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PAT VAN PE

Sinh non 1a nguyén nhan hang dau gay tu vong va bénh tat chu sinh
trén toan thé gidi. Theo T chic Y té Thé gigi (WHO), mdi nam c6
khoang 15 tri¢u tré sinh non. Thai phu song thai c6 nguy co sinh non
cao hon nhiéu so véi don thai, véi ty 1¢ sinh non 1én t§i khoang 60%.
Vi véy, viéc nhan dién sém céac yéu td nguy co va xiy dung cac md
hinh dy bao sinh non & thai phu song thai c6 y nghia quan trong trong
thuc hanh san khoa.

Céc nghién ctru trude day chi yéu tap trung vao danh gia chidu dai
cd tir cung va da chirmg minh day 1a chi sé ¢o gia tri du bao sinh non,
tuy nhién phan 16n chi danh gié tai ting thoi diém riéng 1é. Trong khi
do, chiéu dai va goc cb tir cung 1 nhirg dau 4n hinh thai hoc mdi,
phan anh méi quan hé dong hoc gitra doan dudi tir cung va cb tir cung
cling nhu qua trinh tai cau tric ¢6 tu cung dién ra lién tuc trong thai
ky Nhung dir liéu theo ddi dgc su thay d6i cua chiéu dai cb tir cung,
goc ¢6 tir cung va hinh thai 16 trong c6 tir cung & thai phu song thai
van con han ché.

Bén canh cac thay dbi hinh thai hoc, ngay cang c6 nhiéu bang
chung cho thy sinh non 12 hiu qua cua su tuong tac gitta cac co che
viém, mién dich va di truyén. Mot sb cytokine tién viém (IL-1p, IL-6,
TNF-a) va cac plasma cell-free RNAs nhu PSME2, NAMPT, APOAL,
APOA4 va Hsa-let-7g d duoc ghi nhan co lién quan dén sinh non
trong mot s6 nghién ctru. Tuy nhién, cac bang ching nay chi yéu duge
thuc hién trén thai don, trong khi dit liéu & thai phu song thai con rat
han ché, dic biét vé méi lién quan giira cac marker phan tir voi su thay
d6i hinh thai ¢6 tir cung cling nhu gia tri dy bao sinh non khi két hop
v6i cac chi s6 siéu am.

Xuit phat tir nhu’ng khoang trong nghién clru trén, ching tdi thuce
hién d¢é tai “Nghién ciru thay dm hinh thai hoc ¢6 tir cung bang si¢u
am quy II va khao sat mot 56 yeu t6 du bdo nguy co sinh non &
thai phu song thai” v6i hai muc tiéu:

Muc tiéu 1: Xac dinh thay doi hinh thai hoc co tr cung bang siéu
am quy 1l va danh gia moi lién quan voi mot 6 yéu té genomics, yéu
16 tién viém ¢ thai phu song thai.

Muc tiéu 2: Nghién ciru kha nang di bao nguy co sinh non ciia chiéu
dai ¢ tir cung, goc co tir cung va mot s6 yéu to genomics trong quy Il &
thai phuy song thai.



2. PONG GOP CUA LUAN AN

Luén an da cung cap thém bang chimg vé su thay d6i hinh anh hoc co
tur cung trén siéu am quy 11 & thal phu song thal, dong thoi 1am rd m01 lién
quan véi cac ddu 4n mRNA, yéu td tién viém va lién quan cua cac yeu t6
ndy voi nguy co sinh non. Day 1a mot huong tiép can moi, két hop dong
thoi giita bién do6i hinh thai ¢6 tir cung va cac yéu t6 sinh hoc phan tir
trong du bao sinh non.

Két qua nghién ciru cho thay chiéu dai ¢ tir cung va goc cd tir cung
c6 su thay doi theo tudi thai va lién quan c6 y nghia véi sinh non, dic
biét ¢ nhom sinh non trude 34 tudn. Dong thoi, luan an bude dau ghi
nhan vai trd ctia mot s6 mRNA, dic biét 1a PSME2, trong lién quan
v0i sinh non va cai thién gia tri tién lugng khi két hop véi cac chi s6
hinh anh hoc ¢b tir cung.

Vé mit thyc tlen luén an gop phan dé xuat kha nang tmg dung theo
ddi dong hoc ¢b tir cung phdi hop véi cac dau 4n sinh hoc trong sang
loc sém nguy co sinh non & thai phu song thai, tir 46 ¢6 thé hd trg cho
chién lugc du phong va theo dai 1am sang hiéu qua hon.

3. BO CUC LUAN AN

Luan an gdm 137 trang: Dit van dé 2 trang, tong quan tai liéu 28
trang, d6i tugng va phuong phap nghién ctru 29 trang, két qua nghién
clru 34 trang, ban luan 41 trang, két luan 2 trang, kién nghi 1 trang. Lun
an c6 45 bang, 16 hinh, 1 so do, 18 biéu dd, 140 tai liéu tham khao, trong
d6 c6 11 tai lidu tiéng Viét va 129 tai lidu tiéng Anh.

) Chuong 1
TONG QUAN TAI LIEU

1.1. TONG QUAN SONG THAI
1.1.1. Pinh nghia
1.1.2. Phan loai
1.1.3. Dich té
1.2. SU THAY POI HiNH THAI CO TU CUNG TRONG THAIKY
SONG THAI
1.2.1. Thay d6i hinh anh hoc cb tir cung trong thai ky

Trong thai ky binh thudng, ¢ tir cung (CTC) duy tri trang thai dong
kin dé gir thai trong buéng tir cung cho dén khi du thang. Qua trinh
chuyén da va sinh non deu lién quan dén hién tuong tai cau tric CTC
v6i cac biéu hién nhu mém, ngin, x6a va mé co tir cung. Nhing thay



d6i nay 1a két qua cua qué trinh bién doi collagen, chat nén ngoai bao
(ECM), té bao mién dich va ham luong nudc trong mé CTC.

1.2.2. Cacphwong phap danh gia sw thay ddi hinh danh hoc ¢b tir cung
1.3. CO CHE SINH NON TU DI TRUYEN PEN BIEU HIEN
LAM SANG O SAN PHU SONG THAL

1.3.1. Vai tro cac blén doi di truyén trong khéi dong co ché sinh non.

Cac nghién ciru gan day cho thay sinh non 1a hdu qua cia sy tuong
tac phirc tap gitra cac yéu td di truyén, mién dich va viém. Mot s6 RNA
tu do trong huyét trong me nhu NAMPT, PSME2, Hsa-let-7g va
APOA4 da dugc ghi nhén c6 lién quan dén nguy co sinh non théng
qua diéu hoa dap mg viém, mién dich va chuyén héa. Tuy nhién, phan
16n cac nghién ctru hién nay dugc thuc hién trén thai don, trong khi dit
lidu & thai phu song thai con rat han ché.
1.3.1.1. Cdc tin hi¢u di truyén bi kich hoat din dén ting sinh
cytokine tao tién dé cho sinh non.
1.3.1.2. Yéu té di truyén tham gia qud trinh kich hoat cdc yéu té
chong viém.
1.3.1.3. Yéu t6 di truyén tham gia én dinh ciu triic mé lién két CTC.
1.3.2. Vai tro tang sinh cac cytokine trong khéi phat sinh non.

Cac cytokine tién viém nhu IL-1B, IL-6 va TNF-o tham gia vao qua
trinh tong hop prostaglandin, hoat hoa metalloproteinase, lam mém va
ngin ¢ tir cung, tir d6 thuc day chuyén da sinh non. Tuy nhién, két qua
cac nghién ctru trén thai phy song thai con chua thdng nhat va phu thudce
vao thoi diém 14y mau ciing nhu loai bénh pham nghién ciru.

1.3.3. Nén tang di truyén va tin hiéu viém gay biéu hién nhiing thay doi
cAu tric CTC. -

1.4. CAC NGHIEN CUU TRONG NUOC VA QUOC TE.

1.4.1. Cac nghién ctru vé si thay déi hinh anh hoc ¢6 tir cung ¢ sian
phu song thai.

Nhiéu nghién ciru trong va ngoai nudc cho thiy chiéu dai ¢6 tu
cung ¢ san phu song thai ¢6 xu huéng giam dan theo tudi thai, dic biét
trong quy II. Tuy nhién, mot s6 nghién ctru ghi nhén dlen bién khong
hoan toan tuyen tinh, c6 thé tang nhe 6 mot vai thoi diém roi moi giam.
Nhin chung, mdi lién quan gitra chiéu dai ¢ tu cung va tudi thai &
song thai van chua théng nhat hoan toan, va sé nghién ciru theo ddi
doc con han ché.

