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1. Wykaz stosowanych skrotow

Skrot Petna nazwa w jezyku angielskim Petna nazwa w jezyku polskim
cl confidence interval przedziat ufnosci
HCG human chorionic gonadotropin gonadotropina kosméwkowa
IL-8 interleukin-8 interleukina 8
LR- negative likelihood ratio iloraz wiarygodnosci wyniku
ujemnego
LR+ positive likelihood ratio iloraz wiarygodnosci wyniku
dodatniego
MoM multiples of median wielokrotnos$ci mediany
mRNA messenger ribonucleic acid matrycowy kwas rybonukleinowy
OR odds ratio iloraz szans
PAMG-1 placental alpha microglobulin-1 tozyskowa alfa-mikroglobulina -1
PAPP-A pregnancy-associated plasma cigzowe biatko osoczowe A
protein A
phIGFBP-1 phosphorylated insulin-like growth | fosforylowane biatko tgczgce typu
factor binding protein-1 1 insulinopodobnego czynnika
wzrostu
RR relative risk ryzyko wzgledne
SLPI secretory leukocyte peptidase wydzielniczy inhibitor proteinazy
inhibitor leukocytarnej
USA United States of America Stany Zjednoczone Ameryki




2. Streszczenie w jezyku polskim

Cigze wieloptodowe niosg ze sobg wysokie ryzyko wystepowania powaznych powiktan
cigzy. Najczestszym z nich jest pordd przedwczesny. Wedtug danych z piSmiennictwa odsetek
porodoéw przedwczesnych w cigzach blizniaczych siega okoto 60%. W zwigzku z tym jednym z
najwazniejszych celéw perinatologii jest obnizenie odsetka porodéw przedwczesnych oraz
opracowanie skutecznych metod jego predykcji w populacji cigz wieloptodowych.

Celem dysertacji byta ocena trzech biomarkerdow: cigzowego biatka osoczowego A,
elafiny i wydzielniczego inhibitora proteinazy leukocytarnej w predykcji powikfan
perinatalnych w cigzy blizniacze;.

Hipotezy badawcze:

e ryzyko powiktan cigzy blizniaczej jest zalezne od stezenia cigzowego biatka
osoczowego A w pierwszym trymestrze cigzy;

e niskie (ponizej 10. percentyla dla danego wieku cigzowego), jak i wysokie stezenie
cigzowego biatka osoczowego A (powyzej 90. percentyla dla danego wieku cigzowego)
jest czynnikiem predykcyjnym powiktan cigzy, takich jak pordéd przedwczesny,
przedwczesne odptyniecie ptynu owodniowego, niewydolnos¢ szyjki macicy, cukrzyca
cigzowa, nadcisnienie cigzowe, stan przedrzucawkowy, zgon wewngatrzmaciczny
ptodu, niska masa urodzeniowa noworodka czy dysproporcja wzrastania ptodow w
cigzy blizniaczej;

e obecnosc elafiny lub SLPI w wydzielinie szyjkowo-pochwowej bezobjawowych kobiet
pomiedzy 20. a 24. tygodniem cigzy blizniaczej jest czynnikiem predykcyjnym porodu
przedwczesnego przed 37. lub przed 34. tygodniem cigzy.

Dysertacje stanowig dwie prace oryginalne. W pracy zatytutowanej ,Cervical
expression of elafin and secretory leukocyte peptidase inhibitor does not predict preterm
delivery in twin pregnancy — results from a pilot study” przedstawiono skutecznos¢ oceny
obecnosci elafiny i wydzielniczego inhibitora proteinazy leukocytarnej w wydzielinie szyjkowo-
pochwowej w predykcji porodu przedwczesnego w cigzy blizniaczej. W prébkach wydzieliny,
pobranych pomiedzy 20. a 24. tygodniem cigzy u bezobjawowych pacjentek w cigzach
blizniaczych, oznaczono mRNA elafiny i wydzielniczego inhibitora proteinazy leukocytarnej.
Ekspresja elafiny i wydzielniczego inhibitora proteinazy leukocytarnej nie korelowata z czasem
trwania cigzy, wystepowaniem porodu przedwczesnego przed 37. lub 34. tygodniem,
wystepowaniem samoistnego porodu przedwczesnego, ani dtugoscig kanatu szyjki macicy,
oceniong w badaniu ultrasonograficznym. Oba biomarkery charakteryzowaty sie niskg
czutoscig (54,6 vs. 60,6%), swoistoscig (50%), niskim ilorazem wiarygodnosci wyniku
dodatniego (1,09 vs. 1,21) i wysokim ilorazem wiarygodnosci wyniku ujemnego (0,91 vs. 0,79).

W pracy zatytutowanej ,Both low and high PAPP-A concentrations in the first
trimester of pregnancy are associated with increased risk of delivery before 32 weeks in twin
gestation” przeprowadzono retrospektywng analize danych 304 kobiet w cigzach blizniaczych,
u ktérych oznaczono stezenie cigzowego biatka osoczowego A w osoczu pomiedzy 11+0 a 13+6



tygodniem cigzy. Zaobserwowano, zaréwno stezenie cigzowego biatka osoczowego A ponizej
10. percentyla, jak i powyzej 90. percentyla dla danego wieku cigzowego wigzato sie z
podwyzszonym ryzykiem ukonczenia cigzy przed 34. tygodniem (RR 2,25; 95% Cl 1,1-4,6; RR
3,46; 95% Cl 1,6-7,5) i przed 32. tygodniem cigzy (RR 2,72; 95% Cl 1,3-5,5; RR 2,48; 95% ClI
1,1-5,3). U pacjentek z niskim stezeniem cigzowego biatka osoczowego A istotnie czesciej
wystepowata samoistna czynnosé skurczowa macicy, skutkujgca porodem (RR 2,05; 95% Cl 1-
4,2) oraz cukrzyca cigzowa (RR 3,5; 95% Cl 1,7-6,9), natomiast wysokie stezenie cigzowego
biatka osoczowego A wspotwystepowato z niemal dziewieciokrotnie wyzszym ryzykiem
obumarcia wewnatrzmacicznego ptodu (RR 8,9; 95% Cl 3,1-11,5). Przeprowadzono analize
uogdlnionego modelowania addytywnego, wizualizujgc go w postaci funkcji sklejanych. W
przypadku porodu przed 34. i przed 32. tygodniem cigzy zaobserwowano podwdjng
znamienng U-ksztattng relacje — zaréwno liniowa, jak i nieliniowa, pomiedzy ryzykiem porodu
i stezeniem cigzowego biatka osoczowego A.
Whioski:

1. Ekspresja elafiny i wydzielniczego inhibitora proteinazy leukocytarnej nie koreluje z
ryzykiem porodu przedwczesnego w cigzy blizniacze;j.

2. Elafinaiwydzielniczy inhibitor proteinazy leukocytarnej nie sg skutecznymi czynnikami
predykcyjnymi porodu przedwczesnego w cigzy blizniacze;.

3. Ryzyko powikfan cigzy blizniaczej jest zalezne od stezenia biatka PAPP-A w osoczu
kobiet w cigzy blizniaczej pomiedzy 11 a 13+6 tygodniem cigzy.

4. Zalezno$¢ pomiedzy stezeniem biatka PAPP-A a powikfaniami cigzy wykazuje inne niz
liniowe relacje.

5. Istotne jest poszukiwanie skutecznego czynnika predykcyjnego powiktan cigzy
blizniaczej, biorgc pod uwage mozliwe liniowe i nieliniowe zaleznosci pomiedzy
biomarkerem a analizowanymi powiktaniami.

6. Oznaczenie stezenia biatka PAPP-A jest stosowane w rutynowej diagnostyce
aneuploidii w pierwszym trymestrze cigzy, wydaje sie wiec, ze modgtby to by¢
efektywny biomarker predykcyjny porodu przedwczesnego oraz wewngtrzmacicznego
obumarcia ptodu stosowany w praktyce klinicznej.



3. Streszczenie w jezyku angielskim
Biomarkers in the prediction of perinatal complications in twin gestation.

Multifetal gestations carry a high risk of developing serious pregnancy complications
with the most common one being premature delivery. According to the literature, the
percentage of premature deliveries reaches about 60% in twin gestations. Therefore, the
reduction of the percentage of premature deliveries and development of the effective
methods of their prediction in the population of multifetal pregnancies is one of the most
important aims of perinatology.

The dissertation aimed at the assessment of three biomarkers: pregnancy-associated
plasma protein A, elafin and secretory leukocyte peptidase inhibitor in the prediction of
perinatal complications in twin pregnancy.

Research hypotheses:

e therisk of twin pregnancy complications depends on the concentrations of pregnancy-
associated plasma protein A in the first trimester of pregnancy;

e low (below the 10™ percentile for gestational age) and high (above the 90" percentile
for gestational age) concentrations of pregnancy-associated plasma protein A are the
predictive factors of pregnancy complications, such as premature delivery, preterm
premature rupture of membranes, cervical insufficiency, gestational diabetes,
gestational hypertension, preeclampsia, intrauterine fetal demise, low birth weight of
a newborn, or intertwin birth weight discordance;

e the presence of elafin or SLPI in the cervicovaginal fluid of asymptomatic women
between 20 and 24 weeks of twin gestation is a predictive factor of premature delivery
before 37 or 34 weeks of gestation.

The dissertation includes two original papers. The paper entitled , Cervical expression
of elafin and secretory leukocyte peptidase inhibitor does not predict preterm delivery in
twin pregnancy - results from a pilot study” presented the effectiveness of the assessment
of the presence of elafin and secretory leukocyte peptidase inhibitor in the cervicovaginal fluid
in the prediction of premature delivery in twin gestations. The mRNA of elafin and secretory
leukocyte peptidase inhibitor was measured in the samples of the fluid collected between 20
and 24 weeks of gestation in asymptomatic patients with twin pregnancies. The expression of
elafin and secretory leukocyte peptidase inhibitor did not correlate with the duration of
gestation, the occurrence of premature delivery before 37 or 34 weeks of gestation, the
occurrence of spontaneous premature delivery, or sonographically assessed length of the
cervical canal. Both biomarkers were characterized by low sensitivity (54.6 vs. 60.6%),
specificity (50%), low positive likelihood ratio (1.09 vs. 1.21) and high negative likelihood ratio
(0.91 vs. 0.79).

