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Wykaz stosowanych skrotow

ADA (American Diabetes Association) — Amerykanskie Towarzystwo Diabetologiczne

BMI (body mass index) — wskaznik masy ciata

CGM (continuous glucose monitoring) — ciggte monitorowanie glikemii

Cl (confidence intervals) — przedziat ufnosci

EAT (Easting Assessment Test) — test oceniajacy diete cukrzycowa

EFW (estimated fetal weight) — szacowana masa ptodu

FGM (flash glucose monitoring) - ciggte monitorowanie glikemii wymagajace skanowania
GDM (gestational diabetes mellitus) — cukrzyca cigzowa

GDMG1 (gestational diabetes mellitus diet — treated) — cukrzyca cigzowa leczona dietg
GDMG?2 (gestational diabetes mellitus insulin— treated) — cukrzyca cigzowa leczona insulin
HAPO study — The Hyperglycaemia and Adverse Pregnancy Outcome study

HbAlc — hemoglobina glikowana

IADPSG (The International Association of the Diabetes and Pregnancy Study Groups) —
Miedzynarodowe Stowarzyszenie Grup Badawczych zajmujgcych sie Cukrzycy i Cigza
isSCGM (intermittently scanned continuous glucose monitoring) — ciggte monitorowanie
glikemii wymagajace skanowania (synonim FGM)

LGA (large for gestational age) — duza szacowana masa ptodu w stosunku do wieku
cigzowego; > 90 percentyla masa urodzeniowa noworodka

NICU (Neonatal intensive care unit) / OITN — oddziat intensywnej terapii noworodka
OGTT (oral glucose tolerance test) — doustny test obcigzenia glukoza

OR (odds ratio) —iloraz szans

RCT (randomised controlled trial) — badanie randomizowane

ROC AUC (receiver operating characteristic area under the curve) — pole pod krzywg ROC
rtCGM (real-time continuous glucose monitoring) — ciggte monitorowanie glikemii w czasie
rzeczywistym

SMBG (self-monitoring of blood glucose) — samodzielna kontrola glikemii; monitorowanie
glikemii przy pomocy glukometru

TIR (time in range) — pomiar czasu, jaki spedza pacjentka w docelowym zakresie glikemii



Streszczenie w jezyku polskim

Ocena wptywu zastosowania ciggtego monitorowania glikemii na wyniki leczenia cukrzycy

cigzowej

Cukrzyca cigzowa (GDM) bedac jedng z najczestszych patologii cigzy komplikuje obecnie od
10 do 14% cigz na $wiecie. GDM jest definiowana jako hiperglikemia po raz pierwszy
rozpoznana lub pojawiajgca sie w cigzy. Cukrzyca cigzowa stanowi czynnik ryzyka powiktan
krotkoterminowych, w tym: makrosomii ptodu, dystocji barkowej, hipoglikemii i
hiperbilirubinemii u noworodka oraz dtugoterminowych m.in. cukrzycy typu 2 u pacjentki i
dziecka w przysztosci.

W zaleznosci od stopnia nasilenia hiperglikemii oraz leczenia GDM dzielimy na dwie grupy:
cukrzyce cigzowq leczong dietg (GDMG1) oraz cukrzyce cigzowga leczong dietg i insuling
(GDMG2). Jednym z najwazniejszych elementéw w terapii GDM jest prawidtowa kontrola
glikemii. Obecnie dostepne s3 dwie metody monitorowania glikemii: pomiary przy pomocy
glukometru (SMBG) oraz ciggte monitorowanie glikemii (CGM). Przewagg CGM nad SMBG jest
kontrola glikemii w sposdb ciggty catodobowo, a nie tylko w momencie wykonywania pomiaru
przez pacjentke. CGM mozemy podzieli¢ na dwa rodzaje: rtCGM oraz isCGM (FGM). RtCGM
monitoruje glikemie w sposdb ciggly niezaleznie od pacjentki, natomiast isCGM wymaga
skanowania sensora przez uzytkownika do utrzymania jego aktywnosci.

Celem badania FLAMINGO byta ocena wptywu FGM na wyniki leczenia cukrzycy cigzowej.
Ponadto oceniono, czy zastosowanie FGM moze wptyng¢ na modyfikacje stylu zycia. Analizie
poddano rowniez sSrednie glikemie na czczo i popositkowe w ciggu pierwszych czterech
tygodni leczenia GDM oraz ich zaleznos¢ z wystepowaniem ryzyka makrosomii ptodu.
Potwierdzenie pozytywnego wptywu FGM na wyréwnanie glikemii i w efekcie zmniejszenie
ryzyka powiktan moze przyczyni¢ sie do wyznaczenia nowych standardéw monitorowania
glikemii u pacjentek ciezarnych z GDM. Wyniki cyklu prac stanowigcych niniejszg dysertacje,
potwierdzity wptyw FGM na lepszg kontrole glikemii, modyfikacje diety oraz zmniejszenie
ryzyka makrosomii ptodu. FGM wydaje sie zatem stanowié¢ bardziej skuteczng metode
monitorowania glikemii u pacjentek z GDM. Wprowadzenie FGM jako standardowej metody

pomiaru w GDM umozliwi poprawe wynikow leczenia cukrzycy cigzowej.



Streszczenie w jezyku angielskim

Efficacy of flash glucose monitoring on treatment and perinatal outcomes in gestational

diabetes mellitus

Gestational diabetes mellitus is one of the most common complications of pregnancy,
affecting 10-14% of pregnant women worldwide. It is defined as hyperglycaemia of variable
severity, diagnosed for the first time during pregnancy. GDM is a risk factor of short-term
adverse outcomes including fetal macrosomia, shoulder dystocia, neonatal hypoglycaemia
and neonatal hyperbilirubinemia. It is also associated with higher incidence of long-term
complications, such as type 2 diabetes both for pregnant women as neonates. GDM is divided
into two subgroups depending on the rate of hyperglycaemia and type of treatment: GDMG1-
treated with diet and GDMG2 — treated with diet and insulin. Proper glycaemic control plays
essential role in management of GDM; currently, there are two methods for glucose
concentration measurement: self-monitoring of blood glucose (SMBG) and continuous
glucose monitoring (CGM). The superiority of CGM to SMBG is constant circadian glycaemic
control. There are two types of CGM: rtCGM and isCGM (FGM). RtCGM automatically
measures glucose concentration independently from patient, whereas isCGM requires sensor
scanning for an activity of a device.

The aim of FLAMINGO trial was to assess impact of FGM on management of GDM.
Furthermore, the study analysed efficacy of FGM on lifestyle modifications. Mean fasting and
postprandial glucose concentration from the first 4 weeks following the recruitment and its
correlation with macrosomia incidence were analysed.

Confirmation of FGM efficacy on better glucose control and reduction of adverse perinatal
outcomes may lead to proposal of new recommendations for standard of care in glucose
monitoring in GDM. The presented studies confirmed impact of FGM on better glycaemic
control, diet modifications and lower incidence of fetal macrosomia. Based on that, FGM is
suggested to be more effective method of glucose monitoring in patients with GDM, when
compared to SMBG. Introducing FGM as a gold standard in glucose monitoring for gestational

diabetes might improve perinatal outcomes in this population.



Wstep

Jednym z wyzwan w medycynie matczyno-ptodowej jest wzrastajgca czestos¢ wystepowania
cukrzycy cigzowej (GDM). GDM definiowana jako hiperglikemia po raz pierwszy rozpoznana
lub pojawiajgca sie w cigzy stanowi jedng z najczestszych patologii cigzy (1). Wedtug
najnowszych danych epidemiologicznych czestos¢ wystepowania GDM na $wiecie wynosi
okoto 14%; w Polsce cukrzyca cigzowa rozpoznawana jest obecnie u 6.5% pacjentek
ciezarnych (2, 3).
Patogeneza cukrzycy cigzowe] polega na zwiekszonej insulinoopornosci i nasileniu
glukoneogenezy w pordéwnaniu do cigzy fizjologicznej (4). W GDM dochodzi réwniez do
istotnie zmniejszonej sekrecji insuliny przez komorki beta wysp trzustkowych i w
konsekwencji pojawia sie hiperglikemia u pacjentek z cukrzycg cigzowg (5). Zgodnie z
kryteriami IADPSG, ktore zostaty zaadaptowane przez Swiatowg organizacje zdrowia w 2013
roku, cukrzyce cigzowga rozpoznajemy na podstawie wyniku testu obcigzenia glukozg (75g
OGTT), a kryteria rozpoznawania sg nastepujgce:

e glukoza na czczo >92-125mg/dl

e glukoza 1h po obcigzeniu >180mg/dl

e glukoza 2h po obcigzeniu >153-199mg/dl.
Do rozpoznania GDM wymagany jest przynajmniej jeden nieprawidtowy wynik glikemii w
tescie obcigzenia glukoza. Zgodnie z rekomendacjami Polskiego Towarzystwa Ginekologdw i
Potoznikow test OGTT wykonuje sie u kazdej pacjentki pomiedzy 24. a 28. tygodniem cigzy; w
populacji ciezarnych z grupy ryzyka cukrzycy cigzowej: BMI przed cigzg >30kg/m2, cukrzyca
cigzowa w poprzedniej cigzy, cukrzyca typu 2 u zenskim krewnych pierwszego stopnia,
urodzenie dziecka o masie 24500g lub w przypadku glikemii na czczo >92mg/dl wykonanej na
poczatku cigzy, test OGTT jest wykonywany wczesniej — w | trymestrze cigzy (6).
Leczenie cukrzycy cigzowej polega gtéwnie na modyfikacji stylu zycia — przestrzeganiu diety
cukrzycowej oraz odpowiedniej aktywnosci fizycznej. Dieta cukrzycowa polega m.in. na
unikaniu produktdw zawierajgcych cukry proste oraz majacych wysoki indeks glikemiczny,
regularnym spozywaniu positkbw (w odstepach 3 godzinnych) oraz wybieraniu
petnowartosciowych weglowodandéw ztozonych. Stosunek poszczegdlnych produktéw w

diecie cukrzycowej powinien wynosi¢: 40 — 55% weglowodany ztozone, 20% biatko, 30%



ttuszcze. W GDM istotny jest réwniez bogato weglowodanowy positek godzine przed snem —
zapewnia on odpowiednig podaz weglowodandw na przerwe nocng, ktdra jest najdtuzsza
przerwg w positkach w cyklu okotodobowym. Odpowiednio dobrana dieta ma udowodniony
wplyw na zmniejszenie ryzyka powiktan GDM. W 2018 roku w Cochrane opublikowano
podsumowanie przeglagdéw systematycznych na temat roli leczenia niefarmakologicznego w
GDM, w ktérym podkreslono wptyw diety cukrzycowej na zmniejszenie ryzyka powiktan w
tym nadmiernego wzrastania ptodu (7).
W GDM rekomendowana jest rowniez odpowiednio dobrana aktywnos¢ fizyczna. Wedtug
rekomendacji Kanadyjskiego Towarzystwa Potfoznikéw i Ginekologdéw z 2019 roku kazda
pacjentka ciezarna niemajgca przeciwskazan do aktywnosci fizycznej powinna ¢wiczyc
minimum 3 razy w tygodniu, przez facznie 150 minut (8). Preferowane sg ¢wiczenia aerobowe,
natomiast niezalecane sg sporty potencjalnie urazogenne (jazda na rowerze, gry zespotowe,
sporty zimowe).
U czesci pacjentek z cukrzycy cigzowa modyfikacja stylu zycia jest niewystarczajgca do
utrzymania normoglikemii. Gdy wartosci glikemii na czczo wynoszg >90mg/dl lub 1 godzine
po gtéwnych positkach (po $niadaniu, obiedzie, kolacji) >140mg/dl, konieczne staje
sie dodatkowe wtgczenie insulinoterapii. Wyniki ostatnio opublikowanych badan wskazuja, iz
dotyczy to od 15% do 30% kobiet z cukrzyca cigzowg (9). Wiekszo$¢ pacjentek z GDM wymaga
tylko insuliny dfugodziatajgcej ze wzgledu na hiperglikemie na czczo, rzadziej stosuje sie
rowniez insuliny krétkodziatajgce w zwigzku z hiperglikemiami popositkowymi. W cigzy
preferowane sg analogi insulin — majg one udowodniong skutecznos¢ w randomizowanych
badaniach klinicznych przeprowadzonych na populacji pacjentek ciezarnych (10).
Na podstawie wyzej wymienionych metod postepowania w cukrzycy cigzowej wyrdézniamy w
zwigzku z tym dwie podgrupy:

e cukrzyce cigzowq leczong dietg (GDMG1),

e cukrzyce cigzowq leczong dietg i insuling (GDMG2).
Cukrzyca cigzowa jest czynnikiem ryzyka powiktan krotkoterminowych w postaci
wielowodzia, makrosomii ptodu, dystocji barkowej, hipoglikemii oraz hiperbilirubinemii u
noworodka (3, 11-13). W retrospektywnym, wieloosrodkowym badaniu przeprowadzonym w

Polsce ryzyko wystgpienia LGA w GDM wynosito 21%, makrosomii 8.7%, a hipoglikemii
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pourodzeniowe] 3.4%. Wykazano roéwniez korelacje pomiedzy GDMG2 a czestszym
wystepowaniem hiperbilirubinemii u noworodka (14.4%) (3).

Do powiktan dtugoterminowych w GDM zaliczamy cukrzyce typu 2 u matki, cukrzyce typu 2
choroby ukfadu sercowo-naczyniowego oraz zespot metaboliczny u dziecka. Ryzyko cukrzycy
typu 2 jest az 9-krotnie wyzsze u pacjentek z wywiadem dodatnim w kierunku GDM. Wyniki
badania HAPO-FUS wykazaty zwiekszong czestosé¢ wystepowania nieprawidtowej tolerancji
glukozy u dzieci w wieku 10-14 lat pacjentek z dodatnim wywiadem w kierunku GDM (10.6%
vs. 5.0% dzieci pacjentek z grupy kontrolnej) (14). Ryzyko powiktan cukrzycy cigzowej wzrasta
proporcjonalnie do wartosci hiperglikemii w cigzy, dlatego tak istotne jest prawidtowe
monitorowanie glikemii u pacjentki z rozpoznaniem GDM (15).

W GDM dotychczas ztotym standardem w monitorowaniu glikemii byta samodzielna kontrola
glikemii przy pomocy glukometru (SMBG) (16). W SMBG pomiary glikemii wykonywane s3
standardowo cztery razy na dobe: na czczo oraz 1 godzine po gtéwnych positkach (po
$niadaniu, obiedzie oraz kolacji). Pomiar stezenia glukozy w SMBG wykonywany jest z krwi
wtosniczkowej. Od stosunkowo niedawna u kobiet z GDM mozliwe stato sie réwniez
zastosowanie ciggtego monitorowania glikemii (CGM) (17, 18). Obecnie dostepne sg dwa
rodzaje CGM — rtCGM oraz isCGM (19). RtCGM jest metodg ciggtego monitorowania glikemii
niezaleznie od pacjentki, isCGM (FGM) wymaga natomiast aktywnosci uzytkownika w postaci
skanowania sensora celem utrzymania ciggtego monitorowania glikemii. Pomiar stezenia
glukozy dokonywany jest w ptynie srédtkankowym. Metoda CGM pozwala na ocene

catodobowej sredniej glikemii, trendéw popositkowych oraz glikemii nocnych (Rycina 1).
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Rycina 1 Wykres dobowy Freestyle libre (isCGM) wraz z naniesionymi informacjami dotyczgcymi

spozytych positkdw oraz insulinoterapii.

Dodatkowym parametrem wyliczanym w CGM jest pomiar czasu, jaki pacjentka spedza w
docelowym zakresie glikemii (time in range - TIR) — pozwala on na lepsza ocene wyréwnania
glikemii oraz bardziej precyzyjng modyfikacje prowadzonej terapii (Rycina 2). W CGM mozliwa

jest rowniez analiza wystepowania epizodéw hipoglikemii w czasie objetym obserwacja.
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Rycina 2 Przyktadowy schemat przedstawiajacy aplikacje dla isCGM do monitorowania glikemii.

