
Index Tables, using bread as a reference. The h-GI test
meal (GI 84) consisting of a ham sandwich and a drink
used in the study conducted by Ryan et al. resulted in
significantly higher postprandial glucose excursions at all
time points between 30 and 180 min compared to the
low-GI meal (p < 0.02). The maximum difference be-
tween the postprandial glucose excursions after each test
condition occurred at 60 min, and the high-GI meal was
75.6 mg/dl (4.2 mmol/l) higher than that of the low-GI
meal (p < 0.0001) [14].

The calculation of insulin doses will be performed
based on the individual’s ICR counted per 10 g of CHO.
The normal bolus will be calculated as 6 x ICR, and the
Super Bolus will be calculated as 150% x 6 x ICR, with
the suspension of basal insulin for 2 h after the delivered
prandial bolus. The CRF containing the protocol for
both groups, the personal data, and the calculations con-
cerning insulin doses will be filled in for both groups on
the first day. A closed envelope with patient allocation
will be attached to the CREF. In the next 2 days, patients
will eat h-GI breakfast, and the bolus order will depend
on the allocation group. Nurses who will not be involved
in the study will administer the right type of bolus. To
ensure that the study protocols will not be mixed up and
remain blind, the nurse administering the premeal bolus
will check the allocation in the envelope and will provide
the appropriate type of bolus. The study duration per
day is planned for 3 h. No additional meals, snacks, or
correction boluses are allowed during this time. An ob-
servation time of 3 h is defined as an approximation of
the total lasting hypoglycemic effect after a subcutane-
ous insulin bolus dose. The capillary blood glucose level
will be measured with a Contour® Plus Link Meter at 0,
30, 60, 90, 120, 150, and 180 min after insulin adminis-
tration with a continuously working monitoring system.
There is a high possibility that rapid glycemic fluctua-
tions will be observed after an h-GI meal. Therefore, the
blood glucose level can be checked with both the CGM
and glucometer to obtain the highest accuracy of gly-
cemic level at the specified time point. Caregivers and
patients will also be instructed to report symptoms of
hypoglycemia with additional glycemia measurements.
Hypoglycemia will be defined as the glucose level below
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or equal to 70 mg/dl (< 3.9 mmol/l), which is treated as
a clinical hypoglycemia alert according to the ISPAD
Guidelines 2018." If hypoglycemia occurs, the patient
will receive 0.3 g/kg of glucose/saccharose. After 15 min,
the glucose level must be controlled again. If
hypoglycemia persists, the patient will receive the next
dose of glucose/saccharose, until a glucose level over 70
mg/dl is achieved. The presence of hypoglycemia will
not suspend the study process, and SMBG will be per-
formed as it is established. The records from the CGM
will be registered using the Medtronic Care Link Pro
Software and discussed with the patients for educational
purposes. The participants may discontinue the trial at
any point in time without giving a reason. The re-
searchers will make every effort to supervise, educate,
and regularly control the patients to provide the proper
study process.

End points
The following is the primary endpoint:

a) Capillary blood glucose level 90 min after the
administration of the prandial bolus as meals with
h-GI typically cause blood glucose level peak within
60-90 min in T1D patients

The following are the secondary endpoints:

a) Capillary blood glucose levels at 30, 60, 120, 150,
and 180 min after administration of the prandial
bolus

b) The number of hypoglycemia episodes based on
SMBG

The following data are based on the CGM:

a) Glycemic rise (GR)—the difference between the
baseline and the maximum glucose value

b) Peak glucose level (PG)—the maximum value of
glycemia during 3 h of post-mealtime

c¢) Time to PG

d) Area under the blood glucose curve (AUC)

e) Mean amplitude of glycemic excursion
(MAGE)—the standard deviation of blood glucose
(SDBG) obtained from all blood glucose
concentrations within 3 h of post-meal time

f) Time in the postprandial glucose range between 70
and 180 mg/dl (4.0-10.0 mmol/l)

Participant timeline
The study time scheme for enrollment, interventions,
and assessments is presented in Table 1.
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Sample size

The sample size was estimated based on the calculations
performed using the StatsDirect statistical software
(V.3.1.4, StatsDirect, Chesire, UK). A total of 72 partici-
pants will be required to show a difference of 30 mg/dl
(1.7 mmol//l) and an SD of 41 (which corresponds to
the standard deviation of the paired differences being
82) and standard deviations for observations within
treatment being 58 at the 90th minute of the study (the
primary endpoint), with & = 0.05 and 80% power—as-
suming a 20% withdrawal rate. The correlation was set
to 0 (conservative approach). We assume that glycemia
differences between the study groups mentioned above
are significant for metabolic control.

Randomization

The participants will be randomly assigned to two
groups: SuBo-NoBo or NoBo-SuBo. The randomization
list will be generated using the statistical program Stats
Direct (V.3.1.4, StatsDirect, Chesire, UK). Blocked
randomization (blocks of four) will be used to ensure a
good balance of participant characteristics in each group.
The randomization list will be kept by a staff member
who is not involved in the trial.

Blinding

All participants and investigators will be blinded to the
study procedures. The investigator will be given ran-
domly generated treatment allocations within sealed
opaque envelopes. Once a patient has consented to enter
the trial, an envelope will be opened, and the allocated
treatment regimen will be applied. A nurse not involved
in the trial will program the bolus of prandial insulin in
compliance with the patient’s allocation found in the
sealed envelope and calculated dose of insulin. The
screen of the insulin pump will be covered by a piece of
black tape to avoid interference. After completing the
randomized controlled trial by all subjects, sealed enve-
lopes containing the allocation group of each person will
be handed to the principal investigator. The investigator
will maintain blindness as much as possible. In cases of
exceptional circumstances (e.g., when knowledge of the
actual intervention is essential for further management
of the patient), the intervention will be unblinded. The
principal investigator, in cooperation with research phy-
sicians, will decide whether the unblinding procedure is
necessary. The reason for unblinding will be reported in
the patient’s CRF.

Data collection and management

A CRF based on the International Conference on
Harmonization Guidelines for Good Clinical Practice
will be completed on paper for each participant. Data
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will be transferred to an electronic password-protected
database.

The data will be double-entered with automatic check-
ing for mismatches and out-of-range values. All study
data documents will be stored in a locker within the
study site available only to the staff involved in the re-
search. Data concerning insulin requirements, HbAlc
values, and anthropometric parameters will be gathered
from non-compliant participants and those who cancel
their consent. Only the involved researchers will have
access to the dataset and the participant’s personal infor-
mation. The data will not be shared with any company
or founding institutions. They will also not influence the
reliable presentation of the results. A draft of the final
article with the outcomes will be revised by professional
editing services in English. No later than 2 years after
the data collection, we will deliver a completely deidenti-
fied dataset to an appropriate data archive for sharing
purposes.

Compliance
We will provide written feedback to all the parents and
participants about the results of the study when the re-
cruitment process is completed. During the study pro-
cedure, a research physician will visit the participant
every 30 min (until 180 min), check the blood glucose
level, and give a reminder on the rules of the study (i.e.,
no snacking, no exercising, no delivery of any additional
insulin bolus during the observation period).
Compliance with the study protocol will be evaluated
by analyzing the information from the CRFs, insulin
pump, and recorded CGM data. If participants do not
follow the study protocol (i.e., receive an inappropriate
dose of insulin, set an incorrect bolus, get an extra insu-
lin dose or snack, or basal insulin suspension is not set
appropriately), they will be considered non-compliant.
Data from non-compliant participants will be used to
perform an intention-to-treat analysis as a sensitivity
analysis. If any CGM failure occurs during the study,
only data from the glucometer will be analyzed. If the
study regimen is interrupted by some factors, data con-
cerning glucose values from the CGM and glucose meter
will be collected until that moment.