The paper entitled ,,Both low and high PAPP-A concentrations in the first trimester of
pregnancy are associated with increased risk of delivery before 32 weeks in twin gestation”
presented the retrospective analysis of data obtained from 304 women with twin gestations



in whom the concentration of pregnancy-associated plasma protein A was measured between
11+0 and 13+6 gestational weeks. It was observed that both the concentration of pregnancy-
associated plasma protein A below the 10™ percentile and above the 90™ percentile for
gestational age were associated with an increased risk of delivery below 34 weeks (RR 2.25;
95% Cl 1.1-4.6; RR 3.46; 95% Cl 1.6—7.5) and below 32 gestational weeks (RR 2.72; 95% Cl 1.3—
5.5; RR 2.48; 95% Cl 1.1-5.3). Spontaneous uterine contractions resulting in a delivery (RR
2.05; 95% Cl 1-4.2) and gestational diabetes (RR 3.5; 95% ClI 1.7-6.9) occurred significantly
more commonly in patients with low concentrations of pregnancy-associated plasma protein
A, while its high concentrations were associated with almost 10-fold higher risk of intrauterine
fetal demise (RR 8.9; 95% CI 3.1-11.5). The analysis was performed with generalized additive
models visualized with the use of splines. In case of delivery before 34 and 32 weeks of
gestation a double significant U-shaped correlation, both linear and non-linear, was observed
between the risk of delivery and the concentration of pregnancy-associated plasma protein A.
Conclusions:

1. The expression of elafin and secretory leukocyte peptidase inhibitor does not correlate
with the risk of premature delivery in twin gestations.

2. Elafin and secretory leukocyte peptidase inhibitor are not effective predictive factors
of premature delivery in twin gestations.

3. The risk of twin pregnancy complications depends on the plasma concentrations of
PAPP-A in women with twin gestations between 11 and 13+6 gestational weeks.

4. The correlation between the concentrations of PAPP-A protein and pregnancy
complications is non-linear.

5. It is important to search for an effective predictive factor of twin gestation
complications considering possible linear and non-linear correlations between the
biomarker and the analyzed complications.

6. The measurement of PAPP-A concentrations is used in routine diagnostics of
aneuploidy in the first trimester of pregnancy. Therefore, it seems to be a potentially
effective biomarker to predict premature delivery and intrauterine fetal demise used
in clinical practice.
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4. Wstep

Od kilkudziesieciu lat w Polsce, a takze na $wiecie, obserwuje sie wzrost liczby cigz
wieloptodowych. W Stanach Zjednoczonych Ameryki (USA) liczba porodéw wieloptodowych
zwiekszyta sie 0 70% od lat osiemdziesigtych ubiegtego wieku [1]. W 2019 roku w USA odsetek
porodow wieloptodowych wynidst 33 na 1000 zywych urodzen [2]. W Polsce w 2020 roku
rodzito sie 8947 bliznigt oraz 165 trojaczkéw, co stanowi 2,56% wszystkich urodzen [3].

Cigze wieloptodowe niosg ze sobg wysokie ryzyko wystepowania powaznych powikfan
cigzy [4, 5]. Najczestszym z nich pozostaje pordd przedwczesny. Wedtug danych z
pismiennictwa odsetek porodéw przedwczesnych w cigzach blizniaczych siega okoto 60% [6,
7]. W badaniu Preterm Prediction Study 54,4% bliznigt urodzito sie przed 37. tygodniem,
natomiast 8,8% przed 32. tygodniem cigzy [8]. W USA 57% blizniat rodzi sie przedwczesnie [9].
Wedtug danych jedynego wieloosrodkowego badania przeprowadzonego w Polsce, 66,5%
wszystkich kobiet w cigzach blizniaczych rodzi przed 37. tygodniem [10]. Najistotniejsze pod
wzgledem dtugoterminowych konsekwencji zdrowotnych wczesniactwa sg jednak porody
przed ukonczonym 32. tygodniem. W populacji cigz blizniaczych dotyczg one 11,2%. 4,1%
bliznigt rodzi sie przed 28. tygodniem [10]. Zaobserwowano takze zalezno$¢ pomiedzy
ryzykiem porodu przedwczesnego a kosméwkowoscig cigzy. Wedtug danych prezentowanych
przez Burgess i wspot. 60% bliznigt z cigz dwukosmoéwkowych i 65% 1z ciaz
jednokosméwkowych rodzi sie przedwczesnie [11]. Takze w Polskich danych odnotowano
analogiczng zalezno$é. Bliznieta jednokosmdwkowe rodzity sie istotnie czesciej przed
ukonczeniem 37. tygodnia cigzy niz dwukosméwkowe (78% vs. 62,9%; p=0,004). Szczegdlnie
duza réznica zostata zaobserwowana w przypadku porodu przed 32. tygodniem — 22,9% ciaz
jednokosméwkowych i 7,6% cigz dwukosmoéwkowych (p<0,001) [10]. Powyisze dane
podkreslajg, jak wielkim problemem jest pordd przedwczesny w grupie cigz blizniaczych.

Podkresli¢ nalezy takze réznice w ilosci obserwowanych powiktan wsréd noworodkéw
urodzonych z cigz pojedynczych i blizniaczych, w tym urodzonych przedwczesnie. Odmiennos$é
fizjologii wzrastania wewnagtrzmacicznego bliznigt wigze sie z osigganiem przez nie mniejszej
masy urodzeniowej. Po 30. — 32. tygodniu cigzy dochodzi do swoistego ograniczenia
wzrastania ptodéw w cigzy blizniaczej [12]. W zwigzku z tym nie tylko czeSciej rodzg sie one
przedwczesnie, ale rowniez z nizszg masg urodzeniowg. Wedtug Ribicic i wspdt. bliznieta
urodzone w 34. tygodniu cigzy sg srednio o0 200 g mniejsze niz noworodki z cigz pojedynczych
[13]. Wedtug pismiennictwa takze czestos¢ wystepowania powiktan wséréd noworodkéw
urodzonych przedwczesnie z cigz blizniaczych jest wyzsza niz wsrdod noworodkdéw z cigz
pojedynczych, zwtaszcza w przypadku porodéw skrajnie przedwczesnych. Wedtug Papiernik i
wspot. bliznieta urodzone przed 28. tygodniem cigzy majg znacznie wyzsze ryzyko wylewéw
do osrodkowego uktadu nerwowego (iloraz szans (OR) 1,5, 95% przedziat ufnosci (Cl) 1,0-2,1)
oraz wyzszg $miertelnos¢ okotoporodowa (OR 1,5, 95% Cl 1,1-2,2) niz noworodki z cigz
pojedynczych [14].

Cigza blizniacza niesie za sobg takie wyzsze ryzyko innych powiktan, takich tak
nadcisnienie cigzowe, stan przedrzucawkowy, cukrzyca cigzowa czy wewnatrzwgtrobowa
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cholestaza ciezarnych. Ryzyko wystgpienia nadcisnienia w cigzy jest dwukrotnie wyzsze w
ciazy blizniaczej niz pojedynczej (ryzyko wzgledne (RR) 2,04, 95% CI 1,6-2,59) [15], a stanu
przedrzucawkowego niemal trzykrotnie wyzsze (RR 2,93, 95% ClI 2,04-4,21) [16]. Ryzyko
rozwoju cukrzycy cigzowej jest okoto dwukrotnie wyzsze w cigzy blizniaczej (OR 2,2, 95% ClI
1,4-3,6) [17], a wystgpienia wewnatrzwatrobowej cholestazy ciezarnych okoto 5-krotnie
wyzsze (20.9% vs. 4.7%, p<0.001) [18]. Powyzsze komplikacje niosg ze sobg réwniez wyzsze
ryzyko koniecznosci wczesniejszego ukonczenia cigzy i porodu przedwczesnego.

W zwigzku z tym jednym z najwazniejszych celdw wspodfczesnej perinatologii jest
obnizenie odsetka poroddéw przedwczesnych oraz opracowanie skutecznych metod jego
predykcji, rowniez w populacji cigz wieloptodowych. ldentyfikacja pacjentek z grupy
wysokiego ryzyka porodu przedwczesnego mogtaby pozwoli¢ na wdrozenie u nich metod
profilaktyki i ograniczenie powiktan noworodkéw zwigzanych z wczesniactwem. W
pismiennictwie Swiatowym istnieje szereg publikacji, w ktérych poddano analizie skutecznos¢
poszczegdlnych czynnikdw biofizycznych i  biochemicznych w  predykcji  porodu
przedwczesnego. Odrebnej analizie poddano markery w grupie kobiet z objawami
zagrazajgcego porodu przedwczesnego i bezobjawowych, w pierwszym, drugim i trzecim
trymestrze cigzy.

Analizowane czynniki predykcyjne mozna podzieli¢ na biofizyczne i biochemiczne.
Sposrdod czynnikdéw biofizycznych najistotniejszym jest ultrasonograficzny pomiar diugosci
szyjki macicy. W 2010 roku opublikowano wyniki metaanalizy 21 badan, dotyczgcych
skutecznosci pojedynczego pomiaru dtugosci kanatu szyjki macicy w predykcji porodu
przedwczesnego w cigzy blizniaczej. Dtugos¢ kanatu szyjki <20 mm pomiedzy 20. a 24.
tygodniem cigzy charakteryzowata sie 29% czutoscig i 97% swoistoscig w predykcji porodu
przed 34. tygodniem. lloraz wiarygodnosci wyniku dodatniego (LR+) wynidst 9,0, a ujemnego
(LR-) 0,7 [19]. Analizowano takze skutecznos¢ wykonywania seryjnych pomiaréw dtugosci
szyjki. Metoda ta charakteryzowata sie czutoscig rzedu 15 - 75% i swoistoscig 70 - 90% [20, 21].
W powyzszych badaniach nie wykazano, by wykonywanie seryjnych pomiaréw dfugosci szyjki
macicy wigzato sie z wiekszg skutecznoscig predykcji porodu przedwczesnego. W cigzy
blizniaczej nie jest to wiec uzyteczny marker predykcyjny porodu przedwczesnego.