Od lewej: wykres dobowy, wykres dla TIR oraz raport dotyczacy epizodéw hipoglikemii.
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Ograniczeniem w stosowaniu CGM jest koszt sensoréw, do niedawna nierefundowanych w
cukrzycy cigzowej; niemniej jednak, w Polsce od stycznia 2023 roku FGM jest refundowany u
pacjentek z GDMG2, z odptatnoscig 30%.

Jedng z réznic pomiedzy SMBG i CGM stanowi zrédto pomiaru glikemii; jak wykazano w
badaniach rdznica ta nie wptywa na istotne statystycznie rozbieznosci w wynikach stezenia
glukozy (20). W zwigzku z tym wyniki pomiaréw glikemii w zakresie docelowym sg ustalone
na tym samym poziomie w SMBG i CGM. Gtéwng wadg SMBG jest brak mozliwosci analizy
trendu glikemii popositkowych i w zwigzku z tym interpretacji wptywu poszczegdlnych
positkdw w kontekscie wyréwnania glikemii w ciggu catej doby. Co wiecej, pomiary glikemii
przy pomocy glukometru sg rekomendowane tylko po gtéwnych positkach, natomiast
pozostate positki s wykluczone z analizy — moze to réwniez prowadzi¢ do nieprawidtowe;j
interpretacji stosowania sie do zalecen przez pacjentke. SMBG nie pozwala rowniez na analize
glikemii nocnych oraz ich wptywu na glikemie na czczo.

Prowadzono wiele badan nad zastosowaniem CGM w zaburzeniach tolerancji weglowodanéw
- jedng z populacji pacjentéw poddanych analizie byty pacjentki ciezarne z cukrzyca
przedcigzowa. W 2017 roku opublikowano wyniki wieloosrodkowego badania CONCEPTT, w
ktéorym wykazano istotny wptyw CGM u pacjentek ciezarnych z cukrzycg typu 1 na
zmniejszenie czestos$ci wystepowania hiperglikemii oraz redukcje powiktan — nadmiernego
wzrastania ptodu oraz hipoglikemii pourodzeniowej u noworodka (21).

Dotychczas opublikowano niewiele badan dotyczgcych zastosowania CGM w cukrzycy
cigzowej. Co wiecej, dostepne prace naukowe majg wiele ograniczen — krétki czas trwania
badania (3- 5 dni) oraz mata wielkos¢ grupy badanej. Tylko w jednym badaniu poréwnano
zastosowanie CGM z SMBG u pacjentek z GDM przez wiecej niz 14 dni, ale do analizy uzyskano
dane jedynie od 23 ciezarnych. (22). W zwigzku z powyzszym, dostepne wyniki badan nie
pozwolity pozwalajag na odpowiednig interpretacje skutecznosci zastosowania CGM w
leczeniu cukrzycy cigzowej.

Cykl publikacji, stanowigcy niniejszg rozprawe doktorskg, obejmuje tematyke zastosowania
ciggtego monitorowania glikemii w cukrzycy cigzowej oraz wptywu FGM na wyniki perinatalne
w GDM. Analizie zostat rowniez poddany wptyw FGM na modyfikacje stylu zycia oraz
kwalifikacje do insulinoterapii.

Pierwsza praca z cyklu publikacji jest pracg oryginalng - protokotem badania klinicznego pt.

,Flash glucose monitoring in gestational diabetes mellitus: study protocol for a randomised
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controlled trial”. W publikacji zawarto informacje na temat kryteriow wtgczenia i wytgczenia
do badania. Badanie jednoosrodkowe zaplanowane zostato w | Katedrze i Klinice Potoznictwa
i Ginekologii WUM, a grupga badang okreslono pacjentki w cigzy pojedynczej z rozpoznaniem
cukrzycy cigzowej na podstawie testu 75g OGTT, pomiedzy 24. a 28. tygodniem cigzy. W
publikacji przedstawiono schemat 5 wizyt zaplanowanych w ramach RCT (wizyta rekrutacyjna,
3 prenatalne wizyty kontrolne, wizyta po porodzie). Opisano schemat monitorowania
glikemii: 1 - 28 dzien badania — pomiar glikemii w grupie badanej przy pomocy FGM (Freestyle
Libre, Abbott Diabetes Care), w grupie kontrolnej przy pomocy SMBG (iXell, Genexo sp.). W
kolejnych tygodniach do porodu zaplanowano kontrole glikemii w obu grupach przy pomocy
SMBG. Wyszczegodlniono liste badan wykonywanych na poszczegélnych wizytach oraz opisano
nastepnie pierwszo- oraz drugorzedowe punkty koricowe.

Druga praca z cyklu jest pracg oryginalng pt. ,Flash glucose monitoring in gestational diabetes
mellitus (FLAMINGO): a randomised controlled trial” — przedstawiajgcg wyniki badania
randomizowanego realizowanego pomiedzy marcem 2020 roku a pazdziernikiem 2022r. Do
RCT zrekrutowano 100 pacjentek (50 do grupy badanej oraz 50 do grupy kontrolnej). Po
wigczeniu do badania wszystkie pacjentki otrzymaty szkolenie dotyczgce kontroli glikemii,
diety cukrzycowej oraz aktywnosci fizycznej (prezentacja ze szkolenia - zatacznik 1). Przez
pierwsze 4 tygodnie trwania badania grupa badana monitorowata glikemie przy pomocy
metody FGM, natomiast grupa kontrolna stosowata SMBG. W kolejnych tygodniach cigzy w
obu grupach zastosowano SMBG. Do analizy pozyskano dane dotyczgce glikemii na czczo oraz
popositkowych oraz incydentdw hipoglikemii z pierwszych 28 dni od witgczenia do badania,
kwalifikacji do insulinoterapii oraz dawki insuliny, przyrostu masy ciata pacjentki. W trakcie
trwania badania analizowano réwniez modyfikacje stylu zycia, poprzez zebranie ankiety
Eating Assessment Test (EAT), przygotowane;j we wspotpracy z
Narodowym Instytutem Zdrowia Publicznego — Panstwowym Zaktadem Higieny, oceniajgca
modyfikacje diety (wzor ankiety - zatacznik 2). Podczas wizyt kontrolnych oceniono réwniez
aktywnosc fizyczng pacjentek poprzez analize liczby krokdw dziennie oraz nastepnie przydziat
do jednej z 4 grup: (1) <5000, (2) 5000-7500, (3) 7500-10 000 oraz (4) >10 000
krokéw/dziennie. Na ostatniej wizycie zebrano dane dotyczgce wynikéw potozniczych.
Trzecig pracg z cyklu jest przeglad systematyczny pt. ,Efficacy of continuous glucose
monitoring on glycaemic control in pregnant women with gestational diabetes mellitus — a

systematic review”. W publikacji przedstawiono wyniki dostepnych badan dotyczgcych
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zastosowania ciggtego monitorowania glikemii u pacjentek z cukrzycg cigzowga. Badanie
zostato zarejestrowane w bazie PROSPERO (CRD42021289883). Do przegladu witgczono 14
prac analizujgcych wptyw CGM na wyniki matczyno-ptodowe w GDM. Jest to pierwszy
przeglad systematyczny dotyczacy zastosowania ciggtego monitorowania glikemii w GDM, do
ktérego witgczono zaréwno badania randomizowane jak i badania obserwacyjne. W badaniu
analizowano wptyw CGM na kontrole glikemii, kwalifikacje do insulinoterapii, czestosc¢
wystepowania hipoglikemii nocnych, HbAlc, wzrost masy ciata w przebiegu cigzy, mase
urodzeniowg noworodka oraz pozostate wyniki neonatologiczne - hipoglikemie
pourodzeniowe u noworodka oraz przyjecie na oddziat intensywnej terapii noworodka
(OITN). Gtéwnym wnioskiem przeglagdu systematycznego byto wykazanie lepszego
wyrownania glikemii u pacjentek stosujagcych CGM w poréwnaniu do SMBG. Wiekszos¢ z
badan podkreslito role CGM w bardziej czutej detekcji nie tylko hiper- ale
rowniez hipoglikemii. Jak przedstawiono w pracy, CGM wptywa réwniez na lepszg kwalifikacje

do insulinoterapii oraz nastepnie modyfikacje dawki insuliny u pacjentek z GDM.
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Zatozenia i cel pracy

Monitorowanie glikemii stanowi jeden z kluczowych elementéw wptywajacych na leczenie
cukrzycy cigzowej. Zgodnie z aktualng wiedzg medyczng nieprawidtowo kontrolowana
hiperglikemia koreluje z ryzykiem wystgpienia powiktan zaréwno krétko- jak i
dtugoterminowych(3, 14, 15, 23). Dlatego tak istotne jest odpowiednia kontrola glikemii u
pacjentek z cukrzyca cigzowa. Dotychczas rekomendacje w GDM zalecaty pomiary 4-krotnie
w ciggu doby —na czczo oraz po gtéwnych positkach (po $niadaniu, obiedzie, kolacji) (6). Coraz
czesciej podkresla sie jednak znaczenie $rednich glikemii dobowych, trendéw popositkowych
oraz glikemii nocnych w skutecznym leczeniu hiperglikemii w cigzy (18, 21, 24, 25). W zwigzku
z tym istotna wydaje sie analiza wptywu ciggtego monitorowania glikemii na wyniki leczenia

cukrzycy cigzowe;j.

Gtéwny cel pracy:
1. Ocena wptywu zastosowania ciggtego monitorowania glikemii metoda skanowania

(FGM) na przebieg i efekty leczenia cukrzycy cigzowe;.

Cele szczegétowe pracy:

1. Ocena wptywu zastosowania ciggtego monitorowania glikemii metoda skanowania na
wyréwnanie glikemii w pierwszym miesigcu leczenia cukrzycy cigzowej.

2. Ocena wptywu stosowania ciggtego monitorowania glikemii metodg skanowania na
wykrywanie incydentéw hipoglikemii u kobiet leczonych z powodu cukrzycy cigzowe;j.

3. Ocena wptywu stosowania ciggtego monitorowania glikemii metodg skanowania na
przestrzeganie zalecen dietetycznych w leczeniu cukrzycy cigzowe;j

4. Ocena wptywu stosowania ciggtego monitorowania glikemii metodg skanowania na
stopien aktywnosci fizycznej u kobiet leczonych z powodu cukrzycy cigzowej w trzecim
trymestrze cigzy.

5. Ocena wptywu zastosowania ciggtego monitorowania glikemii metodg skanowania
na kwalifikacje do wtgczenia insulinoterapii u kobiet z cukrzycg cigzowa

6. Ocena wptywu zastosowania ciggtego monitorowania glikemii metodg skanowania w
pierwszym miesigcu leczenia cukrzycy cigzowej na czesto$¢ wystepowania zaburzen

wzrastania u pfodu.
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7. Ocena wptywu zastosowania ciggtego monitorowania glikemii metodg skanowania na

wystepowanie powiktan u noworodkdw matek z cukrzycg cigzowa.

Wykazanie wptywu FGM na lepszg kontrole glikemii, modyfikacje stylu zycia oraz czestos¢
wystepowania powiktan krétkoterminowych w poréwnaniu do SMBG moze pozwoli¢ w
przysztosci na modyfikacje zalecern dotyczacych monitorowania glikemii u pacjentek z

cukrzycg cigzowa w postaci powszechnego stosowania CGM w tej populacji ciezarnych.
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ABSTRACT

Introduction Gestational diabetes mellitus (GDM) is a
glucose intolerance occurring in 3%—10% of pregnant
women and being a risk factor for multiple maternal and
fetal complications. The risk of perinatal complications

is proportional to the level of maternal hyperglycaemia.
Proper glycaemic control is therefore one of the key
elements of GDM therapy. Until recently, determination of
blood glucose concentration was performed using glucose
meters, which involved multiple fingerpricks. Nowadays,
due to the flash glucose monitoring (FGM) availability, it
is possible to collect measurements at any time without
routine puncturing. The aim of the presented study is to
assess the impact of FGM on the efficacy of treatment in
population of patients diagnosed with GDM.

Methods and analysis This is a prospective, randomised
study, that will recruit 100 women at 24-28 weeks

of gestation at the 1st Department of Obstetrics and
Gynecology, Medical University of Warsaw, Poland.
Women diagnosed with GDM, who will meet the inclusion
criteria, will be individually randomised to the FGM or
self-monitoring of blood glucose groups. Further on,
clinical and laboratory results of the mother and their
newbomns will be collected for analysis during the course
of pregnancy. Primary outcome is mean glycaemia result
in each group after 1 month analysis and percentage

of results in the target glycaemic range. The secondary
objectives will be to compare the two groups for maternal
and neonatal outcomes in conjunction with long-term
glycaemic control using blood glycated haemoglobin and
fructosamine serum concentrations.

Ethics and dissemination The study is exempt from
regional ethics review due to its nature of quality
improvement in patient care. The study has been approved
by the Bioethics Committee at the Medical University

of Warsaw and the patient privacy protection boards
governing over the recruitment sites. Results of the

study will be presented in peer-reviewed journals and at
conferences.

Trial registration number NCT04422821.

BMJ.
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and Gynecology, Medical
University of Warsaw, Warsaw,
Poland
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INTRODUCTION

Gestational diabetes mellitus (GDM) is a
glucose intolerance diagnosed for the first
time in pregnancy. It affects 3%-10% of preg-
nant women and is a risk factor for multiple
maternal and fetal complications.! During
pregnancy, GDM significantly increases the

, Pawet Stanirowski, Mirostaw Wielgos, Dorota Bomba-Opon
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Strengths and limitations of this study

» Flash Glucose Monitoring In Gestational Diabetes
Mellitus (FLAMINGO) Study is a prospective, cross-

» FLAMINGO Study will compare flash glucose mon-
itoring with self-monitoring of blood glucose in
glycaemia control in gestational diabetes mellitus-
complicated pregnancies.

» FLAMINGO trial protocol adopts rigorous methodol-
ogy and is written in accordance with the Standard
Protocol items: Recommendations for Interventional
Trials.

» Flash glucose monitoring device will be applied
only for the one-third of the trial due to budgetary
restrictions.

» The trial will include small groups of participants at
a single obstefric department, that is a limitation of
the study.

risk of fetal macrosomia, shoulder dystocia,
birth trauma and caesarean section.” Further-
more, the long-term complications of GDM
include increased risk of development of
diabetes mellitus type 2 in the mothcr,3 as
well as increased risk of obesity, diabetes and
metabolic syndrome occurrence in their chil-
dren.® * It has been well documented that
the risk of above-mentioned complications
increases with the level of maternal hyper-
glycaemia.s Proper glycaemic control is one
of the key elements in the effective treat-
ment of GDM. Until recently, glucose moni-
toring was solely performed using glucose
meters, which required multiple fingerpricks
(selfmonitoring of blood glucose, SMBG).
Nowadays, due to the glycaemia moni-
toring systems development, such as flash
glucose monitoring (FGM), glucose levels
may be measured less invasively through
subcutaneous sensor application. FGM is a
factory-calibrated sensor measuring glucose
concentrations in the interstitial fluid.
Although it represents different measure-
ment technique than SMBG, previous studies
have shown that glycaemia levels obtained
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by both methods are compamble.ﬁ 7 Apart from contin-
uous glucose concentration measurements, the system
provides additional data by creating a 24-hour glycaemic
profile. In comparison, SMBG provides only single, inter-
mittent measurements, that limit detection of glycaemic
variability or nocturnal hypoglycaemic events.” As shown
in one of the studies, FGM due to the ease of use was
three times more often applied as a method of glycaemia
control than SMBG. As a result, patients from FGM
group had significantly better blood glucose control.”
In the study by Biihling ef al, continuous glucose moni-
toring had overall better sensitivity in detecting abnormal
glucose levels.” Furthermore, results of the IMPACT
Study (Novel glucose-sensing technology and hypogly-
caemia in type 1 diabetes: a multicentre, non-masked,
randomised controlled trial) demonstrated that the use
of FGM in patients with diabetes mellitus type 1 signifi-
cantly reduced the incidence of hypoglycaemia episodes.?
Although hyperglycaemia is the most common alteration
occurring in GDM patients, there is also an increased
risk of masked hypoglycaemia. It was showed that almost
one third of GDM patients experienced hypoglycaemic
events during the course pregnancy that could have been
easily detected using methods for continuous glycaemia
control.? Diagnosis of these hypoglycaemic episodes may
be of particular importance in GDM patients before qual-
ifying to insulin therapy.