Monitoring

The study procedure will be performed according to the
manufacturer’s protocol. We do not intend to change
the study protocol after recruiting the first patient. If
some circumstances that influence the research condi-
tions occur, the changes will be noted at ClinicalTrials.
gov (the protocol registry site), and the Bioethics com-
mittee will be notified. An independent data and safety
monitoring board (DSMB) will be established before the
beginning of the study. The DSMB will review the data
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after the recruitment of 25%, 50%, and 75% of partici-
pants to evaluate the study progress and adverse events.

Statistical analysis

Descriptive statistics will be calculated to characterize
and present the study population and baseline findings.
Data normality distribution will be verified using the
Shapiro-Wilk test. For normally distributed continuous
variables, comparative analyses will be performed using
Student’s ¢-test. Continuous variables that are not nor-
mally distributed will be compared using the Mann-
Whitney U test. Group comparisons for nominal vari-
ables will be conducted using the Fisher exact test or the
X test, as deemed appropriate. Linear regression analysis
with the baseline value of the outcome as a covariate will
be used to compare the treatment groups. Log trans-
formation will be performed in case of apparent viola-
tion of the normal distribution of the data. All tests will
be two-tailed, and differences will be considered signifi-
cant at the level of p < 0.05. The number of missing data
points will be presented for each variable. Nominal vari-
ables will be presented as n (% of the group). The out-
comes will be presented as differences in medians for
continuous data with non-normal distribution and as
differences in means for data with normal distribution,
both with a 95% confidence interval.

The clinical inference will be based on 95% confidence
intervals for the regression coefficient for treatment ef-
fect. If the 95% confidence interval does not include 0,
we will conclude that the difference between the treat-
ment groups is clinically significant.

Data from the CBGM and CGM will be analyzed sep-
arately. To evaluate the capillary blood glucose levels at
30, 60, 90, 120, 150, and 180 min after the administra-
tion of the prandial bolus and the number of
hypoglycemia episodes, data from the CBGM will be
used. Data from CGM will be adopted to calculate the
GR, PG, time to PG, MAGE, and time in the postpran-
dial glucose range between 70 and 180 mg/dl (4.0-10.0
mmol/l).

The AUC will be calculated geometrically by applying
the trapezoid rule. The incremental area under the blood
glucose response curve (iIAUC) is defined as the sum of
all sensor excursions from the baseline value for the 3-h
post-meal period. The positive AUC (pAUC) will be cal-
culated based on the intersection points of the estimated
curve with the baseline and integration of the area above
the baseline.

Intention-to-treat analysis will be performed as a
primary approach. Additionally, the data of partici-
pants who will finish the study according to the
protocol (per-protocol) will be used as a sensitivity
analysis.
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Harms

We do not expect any severe complications during the
study. The medical equipment and insulin used during
the study will be approved for clinical use. The most
probable and harmful adverse effect during the post-
prandial period is hypoglycemia. Intensive glycemic con-
trol using both CGM and SMBG will be used against
severe hypoglycemic events and will provide the most
accurate glycemic measurements. Despite the inconveni-
ence of having to monitor the blood glucose levels by
doing multiple finger pricks, it is necessary to ensure the
safety of the study procedure. Moreover, CGM-related
minor local adverse events, such as the possibility of de-
veloping an infection, redness, bleeding, hypersensitivity,
itching, irritation, or pain at the sensor site, may occur.
CGM will be applied by qualified personnel to reduce
the risk of complications. Data concerning all harms will
be gathered and reported as indicated in the Consoli-
dated Standards of Reporting Trials (CONSORT) exten-
sion on harms document [27]. Any adverse events will
also be reported in the individual patient’s CRFs.

All serious adverse events will be immediately reported
to the project leader who will be responsible for notify-
ing the ethics committee and all participating investiga-
tors. If any serious adverse events occur during the
study procedure, financial compensation will be covered
by the grant.

Discussion

According to the ISPAD Guidelines, low-GI products
are recommended for diabetic patients to alleviate gly-
cemic variations [20]. Meals with the same CHO content
but different GIs produce clinically significant changes
in a person’s postprandial glycemic excursions, as proven
in a controlled study among children with T1D that
showed that substituting a diet with high-GI foods with
a diet comprised of low-GI foods improved glycemic
control after 12 months [20].

Some strategies may be implemented to reduce the
average GI of meals. The addition of a moderate amount
of protein, healthy fats (monounsaturated fatty acids
[MUFA] and polyunsaturated fatty acids [PUFA]), or
dietary fiber to a meal containing predominantly CHOs
may assist in reducing postprandial hyperglycemia [20].
A meal-time schedule, the routine period when food is
offered and available without snacking in between meals,
may contribute to the optimal control of postprandial
glycemia [20].

Adjustment of the type and dose of insulin for h-GI
meals remains a challenge. According to Dzygalo et al.,
neither of the two insulin analogs, glulisine nor aspart,
provide a stabilized glycemic profile after an h-GI meal
[28]. The new formulation of faster-acting insulin aspart
(faster aspart) has a more rapid onset of appearance and
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greater early exposure in comparison with aspart for
children and adolescents. Using this new formulation, a
statistically significant reduction of 2 h for postprandial
glycemia after a standardized meal was reported [29, 30].
However, due to regulatory approval and availability, its
common use in clinical practice is limited. Lujif et al.
demonstrated that the administration of prandial rapid-
acting insulin analogs 15 min (instead of 30 min) before
a meal, directly at the start of eating, resulted in a lower
rate of PPH without an increased risk of hypoglycemia
[21]. Therefore, we decided to deliver an insulin bolus
15 min before a meal. O’Connel et al. tested two types
of prandial bolus for an h-GI meal: a normal bolus
(given over 3 min before the meal) vs dual (50:50% over
2 h) and found no difference between them [10]. Regard-
less of the bolus type, high glycemic excursions were still
observed, with a mean glycemic rise of + 954 mg/dl
compared to the baseline [10]. An additional dose of in-
sulin was also considered as a possible solution for the
h-GI meals issue. Groele et al. compared the dose of
prandial insulin calculated based on the individual pa-
tient’s ICR with the dose increased by about 30% for an
h-GI meal and concluded that the frequencies of PPH
and hypoglycemia were similar in both groups, but the
additional dose of insulin significantly reduced glucose
excursion in terms of the mean postprandial glycemia
(47.4 + 39.8 mg/dl vs 76.2 + 58.2 mg/dl) [22]. We know
that a dose of insulin increased by 30% does not cause a
higher incidence of hypoglycemia episodes and leads to
lower postprandial glycemia, but the incidence of hyper-
glycemia episodes still remains unsatisfactory. Therefore,
we decided to conduct this study based on the Super
Bolus idea to achieve a reduction in the frequency of
PPH, with a simultaneous decrement in glycemic rise
and hypoglycemia episodes. The available pertinent lit-
erature only refers to in-silico studies and clinical prac-
tice [23, 24]. We defined a Super Bolus as a boost of
prandial insulin (increased by 50% in comparison with
the dose calculated based on individualized patient’s
ICR) and a simultaneous suspension of the basal insulin
for 2 h. During that time, the insulin is still acting, and 2
h seems to be a short period for a rebound effect. More-
over, our patients reported the best experience with the
above-mentioned combination.

A comprehensive and effective solution to this huge
and frequent clinical difficulty of PPH after an h-GI meal
has not yet been found. The problem is known and im-
portant, and the presented solution is innovative and
easy to apply in everyday life.