W pismiennictwie Swiatowym opublikowano szereg badan, w ktérych oceniano
skutecznos¢ wielu czynnikdw biochemicznych, analogicznych do uzywanych w predykcji
porodu przedwczesnego w cigzach pojedynczych. W praktyce klinicznej w cigzy pojedynczej,
do oszacowania ryzyka porodu mozna zastosowac test na obecnos¢ w wydzielinie szyjkowo-
pochwowej fibronektyny ptodowej, fosforylowanego biatka tfaczgcego typu 1
insulinopodobnego czynnika wzrostu (phlGFBP-1) lub tozyskowej alfa-mikroglobuliny-1
(PAMG-1). Uzytecznos$¢ powyzszych biomarkeréw zostata poddana analizie w populacji kobiet
w cigzach blizniaczych. Wedtug metaanalizy autorstwa Conde-Agudelo i wspdt. stwierdzenie
obecnosci fibronektyny ptodowej w wydzielinie szyjkowo-pochwowej charakteryzowato sie 33
- 39% czutoscig i 80 - 94% swoistoscig w predykcji porodu przed 34. tygodniem cigzy [22, 23].
LR+ wynidst zaledwie 2,0, a LR- 0,8 [19]. Podobnie plasowata sie skutecznos¢ wykorzystania
pozostatych  czgsteczek. Obecnos¢ IGFBP-1 w  wydzielinie szyjkowo-pochwowej
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charakteryzowata sie niska czutoscig (5 - 36%) w predykcji porodu przed 34. tygodniem w cigzy
blizniaczej (swoisto$¢ 89 - 96%, LR+ 2,3, LR- 0,9) [19, 24]. Barinov i wspdt. ocenili efektywnosc
IGFBP-1 i PAMG-1 w predykcji porodu w ciggu 14 dni od wykonania testu u pacjentek z
objawami zagrazajgcego porodu przedwczesnego. Oba biomarkery charakteryzowaty sie niska
czutoscia (33,3%) oraz zblizong swoistoscig (93,3% vs. 96%) [25]. Zaden nie okazat sie byé
skutecznym w populacji cigz blizniaczych. Przeprowadzono réwniez analize efektywnosci
zastosowania biomarkeréw aneuploidii w predykcji porodu przedwczesnego. Stezenie wolnej
podjednostki B gonadotropiny kosméwkowej (HCG) powyzej 75. lub 90. percentyla w 11+0 —
13+6 tygodniu cigzy okazato sie miec niskg wartos¢ w predykcji porodu przed 32., 34. czy 37.
tygodniem cigzy (czutos¢ 7 - 24%, swoistos¢ 75 - 97%, LR+ 0,9-1,2, LR- 1,0) [19]. Takze niskie
stezenie cigzowego biatka osoczowego A (PAPP-A) charakteryzowato sie niskg wartoscia
przewidywania wystgpienia porodu przedwczesnego (czuto$é 5 - 56%, swoistos¢ 78 - 95%, LR+
1-2,9,LR-0,6-1)[19].

Jednym z kluczowych czynnikéw etiologicznych porodu przedwczesnego w cigzy
pojedynczej jest infekcja wewnatrzmaciczna [26]. Wykazano, iz stezenie interleukin i
chemokin w osoczu, wydzielinie szyjkowo-pochwowej i ptynie owodniowym moze by¢
skutecznym czynnikiem predykcji porodu przedwczesnego w cigzy pojedynczej [27]. Rode i
wspot. przeprowadzili analize 24 markerdw stanu zapalnego we krwi ciezarnych pomiedzy 18.
a 24. tygodniem cigzy blizniaczej i wykryli istotng korelacje jedynie pomiedzy stezeniem
interleukiny 8 (IL-8) a wystgpieniem porodu przed 34. tygodniem cigzy [28]. IL-8 jako czynnik
predykcyjny porodu przedwczesnego charakteryzowata sie niskim LR+ (1,5) i LR- (0,5) [19].

Idealny test predykcyjny powinien charakteryzowac sie szeregiem cech: powinien by¢
prosty i szybki w wykonaniu, tani, nieinwazyjny i powtarzalny. Powinien mie¢ wysoki LR+ i niski
LR-. Sposrdod powyziszych biomarkeréw biochemicznych zaden nie okazat sie by¢ czutym i
skutecznym czynnikiem prognostycznym porodu przedwczesnego w cigzy blizniaczej. Pomiar
dtugosci kanatu szyjki macicy charakteryzuje sie czescig wymaganych cech i moze by¢
stosowany w predykcji porodu przedwczesnego w cigzy blizniaczej. W zwigzku z tym nadal
istnieje potrzeba poszukiwania czasteczki, ktéora mogtaby wypetni¢ luke w diagnostyce i
predykcji porodu przedwczesnego w cigzach wieloptodowych. Poszukiwania te mozna
kierunkowa¢ dwutorowo: testujgc kolejne nowe biomarkery lub zmieniajgc klasyczne
podejscie do badania ich obecnosci w wymiarze dichotomicznym (wynik testu
dodatni/ujemny) na rzecz przeprowadzenia petnej analizy korelacji wystepowania i stezenia
danej czasteczki a ryzyka porodu przedwczesnego w cigzy wieloptodowej.

Niniejsza dysertacja stanowi zbiér dwodch oryginalnych publikacji naukowych,
dotyczacych analizy trzech biomarkerdw biochemicznych (biatka PAPP-A, elafiny i
wydzielniczego inhibitora proteinazy leukocytarnej) i ryzyka powiktan cigzy blizniaczej. Obie
prace sy powigzane tematycznie i stanowig wazny glos w dyskusji, odnoszacej sie do
poszukiwania skutecznych czynnikéw predykcji powiktan w cigzy blizniaczej. Pierwsza z prac
przedstawia analize relacji pomiedzy stezeniem biatka PAPP-A w osoczu kobiety ciezarnej w
pierwszym trymestrze cigzy z wynikami perinatalnym cigzy blizniaczej, w tym porodem przed
32.tygodniem (,,Both low and high PAPP-A concentrations in the first trimester of pregnancy
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are associated with increased risk of delivery before 32 weeks in twin gestation”). W analizie
wykazano, iz zaréwno niskie (ponizej 10. percentyla dla danego wieku cigzowego), jak i
wysokie (powyzej 90. percentyla dla danego wieku cigzowego) stezenie biatka PAPP-A wigze
sie z wysokim ryzykiem porodu przed 32. tygodniem cigzy. Biomarker ten wykazuje wiec
nieliniowg zaleznos$¢ z analizowanym powikfaniem cigzy. Druga praca obejmuje analize
skutecznosci oznaczenia wystepowania elafiny i wydzielniczego inhibitora proteinazy
leukocytarnej (SLPI) w wydzielinie szyjkowo-pochwowej kobiet pomiedzy 20. a 24. tygodniem
cigzy blizniaczej w predykcji porodu przedwczesnego (“Cervical expression of elafin and
secretory leukocyte peptidase inhibitor does not predict preterm delivery in twin pregnancy
- results from a pilot study”). Wykazano w niej, iz oba analizowane biomarkery nie s3
skutecznymi czynnikami predykcyjnymi w grupie cigz blizniaczych.
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5. Zatozeniaicele pracy

Celem pracy byta ocena trzech biomarkeréw: PAPP-A, elafiny i SLPI w predykcji
powiktan perinatalnych w cigzy blizniaczej.

Pierwsza praca w cyklu pod tytutem ,,Both low and high PAPP-A concentrations in the
first trimester of pregnancy are associated with increased risk of delivery before 32 weeks
in twin gestation” miata na celu weryfikacje hipotezy badawczej, zaktadajacej, iz stezenie
biatka PAPP-A pomiedzy 11 a 13+6 tygodniem cigzy koreluje w wynikami perinatalnymi w cigzy
blizniaczej. Zatozono, iz zaréwno niskie (ponizej 10. percentyla dla danego wieku cigzowego),
jak i wysokie stezenie biatka PAPP-A (powyzej 90. percentyla dla danego wieku cigzowego)
moze by¢ czynnikiem predykcyjnym powiktan cigzy, takich jak poréd przedwczesny,
przedwczesne odptyniecie ptynu owodniowego, niewydolnosé szyjki macicy, cukrzyca
cigzowa, nadcisnienie cigzowe, stan przedrzucawkowy, zgon wewngtrzmaciczny ptodu, niska
masa urodzeniowa noworodka czy dysproporcja wzrastania ptodéw w cigzy blizniaczej. Do
oceny relacji pomiedzy stezeniem biatka PAPP-A a ryzykiem porodu przedwczesnego uzyto
nowatorskiej metody uogdlnionego modelowania addytywnego.

Druga praca w cyklu pod tytutem ,Cervical expression of elafin and secretory
leukocyte peptidase inhibitor does not predict preterm delivery in twin pregnancy - results
from a pilot study” miata na celu weryfikacje hipotezy zaktadajacej, iz obecnos¢ elafiny lub
SLPI w wydzielinie szyjkowo-pochwowej bezobjawowych kobiet pomiedzy 20. a 24. tygodniem
cigzy blizniaczej jest skutecznym czynnikiem predykcyjnym porodu przedwczesnego przed 37.
lub przed 34. tygodniem ciagzy.
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Abstract: In twin gestation, the relationship between pregnancy associated plasma protein (PAPP-A)
and perinatal outcome is unclear. The aim of the study was to determine if low and high concentrations
of PAPP-A in the first trimester are related to perinatal outcome in twins. A retrospective study
was conducted. Medical data of women in twin pregnancies who delivered between 2013 and
2018 were analyzed. PAPP-A concentrations were measured between 10 + 0 and 13 + 6 weeks.
The associations between low (<10th percentile) and high (>90th percentile) values of PAPP-A and
pregnancy complications were analyzed. A total of 304 patients were included. PAPP-A <10th
percentile was associated with a high risk of preterm delivery (OR 6.14; 95% CI 2.1-18), delivery
<34 weeks (OR 2.39; 95% CI 1.1-5.1) or <32 weeks (OR3.06; 95% CI 1.4-6.8). Significant relations
between PAPP-A >90th percentile and delivery <34 weeks (OR4.09; 95% CI 1.8-9.1) or <32 weeks (OR
2.83; 95% CI 1.2-6.6) were found. PAPP-A >90th percentile was related to high risk of intrauterine
fetal demise (OR 10; 95% CI 2.4-42.5). Both low and high PAPP-A concentrations seem to be related
to pregnancy outcome. Further research is needed to investigate evaluation of risk of pregnancy
complications according to PAPP-A concentrations as a continuous variable.

Keywords: preterm delivery; twin pregnancy; pregnancy associated plasma protein; perinatal outcome;
intrauterine fetal demise

1. Introduction

Twins have a three to seven-fold higher risk of perinatal morbidity and mortality than
singletons [1,2]. It is mainly due to preterm birth, which affects up to 66% of all twins [3]. Several
factors have been found to be effective in predicting preterm delivery (PTD) in singletons, allowing
to estimate the risk in the first, as well as in the second trimester of pregnancy. They include low
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concentration of pregnancy associated plasma protein (PAPP-A) in the first trimester, or sonographic
measurement of cervical length in the second trimester of pregnancy [4]. PAPP-A is a glycoprotein
produced by placental syncytiotrophoblast and decidua. It shows proteolytic activity for insulin-like
binding proteins (IGFBP) 4 and 5, which play a role in the inhibition of insulin-like growth factors
(IGF) 1 and 2. The IGF family has pleiotropic actions. It promotes cellular proliferation, differentiation
and metabolism and therefore takes part in the control of placental and fetal growth [5]. PAPP-A
increases the bioavailability of IGF 1 and 2, and is therefore involved in biological pathways promoting
trophoblast invasion and vascularization of the placenta [4]. IGF 2 enables trophoblast invasion into
the maternal decidua and glucose and amino acids transport into the villous cytotrophoblast [6].