The main purpose of our study is to evaluate the impact
of a new method of glycaemia control (FGM) on the effi-
cacy of treatment of GDM. Assuming that the first month
after diagnosis of GDM is essential for the proper imple-
mentation of dietary and physical activity recommenda-
tions by the patients, the favourable cost-effective strategy
will be to apply FGM device only during that period of
pregnancy. By analysing results of this study, such as fasting
and postprandial glycaemia levels, number of nocturnal
hypoglycaemic episodes, number of women requiring
insulin therapy, daily dosage of insulin and maternal-
fetal perinatal outcomes, we will provide a scientific basis
for more common use of FGM in the population of preg-

nant women affected by GDM.

METHODS AND ANALYSIS

The study protocol was written in accordance with the
Standard Protocol Items: Recommendations for Inter-
ventional Trials statement.

Study design

FLAMINGO (Flash Glucose Monitoring In Gestational
Diabetes Mellitus) trial is a single-centre, non-blinded,
randomised, cross-over study with a nested qualita-
tive evaluation and 1:1 allocation ratio. The study will
be conducted at the 1st Department of Obstetrics and
Gynecology, Medical University of Warsaw, Poland over a
period of 2020-2021.

Study population and eligibility criteria
We aim to recruit 100 pregnant women diagnosed with
GDM based on the results of 75g oral glucose tolerance

test, performed between 24 and 28 gestational weeks,
in accordance with the universal criteria defined by
WHO." Patients will be randomly divided into two
groups: FGM—study group comprising 50 women who
will receive subcutaneous sensor for glucose monitoring,
and SMBG—control group comprising 50 women who
will monitor glycaemia through use of standard glucose
meter.

Inclusion criteria

Women aged 18 years or older, in singleton pregnancy,
diagnosed with GDM will be invited to participate in the
study.

Exclusion criteria
Multiple pregnancy, fetal malformations, PGDM (overt
diabetes in pregnancy), chronic or pregnancy-induced
hypertension, chronic renal or hepatic disease diag-
nosed prior to study entry, in vitro fertilisation, prema-
ture rupture of membranes, placenta previa, smoking in
pregnancy, intake of medications including: methyldopa,
tetracyclin, acetylosalicylic acid, acetaminofen, ibuprofen,
L-dopa, tolazamide, tolbutamide will constitute study
exclusion criteria.

All women eligible for the study will provide written
informed consent prior to enrollment.

Aim of the study and objectives

The aim of the FLAMINGO trial is to assess the impact of
FGM on the efficacy of treatment of GDM. Our primary
outcome is mean glycaemia results (fasting and 1hour
postprandial glucose concentrations) in each group
(FGM/SMBG) during the first month following GDM
diagnosis in conjuction with the percentage of results
in the target glycaemic range. The secondary objec-
tives will be to compare the two groups for the number
of patients requiring insulin therapy, dosage of insulin,
number of hypoglycaemic episodes, as well as to compare
blood glycated haemoglobin (HbAlc) and fructosamine
serum concentrations as potential markers of long-term
glycaemic control and predictors of perinatal complica-
tions, based on previous studies.!! 12 Simultaneously, we
aim to compare patient’s physical activity level based
on a daily steps number counted by a wristband and to
assess compliance with diet recommendations using
Eating Assessment Test. Finally, we aim to compare both
groups with respect to maternal—fetal perinatal outcomes,
including pregnancy weight gain, fetal birth weight and
neonatal glycaemia.

Participant selection and recruitment
Pregnant women diagnosed with GDM by the trial
research staff (AM, PS) who will meet study inclusion
criteria will be invited to participate in the project (see
figure 1). Recruitment will begin in September 2020 and
is estimated to end in October 2021.

Recruitment brochures that contain general informa-
tion of the study will be placed at the website of the Depart-
ment. During the recruitment process, trial research staff

2
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diagnosed between 24-28 weeks
gestation

[ Introduction to the study ]
{ Accept to participate ]

Potential Participants: Inclusion
criteria -> 18 years old; GDM

Ewvaluation: Exclusion criteria

Sign written informed consent

Participant data collection

Figure 1
mellitus.

Patient flow scheme. GDM, gestational diabetes

(AM, PS) will inform potential candidates about the study
both verbally and with written information. Women who
are agreeable to participate will be obliged to provide
written informed consent. Those patients who decline to
participate will continue to receive their routine antenatal
care. Obstetric care provided to each pregnant woman
will not be affected nor influenced by the woman’s deci-
sion to either participate or not participate in the study.

Randomisation

Simple randomisation with the computergenerated list
and sealed envelopes will be used for patient’s randomis-
ation process. The process of randomisation and sealing
will be conducted at the 1st Department of Obstetrics and
Gynecology, Medical University of Warsaw by the non-
member of the trial research staff.

Blinding

Thisisanon-blinded trial. As the device used for glycaemia
monitoring (FGM/SMBG) will be clearly visible to both
participants and trial research staff blinding is not feasible
for patients and researchers.

Study procedures

Patients included in the study will undergo five visits
comprising one recruitment and four follow-up visits
(see figure 2). The trial research staff (AM, PS) will be
responsible for analysing participants glycaemia results,
diet control and physical activity as well as for the modifi-
cations of health interventions during the follow-up visits.

Recruitment visit (visit 1)

At the recruitment visit (24-28 weeks of gestation), after
providing the informed consent, patients will be inter-
viewed for sociodemographic data and medical history
to analyse study exclusion criteria. Next, if eligible for
the study, participants will be randomly divided into
two consecutive groups. Simple randomisation with the
computer-generated list and sealed envelopes will be used
for patient’s randomisation process. Study group (FGM)
will comprise 50 women who will receive subcutaneous
sensor for glucose monitoring (FreeStyle Libre; Abbott
Diabetes Care, Alameda, California, USA), and the
control group (SMBG) will comprise 50 women who will
monitor glycaemia through use of standard glucose meter
(iXell; Genexo sp; Warsaw, Poland; ISO 15197:2015). All
patients from the study group will obtain instruction for
using Freestyle Libre app to measure and collect glycaemia
results using a mobile phone. Patients without mobile
phone will obtain Freestyle Libre Reader and instruc-
tions for using the device. Accordingly, control group will
be informed about proper use of glucose meters. The
results from FGM and SMBG will be collected during the
follow-up visits.

In order to assess daily physical activity, all participants
will obtain a wristband (Xiaomi Mi Band 4; Xiaomi Corpo-
ration, Hong Kong) allowing for footsteps measurement.
According to Polish Society of Obstetricians and Gynecol-
ogists (PSOG), the recommended number of footsteps in
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Recruitment visit Second/third visit
(24-28Hbd)
GLYCAEMIA (FGM/SMBG), DIET
CONSENT TAKING + AND PHYSICAL ACTIVITY
QUESTIONNAIRE ANALYSIS, BLOOD COLLECTION

Fourth visit Follow-up after delivery

GLYCAEMIA (SMBG), DIET
ANALYSIS, BLOOD COLLECTION

RETRIEVAL OF MEDICAL RECORDS

Figure 2 The flow diagram of the study. FGM, flash glucose monitoring; SMBG, self-monitoring of blood glucose.

pregnancy is 10 000 per day."® As previously demonstrated,
mild physical activity, such as walking has protective effect
on excessive gestational weight gain and decreases the
risk of preterm birth and fetal macrosomia.'*!7

All patients included in the study will obtain the instruc-
tion for using the wristband and its mobile app, together
with recommendations about daily physical activity in
pregnancy.

After meeting, study inclusion criteria patient will
obtain diet recommendations for GDM prepared by clin-
ical dietician. To evaluate participants’ dietary hahits, we
will use Eating Assessment Test prepared by the Polish
National Institute of Public Health—National Institute
of Hygiene. This is a short questionnaire (20 items for
diet) intended to evaluate dietary habits in patients diag-
nosed with GDM. The summary points base on a number
of meals per day, length of breaks between meals, daily
portions of fruits and vegetables, frequency of fried
food and sweets consumption per week (questionnaire
and list of points for each element provided in online
supplemental file). The maximum test resultis 42 points,
the minimum 4 points. Based on the points obtained,
patients will be assigned to one of the four diet groups
(good: 3942, satisfactory: 30-38, demanding diet modifi-
cation: 12-29 and not satisfactory: <12 points).

According to PSOG recommendations, all participants
will be obliged to measure fasting and 1 hour postpran-
dial glucose concentrations in a daily manner, together
with once per week midnight measurement.'® Postpran-
dial glucose measurements will be performed after three
main meals (breakfast, dinner, supper). To avoid exces-
sive data collection, we do notaim to analyse all the results
obtained with the FGM. At the end of the visit, all partic-
ipants will undergo blood tests (HbAle, fructosamine)
and selected biometric maternal-fetal parameters will
be measured (patient weight, ultrasound estimated fetal

weight).
Visit 2 (14 days after the recruitment)

At the second follow-up visit, glycaemia levels, diet control
and physical activity will be analysed. Based on glycaemia
results, participants will obtain modified diet recommen-
dations and will be qualified to insulin therapy, if required
(fasting blood glucose concentrations above 90mg/dL
or postprandial glycaemia results above 140mg/dL).
Initial predetermined insulin dose planned for the study

is four units for long-acting insulin and three units per
meal for short-acting insulin. The final insulin dosage will
be individualised based on the glycaemic results during
the follow-up visits, According to PSOG standards for
management of GDM, fasting glucose level <90mg/
dL and lhour postprandial glucose level <140mg/dL
are indicative of proper glycaemic control.'® The study
group will obtain new FGM sensor. At the end of the visit,
research staff will collect biometric measurements from
all patients included in the study (the same as during Visit
1).

According to the criteria proposed by Tudor-Locke, we
will divide patients into four groups of physical activity
based on a number of daily steps collected by the wrist-
band: sedentary (<5000 daily steps), low active (5000-
7500 daily steps), somewhat active (7500-10000 daily
steps) and active (210000 daily steps).g[]

Visit 3 (28 days after the recruitment)

At the third visit, glycaemia levels, diet control and phys-
ical activity will be analysed. Based on glycaemia results,
participants will obtain modified diet recommendations
and will be qualified to insulin therapy if required. In
patients already treated with insulin, dosage will be modi-
fied according to glycaemia results. The study group will
obtain glucose meter. All patients will end physical activity
control with a wristband. Eating Assessment Test will be
performed to test whether dietary recommendations and
glycaemia control in the study have an impact on eating
habits of the participants. At the end of the visit, all partic-
ipants will undergo blood tests (HbAlc, fructosamine)
and selected biometric parameters will be measured.

Visit 4 (34-36 gestational weeks)

At the fourth visit, glycaemia levels, diet control and
insulin therapy will be analysed. Based on glycaemia
results, participants will obtain modified diet recom-
mendations and will be qualified to insulin therapy, if
required. In patients already treated with insulin, dosage
will be modified according to glycaemia results. Eating
Assessment Test will be performed to test whether dietary
recommendations and glycaemia control in the study
have an impact on eating habits of the participants.
Additionally, research staff will collect selected biometric
measurements from all patients included in the study. At

Majewska A, ef al. BMJ Open 2021;11:2041486. doi:10.11:36/bmjopen-2020-041486

21

yBuAdoo Aq pejoeioid 1senb Aq 120z ‘0g Jequieldes uo woolwg uadolg/ duy woy papeojumoq “LZ0Z Y21eN g U0 98F L70-0202-uadolwg/ge | L 0k se paysiignd 1s1y :uado rng



the end of the visit, all participants will undergo blood
tests (HbAlc, fructosamine).

Visit 5 (after delivery)

After the delivery (24-72hours), research staff will
retrieve maternal and neonatal outcomes from patient’s
medical history.

Study outcome

The primary outcome will be mean glycaemia results

(fasting and lhour postprandial glucose concen-

trations) in each group (FGM/SMBG) during the

first month following the diagnosis of GDM and the
percentage of results in the target glycaemic range.

The secondary objectives will be to compare both groups

for:

» Number of patients requiring insulin therapy (2, 4
and 8 weeks after the recruitment visit).

» Dosage of insulin (2, 4 and 8 weeks after the recruit-
ment visit).

» Long-term glycaemic control using blood HbAlc
concentrations (2, 4 and 8 weeks after the recruit-
ment visit).

» Long-term glycaemic control using fructosamine
serum concentrations (2, 4 and 8 weeks after the
recruitment visit).

» Number of hypoglycaemic episodes (glucose concen-
tration <70 mg/dL) during 1 month analysis (episodes
per day in 0—4 weeks after the recruitment visit).

» Physical activity during 1 month analysis based on a
footsteps daily count (0—4 weeks after the recruitment
visit).

» Compliance with diet recommendations according
to eating assessment test (2, 4 and 8 weeks after the
recruitment visit).

» Gestational weight gain (2, 4 and 8 weeks after the
recruitment visit).

» Mode of delivery (rate of vaginal delivery/ caesarean
section).

» Fetal birth weight.

» Neonatal glycaemia.

Sample size calculation and statistical analysis

The performed power analysis (power of 80%, signifi-
cance level of 5%, two-sided) estimated a required sample
size of a total of 80 patients (40 patients in each group).
The analysis was based on the results of a previous report
comparing FGM with SMBG and estimation to detect
a difference in the percentage of results in the target
glycaemic range between study and control groups.21
Sample size is further increased to 100 patients to account
for a potential exclusions and drop out of approximately
10%.

Continuous data will be compared using the Mann-
Whitney U test, and for categorical variables the xz test
will be applied. The results will be presented as medians
and IQRs oras a frequency (%). For comparison between
groups, Bland Altman and Passing-Bablok method

will be performed. The relationship between glucose,
HbAlc and fructosamine concentrations, and selected
maternal-fetal parameters will be examined with the
use of Pearson’s correlation coefficient. Multivariable
logistic regression analysis will be performed to evaluate
the potential impact of selected predictors on primary
outcomes. All tests will be carried out at a significance
level of 0.05.

Statistical analyses will be performed using SAS soft-
ware, V.9.2 or later (SAS Institute).

Patient and public involvement

Patients and the manufacturers (Abbott Diabetes Care,
Genexo sp, Xiaomi Corporation) will not be involved in
the process of the design, conduct, reporting or dissemi-
nation plans of the study. All participants will be informed
about the trial results at the end of the study.

Trial monitoring and management

Patient retention strategy

Patients recruited to the study will obtain an email with
the schedule of the follow-up visits. They will also obtain
regular phone contact before each visit.

Strategies for the management of missing data

For missing glycaemic data, in particular in the SMBG
group mean glycaemia levels from the past 5 days will be
calculated, in accordance with the time of measurement
(fasting, postprandial).

ETHICS AND DISSEMINATION

The study is exempt from regional ethics review due to
its nature of quality improvement in patient care. The
study has been approved by the Bioethics Committee at
the Medical University of Warsaw and the patient privacy
protection boards governing over the recruitment sites.
All data sets will be password protected and only avail-
able to project investigators. Results of the study will be
presented in peer-reviewed journals and at conferences.

DISCUSSION

According to epidemiological data, GDM affects about
5.4% of pregnant women in Europe and the prevalence is
continuously increasing.”? As a result, there is an urgent
need to search for the new methods of effective glucose
monitoring facilitating glycaemia control, and thus
allowing for a decrease in the rate of maternal and fetal
complications.