In conclusion, the findings of this randomized con-
trolled aim to show that pediatric patients report the
best experience with a combination of a Super Bolus—
the 50% increase in prandial insulin dose in comparison
with the dose calculated based on the individualized
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patient’s ICR—and a simultaneous suspension of basal
insulin for 2 h. This study will contribute to the formu-
lation of better recommendations on the use of Super
Bolus to address problems concerning PPH after an h-
HI meal in children with T1D.

Trial status

Recruitment started in January 2020 and is planned to
end in July 2022, with all patients randomized. The
current protocol version was 2.0, dated August 30, 2020.
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Abstract: Background: This study aimed to compare whether a super bolus (SB) is a more efficient
strategy than a normal bolus (NB) for high glycemic index (h-GI) meals in children with type 1
diabetes (T1D). Methods: A randomized, double-blind, crossover trial with an allocation ratio of 1:1,
registered at ClinicalTrials.gov (NCT04019821). 72 children aged 10-18 years with T1D > 1 year, and
on insulin pump therapy > 3 months were included. As an intervention, they ate a h-GI breakfast
for the two following days and receive a prandial insulin bolus either in the form of SB or NB.
Results: The SB group had lower glucose values during the observation time and lower glucose
levels in 90th min (primary end point). The median time in range was also higher after SB. At the
same time, more hypoglycemic episodes and a higher time below range were noted in this group.
Almost 90% of them were the threshold value for initiating treatment for hypoglycemia and occurred
near the end of observation period. More hyperglycemic episodes and over twice as much time
in hyperglycemia were noted after NB. Conclusions: Super bolus is an effective strategy to avoid
postprandial hyperglycemia but the basal insulin suspension should be longer to avoid hypoglycemia
(f.ex. 3h).

Keywords: super bolus; postprandial glycemia; high glycemic index meal; meal bolus

1. Introduction

Postprandial hyperglycemia (PPH) is highly prevalent among people with type 1
diabetes (T1D). High glycemic index (h-GI) meals are mainly responsible for PPH; thus,
many clinical practice guidelines recommend a low glycemic index (1-GI) diet for people
with T1D [1-3]. L-GI patterns are associated with improved glycemic control as well as
reduced cardiometabolic risk [4].

A poor adherence to a healthy diet is an everyday struggle and a difficult part of
diabetes management among children [3]. Low-carbohydrate or ketogenic diets have
recently become very popular because they ease the glycemic spikes, and provide greater
glycemic stability and lower HbAlc values [3]. Despite the positive effects, the International
Society for Pediatric and Adolescent Diabetes (ISPAD) do not recommend these types of
diets for children because they are potentially inadequately nourished and may lead to
growth and pubertal problems [1,3]. The possible strategy in this group is not to exclude
the h-GI carbohydrates from the diet but to properly balance the consumption of h-GI and
1-GI meals [3].

What do we know about the direct consequences of the ingestion of h-GI food now?
The glucose level after consumption increases rapidly, leading to hyperglycemia (typically
within 60 min-2 h) followed by a sudden drop in the glucose level [1,5-7]. Products with
h-GI compared to I-GI, which contain the same amount of carbohydrates, cause a 20%
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higher area under the blood glucose curve (AUC) [7,8]. That is why these products require
separate strategies to reduce glycemic spikes caused by them [1].

The known strategy to reduce postprandial hyperglycemia is the consumption of fat
and protein 15 min before a h-GI meal among children [9]. Another recommendation is
a pre meal bolus, typically taken 15-20 min before meal, but it is insufficient in case of
h-GI [1]. The type of insulin is also a factor that influences the postprandial glycemia.
Previous studies indicate that neither glulisine nor aspart insulin provide a stable and
in-range glycemic profile [10]. A new insulin formulation-faster insulin, aspart, has a
potential effect on reducing PPH in the youngest groups and adults, though this action was
not confirmed among adolescents [11-13]. Data from adults indicate that a strategy of an
additional dose of insulin to h-GI meals was studied before. Increasing the meal bolus dose
by 30% resulted in a decrease in postprandial glycemic values without increasing the rate
of hypoglycemia, while the percentage of hyperglycemia remained high [14].

It remains a clinical challenge to adjust the insulin dose and bolus pattern for h-GI
meals. The goal of insulin therapy is to mimic as much as possible the physiological
secretion of insulin. That is why in recent years the idea of the super bolus (SB) strategy
is popular in context of h-GI products. The assumption is that SB boosts the prandial
insulin to avoid glycemic spikes whilst removing the basal insulin to prevent postprandial
hypoglycemia [5]. Many diabetes organizations recommend this strategy to deal with h-GI
products, but the definition is not clear (how much the meal bolus should be increased
and how long basal insulin should be removed) [15,16]. There is a lack of clinical studies
concerning this type of bolus; available reports refer only to the in-silico model [17,18].

We defined the super bolus by using the following criteria:

— 50% increase in prandial bolus dose,
— removal of the basal insulin for 2 h post meal.

The proposed solution is based on reports from diabetes organizations, clinical practice,
and our patients’ best experience. The purpose of this study was to compare whether SB is
a more efficient strategy than the normal bolus (NB) for h-GI meals in children with T1D
using continuous subcutaneous insulin infusion (CSII).

2. Materials and Methods

This study was designed as a randomized, double-blind crossover with an allocation
ratio of 1:1 and was conducted between January 2020 and January 2023 in our diabetology
department. The ethics committee of the Medical University of Warsaw approved the
study KB/25/2019. The trial was registered at ClinicalTrials.gov (NCT04019821) before the
first patient was included. The survey was conducted in accordance with the CONSORT
statement for reporting randomized trials [19]. The study protocol with a detailed course
of the study was published in BMC Trials [20].

The study included children aged 10-18 years with a T1D duration of longer than
1 year, on insulin pump therapy for more than 3 months. Inclusion criteria were constant
and were not changed during the course of the study. We excluded patients with celiac
disease, diabetes-related complications (e.g., nephropathy), insulin faster aspart users, and
those with obesity (defined as body mass index, BMI > 95th percentile for children and
teenagers of the same age and sex). All participants were hospitalized before and during
the study. The study began with a run-in period lasting about one week. During that
time, patients had their daily glycemic profile evaluated based on which individualized
insulin-to-carb ratios (ICR) were established. The insulin doses were adjusted to meet
target fasting and postprandial glucose levels. Only when normoglycemia was achieved
for 2 following days after breakfast, did we assume that ICR is properly adjusted and the
participant was included to the study. The fasting blood glucose level to enter the study was
<130 mg/dL (>7.2 mmol/L), according to ISPAD pre-meal targets guidelines [21]. Before
the study began, participants have applied the continuous glucose monitoring (CGM)
system—Enlite™ sensor with a MiniLink™ Transmitter and a MiniMed® Paradigm VEO™
insulin pump (Medtronic MiniMed, Northridge, CA, USA). As an intervention, they ate
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a h-GI breakfast for the two following days and the order was randomized to receive a
prandial insulin bolus either in the form of a super bolus (intervention, SB group) or a
normal bolus (control, NB group). We used a blocked randomization (blocks of four). The
randomization list was generated using the program (V.3.1.4, StatsDirect, Chesire, UK). All
participants and investigators were blinded. The investigator received randomly-generated
treatment allocations within sealed opaque envelopes. Once a participant entered the trial,
an envelope was opened and the allocated treatment regimen was applied. A nurse not
involved in the trial programmed the meal bolus in compliance with the patient’s allocation
found in the sealed envelope and calculated dose of insulin. The screen of the insulin pump
was covered by a piece of black tape. The h-GI breakfast consisted of breakfast cereal:
chocolate cornflakes (50 g carbohydrates) with added 2% cold milk (10 g carbohydrates).
SB was defined as the 50% increase in prandial insulin dose (150%) compared with the dose
calculated based on the individual patient’s ICR and the simultaneous suspension of basal
insulin for 2 h. Normal bolus was defined as the prandial insulin dose calculated based on
the individual’s ICR.