In singletons, low concentration of PAPP-A in the first trimester is associated with an increased
risk of small for gestational age (SGA), intrauterine demise (IUD), PTD or preeclampsia (PE) [4,7].
In twin gestations, the relationship between PAPP-A and perinatal outcome is not well established.
The literature data are contradictory—there are both outcomes similar to singletons [8,9], as well as
results showing no relationship between PAPP-A and perinatal outcome [10-12]. The aim of the study
was to determine if low and high concentrations of PAPP-A in the first trimester of pregnancy are
related to perinatal outcome in twins.

2. Materials and Methods

A retrospective study was conducted at the 1st Department of Obstetrics and Gynecology, Medical
University of Warsaw, upon receiving the approval from the local ethic committee. Medical data of
all women in twin pregnancies who received prenatal care at the outpatient clinic of the Department
between 2013 and 2018 were analyzed. The inclusion criteria comprised of: diamniotic pregnancy, first
trimester screening with PAPP-A level and nuchal translucency (NT) performed for all fetuses with
a crown-rump length of 45 to 84 mm, and available information regarding the course of pregnancy,
delivery and neonatal outcome. Both outpatient and hospital records were reviewed, in order to gain
complete medical data. Monoamniotic pregnancies or those complicated by twin-to-twin transfusion
syndrome, major anatomical anomalies of any of the fetuses, aneuploidy or lost to follow up gestations
were excluded from the study.

Gestational age was calculated on the basis of the first day of the last menstrual period, or the
transfer day in assisted reproduction techniques procedures and verified by the crown-rump length
(CRL) measured in the first trimester (in case of CRL discordance, the measurement was taken from the
larger twin). Women smoking cigarettes 5 years before the pregnancy and during pregnancy, regardless
of the smoking cessation, were considered addicted to nicotine. PTD was defined as the delivery
occurring before completed 37 weeks and very preterm delivery (VPTD) as one occurring before
completed 32 weeks of gestation. Preterm premature rupture of membranes (PPROM) was defined
as amniotic fluid leakage before 37 weeks of gestation, without spontaneous uterine contractions.
Cervical insufficiency is defined as asymptomatic cervical shortening and dilatation with the absence of
detectable uterine contractions. SGA newborn was a baby born with weight below the 10th percentile
for gestational age, according to chorionicity [13]. Discordant twin growth was defined as twin
birthweight difference exceeding 25% of the larger twin in each twin pair. Gestational hypertension
(GH) and PE were diagnosed according to American College of Obstetricians and Gynecologists
recommendations [14], whereas gestational diabetes mellitus (GDM), according to the Polish Society of
Obstetricians and Gynecologists recommendations [15]. IUD was diagnosed by the death of a fetus
after completed 22 weeks of gestation. The primary outcome of the study was VPTD, while secondary
outcomes included the above-mentioned pregnancy complications (delivery below 37, 34 and 28 weeks
GH, PE, GDM, IUD, SGA, discordant twin growth).

All the patients were scheduled for sonographic examination at 11 + 0 to 13 + 6 weeks of gestation.
PAPP-A concentrations were measured between 10 + 0 and 13 + 6 weeks. Kryptor (Brams AG) analyzer
was used for biochemical measurements. Serum analytes were converted into multiples of median
(MoM) and adjusted for gestational age, maternal weight and ethnicity. The associations between
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low and high biochemical values of PAPP-A MoMs (<10th percentile or >90th percentile) and study
outcomes were analyzed.

Performed power analysis (Chi-squared test, proportions between two independent groups,
Beta = 20%, alpha = 0.05) indicated that required sample size is 294. The expected VPTD in the group
of 10-90th percentile PAPP-A was 11%, as previously published [3]. Variables were described as means
with standard deviation or percentages. The Mann-Whitney test for continuous variables and Fisher’s
exact test for qualitative data were used for statistical analysis. Odds ratios were estimated to study
the association between biochemical values and study outcomes. The linearity of the associations was
estimated using generalized additive models and visualized as spline functions. GAM R package
(R 4.0.1 software) was used to create unrestricted spline functions. The best fitting of the smoothing
spline was done using AIC criterion—knots position and numbers were automatically fitted to get
best optimized curve (knots for presented spline functions are presented in Supplementary Table S1).
General additive model using Cubic regression splines was used. p values <0.05 were considered
significant. Data were analyzed using Statistica (version 13.3) and R software (R 3.5.2).

3. Results

A total of 304 patients met the inclusion criteria. The basic characteristics of the study population
are shown in Table 1. A total of 46.7% of pregnancies were monochorionic. The mean gestational age
at the time of the first trimester scan was 12 + 3 weeks. The percentages of abnormal analytes included
10.2% of cases with PAPP-A below the 10th percentile (0.49 MoM) and 9.2% with PAPP-A above the
90th percentile (1.84 MoM).

Table 1. Basic characteristics of the study group.

Study PAPP-A PAPP-A PAPP-A
Group <10th pc 10-90th pc 4 >90th pc p
n =304 n=31 n =245 n=28
Means + SD Means + SD Means + SD Means + SD
[n (%) In (%) [n (%) In (%)
age (years) * 34.02 + 3.06 3351 +4.1 34.12 £ 341 0.6 30.91 +3.89 0.08
Primiparity ** 168 (55.3) 18 (58.1) 136 (55.51) 08 14 (50) 0.7
Monochorionicity ** 142 (46.7) 16(51.62) 108 (44.08) 04 18(64.28)  0.047
BMI (kg/m2) * 22.94 + 2.56 23.7 £1.62 2297 +1.98 0.7 22.01 £2.25 0.8
Smoker ** 17 (5.6) 3(9.7) 14 (5.71) 0.4 0 03
ART 50 (16.4) 2(6.5) 46 (18.78) 0.1 2(7.14) 02
ge“"‘“‘“}j&;ﬁ;?i delivery 34084308 3265+137 35124323 003 32824157 004
1st twin birtweight (g) * 2383 + 582 2309 + 378 2415 + 498 0.1 2366 + 404 0.2
2nd twin birtweight (g) * 2289 + 538 2345 + 214 2278 + 642 0.3 2054 + 225 0.08
Ist twin SGA ** 19 (6.3) 2(6.5) 17 (6.94) 1 0 03
2nd twin SGA ** 25 (8.2) 6 (19.35) 17 (6.94) 0.03 2(7.14) 1

PTD—preterm delivery; VPTD—very preterm delivery; ART—assisted reproduction techniques; BMI—body mass
index; SGA—small for gestational age newborn; *—Mann-Whitney test; **—Fisher’s exact test.

The relationships between PAPP-A concentrations and study outcomes are presented in Table 2.
PAPP-A below the 10th percentile was associated with a significantly higher risk of PTD (RR 2.47; 95% CI
1.1-5.3), delivery <34 weeks (RR 2.25; 95% CI 1.1-4.6) and VPTD (RR 2.72; 95% CI 1.3-5.5). PAPP-A above
the 90th percentile was also related to increased risk of delivery below 34 weeks (RR 3.46; 95% CI 1.6-7.5),
32 weeks (RR 2.48; 95% CI 1.1-5.3) and 28 weeks of gestation (RR 2.18; 95% CI 1.14.2). Both high and
low PAPP-A increased the risk of VPTD over two-fold. No differences between the rates of cervical
insufficiency or PPROM were noted between the groups. Spontaneous uterine contractions resulting
in a delivery occurred significantly more often in the group of low PAPP-A (RR 2.05; 95% CI 1-4.2).
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Table 2. Relationships between study outcomes and pregnancy associated plasma protein
(PAPP-A) concentrations.

PAPP-A PAPP-A PAPP-A
OR RR OR RR
<10th pc 10-90th pc 14 >90th pc 4
o (%) (95% CI) (95% CI) e (95%C)  (95% CD
Delivery 3.14 247 4 2.19 2.05
<37 weeks 8675 18083 <0001 g g (1.1-53) 20719 0.07 (0.9-5.2) (0.9-4.9)
Delivery 239 225 - 409 3.46
<34 weeks 14@38 60 (24.6) 02 (1.1-5.1) (1.1-4.6) 1667.1) 0001 (1.8-9.1) (1.6-7.5)
Delivery 3.06 272 283 248
<32 weeks 12375) 40064 0005 (1.4-6.8) (13-55) 10G5.7) 0.02 (1.2-6.6) (11-5.3)
Delivery 122 3.35 218
25 mocks 4(125) 26 (10.7) 07 120437 o, 7o 8 (28.6) 0.01 3849 (1142)
152 135
PPROM 5(16.1) 26 (10.6) 04 160646 (o 4(143) 07 060129 (T
Spontaneous uterine
contractions 10 (32.3) 42(17.1) 0049  23(1-52)  205(1-42) 7 (25%) 03 16(0.6-4) 1.5(0.6-3.5)
resulting in delivery
Cervix insufficiency 00) 3) 08 01(0.1-42) 021 (0-64) 0 09 o qu’ y 02058
GDM 12(37.5) 30 (12.3) 0.001 4.28 35(1.7-69) 6(21.4) 02 19(0.7-52) 179
: - - 1.9-9.6) > ol - 7 (0.6-4.2)
1.93 1.84 144 352
GH and PE 8 (25) 36 (14.7) 0.2 (08.46) 0629 2(7.1) 04 0119 (1769
10 8.9
1UD 0 4(16) 1 - 0(0-8.6) 4(143) 0005y s @Lals)
191 047
SGA 8 (25) 34(139) 01 2100949 (7, 2(7.1) 05 121 051012
. 211 191 1.53 146
>25% BW 6(18.8) 24 (9.8) 0.1 (0857) (0744) 4(143) 05 0548 (0439

All Fisher’s exact test analyses; pc—percentile;

PPROM—preterm premature rupture of membranes;

GDM—gestational diabetes mellitus; GH—gestational hypertension; PE—preeclampsia; [IUD—intrauterine fetal
demise; SGA —small for gestational age newborn; >25% BW—intertwin birthweight discordance > 25%; OR—odds

ratio; 95% CI—95% confidence interval.

PAPP-A concentrations below the 10th percentile were associated with a more than three-fold
increased risk of GDM (RR 3.5; 95% CI 1.7-6.9), while those above the 90th percentile were related to a
significantly higher risk of IUD (RR 8.9; 95% CI 3.1-11.5). There were eight cases of IUD in the study
group. Six of them occurred in monochorionic pregnancies, due to severe selective intrauterine growth
restriction of one fetus, and two cases in dichorionic pregnancies: one due to intrauterine growth
restriction and one of unknown etiology. No significant associations between PAPP-A concentrations

and GH or PE, SGA or intertwin weight discordance were found.

Information on preterm delivery in monochorionic and dichorionic twins is presented in Table 3.