Goc cb tir cung 1a chi s6 méi duoc quan tim trong dy bao sinh non,
nhung cic nghién ctru trén song thai con rat it. Mot sb nghién ctru &



thai don va song thai cho thiy géc ¢ tir cung c6 xu hudng ting theo
tudi thai va 16n hon & nhom sinh non.

Hinh anh 15 trong ¢ tur cung, dédc biét cac dang funneling nhur chir V,
U, thuong lién quan dén co tur cung ngan va nguy co sinh non cao hon.
1.4.2. Cac nghién ciru vé cac yéu td dw bao nguy co sinh non.
“Yéu t6 di truyén va sinh non

Céc nghién ctru vé RNA tu do huyét twong nhu PSME2, NAMPT,
APOA1, APOA4, Hsa-let-7g cho thay mot s6 RNA co lién quan dén
sinh non va c6 thé cai thién gia tri du bao khi két hop voi yéu té 1am
sang. Tuy nhién, phan 16n nghién ctru dugc thuc hién trén thai don,
con dit liéu ¢ song thai rat it.
*Hinh thdi CTC va sinh non

Chiéu dai ¢ tir cung l1a chi s dwoc nghién clru nhiéu nhét va co
gia tri du bdo sinh non ¢ song thai, dac bi¢t khi cd tir cung ngén. Goc
cd tir cung ciing dwoc xem 1a mot chi sb tiém ning, nhung dir liéu con
it. Funneling 13 d4u hiéu b6 sung c6 thé goi y nguy co sinh non, song
gié tri tién lwong don doc con thap.

) . Chuwong 2 ] . )
POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. POI TUQNG NGHIEN CU'U.
2.1.1. Pdi twong nghién ciru cho muc tiéu.

Nghién ctru dugc thuc hién trén nhiing san phu song thai dugc siéu
am danh gia hinh dnh hoc CTC (chiéu dai CTC, goc CTC, hinh anh 15
trong CTC) 2 tuan/lan tir tuan thir 14 dén hét 24 tuan va liy mau xét
nghiém mRNA dinh luong PSME2, NAMPT, APOA1, APOA4, dinh
luong cac yéu té tién viém: IL-1p, IL-6, TNF-o vao luc thai 16 tuan.
Sau d6 theo ddi dén khi két thuc thai ky tir 09/2023 dén 08/2025.

e Tiéu chuin lya chon

- Song thai c6 ca 2 thai déu sdng dén két thic thai ky.

- C6 két qua danh gia hinh anh hoc CTC qua siéu am du do 4m
dao (chidu dai CTC, goc CTC, hinh anh 1 trong CTC) mdi 2 tuan/ lan
tir 14 tudn dén 24 tuan tai Bénh vién Pai hoc Y Hai Phong.

- C6 két qua xét nghiém mRNA dinh lugng PSME2, NAMPT,
APOA1, APOA4, Hsa-let-7g va xét nghiém dinh luong cac yéu t tién
viém: IL-1p, IL-6, TNF-a tai thoi diém 16 tuan.

- San phu tai kham theo hen dinh ky.



- Két thuc thai ky c6 chuyén da hodc thai di thang.

- Pong ¥ tham gia nghién ciru.

e Tiéu chuin loai trir

- Bénh nhan c6 tién sir can thiép CTC (khoét chop).

- Trong qua trinh theo ddi c6 it nhat 01 thai chét.

- Trong qué trinh theo ddi két thiic thai ky non thang khong c6 dau hiéu
chuyén da vi rau tién dao, tién san gidt, bién chting song thai 1 banh rau. ..

- Tién str, dang méc bénh ly hoic dang ding thudc c¢6 thé anh huong
dén két qua xét nghiém tién viém nhur: lupus, viém khép dang thap, nhiém
khuén, thude corticosteroid hodc bénh nhan dang viem nhiém, viém 4m dao

- San phu bo theo doi trong khoang thoi gian nghién ctiu.
2.1.2. Dia diém, thoi gian nghién ciru.

- Nghién ctu dugc tién hanh tai Khoa Phu san Bénh vién Pai hoc
Y Hai Phong tir thang 09/2023 dén 08/2025.

- Xét nghiém mRNA tai Cong ty c6 phan phan tich di truyén Gene
Solutions.

- Xét nghiém cac yéu td tién viém duge thuc hién tai Labo trung
tam truong Pai hoc Y Dugc Hai Phong.
2.2. PHUONG PHAP NGHIEN CUU.
2.2.1. Phwong phap nghién ciru.

Thiét ké nghién ciku:

- Nghién ctru thuan tép.

Cé mau:

Cong thirc tinh ¢& mau dé wéc lugng hé s6 twong quan:

Zl_a/z-l- Zl_B

11 1+r
2 08T —7¢

+3

Trong do:

r: hé sb twong quan giita chiéu dai CTC va tudi thai, tham khao
nghién ctru ctia Fujita (2002), chon r=0,43 [58].

o: Sai 1am loai I, chon o = 0,05 thi Z .2 =1,96.

B: Sai lam loai II, chon B= 0,2, tuong duong lyc théng ké 1a 80%,
khi d6 Z,.4=0,842.

Thay vao cong thirc tinh dwoc n=41. Dé lam ting gia tri nghién
ctru, lay hé s thiét ké mau bang 2, nhur vy ¢& mau t6i thiéu cho nghién
ctru 1a 82. Trén thuc té chung t6i thu thap dugc 93 san phu thoéa man
tiéu chuén nghién ctru.



Phwong phap chon méu: Lay mau thuan tién khong xac suét thoa
man tiéu chuan nghién cttu du s6 lugng nghién ctru.
2.2.2. Cac bude tién hanh nghlen curu.
2.2.2.1. Cdc bwdc nghién ciru

Bude 1: Sang loc thai phu song thai 14 tuan, loai trir tiéu chuan
loai trur va ky dong thuan tham gia.

Thyc hién siéu 4m dau do 4m dao & mit cit doc gitra ¢ tir cung.

- Po chiéu dai co tir cung, goc ¢b tir cung theo khuyen cdo ISUOG;
m01 tru’ong hop 3 lan do trong vong 23 phut, chon gia tri ngan nhat
néu c6 thay doi do con co tir cung.

- Panh gi4 hinh anh 15 trong c¢6 tir cung, phan loai thanh cac dang I,
Y, V hoac U.

Budrc 2: Theo ddi doc tir 14 dén 24 tudn, mdi 2 tuan/lan két hop
danh gid tri¢u ching, nguy co, bénh Iy kém theo va két cuc thai ky.

Buée 3: Sang loc thai phy song thai tir 16 tuan, ky dong thuan va
thu mau mau.

- Phan tich mRNA tai labo Gene Solutions bang k¥ thuat Droplet
Digital PCR dé dinh lugng cac gen: PSME2, NAMPT, APOAI,
APOAA4, Hsa-let-7g.

- Phan tich cytokine tién viém tai labo Truong Pai hoc Y Duoc Hai
Phong bang k¥ thuat ELISA Sandwich dé dinh luong IL-1B, IL-6, TNF-q.

Budc 4: Xt tri cac tru’ong hop nguy co sinh non theo hudng dan
hién hanh, bao gom nghi ngm progesterone dat 4m dao, can nhic khau
vong ¢d tr cung va nhap vién khi can.

Budc 5: Két thuc theo ddi khi thai phu sinh hodc dén du thang, sau
d6 tong hop va phan tich s liéu.

2.2.3. Phuong ti¢n nghién ctru

- Phiéu nghlen ctru dugce thiét ké sin dé thu thap thong tin.

- May siéu am Voluson S8 XG, dau do convex 7-9 MHz, str dung
dé danh gia hinh anh hoc ¢ tir cung.

- Hé théng Droplet Digital PCR (QX AutoDG Droplet Generator
va QX 600 Droplet Reader) dung dé dinh luong cac mRNA: PSME2,
NAMPT, APOA1, APOA4 va Hsa-let-7g.

- H¢ thong xét nghlern ELISA dung dé dinh lugng cic cytokine
tién viém: IL-1p, IL-6 va TNF-a.

- Monitoring san khoa dugc sir dung dé phat hién va danh gia con
co tir cung trong chin doan doa sinh non.

- Cac phu:orng tién du phong sinh non bao gbm progesterone dit Am
dao va khau vong cb tir cung.



2.3. PAO PUC NGHIEN CUU

Nghién ctru duge Hoi dong dao dirc thong qua trong nghién ctru Y
sinh hoc ciia Trudng Pai hoc Y Dugc Hué véi QD sé H2023/461 va
duogc sy dong ¥ cia hoi ddng khoa hoc Bénh vién Truong Pai hoc Y
Hai Phong s6 192/QD-BVHP va hoi dong khoa hoc Truong Dai hoc
Y Duoc Hai Phong véi QD 314/QD-YDHP.