FGM is a new method, that is already commonly used
in paediatric patients diagnosed with diabetes mellitus
type 1.2 As one multicentre study demonstrated, due to
casiness of FGM use, patients measured glycaemia three
times more often per day in comparison with those using
standard glucose meters. Consequently, patients signifi-
cantly improved their diurnal glucose proﬂle.7 In addi-
tion, the results of IMPACT Study proved that use of FGM
among type 1 diabetic patients is effective in reduction of
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hypoglycaemic episodes.zg Finally, in the study by Dunn
el al, a positive correlation between the number of scans
per day and HbAlc levels was found, showing a significant
decrease in HbAlc concentration among patients who
monitored glycaemia more frf:quently.24

Apart from the relatively small group of participants,
the presented single-centre study is limited by the fact
that FGM will be applied only for 1 month following the
GDM diagnosis. Nonetheless, we believe that these first
4weeks after the recruitment are of crucial importance
for proper implementation of dietary and physical activity
recommendations by the patients.g':' Moreover, if primary
objectives are accomplished proposed strategy may
significantly reduce costs of FGM application.

To conclude, although limited in number, available
studies suggest that use of FGM may help to improve
monitoring and treatment results in patients affected
by glucose tolerance disorders during pregnancy. Based
on that, we would like to investigate the impact of FGM
on maternal and neonatal outcomes in population of
patients diagnosed with GDM.
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Abstract

Aims Gestational diabetes mellitus (GDM) is the most common type of hyperglycaemia in pregnancy. GDM is a risk fac-
tor of adverse perinatal outcomes, with the incidence rate increasing proportionally to the level of maternal dysglycaemia.
Therefore, glycaemic control plays an important role in management of GDM. The aim of this study was to assess the efficacy
of flash glucose monitoring (FGM) in GDM.

Materials and methods This was a non-blinded, randomised controlled trial, that recruited 100 pregnant women diagnosed
with GDM between 24 and 28 weeks of gestation at the 1st Department of Obstetrics and Gynaecology, Medical University
of Warsaw. After meeting the inclusion criteria patients were randomly allocated to the study group (FGM, n=>50) or control
group (self-monitoring of blood glucose—SMBG, n=50). Clinical and laboratory results were assessed at four follow-up
visits. The primary outcome was mean fasting and postprandial glycaemia. The secondary outcomes were perinatal outcomes.
Results There was no significant difference in mean glycaemia between the groups (p=0.437) Compared to the control group,
the study group significantly reduced their fasting (p=0.027) and postprandial glycaemia (p=0.034) during the first 4 weeks
following GDM diagnosis, with no significant difference in progression to insulin therapy (OR 1.09, 95% CI 0.47-2.57).
Incidence of fetal macrosomia was significantly higher in SMBG as compared to FGM group (OR 5.63, 95% CI 1.16-27.22).
Conclusions Study results indicate that FGM has an impact on glycaemic control, dietary habits and incidence of fetal
macrosomia in patients with GDM.

Trial registration clinicaltrials.gov ID: NCT04422821.

Keywords Flash glucose monitoring - Gestational diabetes mellitus - Dysglycaemia - Macrosomia

Introduction
This article belongs to the topical collection Pregnancy and Gestational diabetes mellitus (GDM) is the most common
Diabetes, managed by Antonio Secchi and Marina Scavini. type of hyperglycaemia in pregnancy, with the incidence

rate of 14% varying worldwide [1]. GDM is a risk factor
of adverse perinatal outcomes, including fetal macroso-
mia, shoulder dystocia and neonatal hypoglycaemia [2,

Ist Department of Obstetrics and Gynaecology, Medical 3]. It is believed, that adverse perinatal outcomes corre-
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late proportionally to the level of maternal dysglycaemia
[2, 4, 5]. Therefore, glycaemic control is suggested to play
an important role in management of GDM [6]. There are
" . . various options of glycaemic control with self-monitoring
Department of Nutrition and Nutritional Value of Food, of blood glucose (SMBG) being the most common method
National Institute of Public Health NIH-National Research
Institute, Chocimska St. 24, 00-791 Warsaw, Poland and a standard of care for pregnant women [7]. In recent
*  Lagarski University, Warsaw, Poland years, however, new methods have been introduced, namely
: ® continuous glucose monitoring systems (CGM), which

Collegium Medicum Jan Kochanowski University of Kielce, include real-time continuous glucose monitoring (rtCGM),
Kielce, Poland
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and flash glucose monitoring (FGM) also known as inter-
mittently scanned continuous glucose monitoring (isCGM)
systems [8]. Superiority of both is flexibility and acces-
sibility to circadian glycaemia due to constant glycaemia
measurements, that might lead to better patient’s compli-
ance [9, 10]. Additionally, rtCGM as well as FGM do not
require finger pricking for each glycaemia assessment, and
consequently improve the quality of life of diabetic patients
[11]. Currently, both systems are commonly used in pre-
gestational diabetes mellitus [11, 12]; however, increasing
number of data suggest that they could be of benefit for glu-
cose monitoring in GDM-complicated pregnancies [13]. In
previous studies it has been shown, that rtCGM improved
glycaemic control, had an impact on lifestyle changes, such
as diet modifications and led to better qualification to insu-
lin therapy in GDM women [14-16]. Nevertheless, it is not
clear, whether these systems have an impact on perinatal
outcomes, such as incidence of fetal macrosomia or neonatal
hypoglycaemia in this population. Therefore, in the present
study we aimed to compare FGM with SMBG and to analyse
the efficacy of the both methods in GDM management.

Materials and methods

We performed a non-blinded, randomised controlled trial
between March 2020 and October 2022, that recruited 100
pregnant women diagnosed with GDM between 24 and
28 weeks of gestation at the 1st Department of Obstetrics
and Gynaecology, Medical University of Warsaw. A diag-
nosis of GDM was based on 2013 World Health Organisa-
tion criteria: (1) fasting plasma glucose 92-125 mg/dl (2)
1-h glucose concentration> 180 mg/dl or (3) 2-h glucose
concentration 153-99 mg/dl [17]. The inclusion criteria for
the study were: patient’s age > 18 years old and singleton
pregnancy. The exclusion criteria included: multiple preg-
nancy, fetal malformations, pre-gestational diabetes mellitus,
chronic or pregnancy-induced hypertension, chronic renal
or hepatic disease diagnosed prior to study entry, in vitro
fertilisation, premature rupture of membranes, placenta prae-
via, smoking in pregnancy, as well as intake of medications
including: methyldopa, tetracyclin, acetylosalicylic acid,
acetaminofen, ibuprofen, L-dopa, tolazamide or tolbutamide.

After meeting the inclusion criteria patients were ran-
domly allocated with a nested qualitative evaluation and
1:1 allocation ratio to the study (n=50) or control group
(n=50). Simple randomisation with the computer-generated
list was used for patient’s randomisation process by the non-
member of the trial research staff. During the first 4 weeks
following the diagnosis of GDM participants in the study
group measured glucose concentrations using the FGM
system (Freestyle Libre 1, Abbott Diabetes Care, Alameda,
California, USA), whereas the control group used the SMBG

@ Springer

(iXell; Genexo sp; Warsaw, Poland; ISO 15197:2015). In
the following weeks until birth, glucose concentrations were
measured exclusively with SMBG method in both groups.

Study consisted of five visits, including recruitment and
four follow-up visits. At the first visit all study participants
were informed about glycaemic control, diet recommenda-
tions and physical activity. During the three follow up visits
(2 weeks, 4 weeks after the recruitment visit and between
34-36 weeks of gestation) clinical and laboratory results
were assessed, including: fasting and 1 h-postprandial glu-
cose concentrations (after breakfast, lunch, and dinner),
qualification to insulin therapy and dosage, diet control,
physical activity and gestational weight gain. The qualifica-
tion to insulin therapy was decided in case of hyperglycae-
mia, defined as fasting glycaemia >90 mg/dl or 1 h-post-
prandial glycaemia> 140 mg/dl. At the second and third
follow up visits Haemoglobin Alc (HbAlc) concentration
and ultrasound estimated fetal weight (EFW) were meas-
ured. For the assessment of fetal birthweight percentile
INTERGROWTH-21st Chart was implemented. At the last
follow up visit (Visit 5; postpartum) patients were reviewed
for perinatal outcomes: weeks of gestation and route of birth,
newborn weight and neonatal hypoglycaemic events.

As part of our study we analysed physical activity by
daily footsteps measure with step counter app. After calcu-
lating daily steps, we divided participants into 4 groups—sed-
entary: < 5000; low active: 5000-7500; somewhat active:
7500-10,000 or active: > 10,000 steps.

We also evaluated patient’s dietary habits and its modifi-
cations throughout pregnancy by using Eating Assessment
Test (EAT) prepared by the Polish National Institute of
Public Health—National Institute of Hygiene (Supplemen-
tary File 1). EAT contained a short questionnaire, with 20
items for diet assessment. Based on EAT, participants were
assigned to one of four diet groups: good: 39-42; satisfac-
tory: 30-38; demanding diet modification: 12-29 and not
satisfactory: < 12 points.

The primary outcome of the study was mean fasting and
1 h postprandial glycaemia during the first 28 days follow-
ing GDM diagnosis. Additionally, we analysed variability
pattern of glucose concentration inside the groups by using
delta mean fasting and postprandial glucose concentration
for each group, defined as difference between 3rd to 4th
week mean glycaemia and 1st to 2nd week mean glycae-
mia. The secondary outcomes were maternal and neonatal
outcomes, including: qualification to insulin therapy, insu-
lin dosage, hypoglycaemic episodes (defined as glycae-
mia <70 mg/dl), HbA l1c concentration, pregnancy weight
gain, physical activity and diet modifications, fetal birth-
weight and percentile, incidence of fetal macrosomia and
neonatal hypoglycaemia.

The detailed study protocol was already published in 2020
[18]. The study protocol was approved by Ethics Committee
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at the Medical University of Warsaw (KB/50/2020) and trial
was registered in ClinicalTrials.gov (registration number:
NCTO04422821). All women eligible for the study provided
written informed consent prior to enrolment.

Sample size calculation

We performed a two-sided power analysis (power of 80%,
significance level of 5%) and estimated a sample size of 80
patients (40 patients for each group). The sample size was
further increased to 100 patients based on estimated drop-
out rate of 10% participants. For the estimation, we used
results of a previous study comparing target glycaemic range
between FGM and SMBG [19].

Statistical analysis

The statistical analysis was carried out using STATA, ver-
sion 17.0 (Stata Corporation, TX, USA) and GraphPad
Prism v9 (GraphPad Software, CA, USA). Continuous vari-
ables were presented as means =+ standard deviation (SD) or
medians + interquartile range (IQR) and categorical varia-
bles were presented as frequencies (%) by treatment group.
Normal distribution of continuous variables was assessed
using the Shapiro-Wilk’s test. For the analysis of continuous
variables either Mann—Whitney U test or t-test were used
and for categorical variables Fisher exact test was applied.
For the correlation analysis, we used Pearson correlation
coefficient. To estimate correlation between method of gly-
caemic control and perinatal outcomes we performed binary

logistic regression and presented results as odds ratio (OR)
and 95% confidence interval (95% CI). We performed linear
regression to analyse relationship between glucose concen-
tration and continuous perinatal outcomes. All statistical
tests applied were two-sided. A p-value of less than 0.05
was a cut-off for significant difference.

Results

Between March 2020 and October 2022, we recruited 100
patients that met the inclusion criteria. 50 patients were
recruited to the study group, out of which 49 completed the
study (one patient was excluded after recruitment process
at the first follow up visit due to diagnosis of placenta prae-
via). 50 patients were allocated to the control group, with 50
women included in the statistical analysis. Maternal baseline
characteristics did not differ significantly between the groups
(Table 1).

Primary outcome

There was no significant difference in mean (SD) fasting glu-
cose concentration during the first 4 weeks following GDM
diagnosis between the groups (p=0.437), whereas the mean
postprandial glycaemia differed significantly, with lower
concentration in the control group (p=0.011) (Table 2).
Delta mean glucose concentrations were significantly
reduced in the study group in comparison to the con-
trol group, with lower delta fasting (—0.69 mg/dl (7.89)

Table 1 Maternal baseline

demographic and clinical (S::Izlgg)mup gloztsrg; B, gt
characteristics
Maternal age (age), median (IQR) 33 (31-37) 32(28-34) n/s*** (.08
BMI* before pregnancy (kg/mz), median (IQR) 24.65 2295 /s 0.96
(21.65-27.24)  (20.80-26.03)
Multiparous, n (%) 26 (53%) 25 (50%) /s 0.31
Weeks of gestation at the recruitment visit (weeks), 27 (26-28) 27 (26-28) n/s 0.81
median (IQR)
OGTT**, fasting glycaemia (mg/dl), median (IQR) 87 (79-96.4) 92 (85-94) n/s 0.47
1 h OGTT (mg/dl), median (IQR) 186 (156-196)  181.5 (149-189) n/s 0.62
2 h OGTT (mg/dl), median (IQR) 143 (121-161)  138.5(112-158) n/s 0.70
*BMI- Body mass index; **OGTT-Oral glucose tolerance test; *** not significant
Table 2 Glycaemic control in the first 4 weeks following inclusion to the study
Study group (n=49) Control group (n=50) p-value
Mean fasting glycaemia during the first month (mg/dl), mean (SD) 86.71 (7.59) 85.10 (7.37) p=0.437
Mean postprandial glycaemia during the first month (mg/dl), mean (SD) 113.94 (8.13) 109.52 (6.36) p=0011
Delta mean fasting glycaemia (mg/dl), mean (SD) —0.69 (7.89) 2.52(3.53) p=0.027
Delta mean postprandial glycaemia (mg/dl), mean (SD) —1.01 (7.62) 1.93(4.79) p=0033
@ Springer
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vs. 2.52 mg/dl (3.53; p=0.027)) and delta postprandial
mean glycaemia (—1.01 mg/dl (7.62) vs. 1.93 mg/dl (4.79;
p=0.034)) in the FGM group in the third and fourth week
following the inclusion to the study (Fig. 1).

Secondary outcomes

FGM enabled to reveal all nocturnal hypoglycaemic events
during the first month of the study in the study group (mean
incidence of 15 events/month). In 6 out of 49 patients
(12.24%) we recorded one episode of hypoglycaemic event
level 2 (glucose concentration less than 54 mg/dl). We were
not able to compare it with the control group, as participants
from the control group measured glucose concentration only
once between 2:00 and 4:00 at night. Therefore, in the con-
trol group the mean incidence of nocturnal hypoglycaemic
events was 2 events per month, but the result was not com-
parable with the FGM group.

We analysed HbAlc concentration at the 1st, 3rd and
4th visit and found no significant difference between the
groups (Supplementary Appendix 1). Delta HbAlc con-
centration, defined as difference between HbAlc measured
between 34-36 weeks of gestation and HbA 1¢ measured
at the recruitment visit also did not differ significantly
between the groups (AHbA 1c for SMBG group was 0.1%
(—0.1-0.2) and for FGM group 0.05% (—0.2-0.2), p-value
0.546). There were also no significant differences between

-10=

20 =

Mean difference in glycaemia (mg/dl)

-30

T T
SMBG FGM

Fasting mean glycaemia

Fig.1 Mean difference in glycaemia between 14-28 and 1-13 days
following GDM diagnosis On the left: Mean difference in fasting gly-
caemia between 14-28 and 1-13 days following GDM diagnosis. On
the right: Mean difference in postprandial glycaemia between 14-28
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the groups regarding qualification to insulin therapy (32%
from the control group vs. 30.61% from the study group;
OR 1.09, 95% CI 0.47-2.57). Long-acting insulin dosage
at the follow up visit between 34-36 weeks of gestation
did not differ between the groups (p=0.199) (Supplemen-
tary Appendix 1). One participant from the control group
(2%), whereas three participants from the study group
(6.12%) demanded short-acting insulin therapy.