Table 3. Relationships between preterm delivery and PAPP-A concentrations in monochorionic and

dichorionic twins.
Monochorionic Dichorionic
n=142 n=162
PAPP-A PAPP-A PAPP-A PAPP-A PAPP-A PAPP-A
<10th pc  10-90th pc >90th pc <10th pc p* 10-90thpc  p** >90th pc p
n=15 n=114 n=13 n=16 n=131 n=15
delivery
<37 weeks 13 (86.67) 68 (59.65) 8 (61.54) 15 (93.75) 0.5 62 (47.33) 0.06 12 (80) 03
delivery
<34 weeks 7 (46.67) 31(27.19) 7 (53.85) 7 (43.75) 0.8 29 (22.14) 0.4 9 (60) 1
delivery
<32 weeks 5(33.33) 21 (18.42) 4(30.8) 7 (43.75) 0.7 19 (14.5) 0.5 6 (40) 0.7
delivery
<28 weeks 2(13.33) 12 (10.53) 4(30.77) 2(12.5) 0.8 14 (10.69) 0.8 4 (26.67) 0.6

*—PAPP-A <10th pc monochorionic vs. dichorionic; *—PAPP-A 10-90th pc monochorionic vs. dichorionic;
***_PAPP-A >90th pc monochorionic vs. dichorionic.

Linear associations between study outcomes and PAPP-A concentrations were assessed using

generalized additive models. A linear association between PTD and PAPP-A values was observed
(linear effect p < 0.001; non-linear effect p = 0.08) and presented in Figure 1.
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Figure 1. Generalized additive models of associations between PAPP-A concentration and preterm
delivery (PTD) (a), delivery before 34 weeks (b) and delivery before 32 weeks of gestation (c) visualized
as spline functions. (a): linear effect p < 0.001, non-linear effect p = 0.08; (b): linear effect p < 0.001,
non-linear effect p < 0.001; (c): linear effect p < 0.001, non-linear effect p < 0.001. Vertical axis shows

response values of logit (binomial) smooth spline function (“s” with name of the covariate, degrees of
value). The bars in the bottoms of the figures present number of samples at each PAPP-A multiples of

median (MoM) value.

Generally, the incidence of PTD increased in line with PAPP-A concentration. The spline function
of the relation between PAPP-A MoMs and PTD was initially horizontal, and after a PAPP-A MoM
value of about 2 was raised (knot 2.01). The general tendency was linear, and described by a significant
linear effect of p < 0.001, and no non-linear effect was observed. Therefore, the spline function shows
that generally there is a positive linear relation between PAPP-A MoMs and PTD, however, it is
especially visible for values of PAPP-A MoM above 2. The spline function of the relation between
PAPP-A MoMs and delivery before 34 weeks of gestation was linear as well (linear effect p < 0.001).
However, another significant relation of a non-linear nature was also observed (non-linear affect
p < 0.001). Therefore, the spline function of delivery before 34 weeks was U-shaped, meaning initially
the risk of delivery below 34 weeks decreased with increasing values of PAPP-A (to PAPP-A 0.92 MoM
value) and afterwards it increased with increasing values of PAPP-A (above PAPP-A value of 2.01).
Both low and high values of PAPP-A MoMs were related to increased risk of delivery below 34 weeks of
gestation. Analogous non-linear U-shaped spline function was observed for relation between PAPP-A
values and VPTD (linear effect p < 0.001, non-linear effect p < 0.001; knots 0.92 and 2.07, respectively).
The risk of delivery below 34 and 32 weeks decreased as the PAPP-A value increased (to 0.92 PAPP-A
MoM), and afterwards increased again (above 2 PAPP-A MoM). Patients with PAPP-A around 0.92
MoM had the lowest risk of delivery before 34 (2/14—14.3%) and 32 weeks of gestation (1/14—7.1%).

4. Discussion

In our study, we found a significant relation between PAPP-A <10th percentile and a risk of
preterm delivery (RR 2.47; 95% CI 1.1-5.3), delivery <34 weeks (RR 2.25; 95% CI 1.1-4.6) or <32 weeks
(RR 2.72; 95% CI 1.3-5.5). On the other hand, another significant relation between PAPP-A >90th
percentile and delivery <34 weeks (RR 3.46; 95% CI 1.6-7.5) or <32 weeks (RR 2.48; 95% CI 1.1-5.3)
was observed. PAPP-A >90th percentile was also related to high risk of intrauterine fetal demise
(RR 8.9; 95% CI 3.1-11.5). Both low and high PAPP-A concentrations were associated with a high risk
of delivery before 34 and 32 weeks.

The association between the first trimester aneuploidy biochemical markers and perinatal outcome
in twins has been assessed by several authors and the reported results are confusing. We found a
significant relation between PAPP-A concentrations and PTD, GDM and IUD risk. Iskender at al.
analyzed perinatal outcome of 104 patients in twin gestation, and found no association between
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PAPP-A below the 10th percentile and SGA, PTD, GH or GDM, however, their study group was much
smaller than ours [10]. A higher incidence of PTD in twin gestations with low PAPP-A (defined as
below 0.42 MoM) was reported by Rosner et al. They analyzed the outcome of 340 patients, and found
a significantly higher risk of PTD (RR 5.56; 95% CI 1.5-20.1) in women with low first trimester PAPP-A
concentrations [8]. In another study by Laughon et al., the delivery prior to 32 weeks of gestation was
almost three-fold more often in women with PAPP-A concentrations below the 25th percentile, though
their results did not reach significance [9]. It is worth noticing that the study group in the research of
Laughon et al. was also small (70 patients were included in the analysis). No association between low
PAPP-A concentrations and PTD was reported by other authors either [11,12]. The performance of
PAPP-A in prediction of PTD in twin gestation in several studies was assessed by Conde-Agudelo and
Romero. Authors found the overall predictive ability of low serum levels of PAPP-A (defined as <25th
percentile, <10th percentile, or <5th percentile) for preterm birth at <32, <34, <35, and <37 weeks of
gestation to be minimal (sensitivities ranging from 5-56%, specificities from 78-95% and positive and
negative likelihood ratios from 1.0-2.9 and 0.6-1.0, respectively) [16].

The above discrepancies may be related to the true complexity of relations between the risk
of preterm delivery and PAPP-A concentrations. As the value of PAPP-A is a continuous variable,
both linear and non-linear associations between perinatal outcomes and PAPP-A are possible. In the
presented study, the associations between both low and high PAPP-A concentrations and delivery
prior to 34 and 32 weeks of gestation were observed. A further analysis of relations between PAPP-A
and preterm deliveries was conducted with the use of generalized additive models and both linear and
non-linear relations were observed. A significant U-shaped association between PAPP-A concentration
and the risk of delivery prior to 34 and 32 weeks was found. Therefore, researchers in future work
should not focus on trying to identify single cut-off values of PAPP-A for determination of preterm
delivery risk, as the relation between the two is both linear and non-linear in twin gestations.

Low concentrations of PAPP-A were found to be associated with abnormal placental function, SGA,
IUD and PTD in singletons [4]. A correlation between PAPP-A concentration and trophoblast volume
were observed [17]. As PAPP-A plays a significant role in regulation of IGF, and therefore takes part in
the control of placental and fetal growth, and is related to placental function [5]. Observational studies
suggested that the decrease in maternal serum PAPP-A concentrations in trisomic pregnancies is due to
its posttranslational alteration. It may be related to impaired PAPP-A releasing mechanisms or reduced
stability of the secreted protein [18]. Independently from the etiology of the decreased concentration,
low PAPP-A causes downregulation of IGF 2 availability, which can lead to an impaired invasion of the
trophoblast into maternal decidua, abnormal placentation in early pregnancy and impaired glucose
and amino acids transport [19]. The above mechanisms may lead to spontaneous abortion or adverse
perinatal outcome [6]. PAPP-A below the 5th percentile is related to increased risk of preterm delivery,
fetal intrauterine growth restriction and preeclampsia [20]. According to Pelaez et al., placental lesions
associated with placental malperfusion were seen more often in patients with twin gestation and low
first trimester PAPP-A concentration [21]. The impairment of placentation and placental ischemia
induced by the lower IGF bioavailability in early gestation may have an impact on the occurrence of
PTD, although the true mechanism is not clear yet [5,19]. We found low PAPP-A concentration to be
related to the risk of VPTD in twin gestation. On the other hand, we found high concentrations of
PAPP-A to also be related to higher risk of delivery before 34 and 32 weeks. The mechanism of this
relations is not known. As PAPP-A has a proteolytic activity on IGFBP, its elevated concentrations
could lead to the decrease in IGFBP bioavailability. Wang et al. found significantly lower concentrations of
maternal serum IGFBP 3 in women delivering singletons prior to 32 weeks of gestation, which may be due
to high concentrations of PAPP-A [22]. It can be hypothesized that the elevated concentration of PAPP-A
may have a similar effect on implantation and placentation as the decreased one. The desensitization of
IGF receptors in the environment of excessive IGF release might be the possible mechanism; however,
further studies are needed to confirm such theory. Another explanation may be that relatively bigger
placental mass produce increased amount of PAPP-A. High PAPP-A may be related to fetal overgrowth,
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polyhydramnios and higher incidence of preterm delivery due to uterine overextension. In our study, no
information on polyhydramnios or placental mass were available, while no differences between mean
birthweight of the newborns or the occurrence of SGA between the groups of PAPP-A 10-90th percentile
and >90th percentile were observed. Further studies evaluating the possible mechanisms of the relation
between high PAPP-A and preterm delivery are needed.

We found significant association of elevated PAPP-A and the risk of IUD. No such relation
had been described earlier in twins. Fathian et al. analyzed adverse outcomes in pregnancies with
PAPP-A above 95th percentile and found no associations [11]. Our study is the first one reporting
higher incidence of IUD in women with elevated first trimester PAPP-A. It can be assumed that the
analogous mechanism as in preterm deliveries may be related to IUD in twin gestations with high
PAPP-A concentrations.

The strength of the study is a numerous group of patients form a single clinic center. All patients
were counselled according to the same local policy, and provided with the same medical standards.
Clear definitions of prenatal complications were used for the whole group. A novel and unique analysis
of the relationship between PAPP-A concentrations as a continuous variable and perinatal outcome
was conducted. The presented study was the first one to estimate the association between the risk
of IUD and PAPP-A concentration in twin gestation. The weakness of the study is its retrospective
observational design. As both monochorionic and dichorionic pregnancies were included the study
group may be inhomogeneous. It could bring additional information if a separate analysis could be
made for iatrogenic and spontaneous PTD, however, this information was lacking.