Chuwong 3
KET QUA NGHIEN CUU

Nghién ciru nay thu duoc tir mau gdm 93 san phu mang song thai
théa mén cac tiéu chuan lya chon, duoc theo ddi doc dinh ky tr tudn
14 dén hét tuan 24 tai Bénh vién Dai hoc Y Hai Phong. Nghién ctru
tap trung phén tich sy thay d6i dong hoc cia cac chi s6 hinh anh hoc
cd tir cung qua siéu 4m dau do am dao, bao gom chleu dai CTC, gbc
CTC va hinh anh 13 trong CTC. Pdng thdi, cac yéu té du bao sinh hoc
mirc d6 phan tir nhu ndng d6 cac RNA (PSME2, NAMPT, APOAL,
APOAA4, Hsa-let-7g) va cac cytokine tién viém (IL-1pB, IL-6, TNF- (1)
ciing dugc khao sat tai mdc 16 tuan phan tich lién quan véi thay doi
hinh théi va kha nang tién lugng sinh non.

3.1. PAC PIEM CHUNG CUA POI TUQNG NGHIEN CUU.

32. THAYDPOIHINH THAI CO TU'CUNG VA MOI LIEN QUAN VOI

CAC YEU TO GENOMICS, TIEN VIEM O THAI PHU SONG THAI

3.2.1. Pic diém chiéu dai CTC cia doi twgng nghién ciru.

Chiéu dai c6 tir cung trung binh trong khoang 1424 tuan thai tuong

d6i 6n dinh, dao dong tir 36,1 dén 37,2 mm, khong c6 xu hudng giam

rd rét theo tudi thai. Tuy nhién, gia tri nho nhit giam dan theo tudi thai,

dic biét tir sau 20 tuan.

Biang 3.4. Pic diém phén bd chiéu dai cb tir cung theo phén vi 5,
10, 25, 50, 75, 90, 95 tai cac thoi diém do (n=93).

Tudi thai Phén bo chiéu dai CTC theo phan vi
5% | 10% [ 25% | 50% | 75% | 90% | 95%
14 tudn 28,5 | 299 | 32,1 [ 36,6 | 41,1 | 452 | 46,3
16 tuan 27,6 | 283 [ 32,7 | 36 | 39,6 | 429 | 449
18 tudn 29,2 | 30,6 | 34,1 [ 375 | 402 | 43,5 | 457
20 tudn 28,1 [ 29,7 [ 325 362 ]399 | 433 | 452
22 tuan 226 | 294 [ 327 | 37 | 414 | 439 | 464
24 tudn 23,6 | 27,1 | 322 [ 372 | 42 | 455 | 47
Trung binh (538 1 575 | 205 | 32.8 | 369 | 40.5 | 44 | 46
uot si€éu 4m)
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Biéu do 3.2. Biéu dd bach phan vi cia sé do chiéu dai c6 tir cung
theo tudi thai.

Phén b chiéu dai ¢o tir cung theo cac phan vi tai cac thoi diém
do cho thay trung vi dao dong quanh 36-37 mm va twong dbi 6n dinh
tir 14 dén 24 tuan thai. Cac phan vi thap c6 xu hudéng giam dan theo
tudi thai, dic biét sau 20 tuan.
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Biéu dd 3.3. Méi twong quan giira s6 do chiéu dai c¢6 tir cung theo
tudi thai.
Tuoi thai va sé do chidu dai CTC c6 mdi twong quan nghich

rat thap (2= 0,0001).
3.2.2. Pic diém goc ¢b tir cung ciia ddi twong nghién ciru.

Goc co tir cung trung binh dao dong quanh 96-103° trong khoang
14-24 tuan thai, khéng c¢6 xu hudng ting hodc giam rd rét theo tudi
thai. Tuy nhién, bién d6 dao dong rat rong & tat ca cac thoi diém do.



Bang 3.8. Pic diém phan bd so do goc co tir cung theo phén vi 5,
10, 25, 50, 75, 90, 95 tai cac thoi diem do (n=93).

Phan bo goc CTC theo phan vi

Tudi thai 5% | 10% | 25% | 50% | 75% | 90% | 95%

14 twin 564 | 658 | 81 | 932 | 1080 | 1285 | 1539

16 tuan 655 | 711 | 842 | 1003 | 116.7 | 123.1 | 1434

18 tuan 707 | 782 | 913 | 1025 | 1164 | 1254 | 131.7

20 tudn 685 | 749 | 906 | 1002 | 1152 | 131.8 | 1369

22 tudn 66,5 | 722 | 850 | 99.0 | 1133 | 128.3 | 1311

24 tudn 62.0 | 682 | 755 | 950 | 116 | 130.1 | 138.1
Tong chung

(st neoane | 654 | 712 | 854 | 976 | 1144 | 1274 | 1384

4 Goc cb tir cung (d6)
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Biéu d6 3.5. Bi¢u d6 bach phan vi ciia sé do goc ¢6 tir cung theo tudi
thai hic siéu dm.

O céac phan vi thap (5-10%), goc c0 tir cung c6 xu hudng tang nhe
tir 14 dén 18 tudn, sau d6 giam dan vé 24 tuan, trong khi & cac phan vi
cao (90-95%), gia tri goc luon duy tri & mirc cao (>125°) va dao dong
16 gitra cac thoi diém do.
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Biéu do 3.6. Mbi twong quan giira s0 do goc ¢ tir ' cung theo tudi thai.
Tudi thai va sb do goc CTC khong c6 mbi twong quan cb ¥
nghia (r2 = 0,0001).



3.2.3. Phan bo hinh thai 16 trong co tir cung theo tuin tudi thai.
Béng 3.10. Phin bo hinh thai 10 trong c6 tir cung theo tuan tudi thai.

Hinh chir I Hinh chitr Y | Hinh chivr V
Tudi thai (S6 lwong, (S6 lwong, (S6 lwong, Téng
%) %) %)
14 tuan 91 (97.8) - 2(2,2) 93 (100)
16 tuan 88 (94,6) 5(5.4) - 93 (100)
18 tuan 92 (98,9) 1(1,1) - 93 (100)
20 tudn 91 (97.8) 2(2,2) - 93 (100)
22 tuan 88 (94,6) 5(5.4) - 93 (100)
24 tuan 84 (90,3) 9(9,7) 93 (100)

Hinh anh 13 trong CTC da s khong c6 su blen doi tir tuan 14 d&én
20. Su bién d6i hinh anh 15 trong CTC bt du ting tir 22 tuan.
3.2.4. Lién quan mRNA, tién viém v0i hinh thai c6 tir cung.
Bang 3.12. Mébi twong quan gitra nong do gen, yeu t6 tién viém va

chiéu dai cb tir cung theo cac thoi diém do.

Nong do
Hsa-let-
g
r(p)

Tuan

Néng do
APOALI
r(p)

Néng do
INAMPT
r(p)

Nong do
APOA4

r(p) r(p)

Nong do
PSME2

IL-1pr
()

Nong do Nong do Nong do
IL-6r

TNF-or
(p)

-0,238

14 1(0,022)

-0,143
(0,173)

0,218
(0,485)

0,218
(0,036)

0,164
(0,117)

0,042
(0,686)

0,048
(0,650)

-0,092
(0,380)

-0,125

16 10,233)

-0,169
(0,105)

-0,043
(0,683)

0,202
(0,052)

0,122
(0,243)

0,076
(0,468)

-0,037
(0,722)

-0,051
(0,626)

0,003

18 10,980

-0,081
(0,441)

-0,091
(0,385)

0,138
(0,186)

-0,034
(0,747)

0,020
(0,848)

-0,083
(0,429)

0,071
(0,497)

0,031

20 |(0,765)

-0,053
(0,614)

0,156
(0,134)

0,071
(0,501)

0,106
(0,313)

0,011
(0,919)

-0,059
(0,573)

0,027
(0,800)

-0,081

22 1(0,440)

0,012
(0,908)

-0,064
(0,540)

-0,059
(0,577)

-0,049
(0,639)

0,049
(0,639)

-0,004
(0,971)

0,139
(0,182)

-0,204

24 1(0,050)

0,053
(0,614)

0,0029
(0,779)

0,097
(0,354)

-0,200
(0,055)

0,052
(0,624)

0,019
(0,857)

0,094
(0,371)

0,104
(0,014)

Chung

-0,069 | -0,045

(0,106) | (0,291)

0,115
(0,007)

-0,084
o, 047)

0,020
(0,644)

-0,009
(0,840)

0,005
(0,907)

C6 mdi twong quan nghich thip gitra nong do gen Hsa-let-7g va
tuong quan thuan thip giita ndng do6 APOA4 véi chiéu dai CTC vao
thoi diém do tuan 14. Khong thiy c6 mdi tuong quan c6 y nghia théng
ké cuia chiéu dai CTC véi nong do cac gen con lai va nong do IL-1p,
IL-6, TNF-a vao cac thoi diém do khac.
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Bang 3.14. M6 hinh tuyén tinh hdn hop vé mdi lién quan giira
nong do gen va yeéu to tien viém den sy thay doi chieu dai co tir
cung theo thoi gian.