The primary outcome of the study was the capillary blood glucose level 90 min after
administration of the prandial bolus, based on the glucometer data. Secondary endpoints
were: (1) capillary blood glucose level 30, 60, 90, 120, 150, and 180 min after administration
of the prandial bolus (glucometer data); (2) number of hypo- and hyperglycemic episodes
(glucometer and CGM data, separately); (3) glycemic rise (GR) from the baseline to the
maximum glucose level (CGM data); (4) peak glucose (PG) level within 180 min after the
prandial bolus administration (CGM data); (5) time to peak glucose level (CGM data);
(6) mean amplitude of glycemic excursion, MAGE (CGM data); (7) time in the postprandial
glucose range between 70-180 mg/dL (3.9-10.0 mmol /L), TIR (CGM data); (8) area under
the blood glucose curve, AUC (CGM data). Two types of hypoglycemic episodes were
distinguished: with the lowest result (1) TBR1, between 54 and 69 mg/dL (3.0-3.8 mmol/L)
or (2) TBR2, below 54 mg/dL (<3.0 mmol/L). Similarly, hyperglycemia was pointed out as
with highest result (1) TAR1, between 181 and 250 mg/dL (10.0—13.9 mmol/L) or (2) TAR2,
over 250 mg/dL (>13.9 mmol/L). Each type of episode was analysed separately. If the data
from CGM indicated the glucose level below or above threshold in consecutives measure-
ments, we considered it as one episode of hypoglycemia or hyperglycemia until the value
in range was reached. Every measurement performed by the glucometer was analyzed as a
separate episode. We did not include hyperglycemic episodes as an endpoint in the study
protocol. After completing the data, we decided that this is an important parameter that we
should take into consideration and conducted an analysis of the hyperglycemic episodes.

Statistical Analysis

The sample size was estimated based on calculations performed using StatsDirect
statistical software (V.3.1.4, StatsDirect, Chesire, UK). 72 participants were required to
demonstrate a difference of 30 mg/dL (1.7 mmol/L) and a standard deviation (SD) of 41,
SD for observations within treatment being 58 at the 90th minute of the study (the primary
endpoint), assuming « = 0.05, power of 80% and a 20% dropout rate.

The study group was described with appropriate descriptive statistics. The number of
missing data was presented for each variable. The normality of distribution was verified
based on Shapiro-Wilk test. The characteristics of the patients and the outcomes were
presented using mean and standard deviation for normally-distributed variables, median
and quartiles for continuous non-normally-distributed variables, numbers, and percentages
for discrete variables. The insulin sensitivity factor (ISF) was calculated using the 1800 rule.

The results obtained after the administration of the super bolus and normal bolus were
compared using the paired Student t-test in case of normal distribution and the Wilcoxon
matched-pairs signed-rank test if outcomes were non-normally distributed. The outcomes
were presented as differences in means or medians for the continuous data and with odds
ratios for nominal variables, both with a 95% confidence interval. All tests were two-tailed
with significance level of « = 0.05.
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Intention-to-treat analysis was performed as a primary approach, with additional
per-protocol analysis as a sensitivity analysis. In the per-protocol analysis, eight patients
were excluded, seven due to CGM system failure (sensor detachment, interruption of data
transmission, missing readings, very large discrepancies in results from the glucometer
and CGM system) and one patient failure to measure glucose level at 180th minute with a
glucometer. Additionally, linear regression analysis with the baseline value of the outcome
as a covariate was used to compare the treatment groups. The clinical inference was based
on 95% confidence intervals for the regression coefficient for the treatment effect. If the
95% confidence interval did not include 0, we concluded that the difference between the
treatment groups was clinically significant. The area under the blood glucose curve for
each patient was estimated using cubic splines.

Statistical analysis was carried out in StataCorp. 2017. Stata Statistical Software: Release
15. StataCorp LLC, College Station, TX, USA. Figures were prepared using GraphPad Prism
6.00 (GraphPad Software, La Jolla, CA, USA).

3. Results

The study flow diagram presents Figure 1. In this study, we included 72 teenagers
with a T1D duration of about 6 years, with an equal gender distribution. There was no
predominance concerning the type of infusion set and the localization of cannulas. Most
participants were insulin aspart users (NovoRapid®, NovoNordisk, Bagsveerd, Denmark).
The baseline characteristics of the study group are presented in Table 1. See Figure S1in
the Supplementary Material for the linear regression graph of the insulin-to-carbohydrate
ratio (ICR) as a function of the age. The graph shows the correlation of the increase in the
ICR with the increase in participants’ age.

ENROLLMENT
Assessed for eligibility (n=85) e
Excluded (n=13)
Not meeting the inclusion criteria
- fasting blood glucose level >130mg/d]
(>72mmol), (n=8)
- fasting blood glucose level <P0mg/dl
(<3 9mmollL), (n=d)
- insulin faster aspart (n=1)
RANDOMIZATION
ﬁ (0=72) —l
DAY 1 Super Bolus Normal Bolus
INTERVENTION
h-GI breakfast
DAY 2 | Normal Bolus \ ‘ Super Bolus ‘
ANALYSIS

Intention-to-treat (n=72)

Per-protocol (n=64)

Excluded (n=8)

+ CGM system failure (n=7)

*  nomeasure glucose level at 180* minute (n=1)

Figure 1. Study flow diagram.
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Table 1. Baseline characteristics of study group.
Characteristic N n (%)/Mean + SD/Median (Q1;Q3)
Sex, n (%) 72
Female 37 (51.39)
Male 35 (48.61)
Age (years)! 72 14.97 (12.96;16.30)
Duration of disease (years)! 72 591 (2.799.44)
BMI (kg /m?)! 72 20.77 (18.63;22.91)
BMI Z-score! 72 —0.07 (—0.71,0.57)
TDD/kg (u/kg)? 72 0.82 + 0.25
Base/kg (u/kg)? 72 034 +0.12
HbAIlc (%)? 72 8.35 (7.45,9.30)
Breakfast’s ICR (u)? 72 1.61 + 0.56
ISF (mg/dL)! 72 37.66 (29.75;50.28)
Insulin type, n (%) 72
Novo Rapid®, Novo Nordisk 29 (40.28)
Humalog®, Eli Lilly 13 (18.06)
Apidra®, Sanofi 10 (13.89)
Liprolog®, Eli Lilly 19 (26.39)
Lispro®, Sanofi 1(1.39)
Infusion set type, n (%) 72
Teflon cannula 39 (54.93)
Metal cannula 32 (45.07)
Infusion set localization, n (%) 72
Abdomen 19 (26.76)
Arm 18 (25.35)
Thigh 23 (32.39)
Buttock 11 (15.49)

Data presented as median (QL;Q3)! or mean + SD? unless otherwise indicated. Base/kg—basal insulin dose
calculated per kg of body mass, BMI—Body Mass Index, TDD/kg—daily insulin dose calculated per kg of body
mass, ICR—insuhn—carbohydrate ratio (defined as a dose of insulin necessary to cover 10 g of carbohydrates),
ISF—insulin sensitivity factor (calculated using 1800 rule), u—unit.