5. Conclusions

PAPP-A concentrations seem to be related with pregnancy outcome. Both low and high
concentrations are associated with increased risk of delivery before 34 and 32 weeks of gestation.
PAPP-A is routinely assessed in first trimester screening for aneuploidies and, therefore, it would
be cost-effective as a prognostic toll in PTD and IUD risk assessment as well. Identifying women at
a high risk of PTD or delivery before 32 weeks could help guide proper management and possible
interventions. Further research is needed to investigate the exact mechanism of association between
PAPP-A and PTD or IUD and novel evaluation of risk of pregnancy complications, according to
PAPP-A concentrations as a continuous variable.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/7/2099/s1,
Table S1: Knots for spline functions presented in the paper.
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ABSTRACT

Introduction. Elafin and secretory leukocyte peptidase inhibitor may serve as the predictors of cervical

shortening and preterm delivery in twin gestation.

Material and Methods. A prospective observational study was conducted between September 2016 and
March 2017. Cervicovaginal swabs collected from 40 women with twin gestation were analysed and the mRNA
expression of elafin and secretory leukocyte peptidase inhibitor (SLPI) correlated with preterm delivery.
Results. The mean gestational age at delivery was 35.6 + 5.8 weeks, with 23 women delivering before 37
weeks (57.5%), 7 before 34 weeks (17.5%) and 3 before 32 weeks of gestation (7.5%). The mRNA expression of
elafin and SLPI was not dependent on chorionicity and did not correlate with gestational age at delivery.
Conclusions. Elafin and SLPI are not appropriate predictors of preterm delivery in twins.

Introduction

Elafin and secretory leukocyte peptidase inhibitor
(SLPI) are the members of the antimicrobial peptide

family, playing an important role in the modulation
of the immune system. They are major protease
inhibitors secreted at mucosal surfaces and the
first line of defence against foreign antigens. They
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are expressed throughout the female genital tract,
inhibiting bacterial, viral and fungal activity and
present anti-protease activity on proteases induced
by infection and inflammation on the epithelial sur-
faces [1]. They belong to the whey acidic protein
(WAP) family, as SLPI has two WAP domains and
elafin has one WAP domain, which serve as neutro-
phil elastase inhibitors. Elafin, also known as pep-
tidase inhibitor 3 (PI3), is a 9.9 kDa protein which is
the C-terminal region of trappin-2. It inhibits neu-
trophil elastase and proteinase 3. Elafin expression
was reported to be elevated in fetal membranes of
preterm prelabour rupture of membranes (PPROM)
[2] and the cervicovaginal fluid of women deliver-
ing preterm in singleton gestation [3]. The PI3 gene
produces a complex protein (12.3 kDa) which is
split intracellularly into the mature form (9.9 kDa)
and secreted into the extracellular matrix and
transformed into soluble elafin [3]. Its production
is stimulated by lipopolysaccharide and inflam-
matory cytokines and decreased by oestradiol [3].
SLPI is an 11.9 kDa protein and an anti-inflamma-
tory mediator [4]. Its N-terminal domain presents
activity against both gram-positive and gram-neg-
ative organisms. The C-terminal domain is a strong
inhibitor of neutrophil elastase, cathepsin G, trypsin,
chymotrypsin, tryptase, and chymase. SLPI nega-
tively regulates proinflammatory signalling medi-
ated by nuclear factor-kappa B (NF-kB) [4].
According to Romero, preterm delivery is a
common symptom of various processes and
causes [5], with infection being the etiologic fac-
tor in 30% of preterm deliveries in singleton preg-
nancies [5]. During gestation, the uterine cervix
and its mucus play an important role in the pro-
tection from pathogens present in the vagina. If
the barrier is insufficient, infection and inflam-
mation trigger cervical remodelling and short-
ening which leads to delivery. Macrophages and
neutrophils infiltrate the cervix and the local pro-
duction of proteases begins tissue remodelling
and cervical opening. Preterm delivery affects
two-thirds of all twin pregnancies and contrib-
utes to 50% of all neonatal twin deaths [6]. In the
Preterm Prediction Study, 54.4% of all twins were
born before 37 weeks, 32% before 35 weeks and
8.8% before completing 32 weeks of gestation [7].
It is a major problem associated with multiples,
so finding an efficient predictor of preterm deliv-
ery in twin gestation is of great importance. It
was hypothesised that elafin and SLPI may serve
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as the predictors of cervical shortening and pre-
term delivery in twin gestation.

Materials and Methods

For this pilot study of biomarkers in the prediction
of preterm delivery in twins, a prospective observa-
tional study was conducted in the 1st Department
of Obstetrics and Gynaecology, Medical University
of Warsaw between September 2016 and March
2017. The study was approved by the Ethics Com-
mittee of the Medical University of Warsaw and was
conducted according to the Declaration of Helsinki.

The inclusion criteria were a twin pregnan-
cy beyond 22+0 weeks of gestation, chorionicity
established and documented on the 1st trimes-
ter sonographic scan (two gestational sacs or the
lambda sign for a dichorionic pregnancy; a sin-
gle gestational sac or T sign for a monochorionic
pregnancy), verified gestational age (GA), known
GA at delivery, newborns birth weight (BW) and
complete medical data on the pregnancy outcome
and neonatal outcome. Pregnancies complicat-
ed by one or two foetal demises, genetic or major
anatomical abnormalities, twin to twin transfusion
syndrome (TTTS), twin anaemia-polycythaemia
sequence (TAPS), twin reversed arterial perfu-
sion syndrome (TRAP), as well as monochorionic
monoamniotic ones, were excluded from the study.
GA was calculated based on the first day of the
last menstrual period or a transfer day in assisted
reproductive technique procedures and verified by
the crown-rump length (CRL) measured on the first
trimester scan (if estimated due dates were incon-
sistent and the difference was over 5 days, the
ultrasound measurement was of primary impor-
tance; in case of CRL discordance, the measure-
ment from the larger twin was chosen). Body mass
index (BMI) was defined as the body mass divided
by the square of the body height. Preterm delivery
was defined as the delivery occurring before com-
pleted 37 weeks. PPROM was defined as amniotic
fluid leakage before 37 weeks of gestation, with-
out spontaneous uterine contractions. Gestation-
al hypertension (GH) and preeclampsia (PE) were
diagnosed according to American College of Obste-
tricians and Gynaecologists recommendations [8],
whereas gestational diabetes mellitus (GDM) was
according to the Polish Society of Obstetricians
and Gynaecologists recommendations [9].

25



Women with dichorionic pregnancies were rou-
tinely counselled once every 4 weeks and in mono-
chorionic pregnancies once every 2 weeks, includ-
ing an ultrasound scan. In cases with no pregnan-
cy complications, both monochorionic diamniotic
and dichorionic twins were delivered beyond 37
weeks of gestation according to the local policy.
All the women were counselled between 20 and
24 weeks of gestation. A routine ultrasound scan
assessing foetal biometry and anatomy was per-
formed during that period as well as an ultrasound
measurement of the length of the cervical canal.
This was measured according to the Foetal Medi-
cine Foundation recommendations — a transvagi-
nal probe was placed in the anterior fornix of the
vagina with an empty bladder and the linear dis-
tance between callipers placed at the internal and
external cervical os was taken. Also, cervicovagi-
nal swab samples were collected with a special kit
between 20 and 24 gestational weeks.

The primary outcome of the study was deliv-
ery occurring before the completion of 37 weeks
of gestation. Secondary outcomes included deliv-
eries before 34 weeks of gestation.

The RNA was isolated with a PureLink™ RNA
Micro Scale Kit (ThermoFisher Scientific, MA, USA)
according to the manufacturer's protocol. The
quality and concentration of RNA were assessed
with a NanoDrop spectrophotometer and reverse
transcription was performed with a High Capacity
RNA-to-cDNA Kit according to the manufactur-
er's protocol (Applied Biosystems). Gene expres-
sion was analysed by relative quantitation (RQ)
using a comparative CT assay. Explants stimulat-
ed with the proangiogenic cocktail for PE stimu-
lation and cells from the control group no. 1 for
C199 stimulation were used as calibrators. Real-
time PCR was performed on an Abi Prism 7500
(Applied Biosystems) in 96-well optical plates,
with each sample run in triplicate and supplied
with an endogenous control (human GAPDH no.
Hs02786624_g1). The TagMan Expression Assays
(Applied Biosystems) SLPI: Hs00268204_m1 and
elafin (PI3): Hs00964384_g1 were used and all
probes were stained with FAM. Reactions were
run in a 20 pl volume with TagMan Universal Mas-
ter Mix (Applied Biosystems), appropriate primer
set, MGB probe and 5 ng of cDNA template and
universal thermal conditions were used, i.e. 10
min at 95°C, 40 cycles of 15 s at 95°C and 1 min at
60°C. Data analysis was performed with sequence

detection software version 1.2 (Applied Biosys-
tems, ThermoFisher Scientific, MA, USA).

Data are presented as the mean (x SD), medi-
an or percentage. The Mann-Whitney test and
Fisher's exact test were used for statistical analy-
sis and a P-value < 0.05 was considered signifi-
cant. The sensitivity, specificity, positive predic-
tive value, negative predictive value and positive
and negative likelihood ratio with 95% confidence
intervals were calculated to test the predictive val-
ue for preterm delivery (before 34 and 37 weeks of
gestation). The data were analysed using Statis-
tica version 13.1. Test performance was described
for the prediction of delivery before 37- and
34-weeks using receiver operating characteristic
(ROC) curves, sensitivity, specificity and predic-
tive values. Areas under the ROC curve (AUC) were
calculated and compared. Correlations between
biomarkers and the cervical length were assessed
by the Spearman rank correlation test.

Results

This pilot study involved 48 women. One case of
an intrauterine foetal demise was diagnosed and
one premature rupture of membranes occurred at
21 weeks of gestation; they were excluded from
further analysis. Six patients were lost to follow-
up, finally, 40 patients were deemed eligible for
analysis.

The cervicovaginal swabs collected from
40 women with twin gestation were analysed
and their basic characteristics are presented in
Table 1. A cervical length below 25 mm between
20 and 24 weeks of gestation was diagnosed in
three women and they were administered pro-
gesterone vaginally (200 mg per day). No vaginal
pessary or cervical cerclage were administered.

The median GA at delivery was 36 weeks
(interquartile range 35—-37), with 23 women deliv-
ering before 37 weeks (57.5%), 7 before 34 weeks
(17.5%) and 3 before 32 weeks of gestation (7.5%).
All patients gave birth beyond 30 weeks. Pre-
term delivery was spontaneous due to PPROM
or regular uterine contractions in 16 women (11
monochorionic diamniotic vs. 5 dichorionic preg-
nancies; p=0.7) and 82.5% of women had a cae-
sarean delivery. The indications for caesarean
section were malpresentation of the first foetus
(6 monochorionic vs. 3 dichorionic twins), inter-
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twin growth discordance (2 vs. 1 respectively), PE
(1 vs. 0 respectively) and maternal indications (2
vs. 1 respectively).