We found no significant difference in incidence of cae-
sarean section (OR 0.84, 95% CI 038-1.87) and weeks of
gestation at birth between the groups (p=0.872). There
was significantly higher incidence of fetal macroso-
mia>4000 g in the SMBG group (20% vs. 4.08%, OR
5.62, 95% CI 1.16—27.22); large for gestational age neo-
nates (defined as birthweight> 90 percentile) and neonatal
hypoglycaemia also appeared more often in the control
group, but the differences were not statistically signifi-
cant (OR 2.38, 95% CI 0.69-8.22, and OR 1.29, 95% CI
0.50-3.28 respectively). Median birthweight percentiles
(INTERGROWTH-21st standards) did not differ signifi-
cantly between the groups (p=0.697).

Logistic regression did not reveal strong association
between mean glycaemia during the first month and inci-
dence of neonatal hypoglycaemia, with OR 0.96 (95% CI
0.88-1.05) for fasting mean glycaemia and OR 0.99 (95%
CI 0.91-1.08) for postprandial mean glycacmia, respectively.
However, postprandial glucose concentration was correlated

Mean difference in glycaemia (mg/dl)

20
-30=
[ J
-40 T T
SMBG FGM

Postprandial mean glycaemia

and 1-13 days following GDM diagnosis. Abbreviations: GDM: ges-
tational diabetes mellitus. SMBG: self-monitoring of blood glucose.
FGM: flash glucose monitoring
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with the incidence of fetal macrosomia (ROC AUC 0.704,
95% CI 0.546-0.862) (Fig. 2A).

‘We used Pearson’s correlation to analyse, whether mean
glucose concentration during the first month of the study was
correlated with birthweight, but we found no strong rela-
tionship between either fasting mean glycaemia (r=0.118,
p=10.307) or postprandial mean glycaemia (r=0-0.010,
p=0.931) and newborn weight. A linear regression estab-
lished, that both fasting and postprandial mean glycacmia
could not significantly predict the fetal birthweight (F (1,
75)=0.01, p=0.307 and F(1,75)=0.01, p=0.93, respec-
tively) (Fig. 2B).

Gestational weight gain, defined as difference between
weight at the 3rd follow up visit and weight at the recruit-
ment visit, did not differ significantly between the groups
(p=0.682) (Supplementary Appendix 1). We also analysed
physical activity based on daily steps and allocation to the
four groups. At the follow up visit between 34-36 weeks of

gestation 22 participants from the control group (44%) and
16 participants from the study group (32.65%) were allo-
cated to the sedentary group (< 5000 steps/day), whereas 13
patients from the SMBG group and 7 from the FGM group
to the somewhat active or active group (at least 7500steps/
day). There was no significant difference in allocation to the
physical activity groups between the study and the control
group (p=0.302).

The study group more frequently modified their diet
habits, when compared to the control group. Median (IQR)
EAT score did not differ at the recruitment visit (34 points
(28-36) for FGM compared to 33 points (28-35) for SMBG,
p=0.372), but between 34 and 36 weecks of gestation was
significantly higher in the study group (37 points (34-39)
vs. 34 points (33-37), p=0.017). In FGM group we col-
lected additional data about time in range (TIR) (marker
showing glycaemic variability), with the median (IQR) of
96% (92-98%).
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Mean fasting glycaemia during first month (mgddl)
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Linear prediction = inear prediction

Fig.2 Relationship between glycaemia during the first month of
the study and birthweight A ROC curve for association between
postprandial glucose concentration and fetal macrosomia. B Linear
regression for relationship between: fasting glycaemia during the first

28
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Mean postprandial glycasmia during the first manth (mgJdi)
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. .

month of the study and birthweight (on the left), and postprandial
glycaemia during the first month of the study and birthweight (on the
right). Abbreviations: ROC: receiver operating characteristic curve
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Discussion

Our study revealed, that FGM might improve glycaemic
control, when compared to SMBG. Although mean gly-
caemia did not differ significantly between the groups, and
when separately analysed, postprandial glycaemia was sig-
nificantly lower in the control group, glycaemia through
the first month of the study improved more significantly
in the study group (delta mean glucose concentration
showed a pattern of decreasing changes in glycaemia in
FGM group). As in previous studies on pre-gestational
diabetes population, we found that FGM system led to
strict glycaemic control, that consequently decreased mean
fasting and postprandial glycaemias at follow up visits.

FLAMINGO revealed, that FGM had an impact
on decreasing incidence of fetal macrosomia (birth-
weight > 4000 g) in GDM patients. It is consistent with
the randomised controlled trial (RCT) by Murphy et al.,
evaluating effectiveness of CGM in pregnant women with
type 1 and 2 diabetes [11]. LGA incidence was also lower
in FGM group; however, the result was not statistically
significant. In our RCT we found no significant differ-
ence in birthweight percentile between the groups. This
outcome disagrees with the recent meta-analysis about
CGM in pregnancy complicated with GDM, that found
significantly lower birthweight in CGM group, compared
to SMBG group [20]. Furthermore, this is contradictory
outcome to the FLAMINGO result of lower macrosomia
incidence in FGM group; the potential reason might be
wide upper and lower limit for birthweight in both groups,
that led to heterogeneous birth data included in our study
and therefore non-significantly lower birthweight and per-
centile in the FGM group.

The CONCEPTT trial provided evidence that CGM led
to clinically significant reduction in neonatal hypoglycacmia
and NICU (neonatal intensive care unit) admission incidence
[12]. However, we found no significant difference between
FGM and SMBG group in incidence of hypoglycaemic event
in newborns. As none of our patients was admitted to NICU,
we could not compare it with available studies.

We found higher detection rate of hypoglycaemia in FGM
group; however, these hypoglycaemic events were in most
cases qualified as mild and none of them were symptomatic.
As presented in previous studies continuous glucose moni-
toring detects masked hypoglycaemic events in pregnancy,
that if qualified as mild, are clinically non-significant[21].

Interestingly, we found, that the study group was more
prone to modify their diet habits, compared to the control
group; however, it had no impact on gestational weight
gain and qualification to insulin therapy. Our data differ
from the previous studies, in which these outcomes were
improved, when CGM systems were used [22, 23].
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Our study has several strengths. To our knowledge, this
is the first study with such a long assessment of glycae-
mia with FGM system in gestational diabetes mellitus.
The data were derived from a randomised controlled trial,
that diminishes the risk of bias that might be the con-
sequence of the recruitment process. Furthermore, the
baseline characteristics of the participants did not differ
significantly between the groups and therefore adjustments
had no significant impact on the analysed outcomes. All
the additional results, including diet modifications, physi-
cal activity, were assessed using standardised tools. For
the control group, we used one type of glucose meters
to diminish the influence of different types of devices on
primary outcome [24].

We also acknowledge some limitations. In FLAMINGO
trial, the analysed time-period of glycaemic control was
only 4 weeks, and therefore did not include glycaemic fluc-
tuations occurring after the first month from GDM diag-
nosis till birth. Additionally, the EAT questionnaire was
filled in by the patients and the diet scheme was not unified
for all participants, that might produce the risk of bias.

Conclusions

In summary, FGM application resulted in significantly bet-
ter improvement in glycaemic control in the 3rd and 4th
week of the study. FGM led to higher EAT score, that
might indicate better diet modifications after GDM diag-
nosis; however, it had no impact on lifestyle interventions
including gestational weight gain, qualification to insulin
therapy or dosage of insulin. FGM significantly decreased
incidence of fetal macrosomia, but had no significant
impact on birthweight percentile or neonatal hypoglycae-
mia incidence. Therefore, further studies are needed to
analyse the impact of FGM on improving perinatal out-
comes in GDM-complicated pregnancies.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/500592-023-02091-2.
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Abstract: Gestational diabetes mellitus (GDM) is one of the most common complications of pregnancy,
affecting up to 14% of pregnant women. The population of patients with risk factors of GDM is
increasing; thus, it is essential to improve management of this condition. One of the key factors
affecting perinatal outcomes in GDM is glycaemic control. Until recently, glucose monitoring was
only available with self-monitoring of blood glucose (SMBG). However, nowadays, there is a new
method, continuous glucose monif:o:ring (CGM), which has been shown to be safe in pregnancy.
Since proper glycaemia assessment has been shown to affect perinatal outcomes, we decided to
perform a systematic review to analyse the role of CGM in glycaemic control in GDM. We conducted
a web search of the MEDLINE, EMBASE, Cochrane Library, Scopus, and Web of Science databases
according to the PRISMA guidelines. The web search was performed by two independent researchers
and resulted in 14 articles included in the systematic review. The study protocol was registered
in the PROSPERO database with registration number CRD42021289883. The main outcome of the
systematic review was determining that, when compared, CGM played an important role in better
glycaemic control than SMBG. Furthermore, glycaemic control with CGM improved qualification
for insulin therapy. However, most of the articles did not reveal CGM's role in improving neonatal
outcomes. Therefore, more studies are needed to analyse the role of CGM in affecting perinatal
outcomes in GDM.

Keywords: gestational diabetes mellitus; continuous glucose monitoring; self-monitoring of blood
glucose; hyperglycaemia; hypoglycaemia

1. Introduction

Gestational diabetes mellitus (GDM) is the most common complication of pregnancy,
with an incidence rate of up to 14% of all pregnant women [1]. Over a long period of
time, it was defined as any degree of glucose intolerance with the onset or first recognition
during pregnancy [2,3]. However, now it is debated whether this definition is appropriate
due to its limitations, including imprecise information about diagnostic thresholds for
GDM [4]. The population of patients with risk factors for GDM is continuously increasing,
thus, it is essential to improve the management of GDM [5]. It is believed that glycaemic
control plays a major role in the proper treatment of GDM [6,7]. Until recently glycaemic
control in GDM was mainly based on the self-monitoring of blood glucose (SMBG) [8].
However, the main inconveniences of this method are multiple finger-pricking for a single
glycaemia measurement and intermittent checking of glucose levels, which might lead to
poor patient compliance [9]. Recently, a new method for glycaemic control was introduced,
namely, continuous glucose monitoring (CGM) [10]. The method uses a subcutaneous
sensor to collect the glycaemia results. The main benefit of CGM is that, after insertion,
the system analyses the actual glycaemia constantly without any additional invasive
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procedure [11]. An important advantage of CGM is the evaluation of time the patient
spends in normoglycaemia. It is called time-in-range, and it is defined as the percentage
of time in which glycaemia is in reference range [12]. It is believed that time-in-range is a
more accurate outcome to assess the patient’s compliance.

There are ongoing debates about what type of glycaemia measurement method is the
most effective for pregnant women diagnosed with GDM. It is hypothesized that CGM is
superior to SMBG, but due to the high price of the device and a lack of reimbursement for
GDM in many countries, it is not used as the method of choice [7,8].

The aim of this systematic review is to assess the efficacy of continuous glucose moni-
toring on glycaemic control in pregnant women with GDM. In addition, this review will
focus on the need for pharmacological treatment and perinatal outcomes in the population
of patients using CGM.

2. Materials and Methods
2.1. Search Strategy and Selection Criteria

We conducted a systematic web search in the MEDLINE, EMBASE, Cochrane Central
Register of Controlled Trials (CENTRAL), Scopus, and Web of Science databases according
to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. The systematic review has been registered in the International Prospective
Register of Systematic Reviews (PROSPERO) registry (CRD42021289883). The keywords
utilized for the research were: continuous glucose monitoring, flash glucose monitoring,
and gestational diabetes mellitus. The time frame of the research was from database
inception date to November 2021. The inclusion criteria were: randomized controlled
trials and observational studies, and human studies in English. The exclusion criteria were
types of studies other than the inclusion criteria, animal studies, and studies in different
languages than English (Table 1).

Table 1. Inclusion and exclusion criteria for the systematic review.

Inclusion Criteria Exclusion Criteria
Randomized controlled trials and Case reports, review articles,
observational studies editorial comments
Human studies Animal studies
Studies in English Studies in different languages than English

Following the initial screening, publications were analysed further by title and abstract
to exclude studies that did not meet the inclusion criteria. After initial selection, the
remaining full articles were screened to assess the final number of eligible publications
included to the systematic review. Two of the authors independently evaluated all retrieved
studies against the eligibility criteria and, in cases of differing opinion, the publication was
discussed with the third author.

Due to heterogeneity in terms of continuous glucose monitoring devices, study dura-
tion, and number of patients among the included articles, no meta-analysis was performed.

2.2. Data Analysis

Data were extracted independently by two researchers. The following data were ex-
tracted: type of article, year of publication, type of continuous glucose monitoring, number
of patients included in the study, fasting, postprandial and nocturnal glycaemia, time
in range, qualification for insulin therapy, incidence of severe nocturnal hypoglycaemia,
glycosylated haemoglobin concentration (HbA1c), gestational weight gain, newborn birth
weight, and other neonatal outcomes.
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2.3. Outcomes

The main outcome was glycaemic control (fasting, postprandial and nocturnal gly-
caemia). Several secondary outcomes were also investigated, including: qualification to
insulin therapy, incidence of severe nocturnal hypoglycaemia, HbAlc, gestational weight
gain, newborn birth weight, and other neonatal outcomes.

3. Results
A total of 435 articles were identified through a systematic review of the literature (Figure 1).

[ Identification of studies via databases and registers J

J[ 1dentification |

Records identified from
databases searching (n = 435):
MEDLINE {n = 234)
COCHRANE DATABASE
(n=39)

SCOPUS (n = 120)

WEB OF SCIENCE (n = 42)

|

Records removed before screening:
Duplicate records removed
(n=172)

Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (1 = (1)

Records excluded by title and

Titles and abstracts screened for

eligibility (n = 263)

|

Screening

abstract screening (n = 212)

Full-text articles excluded

Full-text articles assessed for
eligibility (n = 51)

g Studies included in review
E (n=14)
Figure 1. PRISMA flow diagram.

(n=37)

After initial screening, 172 duplicates were excluded and 263 titles and abstracts were
screened further for eligibility criteria, leaving a total of 51 full-text publications. Review
of the full-text articles resulted in 37 studies being excluded from further assessment. A
total of 14 remaining publications were included in the final analysis of this systematic
review (Table 2).

Table 2. Characteristics of studies included in the systematic review.

. Study Duration of
Study ID Study Design Population Type of CGM CGM Usage Outcome Results
Incidence of Higher detection of
. hypoglycaemia, hypoglycaemia in
\Th
Paramasivam S et al. [6] RCT* ibrosis . 6 days insulin therapy, CGM group; no
P . maternal and difference in
neonatal outcomes other outcomes
Incidence of hyper- Llo'Lwer i.n]cidenoe_ of
Prospective 25 GDM iPro™ 2 and hypoglycaemia, ¥y ﬁ:igh);;;i\?w
Afandi B et al. [7] observational . . 5days HbAlc level, .
patients Medtronic F detection of
study qualification to h I s
insulin therapy YPOg ycaema n
CGM group
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patients Medtronic qualification to . .
study insulin thera to insulin therapy
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Chen Retal. [9] observational 57 G.DM Mr-_:dfromc 72h hyperglycaemia hyperglycaemia in
patients MiniMed and nocturnal
study . CGM group, no
hypoglycaemia; diffe in HbA1
HbATc level e ;
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Incidence of hyper-
R and hypoglycaemia,
Medtronic Min- AT .
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T
Lane AF et al. [11] RCT patients 1MNe{df1Pm‘ 2 28 days HbA1c level, between the groups
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m CGM group
12 GDM
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. patients, Medtronic - - No difference
CyprykKetal [13] obsertvu::ihona] 7 patients MiniMed 72h Glycaemia control between the groups
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Lower gestational
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Zhang X etal. [14] RCT atients (Abbott 14 days gestational weight  patterns and lower
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1 S stud 9 non- MiniMed neonatal outcomes difference in other
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patients the groups
Prospective = . Higher detection of
Zaharieva D et al. [16] Observational %0 ;DM iPRO . 7 days Incidence of_ hyperglycaemia in
patients Medtronic hyperglycaemia
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Table 2. Cont.