We found a significant difference in the primary outcome-capillary blood glucose
level 90 min after the administration of the prandial bolus. Patients who received SB
had lower glucose levels 154 + 37.4 mg/dL (Clg5[144.77; 162.37]) vs. 177 £ 49.2 mg/dL
(Clys[165.37; 188.49), MD = —23, p < 0.001. In general, significantly lower values were
confirmed for each time point excluding the baseline glucose values in the super bolus
group. Figure 2 presents measured by glucometer values after SB and NB implementation.
Figure 3 shows analogue data obtained from CGM. The median time in range 70-180 mg/dL
(3.9-10.0 mmol /L) was higher in the SB group: 165 min (135.0; 180.0), 91.67% vs. 152.5 min
(103.8; 180.0), 84.72%, p = 0.001. The glucose values were also more stable in this group:
the median rise of glycemia (glucose change from baseline) was significantly lower af-
ter SB administration (58 mg/dL (40.0; 93.0) vs. 90 mg/dL (40.0; 93.0), p < 0.001). The
median GR at each time point is shown in Figure 4. The PG was significantly higher for
the NB group 188 mg/dL (146.0; 219.0) than for SB 158 mg/dL (134.0; 193.0), p < 0.001.
The time to reach PG was similar in both groups (SB 95 min (70.0; 120.0), NB 105 min
(85.0; 125.0)), p = 0.067. Greater glycemic variability occurred in SB, MAGE 30.44 vs. 22.89,
p=0.001. SB application caused over 11% reduction in AUC, 22,626.54 £ 5877.49 for SB
and 25,437.49 + 6880.06 for NB, p < 0.001. Most participants did not experience hypo-
glycemic episodes during the study period (CGM data: 71.01% SB, 81.43% NB p = 0.030).
No episodes of serious hypoglycemia as neurogenic symptoms or cognitive dysfunc-
tion were noted. More hypoglycemic episodes were noted in the SB group and the time
spent in hypoglycemia (time below range) was higher per participant: SB 5.94 min vs.
2.79 min, p =0.012). The frequency of hypoglycemic episodes was 0.36/ per participant
in the SB group and 0.21/per participant in the NB group, p = 0.029 (data from CGM).
Almost 90% of the episodes were threshold value for initiating treatment for hypoglycemia
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(69-54 mg/dL). If hypoglycemia appeared, it was in the final phase of the study, at the
end of the observation period (SB 145 min (35.0; 160.0), NB 155 min (30.0; 165.0), p = 0.889)
in both groups. We did not note differences concerning the time in hypoglycemia below
54 mg/dL, p =0.098.

— 190 -eo—- Super Bolus
3 -= Normal Bolus
© 170+
E
5 150+
>
2 130+
?
o 110+
Q
=
o 90-

70 L) L] L 1

0 50 100 150 200
Time [min]
Time [min] 0 30 60 90 120 150 180
SB 105.00 108.49+30.68 153.24£37.31 153.57+37.45 132.96438.45 110.50 92.00
(89.00;119.00) (82.50;128.50) (68.00;121.00)
NB 103.50 117.49428.56 169.35+42.54 176.93449.21 164.69+49.64 136.50 115.00
(91.00;123.50) (98.00;182.50)  (98.00;156.00)
p-value 0.707 0.027 0.002 <0.001 <0.001 <0.001 <0.001

Figure 2. Glucose levels after super bolus and normal bolus—values measured by glucometer.
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Figure 3. Glucose levels after super bolus and normal bolus—values from CGM.

More hyperglycemic episodes were noted in the NB group; 59.72% participants in
this group had an episode of hyperglycemia. Participants after NB also spent over twice
as much time in hyperglycemia (p = 0.0002). We did not find any significant differences
between the groups concerning time spent in hyperglycemia in the range above 250 mg/dL,
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p =0.293. Figure 5 presents comparisons between the mean time in ranges in both groups.
A detailed analysis of hypo- and hyperglycemic episodes is shown in Table 2.
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Table 2. Total number of hypo- and hyperglycemia episodes in the study groups.

Total Number of Episodes  Super Bolus Group  Normal Bolus Group p-Value
TBR2 (G) 9(0.13/pp) 3 (0.04/pp) 0.041
TBR2 (CGM) 4 (0.06 /pp) 0 0.072
TBRI1 (G) 33 (0.45/pp) 14 (0.20/pp) 0.003
TBR1 (CGM) 25 (0.36/pp) 15 (0.21/pp) 0.029
TARI1 (G) 45 (0.63/pp) 99 (1.38/pp) <0.0001
TAR1 (CGM) 22 (0.32/pp) 38 (0.54/pp) 0.001
TAR2 (G) 1(0.01/pp) 15 (0.21/pp) 0.022
TAR2 (CGM) 3(0.04/pp) 6 (0.09/pp) 0.299

For CGM data: Super Bolus Group n = 69, Normal Bolus Group n = 70; For glucometer data n = 72; CGM—
continuous glucose monitoring system data, G—glucometer data, pp—per participant; TBR1: 69-54 mg/dL;
TBR2 < 54 mg/dL; TAR1: 181-250 mg/dL; TAR2 > 250 mg/dL.

There was a significant positive linear relationship between both groups confirmed
for capillary blood glucose levels, GR, PG, time to PG, AUC, MAGE, TIR excluding glucose
baseline level (p = 0.451). In the per protocol approach, a regression model was not
significant for glucose baseline level (p = 0.289) as well as PG (p = 0.289)

See Table S1 in the Supplementary Material for per protocol approach of study outcomes.

4. Discussion

To the best of our knowledge, this is the first clinical study to evaluate whether SB
is a better strategy than NB for preventing postprandial hyperglycemia after a h-GI meal.
The key finding of this study is the fact that proposed SB is an effective and safe strategy.
We found lower glycemic values not only in the primary endpoint (90th minute), but also
during the entire observation period in the SB group.

Our findings are consistent with other earlier reports concerning SB that it is a potential
solution to h-GI meals. The problem is that there is no single definition. The SB concept
was conducted by Walsh and Roberts as a novel manner of insulin delivery for future
smart insulin pumps. They suggested suspending basal insulin for 2-4 h and adding this
amount of insulin to the pre-meal bolus [22,23]. Some authors suggest the same solution
that the total amount of insulin is unchanged, and the basal insulin is removed over the next
2 h[15,16]. Bondia et al. found that the unchanged load of insulin is an effective solution
for meals containing up to 50 g of carbohydrates [18]. Based on an in silico model, the
amount of meal bolus should be increased by 50-60% with the subsequent basal decrease
depending on the carbohydrate content but lasting for a maximum of 3 h [18]. In our case,
for a 60 g meal, it should be an 80% basal reduction for 3 h [18]. Analyzing the obtained
results, it seems that the mentioned combination would be the most effective. In this study
group, some patients after SB bolus experienced mild hypoglycemia, about 2.5-3 h after
bolus administration. It suggests the need for longer than 2 h basal insulin reduction.

We can compare our study results to those of Groele et al., which used a 30% increased
ICR for breakfast cereals, however included a smaller group of patients and used different
methodology [14]. Our findings are consistent that h-GI meals require an additional
dose of insulin to reduce postprandial hyperglycemia. SB administration caused the
higher reduction of glycemic rise and provided the stable and in range glycemic values
in comparison to the 30% increased meal bolus [14]. We also noted a reduction in AUC,
which is the evidence of whole glucose excursion which was not noted if the ICR was
increased by 30% [14]. The study conducted by Rosales et al. evaluates the in-silico model
of the automatic SB based on insulin on board level [17]. They found that the higher
the carbohydrate content, the more difficult it is to control glycemia. After a single meal
containing 50 g of carbohydrates, automatic SB led to TIR 93.53% vs. 89.67% for standard
treatment; 75 g TIR automatic SB 89.51% vs. 81.9% for standard treatment [17]. Our results
are similar to those from the in-silico study, but we noted a slightly higher difference
between standard treatment and SB. Participants who have applied SB achieved 91.67%
and 84.72% for NB.
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When it comes to hypoglycemic episodes, we noted that the SB caused a greater rate
than the NB. We obtained more hypoglycemic episodes when the glucometer data was
analyzed than CGM. This was due to a different technique for counting events. In the
glucometer-derived data, each measurement below 70 mg/dL (3.9 mmol/L) was treated as
a separate hypoglycemic episode, while in the CGM data as a single episode were treated
glycemic values below range in subsequent measurements until they reached the value
of >70 mg/dL (3.9 mmol/L). The frequency of hypoglycemic episodes was similar to
that obtained when the meal bolus was increased by 30% to a meal with a high glycemic
index [14]. The important fact is that most participants did not experience hypoglycemia
and most episodes were at the alert hypoglycemic level. We observed that hypoglycemia
occurred near the end of study period (2.5-3 h after prandial bolus). It indicates the excess
of insulin on board and seems that proposed suspension basal insulin for 2 h was too
short. It would be reasonable to remove the base insulin for a longer time, for example
3 h. It is worth emphasizing that after SB, the insulin on board (IOB) level is high, which
increases the risk of hypoglycemia. Thus, physical activity should be undertaken with
caution, taking into account the need to consume an additional amount of carbohydrates
or postponed for at least 2 h after bolus administration [24].