Marker Bién Mo hinh don bién Mo hinh da bién
B (95% CI) p B (95% CI) p
-0,73 0,57
Healot? Hsa-let-7g (-2,11-0,65) 0,301 (-1,89-0,74) 0,392
& [MHsalet-7g x 0,06 0773 0,05 0.796
Thoi gian (-0,33-0,44) ’ (-0,31-0,41) ’
0,48 -0,56
AMPT NAMPT (078 -0.18) 0,002 (10.83-0.28) <0,001
NAMPT x 0,10 0.019 0,10 0.010
Thoi gian (0,02-0,19) ’ (0,03-0,18) ’
0,03 0,02
APOA] APOAI1 (:0.02-0.07) 0,279 (:0.03-0.06) 0,395
APOAI1 x -0,00 0.894 -0,00 0.887
Thoi gian (-0,01-0,01) ’ (-0,01-0,01) ’
-0,03 0,02
POns APOA4 (:0.07-0.01) 0,107 (:0.050.02) 0,307
APOA4 x 0,01 0.242 0,01 0214
Thoi gian (-0,00-0,02) ’ (-0,00-0,02) ’
-0,00 -0,00
- PSME2 (:0.01-0,00) 0,107 (:0.01-0,00) 0,091
PSME2 x -0,00 0.107 0,00 0.077
Thoi gian (-0,00-0,00) ’ (-0,00-0,00) ’
0,01 0,01
IL-1p IL-1P (-0,01-0,03) 0,457 (-0,01-0,02) 0,612
IL-1B x -0,00 0.693 -0,00 0.662
Thoi gian (-0,01-0,00) ’ (-0,01-0,00) ’
0,01 -0,03
L6 IL-6 (-0,07-0,05) 0,771 (-0,09-0,03) 0,286
IL-6 x -0,00 -0,00
Thoi gian (-0,02-0,02) 0,969 (-0,02-0,02) 0,969
0,16 0,16
. TNF-q (1028 -0.04) 0,009 (1027 -0.05) 0,006
TNF-0 x 0,05 0.005 0,05 0.002
Thoi gian (0,01-0,08) ’ (0,02-0,08) ’
*Tuong tac

Nong do gen NAMPT c6 lién quan nghich véi sy thay doi sé do
chiéu dai CTC ca trong mé hinh don bién va da bién.

Nong d6 TNF-a c6 mbi lién quan nghich chiéu sy thay doi sé do
chiéu dai CTC, véi B (95% CI) cho mé hinh don bién va sau khi hiéu
chinh lan luot 13 -0,16 (-0,28 dén -0,04) va -0,16 (-0,27 dén -0,05). Su
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tuong tac gitta TNF-o va thoi gian c6 y nghia thong ké véi p (95% CI)
cho ca 2 mo6 hinh lan lugt 1a 0,05 (0,01-0,08) va 0,05 (0,02-0,08).

Chua tim thay mdi lién quan giira cac yéu td gen va tién viém véi
su thay ddi s6 do goc CTC. )
3.3. KHA NANG DU BAO SINH NON CUA HINH THAI CO TU
CUNG, GENOMICS VA YEU TO TIEN VIEM O THAI PHU
SONG THALI
3.3.1. Pic diém san phu theo két cuc sinh non trwéc 34 tuan.
3.3.2. Yéu t6 du bao sinh non truwée 34 tuin ciia chiéu dai va goc
¢b tir cung.

Chiéu dai ¢b tir cung

Bit dau tir mde do tuén 18, chiéu dai CTC cia nhom sinh non trude
34 tuan ngdn hon c6 ¥ nghia théng ké so v6i nhom khéng sinh non
trude 34 tudn (p<0,05).

Bang 3.18. Két qua mé hinh hdn hop tuyén tinh vé su thay doi
chiéu dai c6 tir cung vé6i sinh non truéc 34 tuin.

Nguon bién Giatri F p*

Hé sb chin 3249.1 | <0,001
Sinh non (C6/Khong) 17,7 <0,001
Thoi diém do 3.3 0,008
Tuong tac Sinh non va thoi diém do 4,7 0,001

* Linear mixed model.

Chiéu dai CTC & céc thoi diém do khac nhau c6 su khac biét co y
nghia thong ké (F=3,3, p<0,05). C6 su khéc biét dang ké vé chiéu dai
CTC gitra nhom sinh non va khéng sinh non (F=17,7, p<0,001). C6 su
tuong tac ¢ y nghia thdng ké giita sinh non trude 34 tuin va thoi diém
do ddi v6i chiéu dai CTC (F=4,70, p=0,001).

Géce ¢b tir cung

Khoéng c6 su khac biét vé sb do goc CTC giira hai nhom sinh non trude
34 tun va khong sinh non trudc 34 tuan ¢ cac thoi diém do trude tuan
22. Tir tuan 22, goc CTC ciia nhém sinh non trude 34 tuan 16n hon ¢6 y
nghia théng ké so v6i nhom khong sinh non trude 34 tudn (p < 0,05). Su
khéc biét & tuan 24 16n hon so voi tuan 22.
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Bang 3.20. Két qua mé hinh hdn hop tuyén tinh vé su thay doi
goc co tir cung va sinh non truéc 34 tuan.

Nguon bién Gid tri F p*
Hé¢ s chan 2106,0 <0,001
Sinh non (Co/Khong) 0,6 0,431
Thoi diém do 2,4 0,037
Tuong tac Sinh non va thoi diém do 5,3 <0,001

* Linear mixed model.

Goc CTC & cac thoi diém do khac nhau c6 sy khac biét c6 ¥ nghia
thdng ké (F=2,4, p<0,05). Khong co su khac biét vé sé do goc CTC
giita nhom sinh non va khong sinh non truéc 34 tuin (F=0,6, p>0,05).
C6 sy tuong tac co y nghia thong ké giita sinh non trudc 34 tudn va
thoi diém do d6i voi goc CTC (F=5,3, p<0,001).

Mobi lién quan giira cac yéu td nguy co véi két cuc sinh non
truée 34 tuén tai tirng thoi diém do.

M6 hinh hoi quy logistic nhi phan da bién, hiéu chinh boi bién tudi.
Tir tuan 18 €6 moi lién quan nghich gitra chiéu dai CTC va sinh non
trude 34 tudn, vi OR (95%CI) tai cac thoi diém tuan 18, 20, 22, 24
lan luot 1a 0,826 (0,696-0,980), 0,798 (0,677-0,940), 0,816 (0,717-
0,930), va 0,904 (0,820-0,997).

Biang 3.22. M6 hinh GEE vé su thay ddi ciia chiéu dai cb tir cung,
gbc cb tir cung va tudi véi sinh non truée 34 tuin.

Bién Beta (95% Wald CI) OR (95%CI) p
Chidu dai CTC -0,127(-0,204- (-0,050)) | 0,881 (0,816-0,951) | 0,001
Goc CTC 0,003 (-0,010-0,016) 1,003 (0,990-1,016) | 0,656

* Mé hinh dwogrc hiéu chinh béi tudi.

C6 méi lién quan c6 ¥ nghia thng ké gitra chiéu dai CTC va sinh
non trude 34 tuan. Mdi don vi tang cua chiéu dai CTC lién quan dén
giam khoang 11,9% odds sinh non ¢ mirc trung binh quan thé (OR =
0,881; 95% CI: 0,816-0,951).

3.3.3. Yéu t6 dv béo sinh non trwéc 34 tuin cia mRNA, tién viém
va hinh thai ¢d tir cung.

Sw khac biét vé ndng d¢ tién viém va gen theo két cuc sinh non
truée 34 tuan.

Khong c6 su khac biét vé ndng do yéu t6 tién viém va nong do gen
gitra thai phu sinh non trudc 34 tuan va nhém khong sinh non trude 34
tuan.
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AUC (95%CT)
0,626 (0,432-0.819)

1-D¢ déc hidu
Biéu d0 3.8. Gia tri tién lwgng sinh non két hop chiéu dai co tir
cung va goc cb tir cung tai mbi thoi diém do.