Study ID

Study Design Study

Population

Type of CGM

Duration of
CGM Usage

Outcome

Results

Kestila K et al. [18]

73 GDM

o patients

Medtronic
MiniMed

Mean47.4h

Insulin therapy,
maternal and
neonatal outcomes

Higher number of
patients qualified
for insulin therapy
in CGM group; no
difference in
maternal and
neonatal outcomes
between the groups

Yogev Y et al. [19]

Prospective 6 PGDM,
observational 2GDM
study patients,

Medtronic
MiniMed

72h

Glycaemia, HbAlc
level, insulin
therapy, maternal
and
neonatal outcomes

Higher detection of
nocturnal
hypoglycaemia and

postprandial

hyperglycaemia,
better modification

of insulin therapy
in CGM group; no
difference in other
outcomes between

the groups

Wei Qetal. [20]

106 GDM

HES patients

Medtronic
MiniMed

48-72h

Glycaemia, HbAlc
level, insulin
therapy, maternal
and neonatal
outcomes

Higher number of
patients qualified to
insulin therapy,
better detection of
nocturnal
hypoglycaemia and
postprandial

hyperglycaemia,
less gestational

weight gain in
CGM group; No
difference in other
outcomes between

the groups

* RCT = Randomised controlled trial; LGA = large for gestational age; ISGMS: instantaneous scanning glucose
monitoring system.

3.1. Glycaemic Control
3.1.1. Hyperglycaemia

In five studies, it was found that CGM is better at detecting episodes of hyperglycaemia
as compared to SMBG [7,9,12,15,16]. In two studies, it was found that CGM detected more
hyperglycaemic events than SMBG [9,15]. However, Afandi et al. demonstrated that
the incidence rate of hyperglycaemia in all patients included in the study reached 5.65%
using CGM versus 14.2% using SMBG (p < 0.05) [7]. The incidence of hyperglycaemia
above 180 mg/dL in the CGM and SMBG groups was estimated to be <1.0% and 2% of all
readings, respectively (p < 0.05). In another prospective study, hyperglycaemic events were
analysed further, and the result was that, in the CGM group, the duration of time spent in
hyperglycaemia was shorter than in the SMBG group [12]. One study found that CGM is
a better detector of nocturnal hyperglycaemia than SMBG [16]. On the other hand, three
studies described no statistical difference between the SMBG and CGM groups in detecting
glycaemia above the reference range [11,13,17].

3.1.2. Hypoglycaemia

We found eight articles about incidences of hypoglycaemia [6,7,9,11-15]. In most
studies, the outcome was that CGM detects a higher number of hypoglycaemia episodes
than SMBG [6,7,9,15]. It played an especially significant role in pregnant women qualified
for insulin therapy [9,19]. Chen et al. underlined CGM's role in especially detecting
nocturnal hypoglycaemia in patients requiring pharmacological treatment [9].
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3.1. Glycaemic Control
3.1.1. Hyperglycaemia

In five studies, it was found that CGM is better at detecting episodes of hyperglycaemia
as compared to SMBG [7,9,12,15,16]. In two studies, it was found that CGM detected more
hyperglycaemic events than SMBG [9,15]. However, Afandi et al. demonstrated that
the incidence rate of hyperglycaemia in all patients included in the study reached 5.65%
using CGM versus 14.2% using SMBG (p < 0.05) [7]. The incidence of hyperglycaemia
above 180 mg/dL in the CGM and SMBG groups was estimated to be <1.0% and 2% of all
readings, respectively (p < 0.05). In another prospective study, hyperglycaemic events were
analysed further, and the result was that, in the CGM group, the duration of time spent in
hyperglycaemia was shorter than in the SMBG group [12]. One study found that CGM is
a better detector of nocturnal hyperglycaemia than SMBG [16]. On the other hand, three
studies described no statistical difference between the SMBG and CGM groups in detecting
glycaemia above the reference range [11,13,17].

3.1.2. Hypoglycaemia

We found eight articles about incidences of hypoglycaemia [6,7,9,11-15]. In most
studies, the outcome was that CGM detects a higher number of hypoglycaemia episodes
than SMBG [6,7,9,15]. It played an especially significant role in pregnant women qualified
for insulin therapy [9,19]. Chen et al. underlined CGM's role in especially detecting
nocturnal hypoglycaemia in patients requiring pharmacological treatment [9].
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There was only one study, by Zhang et al., that calculated a significantly lower number
of patients with hypoglycaemic events in the CGM group (overall, 3 patients with hypo-
glyceamic episodes (5.45%) in CGM versus 12 patients (21.82%) in SMBG group; x° = 6.253,
p=0.012) [13]. Yu at el analysed hypoglycaemia further and showed significant a difference
in the duration of time spent in hypoglycaemia, with lower results in the CGM group [12].

3.2. Insulin Therapy

Five studies analysed how qualification to insulin therapy differs between the CGM
and SMBG groups [6,8,18-20]. In three of them, it was noted that CGM is a better predictor
for the initiation of antihyperglycaemic treatment [8,18,20]. Kestili et al. found that using
SMBG only leads to underestimation of the actual number of patients requiring insulin
therapy [18]. In another study, it was also confirmed that CGM detects a higher number of
patients who should be qualified for pharmacological treatment [8].

Two studies analysed whether CGM has an impact on insulin dosage. Paramasi-
van et al. conducted a randomised, controlled trial and revealed that the total insulin
requirement was higher in the CGM group throughout pregnancy; however, there was no
significant difference in the insulin dosage between the groups (CGM vs. control: 16.2 + 6.4
vs. 11.8 =+ 13.6 units, p = 0.314) [6]. An interesting outcome was demonstrated in the study
by Yogev et al.; namely, the CGM group demanded 33% less long and intermediate-acting
insulin, while, simultaneously, having higher (mean 20%) postprandial morning and after-
noon insulin doses than the SMBG group [19].

3.3. HBAIc

HBA1c levels were analysed in six studies [5,8,10,16,18,19]. A randomized, controlled
trial assessing HbAlc results in patients with GDM treated with insulin revealed sig-
nificantly lower HbAlc concentration in the CGM group (CGM group: 5.2 £ 0.4% vs.
SMBG group: 5.6 &= 0.6%, p < 0.006) [6]. Furthermore, in the CGM group, HbAlc re-
mained unchanged, in contrast to SMBG group, in which HbA1c levels increased over
the course of pregnancy. Despite the above-mentioned results in five other studies, no
significant differences in HbAlc concentration between CGM and SMBG groups were
observed [9,11,17,19,20].

3.4. Gestational Weight Gain

Gestational weight gain was analysed in three publications [14,18,20]. Two of them
revealed a significantly lower increase in weight gain in the CGM group [14,20]. In addition,
there was less incidence of excessive weight gain in the group using continuous glucose
monitoring [14,20]. Nevertheless, the third publication, by Kestila et al., did not confirm
the impact of CGM on gestational weight gain [18].

3.5. Neonatal Outcomes

Seven studies compared neonatal outcomes, and the results are not conclusive [6,11-13,17,18,20].
In the study by Paramasivan et al., no significant difference in newborn weight between
the CGM and SMBG groups was noted (CGM: 2842.4 g + 448.6 vs. SMBG: 2976.0 g + 473.5;
p =0.311) [6]. Another two prospective studies confirmed their result [15,20]. In the study
by Kestilla et al., the incidence of macrosomia was similar in both groups (p = 0.33) [18].
In contrast, Yu F et al. observed significantly lower neonatal weight in the CGM group
(an average difference of 207 g; p < 0.001) and higher incidence of macrosomia or LGA
in the SMBG group (p < 0.05) [12]. The authors also analysed other neonatal outcomes,
but the results were inconclusive. There was a significantly lower incidence of neonatal
hypoglycaemia and hyperbilirubinemia in the CGM group; however, NICU admission
rates did not differ between the groups [12]. In four other studies, the authors showed no
differences in any analysed neonatal outcomes [11,17,18,20].
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4, Discussion

In this systematic review, we aimed to assess the efficacy of CGM on glycaemic control
in GDM. Overall, the results of our review provide clear evidence for the superiority of
CGM over SMBG in dysglycaemia assessment. In the majority of studies, it was shown
that, in the CGM group, there was a better detection of dysglycaemia than in the SMBG
group [6,7,9,12,15]. However, few studies did not confirm the statistical difference between
those two methods [11,13,17]. The difference in outcomes might be the consequence of
different methodologies used in the studies, including the number of patients recruited
or study duration (for example, too short a period of time to reveal a statistical difference
between the groups).

An interesting outcome analysed in the review was the role of CGM in detecting
nocturnal hypoglycaemia. In four studies, CGM performed better in the assessment of
hypoglycaemic events [6,7,9,16]. Yu et al. revealed that CGM shortens the time spent in
hypoglycaemia as compared to SMBG [12]. Moreover, the authors observed that CGM had
an impact on diet control, weight monitoring and appropriate exercise. Thus, shorter time
spent in hypoglycaemia was correlated with better health behaviour patterns and patient
compliance. Overall, it is believed that improved nocturnal hypoglycaemia detection by
CGM might have implications for better modification of GDM treatment, not only better
qualification for insulin therapy, but also diet modifications [6,12]. It might play a particular
role for patients requiring pharmacological treatment.

HbAlc levels, widely used as an assessment tool for patients with diabetes compliance,
did not differ between the groups in almost all analysed articles [11,19,20]. Only one study
noted the role of CGM in improving HbA 1c levels throughout pregnancy [6]. Consequently,
these outcomes might confirm that HbAlc is not the most reliable parameter used for
gestational diabetes management.

Regarding insulin therapy, almost all studies demonstrated CGM’s superiority over
SMBG in predicting adequate antihyperglycaemic treatment [8,18-20]. Continuous glucose
monitoring not only enabled better qualifications of patients for insulin therapy, but also
had an impact on dose modification. CGM improved adjustments in the insulin dosage that,
in consequence, could minimalize complications associated with improper treatment [20].

Regarding neonatal outcomes, in most of the included studies, there was no statistical
difference between the CGM and SMBG groups [6,18,20]. Only one study, including over
300 patients, revealed a significantly lower incidence of LGA and lower birth weight in
the CGM than in the SMBG group [12]. As a result, further studies need to be conducted
to elucidate whether lack of differences in neonatal outcomes may be a consequence of
methodological shortcomings. It seems likely that if continuous glucose monitoring better
detects dysglycaemia and improves pharmacological treatment, it should have an impact
on neonatal outcomes.

A few studies revealed the role of CGM in improving health behaviour patterns [14,20].
Zhang et al. noted its role, especially with regard to lower gestational weight gain compared
to the SMBG group [14]. However, there is limited data available in other analysed studies
about this maternal outcome. The possible cause of this ambiguous result might be a
short period of CGM usage in the majority of the included articles (less than 7 days of
measurements per patient).

Several methodological flaws limit the internal validity of this systematic review. First,
the main limitation of the analysed studies is that they included small study groups (there
was only one study including >150 patients). For example, Paramasivan et al. studied
the impact of CGM on maternal and neonatal outcomes with a relatively small group of
patients (11 = 25 in CGM and 1 = 25 in SMBG group) [6]. Hence, some of their results
do not merge together—the study revealed the impact of continuous glucose monitoring
on improving glycaemia control, but it revealed no significant differences in neonatal
outcomes. Secondly, not all of the studies were randomized, controlled trials; therefore,
some of the results might have been prone to recall bias. Thirdly, the periods planned for
conducting the study were relatively short (median: 5 days), which may not allow the
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demonstration of significant differences in certain perinatal outcomes. Furthermore, there
were not many studies that analysed additional maternal outcomes.

The strengths of this systematic review include study selection from five major databases
and their further analysis based on clearly defined inclusion and exclusion criteria.

5. Conclusions

This systematic review supports the thesis that CGM is superior to SMBG in the
management of dysglycaemia in GDM. Our findings suggest that CGM better detects
hyper- and hypolgycaemic events and is a more appropriate predictor of qualification for
insulin therapy. Therefore, these results provide justification for the idea that CGM plays an
important role in glycaemia management in GDM. CGM improves the detection of fasting
and postprandial hyperglycaemia. Additionally, it better assesses nocturnal hypoglycemia
episodes. Improved identification of dysglycaemia allows for better patient compliance as
well as decreases the rate of unnecessary interventions, including qualification for insulin
therapy and further improper dose adjustment.

On the other hand, the results for neonatal outcomes, including LGA incidence in both
methods of measurement, were inconclusive. There is limited evidence that CGM improves
any of the analysed neonatal outcomes. Furthermore, it will be essential to elucidate the
role of CGM in changing patient health behaviour patterns.

To conclude, more prospective studies focusing on maternal and neonatal outcomes
in GDM-complicated pregnancies monitored by CGM need to be conducted to support the
existing evidence and to solve the inconclusive findings.
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Zatacznik 1

Zalecany przyrost masy ciata dla kobiet cigzarnych z cukrzycg
jest taki sam, jak dla kobiet bez cukrzycy

Podstawa leczenia cukrzycy jest zmiana stylu zycia:
q 3 sty 2y [ BMI (kg/m2) Catkowity zalecany przyrost ]
masy ciafa podczas ciazy (kg)
1. Prawidt odiywianie - okreslane, jako , leczenis iowe”
ra lowe odzywianie - ol ane, jal nie tywieniowe’ <185 25380
2. Dostosowana do stanu pacjentki aktywnos¢ fizyczna Niedowaga.
18,5-24,9 11,5-16,0
Norma

Badania naukowe wskazuja, ze takie postgpowanie jest wystarczajace do
utrzymania poiadanego steienia glukozy we krwi 25-29,9 7,0-11,5
u 70 - 85% kobiet z cukrzyca cigiowa. e

2300 5,0-9,0
Otyloit

ale - u kobiet z cukrzycg w maksymalnym stopniu nalezy
na wadze!
Zmniejsza to ryzyko powikiari cigiy, porodu zbyt duzego noworodka,

Wartosé energetyczna cafodziennej diety kobiet otylych lub kobiet, ktére na

u kobiet nie bedacych w ciazy diugo przed terminowym zakoficzeniem ciazy osiagnely juz zalecany przyrost masy
(o prawidiowe] masie ciata) wynosi 30-35 keal/kg masy ciata/dzieri ciala moie wymagaé ograniczenia spozycia kalorii o 20-30% (zaleinie od stopnia
aktywnosci fizycznej) tak, aby pobranie energii z diety bylo niisze od iloéci energii
wydatkowanej przez organizm.
dla kobiety o matej aktywnosci fizycznej, wazacej 60 kg jest to
1800-2100 kcal/dziert
ciata zapotrzebowanie wzrasta: Nadmierne tycie oznacza, ie ilosé energii w diecie u danej pacjentki
jest zbyt duza, chociaz czasami dieta weale nie jest wysokoenergetyczna.
w | trymestrze o 85 keal  (jest to np. % szklanki kefiru) Wynika to z indywidualnego tempa przemiany materii oraz ze zmian hormonalnych
w czasie cigzy.

w Il trymestrze o 285 keal (jest to np. kanopka: 2 kromki chleba tytniego pefnoziarnistego,
1 jajo na twardo, 1 yzeczka masta, % papryki czerwonej)

w il trymestrze o 475 keal (jest to np. talerzyk deserowy salatki jarzynowe (200 g),
2 kromki chrupkiego chleba, 2 plasterki szynki)

Spozycie poszczegélnych grup zywnosci

Positki nalezy jes¢ w regularnych odstepach czasu it

3 positki gtowne Wigkszo$¢ produktow zbozowych powinny stanowié gatunki petnoziarniste m.in. ze
2-3 positki dodatkowe wzgledu na skrobie i blonnik, co spowalnia wchtanianie glukozy do krwi — 2ywnos¢

wolniej opuszcza 2otadek i diuzszy jest proces trawienia.
U kobiet z duzym spadkiem stezenia glukozy w nocy zaleca sig¢ maly positek

przed snem. Nalezy spozywaé min. 25g blonnika/dzien.
N R o § Poréwnanie: 1 kromka chleba petnoziarnistego (35g) zawiera okoto 3,5 g btonnika
Czeste jedzenie sprzyja kontroli objetosci positkéw (unikanie obfitego positku na 1 kromka chleba pszenno-#ytniego zawiera okoto 1 g blonnika

skutek silnego gtodu, gdy przerwy w jedzeniu s3 diugie).
Zaleca sig produkty jak najmniej przetworzone:

Roztoione w ciagu dnia positki powoduja tagodny wzrost glukozy we krwi. - kasze (jeczmienna, gryczana, jaglana)
3 - ryz brazowy
E - makarony z maki ciemnej, razowej
H - pleczywo razowe (unikaj pieczywa bialego, chyba, e po spoyciu pieczywa clemnego masz
g - dolegliwosci ze strony przewodu pokarmowego)
i — 3positki
¢ = 6 positkéw Nie nalezy mocno - tywnosé »al dente”
§' 11 I [ ma niiszy indeks glikemiczny (1G)
¢niadanie llénladanie oblad podwieczorek kolacla praekaska Warto zastepowac pieczywo (zwlaszcza bulki kajzerki) safatkami na bazie produktow zbozowych
R .M, 7579 wezeéniej i Zalet tych ps 6w jest forma skrobi zwana oporng, ktéra
spowalnia wehtanianie glukozy do krwi.
muszg byé na positki w ciggu dnia.
Nalezy unikaé duzego spozycia weglowodanéw w jednym positku 1. Warzywa powinny by¢ spozywane jak najczesciej, réznego
cukrow 3 duje to znaczny y rodzaju i w jak najwiekszej ilosci (potowa wielkosci positkéw).
wzrost stezenia glukozy we krwi. Dzienna ilo$¢ warzyw wynosi min. 300 graméw
- 1j. 4-5 porcji (w praktyce w kazdym positku).
’ 1 porcja to np: 1 $redni pomidor lub % papryki lub 1 marchew,
moze to by¢ tez 1 szklanka soku warzywnego.
ale nie trzeba iczac spozycia ow z pet Nalezy jes¢ duzo warzyw surowych (niski IG).
produktow zbozowych i warzyw, i z dieta ni: staje sig
na ogdt dieta lub i (efekt i Waine: do ww. ilosci warzyw nie wlicza sig ziemniakéw
produktow).
2. Owoce, ze wzgledu na zawartosé cukrow prostych nalezy
W zywieniu kobiet ci sap yze i jes¢ w mniejszych ilosciach: 1-2 porcji dziennie.
typu: K, gli 1 porcja to np. 1 $rednie jabtko lub 1 pomararicza lub 5 $liwek.
Badania wykazuja, ze ich ilosci w diecie nie przekraczaja Poréwnanie: 1 banan zawiera 20 g cukru (4 fyzeczki) = 1/3 tabliczki czekolady mlecznej.
bezpiecznych norm. Nie nalezy spozywac owocow ja cukru).

Nie ma potrzeby wybiera¢ warzyw ekologicznych. Tradycyjne produkty sq
pod stata kontrolg i s3 i dia grup
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Jak, w prosty spos6b zwigkszy¢ spozycie warzyw | Zaleca sie codziennie spoywat, co najmniej 2 szklanki mleka (1,5% - 2% tuszezu).
Jesli pacjentka nie lubi pi¢ mleka nalezy zwigkszy¢ ilos¢ innych produktow:

jogurtu kefiru, biateg - chudego lub

Nie jest wskazane zbyt czeste jedzenie seréw 2oitych, ze wzgledu na znaczne ilosci
thuszczu zwierzecego i soli.

Nalezy wybieraé chude migsa i wedliny (unika¢ ttustych typu: schab karkowy, pasztet,
salami, baleron).
Poréwnanie: 100 g szynki bez otoczki tluszczowej zawiera 2-8 g tluszczu

100 g salami zawiera 42-48 g tluszczu
Ogranicza¢ nalezy spoiycie wyrobow miesnych peklowanych (dodatek azotanéw podany jest w
skladzie produktu na opakowaniu), a cz¢sciej wybiera¢ migsa pieczone samodzielnie.
2-3 razy w tygodniu nalezy jeé¢ tuste ryby (z ograniczeniem wedzonych).
Z uwagi na ryzyko zani nalezy unikaé ia duzych ryb (miecznik, rekin,
marlin) i ogranicza¢ spozycie fososia battyckiego.
2-3 razy w tygodniu zaleca sig jedzenie nasion roslin stragczkowych (pasty, pierogi)
Rosliny straczkowe i jaja to znakomity zamiennik migsa w codziennych positkach.
Zaleca sie, aby 40% dziennego spoiycia biatka bylo pochodzenia rodlinnego.

o A et ke sl N

(9 keal/1 g tluszczu vs. 4 keal/1 g biatek lub weglowodanow)
U ciezarnych z cukrzycg nalezy prawie catkowicie wyeliminowaé
W diecie na poziomie 2500 kcal zalecana ilos¢ thuszczu wynosi 55-84 g. produkty wnoszace cukry proste — stodycze, ciasta i stodkie napoje
Jedli kobieta cigzarna jest otyfa lub zbyt szybko przybiera na wadze dotyczy jej nizszy ("le wnosza one do dlety hdnych cem‘yd' skhdnlkéw).
zakres spozycia (do 70 g dziennie).
Dieta wysokotiuszczowa zwigksza opornosé komérek na insuling.

Jak spetni¢ norme na tluszcz ? 2 stodzone kawy ' " \ Zaleca sie < 10% energii z cukru ,dodanego”
Odpowiedt jest trudna do prostego zobrazowania, poniewat w puli spozycia nalezy I“.? herbaty 5@4 ) {culder W::: znm:!mw s::;‘d::::q' 5 A
thuszze ie zawarte w (np. wedliny, mieko, orzechy) {pojedne] fytaceoe RS

i tluszcze samodzielnie dodawane do positkéw (oleje, masto, margaryna). =Zhsciaous) W diecie 2500 keal to < 62 g cukru (12 fyzeczek)

Zawartosé thuszczu w produkcie podana jest w tabeli wartosci odzywczej. =
1szklanka H ) 2 N

Generalna zasada: nalety thuszcze ( thustych ryb), napoju 10 tyzeczek = 83% dziennej normy
a oleje roélinne (z i (4tybeczkd cukru) |

Avocado, pestki, nasiona i orzechy to #rédfa dobrych tluszczy w diecie. 1 opakowanie Do picia nalezy wybiera¢ wode, a ograniczac¢

Pasta z avocado z powodzeniem moze zastapi¢ masto jako sktadnik kanapki. jogurtu owocowego picie sokéw owocowych (irédio cukrow).
(4 byzeczki cukru)

Zaleca sig aby kobieta w cigzy rozpoczeta aktywnosé fizyczng od 15 minut
dziennie, zwigkszajac jq stopniowo do 50 minut,
a éwiczenia odbywaty sig 3-4 razy w tygodniu
Formy ruchu o umiarkowanej intensywnosci
(szybki spacer, basen, ¢wiczenia).

Po kazdym positku zaleca sig takze 10 minut ¢wiczeri w pozycji siedzacej na
krzesle (np. ruchy ramion, pétobroty ciata) - mniejszy wzrost poziomu glukozy.

Jesli pacjentka obawia sig, czy moze ¢wiczy¢ nalezy zapytac lekarza
prowadzacego cigzg.
*

Jak éwiczy¢ - film instruktazowy
https://www.youtube.com/watch?v=CEUUmIRDVvw

D je o roli akty i fizycznej w ciqzy
znajduja sie na stronach Narodowego Centrum Edukacji Zywieniowej

ph.
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Zatacznik 2

BMI Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

Kwestionariusz oceny jako$ciowej jadlospiséw pacjentek z cukrzycg cigzowy

Lp. Wyréznik Punkty
1. |Liczba positkow
1 Sniadanie 1
11 $niadanie 1
Obiad 1
Podwieczorek 1
Kolacja 1
II Kolacja 1
2: Przerwa miedzy positkami w ciagu dnia )
do 3 godz. 2
do 4 godz.
powyzej 4 godz. 0
3. Przerwa nocna )
do 10 godz.
powyzej 10 godz. 0
4. |Uwzglednienie wody do picia wilo$ci co najmniej 2-2,5 l/dzien
Tak 1
Nie 0
5. |llo$¢ warzyw spozywana w ciagu dnia )
5 porgcji 5
4 porcje 4
3 porcje 3
2 porcje 2
1 porcja 1
w zadnym positku 0 "
6. | Ilo$¢ owocow spozywana w ciagu dnia
2 porcje 2
1 porcja 1
w zadnym positku _
7. | Uwzglednienie porcji surowych warzyw i/lub owocow
przynajmniej w 2 positkach 2
przynajmniej w 1 positku 1
w zadnym positku 0 _
8. |Réznorodno$¢ warzyw i/lub owocéw w jadtospisach
Tak
Nie 0 B
9. | Produkty zbozowe z pelnego przemiatu
przynajmniej w 3 positkach 3
w 2 positkach 2
w 1 positku 1

Majewska A, et al. BMJ Open 2021; 11:¢041486. doi: 10.1136/bmjopen-2020-041486
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w zadnym positku 0
10. |Roéznorodnosé produktéw weglowodanowych w jadlospisach )
Tak 1
Nie 0 _
11. | Mleko i przetwory mleczne w tym napoje fermentowane
= 3w positkach 3
w 2 positkach 2
w 1 positku 1 _
12. | Biatko pelnowartosciowe (zwierzece lub straczkowe) w gléwnych
positkach
w 3 positkach 3
w 2 positkach 2
w 1 positku 1
w zadnym positku 0 _
13. | Nasiona roslin straczkowych
6x na 2 tygodnie 2
4x na 2 tygodnie
<2 xna 2 tygodnie 0 _
14. |Ryby i/lub przetwory rybne
6x na 2 tygodnie 2
4x na 2 tygodnie
< 2xna 2 tygodnie 0 _
15. |Roéznorodnos¢ gatunkowa mies i przetworéw miesnych w jadtospisach
Tak 3
Nie 0
16. |Przekaski miedzy positkami )
warzywa/orzechy 2
owoce g
stone przekaski 0
stodycze 0 _
17. lZé';Sinicowanie technik przygotowywania potraw (uwzglednienie niskiego
Tak
Nie 0 _
18. Zré_inicowanie konsystencji i strawnosci poszczegélnych skiadnikow
positku
Tak 1
Nie 0 2
19. |Potrawy smazone w jadtospisach
4x na 2 tygodnie 2
6x na 2 tygodnie
> 6 x na 2 tygodnie 0 B

Majewska A, et al. BMJ Open 2021; 11:¢041486. doi: 10.1136/bmjopen-2020-041486
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20. |podatek przypraw do potraw
uzywanie zi6t zamiast soli 1
dosalanie potraw przy stole 0
dodatek cukru do potraw
L Ocena koncowa jadiospisow Przedziat
P pacjentek z cukrzyca ciazowa punktowy
1. prawidtowy 39-42
2. zadowalajacy 30-38
3. wymagajacy poprawy 12-29
4. niezadowalajacy <12

Majewska A, et al. BMJ Open 2021; 11:¢041486. doi: 10.1136/bmjopen-2020-041486
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Podsumowanie

Cukrzyca cigzowa jest jednym z najczesciej wystepujacych powiktan cigzy, a znaczacy postep
w opiece nad pacjentkg z GDM nie zredukowat zadowalajgco czestosci wystepowania jej
powiktan. Pomimo rekomendacji dotyczacych kontroli glikemii na czczo i popositkowych oraz
leczenia farmakologicznego nadal trzykrotnie czesciej niz w populacji ogdlnej dochodzi do
rozwoju makrosomii ptodu, a u co trzeciego noworodka rozpoznaje hipoglikemie. W zwigzku
z nowym metodami monitorowania glikemii wysnuto hipoteze, Zze catodobowe
monitorowanie glikemii moze udoskonalié postepowanie w GDM. Wydaje sie, ze
monitorowanie glikemii tylko czterokrotnie w ciggu doby moze by¢ niewystarczajgce, aby
zmniejszyé czesto$¢ wystepowania powiktan zaréwno krétko- jak i dtugoterminowych
cukrzycy cigzowej.

Jak juz przedstawiono we , Wstepie” —w cukrzycy cigzowej istotng role stanowi prawidtowe
wyrownanie glikemii. W zwigzku z tym, wydaje sie uzasadniona rekomendacja zastosowania
bardziej precyzyjnej metody — ciggtego monitorowania glikemii. Pozwoli to m.in. na
podstawie trendéw glikemii popositkowych spersonalizowanie diety cukrzycowej i w
konsekwencji poprawe leczenia GDM.

W badaniach stanowigcych podstawe niniejszej rozprawy doktorskiej materiat do
charakterystyki grupy badanej oraz grupy kontrolnej stanowity glikemie u pacjentek z
rozpoznaniem cukrzycy cigzowej pomiedzy 24. a 28. tygodniem cigzy. Do RCT wtgczono 100
pacjentek z rozpoznaniem GDM. W dostepnej literaturze dotychczas nie opublikowano
badania randomizowanego na tak duzej grupie pacjentek z GDM, u ktérej monitorowano
glikemie przy pomocy FGM przez dfuzszy okres czasu niz 7 dni.

W oryginalnej pracy z cyklu pt. ,Flash glucose monitoring in gestational diabetes mellitus:
study protocol for a randomised controlled trial” przedstawiono protokdét badania, w ktérym
opisano doktadnie ilos¢ zaplanowanych wizyt, opis badan oraz danych zbieranych w trakcie
badania. Przedstawiono pierwszo- oraz drugorzedowe punkty koricowe. Wyszczegdlniono
rowniez wielkos¢ grupy wymaganej do osiggniecia istotnosci statystycznej. Badanie zostato
zarejestrowane w ClinicalTrials NCT04422821.

W kolejnej oryginalnej pracy z cyklu pt. ,Flash glucose monitoring in gestational diabetes
mellitus (FLAMINGO): a randomised controlled trial” przedstawiono wyniki badania. Na

podstawie przeprowadzonego RCT uzyskano potwierdzenie wptywu FGM na lepsze
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wyrownanie w pierwszym miesigcu od rozpoznania GDM zaréwno glikemii na czczo (p=0.027)
jak i popositkowych (p=0.034). FGM umozliwito réwniez wykrycie z duzo wiekszg czutoscia
hipoglikemii nocnych - s$rednia czestos¢ wystepowania 15 incydentéw/miesigc w grupie
badanej. Zastosowanie isCGM nie miato wptywu na kwalifikacje do insulinoterapii oraz
modyfikacje dawki. Na podstawie wynikéw FLAMINGO uzyskano potwierdzenie wptywu FGM
na istotne zmniejszenie czestosci wystepowania powiktania GDM w postaci makrosomii ptodu
(definiowanej w badaniu jako masa urodzeniowa > 4000g), w poréwnaniu z SMBG (20% vs.
4.08%, OR 5.62, 95% ClI 1.16 — 27.22). W grupie badanej rzadziej rozpoznawano réwniez
hipoglikemie pourodzeniowg noworodka, natomiast wynik nie byt istotny statystycznie (20%
vs. 8.16%, OR 1.29, 95% Cl 0.50 — 3.28). Badanie wykazato, ze metoda isCGM umozliwia
doktadne monitorowanie stezenia glikemii i moze w przysztosci zastgpié¢ dotychczasowe
selektywne i inwazyjne pomiary z palca przy pomocy glukometru. FLAMINGO jest pierwszym
badaniem, w ktérym wykazano wptyw FGM nie tylko na lepszg kontrole glikemii, ale rowniez
na powiktanie matczyno-ptodowe w postaci makrosomii ptodu.

W pogladowej pracy z cyklu pt. , Efficacy of continuous glucose monitoring on glycaemic
control in pregnant women with gestational diabetes mellitu — a systematic review”
przedstawiono aktualny stan wiedzy o ciggtym monitorowaniu glikemii w cukrzycy cigzowej.
W przegladzie systematycznym podkreslono matg liczbe dotychczas opublikowanych parac
poswieconych zagadnieniom zastosowania CGM u kobiet z cukrzyca cigzowaq. Przedstawiane
w nich dane pochodzity zazwyczaj jedynie z kilkudniowych pomiaréw nie pozwalajgc na ocene
skutecznosci CGM w terapii GDM.