SLPI and elafin mRNA were detected in the
cervical epithelial cells in all women and mRNA
expression was not dependent on chorionicity
(Table 1). There was no correlation between GA
at delivery and the mRNA expression of SLPI or
elafin. A separate analysis for the subgroup of
women with spontaneous preterm delivery was
performed, showing no relationship with bio-
marker expression [delta Ct SLP median 4.3,
interquartile range (IQR) 3—-4.9 in spontaneous
preterm delivery groups vs. 3.4, 2.7-3.6, p=0.2;
delta Ct PI3 2.6, 1.8-3.5 vs. 3.0, 2.3-3.5, respec-
tively, p=0.5]. Women delivering beyond 37 weeks
had a significantly longer cervix assessed by
ultrasound. No significant correlation between
cervical length and biomarker expression was
observed (delta Ct SLP: Spearman rank correla-
tion coefficient -0.08, p=0.6; delta Ct PI13: Spear-
man rank correlation coefficient -0.07, p=0.7).

The cut-off points for PI3 and SLPI mRNA were
designated based on the ROC curves and are pre-
sented in Figures 1A-D. The AUC for both elafin
and SLPI was similar ranging from 0.53 to 0.602.
SLPI and PI3 had moderate sensitivity with low
specificity in predicting preterm delivery before
37 and 34 weeks of gestation. The ROC curve was
used to establish the cut-off point for cervical
length in the prediction of preterm delivery, with
a cervical length of 39 mm having sensitivity 561
(95% CI 32.2-.81.3), specificity 86.4 (95% Cl 56.8—
97.2), positive likelihood ratio 3.94 (95% CI 1.3-12.2)
and negative likelihood ratio 0.51 (35% Cl 0.29—
0.91). There were no significant differences in the
expression of SLPI mRNA (median 4.2, 1QR 3.1-5.1
vs. 3.3, 2.4-4.4 respectively; p=0.3) or expression
of PI3 mRNA (3.1, 1.6-3.8 vs. 2.8, 2.5-3.2; p=0.9)
between women who had cervical length below or
above 39 mm. The sensitivity, specificity, positive
and negative likelihood ratios for delivery before
34 and 37 weeks, as well as cervical length less
than 39 mm, are shown in Table 2.

Discussion

This is the first study of elafin and SLPI expression
in the cervicovaginal fluid in twin gestation, dem-
onstrating no significant differences in elafin and
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Figure 1. ROC curves demonstrating the ability of elafin and SLPI
cervicovaginal fluid to predict delivery before 37 and 34 weeks of
gestation in twins. a) elafin in delivery prediction <37 weeks; b)
elafin in delivery prediction <34 weeks; c) SLPIin delivery predic-
tion <37 weeks; d) SLP! in delivery prediction <34 weeks
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SLPI mRNA expression in the cervical fluid col-
lected in mid-pregnancy between term and pre-
term deliveries. Elafin and SLPI had low specificity
and moderate sensitivity in the prediction of deliv-
ery before 37 and 34 weeks, which is in line with
other studies conducted in singleton pregnancies.
Manning et al. detected no differences in elafin
concentration in the cervicovaginal fluid of women
delivering prior to or beyond 37 weeks in a study
of 135 women with a history of preterm delivery
(PTD) or cervical surgery [10]. Hezelgrave et al.
observed 405 women with a singleton pregnancy
at a high risk of PTD and 214 women at low risk of
PTD, showing that elafin was not increased in high
risk women who developed cervical shortening
and delivered prematurely. The AUC for the predic-
tion of delivery before 37 weeks was 0.52 (0.44-
0.59) and before 34 weeks was 0.64 (0.58-0.71)
[11]. Another observational study of 104 singleton
high risk pregnancies by Bastek et al. reported that
elafin measured in the cervicovaginal fluid in mid-
gestation was not a predictor of PTD [12].
Conversely, studies have confirmed a correla-
tion between elafin expression and PTD. Itaoka
et al. compared the mRNA expression of elafin in
cervical swabs collected at 29 weeks of gestation
in women at low and high risk of PTD, finding that
the cervical mRNA expression of elafin was signif-
icantly higher in high risk women delivering pre-
term compared with high risk women delivering at
term and low risk controls [13]. Similarly, Abbott et
al. analysed the cervicovaginal fluid samples col-
lected between 13 and 30 weeks of gestation of
74 asymptomatic women with a singleton gesta-
tion, showing that women who developed a short
cervix had elafin concentrations 2.71 times higher
than those who did not (Cl 1.94-3.79, p = 0.0005).
Elafin concentrations were 3-fold higher than in
the controls when cervical shortening was first
detected. Elafin in the cervicovaginal fluid collect-
ed before 24 weeks of gestation was significantly
higher in women who had a spontaneous PTD (OR
1.79; Cl: 1.05-3.05, p = 0.034) and elafin measured
between 14+0 — 14+6 weeks of pregnancy was
predictive of subsequent development of a short
cervix (AUC 1.00, p = 0.008) within 8 weeks [3].
Similar findings concerning SLPI were pub-
lished by Itaoka et al, who reported that the mRNA
expression of SLPI in the cervicovaginal fluid was
significantly higher in high risk women who deliv-
ered preterm than in low risk women, as well as in
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high risk women who delivered at term [13]. Con-
versely, Samejima et al. found no differences in
SLPI concentrations between women delivering
before and beyond 37 weeks gestation. However,
they reported a significant correlation between
cervical mucus SLPI concentration and inflam-
matory cytokines, such as IL-6 and IL-8, which
play an important role in preterm delivery [4].

In the present study, elafin and SLPI mRNA
were detected in all collected samples. Itaoka
et al. detected elafin and SLPI mRNA through-
out the gestation and postpartum period, with
the elafin concentration unchanged through-
out pregnancy, while higher levels were detected
after delivery [13]. In contrast, the expression of
SLPI mRNA was the lowest in the first trimester,
increasing in the second and third trimester [13].
Elafin and SLPI were also detected in the cervico-
vaginal secretion by other authors [14,15]. Differ-
ences in elafin and SLP production are probably
controlled by hormones, especially progesterone.
It was demonstrated that progesterone exposure
increased SLPI but not elafin mRNA expression in
a breast epithelial cell line [16], which may explain
the differences in the observed expression of
these antimicrobial peptides during pregnancy.

As uncomplicated twin pregnancies delivery
was scheduled beyond 37 weeks in both dicho-
rionic and monochorionic diamniotic gestation
according to our local policy, it is assumed that
the comparison of preterm deliveries between
both groups is reliable. There was no correla-
tion between elafin or SLPI and preterm deliv-
ery in twin gestation, which may be due to the
small study group size, as this was a pilot study
of potential biomarkers in the prediction of pre-
term delivery in twins. However, the aetiology of
preterm delivery in twin gestation is complex and
may differ from that in a singleton pregnancy. In
twins, the overdistension of the uterus plays a
major role and maybe a triggering factor for pre-
term delivery, even in the absence of infection
and inflammation. The larger uterine cavity in the
case of multiple pregnancies causes overdisten-
sion, which increases the expression of gap junc-
tions in the myometrium and oxytocin receptors,
as well as increased prostaglandin production
[17]. As the aetiology of preterm delivery may be
different from a singleton delivery, elafin and SLPI
may not play a significant role in preterm delivery
in multiple gestation.
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The elafin and SLPI production were assessed
in this study by examining the expression of their
mRNA rather than protein, as neutrophil elastase
can interfere with the secretion of SLPI by form-
ing a positively charged molecular complex with
SLPI [13], thereby influences the measurement of
protein concentration and induce bias. Hence, we
considered mRNA expression to be more indepen-
dent and objectively reflects protein production.

In conclusion, elafin and SLPI expression in
the cervicovaginal fluid is not related to the risk
of preterm delivery and not appropriate for the
prediction of preterm delivery in twins.
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7. Podsumowanie wynikéw i wnioski

Cigza wieloptodowa, w tym cigza blizniacza, jest obarczona wysokim ryzykiem
wystepowania powiktan, zwtaszcza porodu przedwczesnego. Wykrycie biomarkera, ktéry
bytby skutecznym czynnikiem predykcyjnym powiktan perinatalnych w cigzy blizniaczej
pozwolitoby na wyodrebnienie grupy pacjentek o wysokim ryzyku powikfan i zastosowanie w
niej scistego nadzoru potozniczego oraz dostepnych metod profilaktycznych. Dotychczas
zaden z ocenianych biomarkeréw biochemicznych, ktére majg zastosowanie w ocenie ryzyka
powikfan w cigzy pojedynczej, nie okazat sie by¢ skutecznym w cigzy blizniacze;j.

Wedtug koncepcji Romero infekcja wewnatrzmaciczna jest jednym z czynnikdéw
etiologicznych porodu przedwczesnego, a pordd przedwczesny jest najczestszym powiktaniem
cigzy wieloptodowej [26]. Wykazano korelacje pomiedzy ekspresjg interleukin prozapalnych a
wystepowaniem porodu przedwczesnego i przedwczesnego odptywania ptynu owodniowego
w cigzy pojedynczej [29]. Elafina i SLPI sg inhibitorami proteaz, wydzielanymi w btonach
$luzowych, o dziataniu immunomodulujgcym. Sg produkowane w drogach rodnych kobiety i
wykazujg dziatanie przeciwwirusowe, przeciwbakteryjne i przeciwgrzybicze oraz hamujace
aktywnos¢ proteaz, indukowanych podczas infekcji i stanu zapalnego. Elafina, nazywana
réwniez inhibitorem peptydazy 3, jest kodowana przez gen PI3. Wykazuje dziatanie hamujace
aktywnos¢ elastazy neutrofilowej. Wydzielanie elafiny jest stymulowane przez
lipopolisacharydy i cytokiny prozapalne. Potwierdzono jej obecnos$é w wydzielina szyjkowo-
pochwowej u kobiet rodzgcych przedwczesnie [30]. SLPI wykazuje aktywnos¢ przeciw Gram-
ujemnym i Gram-dodatnim bakteriom oraz jest inhibitorem elastazy neutrofilowej, katepsyny
G, trypsyny, chymotrypsyny i chymazy. SLPI hamuje drogi aktywacji czynnika transkrypcyjnego
NF-kB. Udziat elafiny i SLPI w odpowiedzi zapalnej w przypadku infekcji wstepujacej droga
przezszyjkowg do macicy odgrywa role w etiologii porodu przedwczesnego [31]. W pracy,
stanowigcej cze$é niniejszej dysertacji, pod tytutem ,Cervical expression of elafin and
secretory leukocyte peptidase inhibitor does not predict preterm delivery in twin pregnancy
— results from a pilot study” przedstawiono skutecznos¢ oceny obecnosci elafiny i SLPI w
wydzielinie szyjkowo-pochwowej w predykcji porodu przedwczesnego w cigzy blizniaczej. W
probkach wydzieliny, pobranych pomiedzy 20. a 24. tygodniem cigzy u bezobjawowych
pacjentek w cigzach blizniaczych, oznaczono mRNA elafiny i SLPI. Ekspresja elafiny i SLPI nie
korelowata z czasem trwania cigzy, wystepowaniem porodu przedwczesnego przed 37. lub 34.
tygodniem, wystepowaniem samoistnego porodu przedwczesnego, ani dtugoscig kanatu szyjki
macicy, oceniong w badaniu ultrasonograficznym. Oba biomarkery charakteryzowaty sie niska
czutoscia (54,6 vs. 60,6%), swoistoscig (50%), niskim LR+ (1,09 vs. 1,21) i wysokim LR- (0,91 vs.
0,79). W omawianym badaniu wykazano, iz elafina i SLPI nie sg skutecznymi czynnikami
predykcyjnymi porodu przedwczesnego w cigzy blizniaczej. Jest to pierwsze opublikowane
badanie, dotyczace oceny ekspresji powyzszych biomarkeréw w predykcji powiktan w cigzy
blizniacze;j.