Tir tudn 22, sy két hop giita chidu dai CTC va goc CTC c6 gia tri
tién lugng sinh non tdt voi AUC cho tuan 22 va 24 lan luot 12 0,886
(95%CTI: 0,809-0,963) va 0,867 (95%CI: 0,788-0,947).

Sw két hop gitra chiéu dai ¢b tir cung, géc co6 tir cung va gen
Hsa-let-7g, NAMPT, APOA1, APOA4, PSME2 trong tién lwgng
sinh non 34 tuin.

Tir tuln 22, su két hop gitra chiéu dai CTC, géc CTC va gen Hsa-
let-7g, NAMPT, APOA1, APOA4, PSME2 c¢6 gia tri tién lugng sinh
non tét véi AUC cho tuan 22 va 24 lan luot 12 0,892 (95%CI: 0,812-
0,972) va 0,890 (95%CI: 0,822-0,958). Gen NAMPT c6 gia tri tién
luong sinh non tt voi AUC cho tudn 22 va 24 lan lugt 1a 0,909
(95%CI: 0,850-0,969) va 0,878 (95%CI: 0,802-0,953). Gen APOALI
c6 gid tri tién lugng sinh non tot véi AUC cho tuan 22 va 24 lan luot
12 0,884 (95%CI: 0,805-0,969) va 0,867(95%CI: 0,788-0,947).

Gen APOA4 c6 gia trj tién luong sinh non t6t voi AUC cho tudn
22 va 24 lan luot 1a 0,883 (95%CI: 0,797-0,969) va 0,858 (95%Cl:
0,772-0,944). Gen PSME2, tur tuan 20 co gia tri tién lugng sinh non
t6t voi AUC lan luot cua tudn 20, 22 va 24 14 0,803 (95%CI: 0,687-
0,920); 0,887 (95%CI: 0,810-0,964) va 0,870 (95%CI: 0,794-0,947).
3.3.4. Pic diém ciia san phu theo két cuc sinh non truée 37 tuin.
3.3.5. Yéu t6 di bao sinh non trwée 37 tuin ciia chidu dai va goc
¢ tir cung.

Chiéu dai cb tir cung

Tir tudn 16, chidu dai CTC cua nhém sinh non truge 37 tuém ngin
hon c6 y nghia théng ké so voi nhém khong sinh non truge 37 tuan (p<
0,05). Su khac biét c6 xu huéng ting manh hon & cac mbc do cudi.
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Bang 3.26. Két qua mé hinh hén hop tuyén tinh vé sy thay doi chiéu
dai co tir cung trong sinh non trwéc 37 tuan theo 6 thoi diem.

Nguon bién Giatri F p*
H¢ s0 chin 7578,1 <0,001
Sinh non (C6/Khong) 15,6 <0,001
Thoi diém do 1,2 0,336
Tuong tac Sinh non va thoi diém do 3,2 0,009

* Linear mixed model.

C6 su khac biét dang ké vé chiéu dai CTC giira nhom sinh non va
khong sinh non (F=15,6, p<0,001). C6 su twong tac c6 y nghia thong ké
gifta sinh non trudc 37 tuan va thoi diém do dbi voi chidu dai CTC (F =
3,2, p<0,05).

Géce ¢b tir cung

Tir tuan 20, goc CTC ctia nhom sinh non trude 37 tuén 16n hon co y
nghia thong ké so véi nhém khong sinh non truge 37 tuan (p <0,05). Sy
khac biét c6 xu huong tang manh hon ¢ cac mde do cu01

Bang 3.28. Két qua md hinh hdn hop tuyen tinh vé sw thay doi
goc cb tir cung trong sinh non trwéc 37 tudn theo 6 thoi diém.

Nguon bién Giatri F p*
Hé s6 chin 47942 <0,001
Sinh non 37 tuan (C6/Khong) 43 0,042
Thoi diém do 1,6 0,169
Tuong tac Sinh non va thoi 6,2 <0,001
diém do

* Linear mixed model.

C6 su twong tac co y nghia thong ké giira sinh non trudc 37 tuan va
thoi diém do d6i voi goc CTC (F =6,2, p<0,001).

Mbi llen quan gilra cac yeu to nguy co voi két cuc sinh non
truéc 37 tudn tai tirng thoi diém do.

Mo hinh héi quy logistic nhi phan da bién, hiéu chinh bai bién loai
song thai, kiéu thai 1an nay, diéu tri du phong sinh non, PSME2. Tir
tudn 20 c6 mbi lién quan nghich giita chiéu dai CTC va sinh non trudc
37 tuan, v6i OR (95%CI) tai cac thoi diém tuan 20, 22, 24 1an luot 1a
0,882 (0,793-0,980), 0,891 (0,813-0,977), va 0,910 (0,830-0,998). Tai
thoi diém tuln 22 va 24 ciing cho thiy goc CTC c6 lién quan dén sinh
non trude 37 tuan, véi OR (95%CI) lan luot 1a: 1,039 (1,011-1,069),
va 1,044 (1,018-1,072).
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Bang 3.30. M6 hinh GEE vé su thay ddi ciia chiéu dai co tir cung,
gdc co tir cung véi sinh non trwdc 37 tuan.

Bién Beta (95% Wald CI) OR (95%CI) p
Chiéu dai CTC | -0,080 (-0,133- (-0,027)) | 0,923 (0,875-0,973) | 0,003
Goéc CTC 0,014 (0,003-0,026) 1,014 (1,003-1,026) | 0,012

* M6 hinh dugc hidu chinh bai loai song thai, kiéu thai 1an nay, dicu
tri du phong sinh non, PSME2.

Mbi don vi ting cua chiéu dai CTC lién quan dén giam khoang
7,7% odds sinh non ¢ muc trung binh quén thé (OR=0,923; 95% CI:
0,875-0,973). Trong khi d6, moi don vi tang ctua goc CTC lién quan
dén tang khoang 1,4% odds sinh non ¢& murc trung binh quin thé
(OR=1,014; 95% CI: 1,003-1,026).

3.3.6. Yéu to du bio sinh non truéc 37 tuin cia mRNA, tién viém
va hinh thai ¢b tir cung.
Phén bd nong do tién viém va gen ciia san phu theo két cuc sinh
non truéce 37 tuan.

Khong c6 su khac biét vé néng do cac yéu t6 tién viém theo két cuc
thai ky. C6 su khac biét ndng d6 PSME2 giita nhom sinh non truéc 37
tuan va nhom khong sinh non trude 37 tudn véi p<0,05.

10

— Tuan 14
Tuén 16
Tudn 18

— Tuén20

— Tuén 22

—— Tudn24

Buéng tham chidu

Dénhay

Tudi thai AUC (95%CI)

Tudn 14 | 0,572 (0.454-0.689)
Tuan 16 | 0,621 (0.507-0.734)
Tuan 18 | 0,615 (0,500-0,731)
Tuan 20 | 0,699 (0,592-0,806)
Tuan22 | 0,755 (0.655-0.855)
Tuan 24 | 0,825 (0,743-0.907)

1-D6 dac hiéu
Biéu d6 3.14. Gia tri tién lwong sinh non két hep chiéu dai co tir
cung va géc ¢d tir cung tai mi thoi diém do.
Tai tudn 24, su két hop gitra chiéu dai CTC va gb6c CTC co gia tri
tién luong sinh non tt véi AUC= 0,825 (95%CI: 0,743-0,907).
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udi thai AUC (95%CT) |
4 | 0577(0459-0,695) |
G 2 7

T
T
T
T
Tuin22 | .865) |
Tuan 24 | 0,834 (0,754-0,914)

Biéu do 3.19. Gia tri tién lweng sinh non két hop chiéu dai cd tir
cung, goc cb tir cung va gen PSME2 tai mdi thoi diém do.

Khi ¢6 su phdi hop gitra chiéu dai CTC, goc CTC va gen PSME2,
tai tudn 24 ¢ gia tri tién lugng sinh non tdt voi AUC= 0,834 (95%CI:
0,754-0,914).

Sw két hop giira chiéu dai ¢ tir cung, goc cd tir cung va gen
Hsa-let-7g, NAMPT, APOA1, APOA4 trong tién lwgng sinh non
37 tuin

Khi ¢6 sur phéi hop gitra chiéu dai CTC, goc CTC va gen Hsa-let-
7g, NAMPT, APOA1, APOA4 tai tuan 24 c6 gia tri tién lugng sinh
non tét véi AUC= 0,827 (95%CTI: 0,746-0,909). Gen NAMPT, tai tuan
24 ¢6 gia tri tién lugng sinh non t6t véi AUC= 0,827 (95%CI: 0,745-
0,909). Gen APOALI, tai tuan 24 c6 gia tri tién lugng sinh non tot voi
AUC= 0,825 (95%CTI: 0,742-0,907). Gen APOA4, tai tudn 24 c6 gia
tri tién lugng sinh non t6t voi AUC= 0,823 (95%CTI: 0,739-0,907).