Wykazano istotny wptyw CGM na lepszg kontrole glikemii oraz wfasciwszg kwalifikacje do
leczenia farmakologicznego, ale nie udato sie oceni¢ (zwtaszcza w pracach o krétkim czasie

obserwacji) wptywu na ryzyko makrosomii oraz hipoglikemii pourodzeniowe;.
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Whioski

1. Zastosowanie ciggtego monitorowania glikemii metoda skanowania poprawia wyniki
leczenia cukrzycy cigzowe;.

2. Ciggte monitorowanie glikemii wptywa na lepsze wyrédwnanie glikemii u kobiet z
cukrzycg cigzowa.

3. Ciagte monitorowanie glikemii jest bardziej czutg i doktadng metodg wykrywania
incydentéw hipoglikemii u kobiet z cukrzycg cigzowg w poréwnaniu do monitorowania
glikemii przy pomocy glukometru.

4. Kobiety z cukrzyca cigzowg bardziej restrykcyjnie przestrzegajg zalecen dietetycznych
stosujac ciggte monitorowanie glikemii.

5. Ciggte monitorowanie glikemii nie ma wptywu na modyfikacje aktywnosci fizycznej u
kobiet z cukrzyca cigzowg w trzecim trymestrze cigzy.

6. Ciagte monitorowanie glikemii nie przyczynia sie do czestszego stosowania
insulinoterapii u kobiet z cukrzyca cigzowa.

7. Stosowanie ciggtego monitorowania glikemii metodg skanowania w terapii cukrzycy
cigzowej zmniejsza ryzyko wystgpienia makrosomii ptodu.

8. Stosowanie ciggtego monitorowania glikemii metodg skanowania w terapii cukrzycy

cigzowej nie wptywa na ryzyko wystgpienia incydentéw hipoglikemii u noworodka.
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dotyczacym: wyrazenia opinii w sprawie badania pt.: , Ocena wplywu zastosowania ciaglego
monitorowania glikemii na wyniki leczenia cukrzycy ciagzowe;j.”

wyraza nastepujacg
opinig
opuszczalne i zgodne z zasadami naukowo-etycznymi*.

- stwierdza, Ze jest ono d

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 péin.zm./, zarzagdzenia 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 Medycznym/.

Komisja dziala zgodnie z zasadami GCP .

Przewodni 2&2%?““
Prof%ﬂl. Magdalena Kuzma-Kozakiewicz

*niepotrzebne sktesl¢
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strona podpisowa do uchwaly Komisji Bioetycznej przy Warszawskim
Uniwersytecie Medycznym nr KB/....... -1 SGe z dnia 09 marca 2020r.

1. Prof. dr hab. n.med. Magdalena Kuzma -Kozakiewicz

2. Dr hab. n. med. Tomasz Grzela

3. Or hab. n. med. Andtea dorvaili-Siolarczyk
4. Prof. dr hab. n. med. Pawet Piatkiewicz

5. Dr hab. n. med. Marek Postuta

6. Prof. dr habh. n. med. Marcin Ufnal

7. Dr hab. n. farm. Sylwia Flis

8. Dr n. med. Agnieszka Serafin

9. Ks. Pawel Smierzchalski

10.Mec.Danuta Lewandowska

11. Prof. Joanna Domagata-Kulawik

12. Dr hab. n.med. Barbara Grzechocinska

13. Dr hab. n. med. Michat Grat

14.Dr n. med. Joanna Drozd-Sokotowska
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Oswiadczenia wspoétautoréw publikacji

M‘/jbc‘— PR

/9)% ol -9 (miejscowosé, data)

(imie i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Flash glucose monitoring in gestational diabetes mellitus:
study protocol for a randomised controlled trial™
oswiadczam, iz mdj wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badaii oraz przedstawienie pracy w formie publikacji stanowi:
wspéluczestnictwo w zaplanowaniu procedury badan w ramach protokolu, postawienie

hipotez oraz wspétudzial w przygotowaniu tekstu manuskryptu.
Méj udzial procentowy w przygotowaniu publikacji okreslam jako 15 %.

Wkiad Agaty Majewskiej w powstawanie publikacji okreslam jako 65 %,
(imi¢ i nazwisko kandydata do stopnia)

obejmowal on: zaplanowanie procedury badain w ramach protokolu, postawienie hipotez,

przygotowanie tekstu manuskryptu.

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako ci¢§é rozprawy doktorskiej

lek. Agaty Majewskiej.

(imig i nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szczeg6lnosei udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Dp A B e
,,,,/z,j,,,j, — e

(imieg i nazwisko)

OSWIADCZENIE

Jako wspdlautor pracy pt. ,.Flash glucose monitoring in gestational diabetes mellitus
(FLAMINGO): a randomised controlled trial”
oswiadczam, iz moj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
wspoluczestnictwo w przygotowaniu i wykonywaniu badan opisanych w tej pracy, czgsciowa

interpretacja wynikow oraz wspétudzial w przygotowaniu tekstu manuskryptu.

MOoj udzial procentowy w przygotowaniu publikacji okreslam jako 10 %.

Wklad Agaty Majewskiej w powstawanie publikacji okreslam jako 60 %,
(imig i nazwisko kandydata do stopnia)

obejmowal on: przygotowanie koncepcji, metodyki oraz wykonywanie badan opisanych w tej

pracy, analize statystyczna i interpretacj¢ wynikow, przygotowanie tekstu manuskryptu.

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czeg$¢ rozprawy doktorskiej
lek. Agaty Majewskie;.

(imig i nazwisko kandydata do stopnia)

odpis oswiadczajacego)

*w szczegolnosei udzialu w przygotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikow
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Aa/z/u- pEar I

(miejscowos¢, data)

(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,.Efficacy of Continuous Glucose Monitoring on Glycaemic
Control in Pregnant Women with Gestational Diabetes Mellitus-A Systematic Review”
o$wiadczam, iz méj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
wspbluczestnictwo w przygotowaniu przegladu literatury zawartego w tej pracy, interpretacja

wynikow oraz wspétudziat w przygotowaniu tekstu manuskryptu.

MOoj udziat procentowy w przygotowaniu publikacji okreslam jako 15 %.

Wkiad Agaty Majewskiej w powstawanie publikacji okreslam jako 65 %,
(imig i nazwisko kandydata do stopnia)
obejmowal on: przygotowanie metodyki oraz opracowanie przegladu literatury zawartego w

tej pracy, interpretacj¢ wynikow, przygotowanie tekstu manuskryptu.

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej
lek. Agaty Majewskie;.

(imig i nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szczegblnosei udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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(miejscowos¢, data)

(imie i nazwisko)

OSWIADCZENIE

Jako wspélautor pracy pt. ..Flash glucose monitoring in gestational diabetes mellitus:
study protocol for a randomised controlled trial™
os$wiadczam, iz mdj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
wspodluczestnictwo w zaplanowaniu procedury badan w ramach protokotu, postawienie

hipotez oraz wspétudzial w przygotowaniu tekstu manuskryptu.
Moj udzial procentowy w przygotowaniu publikacji okreslam jako 15 %.

Wklad Agaty Majewskiej w powstawanie publikacji okreslam jako 65 %,
(imie i nazwisko kandydata do stopnia)

obejmowal on: zaplanowanie procedury badan w ramach protokotu, postawienie hipotez,

przygotowanie tekstu manuskryptu.
(merytoryczny opis wkiadu kandydata do stopnia w powstanie publikacji)*
Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Agaty Majewskie;.

(imig i nazwisko kandydata do stopnia)

(podpis oswiadczajacego)

*w szczegbInosei udzialu w przygotowaniu koncepceji, metodyki, wykonaniu badan, interpretacji wynikow
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(miejscowos¢, data)

(imig¢ i nazwisko)

OSWIADCZENIE

Jako wspdtautor pracy pt. ,,Flash glucose monitoring in gestational diabetes mellitus
(FLAMINGO): a randomised controlled trial”
o$wiadczam, iz mdj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
wspoluczestnictwo w  przygotowaniu i wykonywaniu badan opisanych w tej pracy,

interpretacja wynikéw oraz wspotudzial w przygotowaniu tekstu manuskryptu.
Méj udzial procentowy w przygotowaniu publikacji okreslam jako 10 %.

Wkiad Agaty Majewskiej w powstawanie publikacji okreslam jako 60 %,
(imig i nazwisko kandydata do stopnia)
obejmowat on: przygotowanie koncepcji, metodyki oraz wykonywanie badan opisanych w tej

pracy, analize statystyczng i interpretacje wynikow, przygotowanie tekstu manuskryptu.
(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji)*
Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej

lek. Agaty Majewskie;j.

(imi¢ i nazwisko kandydata do stopnia)

........ b S

(podpis o$wiadczajgcego)

*w szczegblnosei udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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(miejscowos¢, data)

(imie i nazwisko)

OSWIADCZENIE

Jako wspdlautor pracy pt. ..Efficacy of Continuous Glucose Monitoring on Glycaemic
Control in Pregnant Women with Gestational Diabetes Mellitus-A Systematic Review”
os$wiadczam, iz moj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
wspdluczestnictwo w opracowaniu przegladu literatury zawartego w tej pracy, interpretacji

wynikow oraz wspotudzial w przygotowaniu tekstu manuskryptu.
MJj udzial procentowy w przygotowaniu publikacji okreslam jako 15 %.

Wkiad Agaty Majewskiej w powstawanie publikacji okreslam jako 65 %,
(imic¢ i nazwisko kandydata do stopnia)

obejmowal on: przygotowanie metodyki oraz opracowanie przegladu literatury zawartego w

tej pracy, interpretacje wynikow, przygotowanie tekstu manuskryptu.
(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji)*
Jednoczesnie wyrazam zgode¢ na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lek. Agaty Majewskie;.

(imig i nazwisko kandydata do stopnia)

....... Guah... Samisdl

(podpis oswiadczajacego)

*w szezeg6lnosci udzialu w przygotowaniu koncepceji, metodyki, wykonaniu badan, interpretacji wynikow
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/ (miejscowos¢, data)
I LM\

(imig i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. ,,Flash glucose monitoring in gestational diabetes mellitus:
study protocol for a randomised controlled trial”
oswiadczam, iz mdj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
wspotuczestnictwo w zaplanowaniu procedury badan w ramach protokotu oraz wspétudziat w

przygotowaniu tekstu manuskryptu.
M¢j udziat procentowy w przygotowaniu publikacji okreslam jako 5 %.

Wkiad Agaty Majewskiej w powstawanie publikacji okreslam jako 65 %,

(imig i nazwisko kandydata do stopnia)
obejmowat on: zaplanowanie procedury badan, postawienie hipotez, przygotowanie tekstu
manuskryptu.

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgod¢ na wykorzystanie w/w pracy jako czes¢ rozprawy doZorskiej
lek. Agaty Majewskiej.

(imig i nazwisko kandydata do stopnia)

(podpis o$wiadtzajacego)

*w szczeg6Inosci udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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W QJ\& (miejscowos¢, data)

(imig i nazwisko)

OSWIADCZENIE

Jako wspbtautor pracy pt. ,,Flash glucose monitoring in gestational diabetes mellitus
(FLAMINGO): a randomised controlled trial”
o$wiadczam, iz méj wilasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
wspbluczestnictwo w wykonywaniu badan opisanych w tej pracy oraz wspotudziat w
przygotowaniu tekstu manuskryptu.
MJj udziat procentowy w przygotowaniu publikacji okreslam jako 5 %.

Wkiad Agaty Majewskiej w powstawanie publikacji okreslam jako 60 %,
(imig i nazwisko kandydata do stopnia)
obejmowal on: przygotowanie koncepcji, metodyki oraz wykonywanie badan opisanych w tej

pracy, analizg statystyczna i interpretacj¢ wynikow, przygotowanie tekstu manuskryptu.

(merytoryczny opis wkiadu kandydata do stopnia w powstanie publikacji)*

Jednoczes$nie wyrazam zgodg na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej
lek. Agaty Majewskiej.

(imig i nazwisko kandydata do stopnia)

(podpis o$widdczajacego)

*w szczegblnosci udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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. (miejscm{vosé, data)

(imie i nazwisko)

OSWIADCZENIE

Jako wspélautor pracy pt. ,.Efficacy of Continuous Glucose Monitoring on Glycaemic
Control in Pregnant Women with Gestational Diabetes Mellitus-A Systematic Review”
o$wiadczam, iz méj wilasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
wspoluczestnictwo w opracowaniu przegladu literatury zawartego W tej pracy oraz

wspotudziat w przygotowaniu tekstu manuskryptu.
Moj udziat procentowy w przygotowaniu publikacji okreslam jako 5 %.

Wkiad Agaty Majewskiej w powstawanie publikacji okreslam jako 65 %,
(imig i nazwisko kandydata do stopnia)

obejmowal on: przygotowanie metodyki oraz opracowanie przegladu literatury zawartego w

tej pracy, interpretacj¢ wynikow, przygotowanie tekstu manuskryptu.

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej
lek. Agaty Majewskiej.

(imie i nazwisko kandydata do stopnia)

(podpis oswiadgczajacego)

*w szczeg6lnoéei udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikéw
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(miejscowosc¢, data)

(imie i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. Flash glucose monitoring in gestational diabetes mellitus
(FLAMINGO): a randomised controlled trial
oswiadczam, iz moj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
wspoluczestnictwo w wykonywaniu badai opisanych w tej pracy oraz czgsciowa interpretacji

wynikow.

M¢j udzial procentowy w przygotowaniu publikacji okreslam jako 5 %.

Wklad Agaty Majewskiej w powstawanie publikacji okreslam jako 60 %,
(imi¢ i nazwisko kandydata do stopnia)

obejmowal on: przygotowanie koncepcji, metodyki oraz wykonywanie badan opisanych w tej

pracy, analize statystyczng i interpretacj¢ wynikow, przygotowanie tekstu manuskryptu.
(merytoryczny opis wkiadu kandydata do stopnia w powstanic publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej

lek. Agaty Majewskiej.

(imig i nazwisko kandydata do stopnia)

(podpis oswiadczajacego)

*w szczegdInosei udzialu w przygotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikow
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(miejscowosé, data)

(imig i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. ,,Flash glucose monitoring in gestational diabetes mellitus
(FLAMINGO): a randomised controlled trial”
oswiadczam, iz méj whasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
wspotuczestnictwo w  wykonywaniu badan opisanych w tej pracy oraz czgsciowa

interpretacja wynikow.
Moéj udziat procentowy w przygotowaniu publikacji okreslam jako 5 %.

Wklad Agaty Majewskiej w powstawanie publikacji okreslam jako 60 %,

(imig i nazwisko kandydata do stopnia)
obejmowat on: przygotowanie koncepcji, metodyki oraz wykonywanie badan opisanych w tej
pracy, analizeg statystyczna i interpretacj¢ wynikow, przygotowanie tekstu manuskryptu.

(merytoryczny opis wkiadu kandydata do stopnia w p ie publikacji)*

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej
lek. Agaty Majewskiej.

(imig i nazwisko kandydata do stopnia)

(podpis o$wiadczajacego) °

*w szczegblnosei udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikéw
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(miejscowos¢, data)

(imie i nazwisko)

OSWIADCZENIE

Jako wspolautor pracy pt. ,,Flash glucose monitoring in gestational diabetes mellitus
(FLAMINGO): a randomised controlled trial”
oswiadczam, iz moj wilasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:

wspbluczestnictwo w wykonywaniu badan opisanych w tej pracy.

Méj udzial procentowy w przygotowaniu publikacji okreslam jako 5 %.

Wklad Agaty Majewskiej w powstawanie publikacji okreslam jako 60 %,
(imig i nazwisko kandydata do stopnia)

obejmowal on: przygotowanie koncepcji, metodyki oraz wykonywanie badan opisanych w tej

pracy, analiz¢ statystyczna i interpretacj¢ wynikow, przygotowanie tekstu manuskryptu.
(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji)*

Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako czgs¢é rozprawy doktorskiej

lek. Agaty Majewskiej.

(imig i nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szczegdlnoéci udzialu w przygotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikow
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