Kolejna praca z cyklu w niniejszej dysertacji, zatytutowana ,,Both low and high PAPP-A
concentrations in the first trimester of pregnancy are associated with increased risk of
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delivery before 32 weeks in twin gestation” stanowi retrospektywna analize danych 304
kobiet w cigzach blizniaczych, u ktérych oznaczono stezenie biatka PAPP-A w osoczu pomiedzy
11+0 a 13+6 tygodniem cigzy. Zaobserwowano, iz stezenie PAPP-A ponizej 10. percentyla dla
danego wieku cigzowego wigzato sie z podwyzszonym ryzykiem ukonczenia cigzy przed 37.
tygodniem (RR 2,47; 95% Cl 1,1-5,3), przed 34. tygodniem (RR 2,25; 95% Cl 1,1-4,6) i przed
32. tygodniem (RR 2,72; 95% Cl 1,3-5,5). Réwniez stezenie PAPP-A powyzej 90. percentyla
wigzato sie z podwyzszonym ryzykiem porodu przed 34. tygodniem (RR 3,46; 95% Cl 1,6-7,5),
przed 32. tygodniem (RR 2,48; 95% Cl 1,1-5,3) i przed 28. tygodniem ciazy (RR 2,18; 95% Cl
1,1-4,2). U pacjentek z niskim stezeniem biatka PAPP-A istotnie czeSciej wystepowata
samoistna czynno$¢ skurczowa macicy, skutkujgca porodem (RR 2,05; 95% Cl 1-4,2).
Zaobserwowano takze znamienne relacje pomiedzy stezeniem biatka PAPP-A a innymi
powiktaniami cigzy blizniaczej. Niskie stezenie PAPP-A wigzato sie z ryzykiem wystgpienia w
cigzy cukrzycy (RR 3,5; 95% ClI 1,7-6,9), natomiast wysokie stezenie PAPP-A
wspotwystepowato  z  niemal dziewieciokrotnie  wyzszym  ryzykiem  obumarcia
wewnatrzmacicznego ptodu (RR 8,9; 95% CI 3,1-11,5).

Analizujgc powyzsze wyniki zaobserwowano, iz zaréwno niskie, jak i wysokie stezenie
PAPP-A wigze sie z czestszym przedwczesnym ukonczeniem cigzy. Na tej podstawie wysunieto
hipoteze, iz ryzyko porodu przedwczesnego moze nie charakteryzowac sie liniowg zaleznoscia
od stezenia biatka PAPP-A w osoczu w pierwszym trymestrze cigzy. W zwigzku z tym
przeprowadzono analize uogdlnionego modelowania addytywnego, wizualizujgc go w postaci
funkcji sklejanych. Wykazano istotng liniowg zalezno$é ryzyka ukonczenia cigzy przed 37.
tygodniem od stezenia biatka PAPP-A. Natomiast w przypadku porodu przed 34. tygodniem
Cigzy zaobserwowano podwdjng znamienng relacje —zaréwno liniowg, jak i nieliniowa. Relacja
ta, zobrazowana jako funkcja sklejana o ksztatcie podobnym do litery U wykazata, iz zaréwno
niskie, jak i wysokie stezenia biatka PAPP-A wigzaty sie z podwyzszonym ryzykiem ukonczenia
cigzy przed 34. tygodniem. Analogiczna relacja zostata wykazana dla stezenia PAPP-A i ryzyka
porodu przed 32. tygodniem cigzy. Najnizsze ryzyko porodu przed 34. i przed 32. tygodniem
wystepowato w przypadku stwierdzenia w pierwszym trymestrze cigzy stezenia biatka PAPP-
A o wartosci 0,92 wielokrotnosci mediany (MoM). Nie wykazano réznic pomiedzy stezeniem
biatka PAPP-A a ryzykiem porodu przedwczesnego pomiedzy cigzami blizniaczymi jedno- i
dwukosmoéwkowymi.

W pismiennictwie Swiatowym istniejg rozbiezne dane na temat zaleznosci porodu
przedwczesnego od stezenia biatka PAPP-A w pierwszym trymestrze cigzy. Rosner i wspot.
przeanalizowali wyniki 340 kobiet w cigzach blizniaczych i oszacowali, iz niskie stezenie PAPP-
A wigze sie z ponad pieciokrotnie wyzszym ryzykiem ukonczenia cigzy przed 37. tygodniem
[32]. W badaniu autorstwa Laughon i wspét. pacjentki, u ktérych stwierdzono niskie stezenie
biatka PAPP-A, niemal trzykrotnie czesciej rodzity przed 32. tygodniem cigzy, natomiast wynik
ten nie uzyskat istotnosci statystycznej [33]. Takze inni autorzy nie odnotowali powyzszych
korelacji [34-36]. Praca, stanowigca czes¢ niniejszej dysertacji, moze stanowi¢ wyttumaczenie
obserwowanych rozbieznosci. Niespdjnos¢ publikowanych wynikéw moze by¢ wynikiem
réznic w metodologii przeprowadzanych badan oraz witgczania do analizy mniej liczebnych
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grup badanych. Niezmiernie istotna jest jednak ztozono$¢ zaleznosci pomiedzy stezeniem
biatka PAPP-A a ryzykiem porodu przedwczesnego w cigzy blizniaczej, co wykazata powyzsza
praca. Rozbieznos¢ wynikow badan, opublikowanych w pismiennictwie, moze wynikac ze
stopnia ztozonosci prawdziwych korelacji. Jako ze stezenie biatka PAPP-A jest zmienng ciggtg,
zaréwno liniowe, jak i nieliniowe zaleznosci mogg mieé¢ miejsce. W niniejszej pracy doktorskiej
udowodniono, iz zwigzek tego biomarkeru z ryzykiem porodu przedwczesnego przed 32.
tygodniem cigzy jest U-ksztattny, pociggajac za sobg koniecznos¢ stosowania bardziej
ztozonych metod analizy statystycznej. W zwigzku z tym niewykrywanie zaleznosci pomiedzy
wystepowaniem porodu przedwczesnego czy innych powikfan cigzy blizniaczej w
publikowanych pracach nie musi Swiadczy¢ o braku takich korelacji, a jedynie o stosowaniu
nieadekwatnych metod analizy statystycznej do stopnia ztozonosci obserwowanych
zaleznosci.

W niniejszym badaniu wykazano réwniez, iz wysokie stezenie biatka PAPP-A w
pierwszym trymestrze cigzy wigze sie z podwyzszonym ryzykiem obumarcia
wewnatrzmacicznego ptodu w cigzy blizniaczej. Byto to pierwsze opublikowanie doniesienie
na ten temat. Dotychczas przeprowadzono badania, poszukujace takich zaleznosci jedynie w
cigzy pojedynczej [35].

Bez watpienia niniejsza dysertacja uwidacznia nadal istniejgca ogromng potrzebe
prowadzenia kolejnych badan w zakresie poszukiwania skutecznych czynnikéw predykcyjnych
powikfan cigz wieloptodowych. Istotne jest odnalezienie biomarkera, ktéry charakteryzowatby
sie cechami idealnego czynnika predykcji w analizie statystycznej i mdgtby zostaé uzyty w
prostym technicznie, tanim i szybkim tescie o wysokiej powtarzalnosci wynikow. Jednakze
niniejsza dysertacja i ptyngce z niej wnioski zwraca uwage réwniez na koniecznos$¢ zmiany
podejscia do oceny badanych substancji, ktére mogtyby by¢ uzywane w predykcji powiktan
cigzy. Biologia ludzkiej rozrodczosci jest bardzo ztozonym zagadnieniem, a poszczegdlne
czynniki biochemiczne powigzane sg ze sobg w wielowymiarowa sie¢ wspodfzaleznosci. W
zwigzku z tym w przysztosci, planujac kolejne badania naukowe, dotyczgce poszukiwania
korelacji pomiedzy poszczegdlnymi czynnikami a wystepowaniem powiktan cigzy, nalezy miec
na uwadze ztozonos$¢ mozliwych zaleznosci i poszukiwac ich w innych wymiarach niz liniowe,
stosujgc odpowiednio zaawansowane narzedzia statystyczne.

Whnioski:

1. Ekspresja elafiny i wydzielniczego inhibitora proteinazy leukocytarnej nie koreluje
z ryzykiem porodu przedwczesnego w cigzy blizniacze;.

2. Elafina i wydzielniczy inhibitor proteinazy leukocytarnej nie sg skutecznymi
czynnikami predykcyjnymi porodu przedwczesnego w cigzy blizniacze;j.

3. Ryzyko powiktfan cigzy blizniaczej jest zalezne od stezenia biatka PAPP-A w osoczu
kobiet w cigzy blizniaczej pomiedzy 11 a 13+6 tygodniem ciazy.

4. Zaleino$¢ pomiedzy stezeniem biatka PAPP-A a powiktaniami cigzy wykazuje inne
niz liniowe relacje.
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5.

Istotne jest poszukiwanie skutecznego czynnika predykcyjnego powiktan cigzy
blizniaczej, bioragc pod uwage mozliwe liniowe i nieliniowe zaleznosci pomiedzy
biomarkerem a analizowanymi powiktaniami.

Oznaczenie stezenia biatka PAPP-A jest stosowane w rutynowej diagnostyce
aneuploidii w pierwszym trymestrze cigzy, wydaje sie wiec, ze modgtby to byé
efektywny biomarker predykcyjny porodu przedwczesnego oraz
wewnatrzmacicznego obumarcia ptodu stosowany w praktyce kliniczne;.
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i inhibitora sekrecyjnej proteazy leukocytowej (SLPI) w wydzielinie z kanalu szyjki macicy
w szacowaniu ryzyka porodu przedwczesnego w cigzach blizniaczych”,
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