Chuong 4
BAN LUAN

4.1. PAC PIEM CHUNG CUA POI TUQNG NGHIEN CUU
4.2. THAY POI HINH THAI HQC CO TU CUNG VA MOI LIEN
QUAN VOI CAC YEU TO GENOMICS, TIEN VIEM.
4.2.1. Sy thay doi hinh thai hoc ¢ tir cung
4.2.1.1. Sy thay ddi chiéu dai va géc CTC trén siéu am quy II &
sdn phu song thai.

Thay déi vé chiéu dai CTC

Biéu d6 bach phan vi cho thiy chiéu dai CTC twong d6i 6n dinh
trong giai doan 14-24 tuan, nhung cac bach phan vi thap c6 xu hudng
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giam dén theo tudi thai, phéan anh su tdn tai cia mot nhom nhé CTC
rut ngén som. Méi tuong quan tuyén tinh giita chiéu dai CTC va tudi
thai rat yéu va khong c6 y nghia thong ké, cho thay chiéu dai CTC
khong thay dbi dong déu giira cac ca thé. Vi vay, viéc theo ddi doc va
xay dung bach phan vi ¢6 gia tri hon so vdi chi dung mot gia tri trung
binh don 1¢ dé nhan dién nhém nguy co cao.

Khi phén tich 13p lai nhiéu thoi diém, chiéu dai CTC c6 dao dong
nhe tang hodc gidm gitra cac moc thai ky, nhung khong c6 y nghia thong
ké. Cac bién dong nay chu yéu la dao dong sinh 1y hoic sai s do, khong
phan anh sy thay dbi cu tric thuc sy ciia CTC. Diéu nay cung cb nhan
dinh rang trong quy II, ddc biét tir 1424 tuan, chiéu dai CTC & song
thai nhin chung 6n dinh va chwa c¢6 xu hudng rat ngan rd rét.
4.2.1.2. Thay déi géc co tir cung

Biéu dd bach phan vi cho thiy goc CTC & phan 16n quan thé twong dbi
on dinh, nhung cac bach phan vi cao van duy tri & mirc 16n, phan &nh mot
nhém nho c6 géc mad rong sém. So voi y vin, két qua nay phi hop véi cac
nghién ctru cho théy goc CTC c6 gia tri dy bao sinh non, dac biét khi Kkét
hop véi chidu dai CTC. Nghién ciru ciia ching t6i bd sung dir liéu tham
chiéu dau tién cho quan thé song thai Viét Nam.

Phan tich theo ting cip thoi diém cho théy goc CTC c6 dao dong
tang giam nhe nhung khong ¢ xu hudng thay doi tuyen tinh 10 rét trong
giai doan 14-24 tudn. Két qua nay khac vo1 mét s6 nghién ctru trén thai
don ghi nhén goc CTC tang dan theo tudi thai. O song thai, dir liéu vé
theo ddi doc goe CTC con rét it, Vi v@y nghién ctru nay da gop phan b6
sung khoang trong quan trong vé dong hoc goc CTC trong quy IL
4.2.1.3. Thay déi hinh dnh 16 trong cé tir cung

Hinh thai 16 trong CTC & san phu song thai trong giai doan 14-24
tuan chu yeu 1a dang chit I, trong khi céc dang chir Y va chit V chi chiém
ty 16 rat thap Két qua nay cho thy phan 16n san phu song thai trong quy
IT chua xuat hién hién tuong mé 16 trong cb tir cung (funnehng) phu
hop véidac diém sinh 1y ctia g1a1 doan gilra thai ky khi cau tric collagen
cua CTC van duoc duy tri va ap luc co hoc tir budng tir cung chua du
16n dé gy bién dang dang ké. Tuy nhién, cac dang chit Y va chit V duoc
xem la dau hiéu hinh thai hoc som ciia qua trinh md CTC va ¢6 lién
quan dén nguy co sinh non. Trong nghién ctru, ching t6i ghi nhén hai
truong hop xuat hién hinh chit V tir tuén thai thir 14, déu kem theo chiéu
dai CTC ngan dudi 25 mm va goc CTC mo6 rong. Hai truong hop nay
duogc chi dinh khau vong CTC cép ctru va déu kéo dai thai ky thanh
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cong dén it nhat 30 tuan ma khong ghi nhan blen ching dang ké. Mic
dutyI¢ funnehng trong nghién ctru thap, day van la dau hiéu canh bao
quan trong can dugc theo ddi chat che. Do do, viéc danh gia dong thoi
chiéu dai CTC, goc CTC va hinh thai 16 trong CTC ¢4 y nghia hon so
voi chi sir dung chiéu dai CTC don thudn trong dyu bao nguy co sinh
non. Nghié€n ctru ctia chung t6i cling la mot trong nhitng nghién ctru dau
tién tai Viét Nam theo doi doc sy thay 601 hinh thai 16 trong CTC 6 song
thai, gop phan cung cap thém dir liéu vé vai tro ctia siéu am CTC trong
tién 1u:0rng sinh non va dinh hu:omg diéu tri c4 thé hoa.

4.2.2. Moi lién quan ciia cac mRNA, cytokine tién viém véi su thay
d6i hinh anh hoc cb tir cung.

Cac mRNA trong nghién ciru ¢6 phan bd khéng dong déu hon so
V01 cac cytokine, phan anh déc diém thuang gap cua cfRNA trong
huyet tuong. Khi phan tich méi lién quan vé6i hinh anh hoc ¢6 tir cung,
cac tuorng quan glua mRNA, cytoklne va chiéu dai CTC nhin chung
rat yeu. Hsa-let-7g va PSME2 ¢6 xu huéng twong quan nghich nhe voi
chi€u dai CTC, APOA4 c6 tuong quan thuan rat thap, trong khi IL-1,
IL-6 va TNF-o khong cho thay moi lién quan 10 rang. Diéu nay cho
thay 0 thoi diém do don I¢, cac déu 4n phan tir chua phan anh day du
bién d6i hinh thai ¢ tir cung ¢ song thai.

Khi phan tich mo hinh tuyen tinh hon hop, NAMPT va TNF-a cho
thdy mbi lién quan rd hon véi sy thay dbi chiéu dai CTC theo thoi gian,
trong d6 TNF-a vura lién quan nghlch v6i chidu dai CTC vira c6 twong
tac theo thoi glan Ngugc lai, cac marker con lai chua chimg minh dugc
mdi lién quan 6n dinh. Két qua nay gm ¥ NAMPT va TNF-a c6 thé phan
anh t6t hon qua trinh tai cau tric c6 tir cung, nhung tac dong cua cac
marker khac con yéu hoic bi che lap khi do tai mét thoi diém.

Déi véi goc CTC, cac tuong quan voi mRNA va cytokine cling rat
yéu va khong nhat quan. Chi mét vai tin hiéu don 1€ nhu APOA4 & tudn
14 vaPSME2 ¢ tudn 2022 co y nghla con IL-1B, IL-6 va TNF-o khong
cho thay lién quan rd. Nhin chung, goc CTC la chi s6 hinh thai chju anh
huong boi nhiéu yéu t6 co hoc hon 1a mot marker don l¢, do do cac
biomarker riéng lé kho thé hién rd mdi lién quan truc tiép.

4.3. KHA NANG DU BAO NGUY CO SINH NON CUA HINH
THAI CO TU CUNG VA CAC YEU TO GENOMICS

4.3.1. Cac yeu t6 lién quan dén sinh non

4.3.1.1. Yéu té di truyén va sinh non

Két qua nghién ctru cho thay PSME2 1a RNA duy nhét c¢6 xu huéng
tang & nhom sinh non trudc 37 tudn so voi nhom sinh du thang, trong
khi cac RNA khac nhu Hsa-let-7g, NAMPT, APOA1 va APOA4 chua
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ghi nhan khac biét co y nghla Tuy nhién, khi xét ngu:orng sinh non
trude 34 tuan su khac biét cia PSME2 khong con dat ¥ nghia thong
ké, cho thiy cac RNA nay co the phan anh tot hon nhom sinh non
muén hon Ia sinh non rat som. Diéu nay ciing phu hop voi tinh khong
dong nhét vé co ché bénh sinh cua sinh non, trong d6 sinh non mudn
thuong lién quan nhiéu hon dén cac yéu t co hoc va sinh 1y, con sinh
non sém gan véi viém va rdi loan chirc ning nhau thai 16 hon.