Considering the use of different insulin formulations, there is a potential for faster
aspart to reduce postprandial glycemia. Data from the pediatric population indicated that
after a standardized meal, glycemic excursions were reduced among children (6-11 years),
without effect among adolescents [11]. In the context of h-GI meals, we can refer to a
study conducted by Cutruzzola et al. [13]. The authors compared insulin faster aspart and
aspart given with a high-glycemic-index meal among adult participants and showed no
differences in postprandial glycemic values and glycemic rise. They found differences
concerning the AUC in favor of insulin faster aspart [13].

Vetrani et al. found that among people using automated hybrid closed-loop (AHCL)
systems after breakfast, there was observed an early rise in blood glucose, peaking after
just 1 h [25]. They also found that daily TIR was significantly associated with breakfast
TIR, which leads us to pay special attention to proper glycemic control, especially in the
morning. It is not clear if the AHCL system can compensate the SB effect, but a 50%
increased dose of prandial insulin seems to be a very good solution for this group of
patients for h-GI breakfast. Theoretically, the system should suspend the insulin delivery
as long as needed to minimize the risk of hypoglycemia, which occurred more frequently
after SB administration in our study group (on sensor-augmented pump therapy).

The strength of our study is its well-planned methodology (randomization, double
blinding) and well-selected, large, and homogenous group of patients. This is evidenced
by the publication of the study protocol before the study began [20]. We performed a
crossover trial, so every patient performed both the intervention (SB) and the control (NB)
under the same conditions (the same meal was consumed at the same hour with fasting
normoglycemia). It was proceeded by a run-in period so insulin doses and ICRs were
properly matched. We have correctly established the capillary blood glucose level 90 min
after prandial bolus as a primary end point according to previous reports in which it has
been shown that the glycemic value after h-GI products is the highest at this point among
people with T1D [1,5-7]. Our results are consistent with these observations; PG was about
the 100th minute of observation time regardless of the applied meal bolus. The weakness of
this study is its short observation period after the prandial bolus (3 h). This time should be
longer to observe the consequences of basal removing. We performed only the single meal
scenario, and all participants ate the same portion, independently of their weight. We could
also add the arm with different parameter of SB, f. ex. with longer basal insulin suspension.

The purpose of our study was to encourage diabetic patients not to consume high
glycemic index products. We would like to highlight that high glycemic index and glycemic
load products have been shown to be primarily responsible for postprandial hyperglycemia
and reduced TIR [25,26]. Our study is an attempt to answer a common clinical prob-
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lem, especially among the youngest groups of patients, where it is difficult to properly
balance meals.

There is no doubt that this data supports the use of the super bolus for h-GI products,
but further studies are needed to precisely determine how much and for how long the base
insulin should be suspend or reduce. This study can also be repeated using insulin with
different pharmacokinetics, like faster insulin aspart.

5. Conclusions

Super bolus is an effective and safe strategy to avoid postprandial hyperglycemia.

This kind of bolus leads to a higher time in range 70-180 mg/dL (3.9-10.0 mmol/L)
after the high GI meal consumption.

Hypoglycemic episodes occurred more often after the super bolus in comparison to
the normal bolus. Most hypoglycemic episodes were at the alert level and occurred near the
end of the observation period. Therefore, it seems reasonable to extend the time of the basal
insulin suspension, f.ex. to 3 h. Further studies are needed to find the best combination of
the increased dose of meal bolus and basal insulin reduction.
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PER PROTOCOL analysis

Super Bolus

Normal Bolus

Characteristic (n=64) (n=64) p-value
CBGL 0 min 105.00 104.00 —
(mg/dl)! (92.00;120.50) (90.00:122.50) '
CBGL 30 min 109.61+31.40 118+28.93 e
(mg/dI)? 95%CI[101.77 to 117.45] | 95%CI[110.77 to 125.23] '
CBGL 60 min 154.58+38.06 171.41243.68 665
(mg/d1)® 959%CI[145.07 to 164.08] | 95%CI[160.50 to 182.32] ‘
CBGL 90 min 154.83438.78 179.88+50.70 o0
(mg/d1)? 95%CI[145.14 to 164.51] | 95%CI[167.21 to 192.54] :
CBGL 120 min 133.69+39.40 168.2+50.70 <
(mg/d])? 95%CI[123.84 to 143.53] | 95%CI[155.54 to 180.87] :
CBGL 150 min 111.08+37.05 145.64250.55 0001
(mg/dl)! 95%CI[101.82 t0 120.33] | 95%CI[133.01 to 158.27] :
CBGL 180 min 91.50 115.00 0001
(mg/d])! (68.00;121.00) (98.00:156.00) :
PG 159.00 195.00 0001
(mg/dl)1 (135.50:191.50) (146.50:222.50) :
GR 58.00 92.00 —
(mg/dl) ! (40.00:87.50) (53.00;107.00) '
Trnoto e 99.53+41.64 107.81+35.84 0.166
(min)
St 23159.57+5332.45 26103.38+6483.57 <0.001
(mg/dl)
Time in range 165.00 130.00
b‘;;‘;ejl“(;’n(};ll)?o (137.50:180.00) (100.00:180.00) .
Total AUC? 23159.57+5332.45 26103.386483.57 <0.001

Table S1. The main study outcomes- per protocol approach. Data presented as median (Q1;Q3)! or meantSD

unless otherwise indicated.

AUC- area under the blood glucose curve, CBGL- Capillary Blood Glucose Level, CI — confidence interval, GR-

glycemic rise, MAGE- mean amplitude of glycemic excursions, PG- peak glucose.



7. Podsumowanie i wnioski

Wspolczesne leczenie cukrzycy typu 1 opiera si¢ na zastosowaniu sytemoéw CGM, ktore sg
obecnie najszybciej rozwijajaca si¢ technologia w dziedzinie diabetologii. Pozwalaja na
dokladng oceng kontroli st¢zenia glukozy, umozliwiajg standaryzacj¢ leczenia oraz utatwiaja
osigganie fizjologicznych stezen glukozy we krwi. W zwigzku z tym wprowadzono do praktyki
klinicznej nowe parametry oceniajace poziom wyrownania cukrzycy typu 1. Najwazniejszym
parametrem jest wskaznik czasu spedzonego w glikemii docelowej TIR 70-180 mg/dl (3,9-10

mmol/l), ktéry Scisle koreluje z wystepowaniem powiktan.