So sanh v&i y van cho thiy két qua ciia nghién ctru phit hgp mot
phan vai cac cong bd trude do, khi PSME2 va mot s6 RNA lién quan
duogc ghi nhan c6 gia tri du bao sinh non trong cic quan thé khac. Tuy
nhién, hiéu qua cua cac dau 4n RNA nay khong hoan toan déng nhat
giita cac nghién ciru, c6 thé do khéac biét vé thoi diém 1dy mau, quan
thé nghién ctru va k¥ thuat dinh luong. Trong nghién ctru cia ching
t6i, tai thoi diém 16 tuan & thai doi, cic RNA tu do niy chua thé hién
r0 gia tri dy bao sinh non don ddc, do do nhiéu kha nang can dugc
danh gia trong mo hinh da yéu t6 két hop vdi cac chi sé hinh thai ¢b
tir cung va yéu td 1am sang.

Vé mit 1am sang, PSME2 1a dau 4n tiém ning nhung gia tri don doc
con han ché. Nghién ctru ndy ciing cho thiy can cac nghién ctru tiép theo
v6i ¢ mau 16n hon, thiét ké tién ctru va phdi hop da omics dé 1am rd hon
vai tro cia cac RNA tu do trong du bao sinh non ¢ thai phu song thai.
4.3.1.3. Chiéu dai ¢ tir cung va sinh non

Két qua nghién ctru cho thdy chidu dai CTC c6 gia tri du bao sinh
non rd hon khi duoc theo ddi doc theo thoi gian. O ngudng sinh non
trudc 34 tuan, chiéu dai CTC chua khac biét co y nghia ¢ cac mbc 14
va 16 tudn, nhung tir tuan 18 trg di nhom sinh non ¢6 CTC ngén hon
13 rét va chénh léch ting dan & cac mbc sau. Piéu ndy goi y sinh non
rat som thuong lién quan dén qua trinh rat ngdn CTC mudn hon nhung
nhanh va rd hon trong ntra sau quy II. Nguoc lai, véi sinh non trudc
37 tudn, sy khac biét dd xudt hién som tir tudn 16 va duy tri & cac méc
sau, cho thdy kiéu sinh non nay c¢6 xu huéng rat ngin CTC tir tir nhung
kéo dai hon theo thoi gian.

Céc két qua nay cho thdy sinh non trudc 34 tuin va trude 37 tudn
¢6 quy dao thay d6i CTC khac nhau, phan anh tinh khong dong nhit
ctia co ché sinh non trong song thai. Theo di doc CTC vi vay c6 gia
trj hon do don diém, dic biét trong phat hién sém cac truong hop cd
nguy co cao. Mot sd truong hop funneling som va rat ngan nhanh
trong nghién ctru minh hoa cho nhém CTC yéu, noi tac dong co hoc
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ctia song thai két hop vai tinh nhay cam ctia mé CTC c6 thé 1am vuot
ngudng bu trir, dan dén thay d6i hinh thai rd rét va sinh non sém.
4.3.1.4. Géc co tir cung va sinh non.

Nghién ctru cho thdy goc CTC c¢6 lién quan voi nguy co sinh non
& song thai, dic biét khi danh gia dién bién theo thoi gian thay vi chi
mot thoi diém don 1é. Voi ngudng sinh non trudce 34 tuan khac biét
vé goc CTC chi trd nén 13 tir tuan 22 va tang manh & tuan 24; trong
khi véi ngudng trude 37 tudn, khac biét xuit hién sém hon, tir tudn 20
va tiép tuc ting dan. Picu nay goi y géc CTC phan anh qua trinh tai
cau trac CTC va tac dong co hoc cua song thai, trong d6 nhing thay
d6i hinh thai ¢6 thé xuat hién som trude khi chiéu dai CTC rat ngin 16
rét. Vi vay, goc CTC nén dugc xem la chi s6 bd trg cho chiéu dai CTC
trong phdn tang nguy co sinh non, dic biét trong giai doan 20-24 tuan,
nham ting kha niang phat hién sém, ca thé hoa theo ddi va tur van cho
thai phu song thai.

4.3.2. Gid tri tién lwong sinh non ciia cdc mé hinh phoi hop mRNA
va hinh thdi hoc cé tir cung

Két qua cho thdy mo hinh két hop chiéu dai CTC va goc CTC c¢6
gia tri tién luong tot dbi voi sinh non & song thai, dic biét & ngudng
<34 tuan, khi AUC dat murc rat cao tir tudn 22 va 24. Vi ngudng <37
tudn, mo hinh cho gia tri tot hon 13 rét & tudn 24. Diéu nay cho thiy
sinh non rat s6m boc 16 tin hiéu hinh thai hoc CTC r6 hon va sém hon,
trong khi sinh non trudc 37 tudn can thoi diém mudn hon méi thé hién
su phan tich nguy co rd rang. Nhin chung, chiéu dai CTC 1a chi s6 nén
tang, con goc CTC gitp tang kha nang phat hién céc bat thuong hinh
thai do tac dong co hoc cia song thai, tir d6 nang cao gia tri dy bdo
sinh non so vdi timg chi sb don 1é.

Két qua nghién ctru cho thiy viéc bd sung cac mRNA vao mé hinh
hinh anh hoc ¢6 tir cung chi 1am ting nhe gia tri tién luong, trong d6
NAMPT va PSME2 1a hai marker ndi bat nhat, dac biét & nhém sinh
non trude 34 tudn. NAMPT cho AUC cao nhét & tuan 22, con PSME2
c6 gia tri dy bao sém hon & tuan 20. Tuy nhién, & nhém sinh non trudc
37 tudn, viéc tich hop mRNA vao m6 hinh hau nhu khong cai thién
dang ké so véi mé hinh chi gom cac chi s6 hinh anh hoc ¢ tir cung.
4.4. UU PIEM VA HAN CHE CUA NGHIEN CUU.

- Tinh m&i cua d tai

+ Pay 1a mot trong nhitng nghién ctru dau tién tai Viét Nam theo
ddi doc va danh gia ddy du su thay ddi hinh thai ¢b tir cung trong quy
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11 bao gém chiéu dai ¢ tir cung, goc ¢ tir cung va 13 trong cb tir cung
& thai phu song thai, véi cac 1an siéu am dinh ky tir 14 dén 24 tuan

+ DPay la mot trong nhiing nghién ciru mang tinh kham pha tién
phong dau tién trong viéc khao sat cic mRNA tiém ning (PSME2,
NAMPT, APOA1, APOA4, Hsa-let-7g) trén ddi tuong song thai.

+ Thlet ké nghlen ctru theo ddi doc hinh thai ¢ tir cung tur 14 tuan
dén 24 tuén, dic biét co sy phan tich két hop cac yeu t6 dién bién hinh
thai nay v4i cac -omics va cac cytokine tién viém.

Han ché cua dé tai

+ C& mAu nghién ctru con han ché: Do ¢& miu con han ché,
nghién ctru nay cha yéu déng vai tro kham pha va dinh huéng, xac
dinh cac mRNA ¢ trién vong nhét dé 1am co s cho cac nghién ctru
quy mé 16n hon sau nay, chir chua nhim muc dich khing dinh gia tri
chan doan xac dinh trén 1am sang. Do vy, két qua nghién ctru méi chi
ghi nhan c6 1 RNA (PSME2) c6 mbi lién quan véi sinh non. Pong
thoi, do s6 lugng miu chua cao nén dudng bach phéan vi cac chi sb
hinh thai ¢ tir cung xdy dung trong nghién ctru chua dat duoc tinh dai
dién cao cho quan thé song thai; do do, chung t6i chi trinh bay phan
bd bach phan vi ctia chiéu dai va gbc ¢d tir cung.

+ Nghién ctru méi chi lay mau tai mot thoi diém duy nhét 1a 16
tuan dé danh gia cac yéu tb tién viém; day la giai doan con sém nén
chua boc 19 hét vai tro cua cac yeu t6 nay trong tién luong sinh non,
dac biét mAu méau ngoai vi co yéu té nhidu cao hon nhiéu so véi dich
cd tir cung.

+ Pé tai khao sat su thay doi hinh thai hoc co tir cung trong quy
I ¢ san phu song thai trén si€u am, tuy nhién trong so6 cac dbi twong
ndy, mot s6 san phu c6 nguy co cao co tir cung yeéu da dugc du phong
bang khau vong cd tir cung hodc ndi tiét, diéu ndy co thé lam han ché
din bién thay d6i hinh thai ghi nhan dwogc, nhat 13 trén ¢& méiu 93
truong hop.