W pierwszej czeSci niniejszej rozprawy przedstawiono wyniki badania kliniczno-
kontrolnego, ktorego celem byta identyfikacja czynnikow wptywajacych na wydtuzenie TIR
wsrod dzieci chorujacych na cukrzyce typu 1. Do badania zakwalifikowano 110 pacjentéw w
wieku srednio niespelna 12 lat, chorujgcych na cukrzyce typu 1 Srednio 7 lat, ktorzy byli leczeni
metodg intensywnej insulinoterapii za pomocg pompy insulinowej co najmniej 3 miesigce i
korzystali regularnie z systemu CGM (= 6 dni w tygodniu). Od kazdego pacjenta zebrano dane
antropometryczne, odczytano dane z pompy insulinowej i CGM (z ostatnich 14 dni), oznaczono
HbA1c oraz poproszono o wypehienie ankiety. Porownano dane dotyczace sposobu leczenia,
uzytkowanych urzadzen oraz codziennych nawykoéw pomigdzy pacjentami uzyskujagcymi
zalecany TIR >70% (n=50) z grupa nieosiggajaca celéw terapeutycznych (TIR<70%, n=60).
Wykazano, iz pacjenci, ktorzy nie osiggaja rekomendowanego TIR cechujg si¢ powtarzajgcymi
si¢ epizodami hiperglikemii, duza zmienno$cig glikemii oraz wigckszym zapotrzebowaniem na
insuling. Niezaleznie natomiast od uzyskiwanych wartosci TIR pacjenci korzystajacy z
systeméw CGM osiagaja akceptowalny odsetek hipoglikemii. Czynniki, ktéore moga
przyczynia¢ si¢ do wydtuzenia TIR to: zachowanie odpowiedniego odst¢pu czasu miedzy
podaniem insuliny a spozyciem positku, stosowanie systemu wstrzymania podazy insuliny
przed niskim poziomem glikemii, korzystanie z funkcji pompy insulinowej "kalkulator bolusa™
oraz zaangazowanie pacjenta w proces terapeutyczny (generowanie raportow elektronicznych
z CGM i pompy insulinowej w srodowisku domowym). Nalezy zwrdci¢ uwage, iz wspominanie
badanie zostato przeprowadzone w 2021 r., kiedy w Polsce dopiero wprowadzano do uzytku

systemy HCLS. Dlatego (z powodu braku uzytkownikow) HCLS nie zostaty uwzglednione
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jako czynnik wptywajacy na wydhuzenie TIR. Wptyw tych systeméw na wydtuzenie TIR zostat

omowiony we wstepie niniejszej rozprawy.

Glownym czynnikiem utrudniajgcym osiggniecie rekomendowanego TIR jest
hiperglikemia popositkowa, ktora stanowi czgsty i istotny problemem kliniczny, zwtaszcza w
populacji pediatrycznej. W drugiej czesci rozprawy doktorskiej przedstawiono wyniki badania
z randomizacja, przeprowadzonego metodg podwdjnie Slepej proby, typu cross-over, ktorego
celem bylo pordwnanie, czy SB jest efektywniejsza metoda zapobiegania hiperglikemii
popositkowej, niz bolus standardowy i w efekcie prowadzi do wydluzenia TIR. Badanie
przeprowadzono zgodnie z opublikowanym wczesniej, szczegdétowym protokotem. Ze wzgledu
na duzg istotnos¢ kliniczng badanie zostalo nagrodzone grantem ISPAD- JDRF Fellowship
podczas ISPAD Science School w 2021r.

Do badania zakwalifikowano 72 osoby z rownym rozktadem pfci, z mediang wieku niespeina
15 lat, ktore chorowaly na cukrzyce okoto 6 lat. Podczas przeprowadzania badania kazdy
uczestnik byt hospitalizowany, a wspotczynniki ICR byty ustalane indywidualnie dla kazdego
pacjenta na podstawie glikemii mierzonej 2 godziny po positku. Interwencja polegata na
spozyciu $niadania o wysokim IG (ptatki $niadaniowe z mlekiem) o tej samej porze przez 2
dni. W losowej kolejnos$ci uczestnicy otrzymywali do $niadania SB lub NB. Super bolus zostat
zdefiniowany, jako zwigkszenie dawki insuliny dopositkowej obliczonej na podstawie
indywidualnego ICR o0 50% z jednoczesnym wstrzymaniem insuliny bazalnej przez 2 godziny.
NB zostat zdefiniowany jako dawka insuliny dopositkowej obliczona na podstawie ICR.
Pierwotnym punktem koncowym byto stezenie glukozy zmierzone za pomoca glukometru w
90-tej minucie okresu obserwacji (okres obserwacji wynosit 180 minut). Podczas calego czasu
trwania badania pacjenci byli podtaczeni do tego samego CGM oraz mieli wykonywane
oznaczenia SMBG co 30 minut. W niniejszym badaniu wykazano, iz SB jest skuteczng i
bezpieczng strategia uniknigcia hiperglikemii popositkowej prowadzac do wydtuzenia TIR po
spozyciu positku o wysokim IG. Po podazy SB odnotowano istotnie statystycznie nizsze
wartos$ci glikemii podczas calego okresu obserwacji (takze w pierwotnym punkcie koncowym).
SB powodowal jednak czgstsze wystgpowanie epizodow hipoglikemii. Niemalze 90% z nich
stanowily epizody alertowego stezenia glukozy (54-69 mg/dl, 3.0-3.8 mmol/L), ktore

pojawialy si¢ pod koniec okresu obserwacji. Po zastosowaniu NB odnotowano istotnie wyzszy
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odsetek epizodéw hiperglikemii oraz ponad dwukrotnie dluzszy czas spedzony w
hiperglikemii. Biorgc pod uwage powyzsze wywnioskowano, ze SB jest skuteczng strategia
zapobiegania hiperglikemii popositkowej, jednak czas wstrzymania podazy insuliny bazalnej
powinien byt wydtuzony, np. do 3 godzin. Konieczne sg dalsze badania w celu znalezienia
najlepszej kombinacji zwickszenia dawki bolusa positkowego i redukcji dawki insuliny
bazalnej.

Obecnie istnieje duzy nacisk towarzystw diabetologicznych, by pacjenci mieli
mozliwos$¢ korzystania z systeméw HCLS z uwagi na fakt, iz dzieki tej metodzie leczenia
osiagaja najdtuzszy TIR. Nie jest jednak jasne, czy HCLS jest w stanie skompensowac efekt
super bolusa na hiperglikemi¢ popositkowa, natomiast zwiekszona o 50% dawka insuliny
dopositkowej wydaje si¢ by¢ bardzo dobrym rozwigzaniem dla tej grupy pacjentow na
$niadanie 0 wysokim IG. Teoretycznie system powinien wstrzymywaé¢ podawanie insuliny tak
dlugo, jak to konieczne, aby zminimalizowaé ryzyko wystgpienia hipoglikemii, ktorg

odnotowano czesciej po podaniu SB w badanej grupie.

Whioski:

. Hiperglikemia i duza zmienno$¢ glikemii to gldowne problemy pacjentéw z cukrzyca
typu 1, ktore uniemozliwiajg osiggniecie celu terapeutycznego, jakim jest wskaznik

TIR 70-180 mg/dl (3,9-10 mmol/l) powyzej 70%.

. Czynniki, ktére moga przyczynia¢ si¢ do wydtuzenia TIR to:
o zachowanie odpowiedniego odstepu czasu migdzy podaniem insuliny a spozyciem
positku
o stosowanie systemu wstrzymania podazy insuliny przed niskim poziomem glikemii
o korzystanie z funkcji pompy insulinowej kalkulator bolusa
O zaangazowanie pacjenta w proces terapeutyczny (generowanie raportow

o elektronicznych z CGM 1 pompy insulinowej w $rodowisku domowym)
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W badaniu z randomizacja, przeprowadzonym metoda podwdjnie Slepej proby, typu
cross-over wykazano, ze SB jest efektywniejsza metoda zapobiegania hiperglikemii
popositkowej, niz bolus standardowy po positku o wysokim IG i w efekcie prowadzi do
wydtuzenia TIR. Konieczne sg dalsze badania w celu znalezienia najlepszej kombinacji
zwigkszenia dawki bolusa positkowego i1 redukcji dawki insuliny bazalnej oraz

okreslenie skutecznosci i bezpieczenstwa SB u 0sob korzystajacych z HCLS.
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Komisja Bioetyczna
przy Warszawskim Uniwersytecie Medycznym
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Komisja Bioetyczna przy Warszawskim Uniwersytecie Medycznym
w dniu 18 lutego 2019 r. po zapoznaniu si¢ z wnioskiem:

Lek. Emilia Kowalcezyk
Klinika Pediatrii
ul. Zwirki i Wigury 63A, 02-091 Warszawa

dotyezacym: wyrazenia opinii w sprawie badania pt.: ..Ocena wpltywu superbolusa na glikemi¢ po
positku o wysokim indeksie glikemicznym u dzieci i mlodziezy chorych na cukrzyce typu 1.7

wyraza nastepujacy
opinig
stwierdza, ze jest ono dopuszezalne i zgodne z zasadami naukowo-etycznymi*.

Uwagi Komisji — verte

Komisja dziala na podstawie art.29 ustawy z dnia 5.12.1996r. o zawodzie lekarza /Dz.U.nr 28/97
poz.152 wraz z pézn.zm./, zarzadzenia MZiOS z dn.11.05.1999r. w sprawie szczegélowych zasad
powolywania i finansowania oraz trybu dzialania komisji bioetycznych /Dz.U.nr 47 poz.480/,
Ustawy prawo farmaceutyczne z dnia 6 wrzesnia 2001r. (Dz.U.Nr 126, poz. 1381 z p6zn. zm.) oraz
Zarzadzenie nr 56/2007 z dnia 15 pazdziernika 2007r. w sprawie dzialania Komisji Bioetycznej
przy Warszawskim Uniwersytecie Medycznym /Regulamin Komisji Bioetycznej przy
Warszawskim Uniwersytecie Medyceznym/.

Komisja dziala zgodnie z zasadami GCP .

W zalaczeniu: skiad komisji oraz lista obecnosci

Przew mcn;ca Komisji Bloctvcmej
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l’ro dr hab. n. med. Magdalena Kuzma-Kozakiewicz

*niepotrzebne skresli¢
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strona podpi.smva do uchwaly Komisji Bioetycznej przy Warszawskim
Uniwersytecie Medycznym nr KB,y z dnia 18 lutego 2019r.

- Prof. dr hab. n.med. Magdalena Kuzma —Kozakiewicz
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. Drhab. n. med. Tomasz Grzela

.Dr hab. n. med. Andrea Horvath-Stolarczyk

4. Prof. dr hab. n. med. Pawel Piatkiewicz

5. Dr hab. n. med. Marek Postuta

6. Dr hab. n. med. Marcin Ufnal

7.Dr hab. n. med. Katarzyna Kosinska-Kaczynska

8. Dr hab. n. farm. Sylwia Flis

9.Dr n. med. Agnieszka Serafin

10.Ks: Pawel Smierzehalski 0 0 ieeeseessssesbyessossasgsases

11. Prof. dr hab. Maria Boratynska - % ..............

12. Prof. Joanna Domagata-Kulawik 2 C\(V,’(&/\ o
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Lek.Emilia Kowalczyk
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02-091 Warszawa

dotyezacym: wyrazenia opinii w sprawie badania pt.: ** Analiza czynnikow wplywajacych na
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korzystajacych z systemu ciaglego monitorowania glikemii”
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poz.152 wraz z pézn.zm./, zarzadzenia MZiOS z dn.11.05.1999r. w sprawie szczegolowych zasad
powolywania i finansowania oraz trybu dzialania komisji bioetycznych /Dz.U.nr 47 poz.480/,
Ustawy prawo farmaceutyczne z dnia 6 wrzesnia 2001r. (Dz.U.Nr 126, poz. 1381 z p6zn. zm.) oraz
Zarzadzenie nr 56/2007 z dnia 15 pazdziernika 2007r. w sprawie dzialania Komisji Bioetycznej
przy Warszawskim Uniwersytecie Medycznym /Regulamin Komisji Bioetycznej przy
Warszawskim Uniwersytecie Medycznym/.

Komisja dziala zgodnie z zasadami GCP .
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1. Prof. dr hab. n.med. Magdalena Kuzma —Kozakiewicz
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3.Dr hab. n. med. Andrea Horvath-Stolarczyk
4. Dr hab. n. med. Marek Postuta

5. Prof. dr hab. n. med. Marcin Ufnal

6. Dr hab. n. farm. Sylwia Flis

7.Dr n. med. Agnieszka Serafin

8. Ks. Pawel Smierzchalski

9.Mec.Danuta Lewandowska

10. Prof. Joanna Domagata-Kulawik

11. Dr hab. n.med. Barbara Grzechocinska

12.Prof.dr hab. n. med. Michat Grat

13.Dr n. med. Joanna Drozd-Sokotowska

87



10.0Oswiadczenie wspolautorow publikacji

Warszawa, 16.03.2024 r.

OSWIADCZENIE O WSPOLAUTORSTWIE

Potwierdzam méj wklad pracy w przygotowanie nastgpujacych publikacji naukowych:

[~

n

Super Bolus-A Remedy for a High Glycemic Index Meal in Children with Type 1
Diabetes on Insulin Pump Therapy?-A Randomized, Double-Blind, Controlled
Trial. Nutrients 2024, 16;16(2):263. doi: 10.3390/nu16020263

Méj wkiad pracy wyniést: 5%

Factorsvaffecting the prolongation of glycemic time in range among children with
type 1 diabetes using continuous glucose monitoring systems: A case control
study. Int J Diabetes Dev Ciries 2024, https://doi.org/10.1007/s13410-024-01310-y
Moj wkiad pracy wynidst: 5%

Super Bolus: a remedy for a high glycemic index meal in children with type 1
diabetes on insulin pump therapy?-study protocol for a randomized controlled
trial. Trials 2022, 29;23(1):240. doi: 10.1186/s13063-022-06173-4. PMID: 35351180;
PMCID: PMC8966169

M6j wklad pracy wyniost: 5%

Prof. dr hab. n. med. Ag @szkh S;ypowsz/io
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OSWIADCZENIE O WSPOLAUTORSTWIE

Potwierdzam mdj wklad pracy w przygotowanie nastgpujacej publikacji naukowej:

@ Super Bolus-A Remedy for a High Glycemic Index Meal in Children with Type 1
Diabetes on Insulin Pump Therapy?-A Randomized, Double-Blind, Controlled
Trial. Nutrients 2024, 16;16(2):263. doi: 10.3390/nu16020263

M¢j wkiad pracy wyniost: 10%

Lek. Magdalena Dyminska
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Warszawa, 16.03.2024 r.

OSWIADCZENIE O WSPOLAUTORSTWIE

Potwierdzam moj wktad pracy w przygotowanie nastgpujgcej publikacji naukowej:

* Super Bolus: a remedy for a high glycemic index meal in children with type 1
diabetes on insulin pump therapy?-study protocol for a randomized controlled
trial. Trials 2022, 29;23(1):240. doi: 10.1186/513063-022-06173-4. PMID: 35351180,
PMCID: PMC8966169

Moj wkiad pracy wyniost: 5%

Dr n. med. Katarzyna Dzygato
Vebipee et
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