+ Mac du nghién ctru da théng nhét thue hién siéu am bdi mot
béc si ¢6 ching nhan ciia FMF dé han ché sai s6 do dac, nhung van ¢
thé ton tai mot s sai s6 nhét dinh, nhat 1a khi ¢& mau nghién ctiru chua
cao.
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KET LUAN

_Nghién ciru theo doi doc hinh thai ¢b tir cung 93 san phuy song thai
mdi 2 tuan 1 lan tir 14 dén 24 tuan xét nghiém mau mau me mRNA
va cac yéu t6 tién viém lic 16 tuan ching t6i rat ra mot s6 két luan
nhu sau:

1. Sy thay ddi hinh anh hgc ¢b tir cung trén siéu am quy II &
san phu song thai

- Chiéu dai co tir cung it ¢ sy thay doi trong quy II, khong co su
khéc biét tai tuan 14 gitra nhom sinh non trude 37 tudn va khong sinh
non, tuy nhién tir tuan 16 trg di ngan hon c6 y nghia thong ké & nhom
sinh non trudc 37 tuan, véi chénh 1éch trung binh toan b¢ quy Il 12 3,3
mm (p<0,001). G nhém sinh non trudc 37 tuan, chiéu dai ¢o tir cung
giam tir 36,4+1,0 mm tai tudn 14 xudng 32,9+1,1 mm tai tuan 24, trong
khi nhém khong sinh non lan luot 12 37,2+0,9 mm va 39,2+1,0 mm.
Phén bd theo bach phan vi cho thiy chiéu dai ¢6 tir cung ctia nhém
sinh non tép trung chu yéu O cac bach phan vi thép, dac biét 1o tai cac
mdc 20-24 tuan, xu hudng nay rd rét hon & sinh non trudc 34 tuan.

- Géc ¢b tir cung bién d6i it trong quy II, chi bat dau khac biét giira
nhom sinh non trude 37 tuan va khong sinh non tir tudn 20, v6i gia tri
16n hon ¢6 y nghia théng ké & nhom sinh non trudc 37 tuan (p=0,040
tai tuan 20; p<0,001 tai tudn 24). Tai tudn 24, goc o tir cung trung
binh ctia nhém sinh non 1a 109,4+3,3°, cao hon rd rét so vdi 87,4+2,9°
& nhom khong sinh non. Phin b bach phéan vi goc ¢b tir cung cho thay
nhom sinh non tép trung ¢ cac bach phan vi cao, o rét hon ¢ sinh non
trude 34 tudn so véi sinh non trude 37 tuan.

- Hinh anh 15 trong ¢d tir cung it thay ddi & tudn tudi thai tir 14-24
tuan. Nhung c6 su bién doi nhanh & nhom sinh non trude 34 tuan.

- Budc dau co6 tim thdy mdi lién quan mRNA véi chidu dai co tir
cung (Hsa-let-7g: r = —0,104; PSME2: r = —0,084; APOA4:1=0,115)
va chua thiy mdi lién quan rd rang véi goc cb tir cung, trong khi yéu
t6 tién viém nhin chung khong c6 tuong quan c6 y nghia, trir TNF-a
c6 lién quan nghich véi chiéu dai ¢o tir cung trong mo hinh hén hop
(B=-0,16; p <0,01) va co6 tuong tac theo thoi gian.

2. Mot s6 yéu té du bao nguy co sinh non & san phu song thai.

- Chiéu dai c6 tir cung lién quan nghich véi sinh non trudc 34 va
37 tuan. Tai 37 tudn mdi | mm ting lam giam 7,7% odds sinh non
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(OR=0,923; p=0,003). Nhom sinh non cé rut ngan chiéu dai cd tir cung
som va nhleu hon, 13 rét ¢ sinh non trudc 34 tuan.

- Goc b tir cung lién quan thuan véi sinh non trude 34 va 37 tuan.
Tai 37 tudn mdi 1° ting lam ting 1,4% odds sinh non (OR=1,014;
p=0,012). Sy gia ting goc co tir cung theo tudi thai khac biét co ¥ nghia
giita hai nhém, & hon & sinh non trudc 34 tuan.

- Két qua budc dau ghi nhan PSME2 ¢6 méi lién quan doc lap
v6i sinh non. O nhém sinh non trude 37 tuan PSME2 ¢6 nong do
cao c6 y nghia théng ké (trung vi 2,75 so véi 1,00; p = 0,048).

- Bude déu cho thiy bo sung mRNA vao md hinh hinh thai ¢6 tir
cung 1am ting gia trj tién lwong sinh non, r& nhit & nhom sinh non
trude 34 tuan voi NAMPT va PSME2, trong khi véi sinh non trudc 37
tuln gi4 tri tién lwong cao nhit ghi nhan & mé hinh chiéu dai CTC +
goc CTC + PSME?2 tai tuan 24 véi AUC 0,834 (95%Cl: 0,754-0,914),
cao hon so véi khi chi sir dung céc chi s6 hinh anh hoc ¢6 tir cung.

KIEN NGHI

- Chiéu dai ¢o tir cung, goc cd tir cung va hinh anh 16 trong cd tir
cung do bang siéu 4m nga am dao trong quy Il & thai phuy song thai,
v6i theo doi 1@p lai tir 16-24 tuan c6 thé phat hién duoc dbi tuong cd
tr cung yéu. Viéc str  dung phan bd bach phan vi ctia chiéu dai va goc
cd tir cung dé phan tAng nguy co ¢ thé phat hién sém nhém nguy co
sinh non <34 tuin.

- Trong du bao sinh non ¢ song thai chi s hinh thai hoc ¢6 tir cung
(chiéu dai, goc va dién bién thay d6i) c6 gia tri dy bao tot nguy co sinh
non. PSME2 c¢6 thé duoc xem xét két hop voi cac chi s6 hinh thai hoc
¢ tir cung trong cac mo hinh du bao sinh non, trong khi céc cytokine
tién viém don 1¢ chua tim thiy gia tri du bao.

- Nghién ctru ctia chiing toi cho thdy nén tiép tuc trién khai cac
nghién ctru quy mé 16n, da trung tim nham déanh gia gia trj tién luong
cta cac plasma cell-free RNAs trong nhom thai phu song thai, déc biét
khi két hop véi cac chi sé hinh thai ¢ tir cung trén siéu am. Trong do,
cac RNA huyét twong me co thé duoc st dung nhu mdt cong cu sang
loc sém nham du béo nguy co sinh non dé tir d6 ¢ can thiép du phong
ngay ¢ giai doan phu hgp cho tung san phu song thai.
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1. INTRODUCTION

Preterm birth remains the leading cause of perinatal mortality and
morbidity worldwide. According to the World Health Organization
(WHO), approximately 15 million infants are born preterm each year.
Women with twin pregnancies have a substantially higher risk of
preterm birth than those with singleton pregnancies, with the preterm
birth rate approaching 60%. Therefore, the early identification of risk
factors and the development of predictive models for preterm birth in
twin pregnancies are of considerable importance in contemporary
obstetric practice.

Previous studies have primarily focused on the assessment of
cervical length, which has been well established as a valuable
predictor of preterm birth. However, most investigations have
evaluated cervical sonographic parameters at isolated time points.
Cervical length (CL) and the uterocervical angle (UCA) are dynamic
morphological markers that reflect the biomechanical relationship
between the lower uterine segment and the cervix, as well as the
continuous process of cervical remodeling throughout pregnancy.
Nevertheless, longitudinal data describing changes in cervical length,
uterocervical angle, and internal cervical os morphology in twin
pregnancies remain limited.

In addition to cervical morphological changes, increasing evidence
suggests that preterm birth results from complex interactions among
inflammatory, immunological, and genetic mechanisms. Several pro-
inflammatory cytokines, including interleukin (IL)-1B, IL-6, and
tumor necrosis factor-alpha (TNF-a), as well as maternal plasma cell-
free RNAs (cfRNAs) such as PSME2, NAMPT, APOA1, APOA4, and
Hsa-let-7g, have been reported to be associated with preterm birth.
However, these findings have been derived predominantly from
singleton pregnancies, whereas evidence in twin pregnancies remains
limited, particularly regarding the associations between these
molecular biomarkers and longitudinal cervical morphological
changes, as well as their predictive value when combined with cervical
sonographic parameters.

To address these knowledge gaps, we conducted the study entitled
“Study Of Second-Trimester Cervical Sonographic Changes And
Selected Predictive Factors For Preterm Birth In Twin Pregnancies”
with the following objectives:



Objective 1: To determine second-trimester cervical sonographic
changes and evaluate their associations with selected genomic
markers and pro-inflammatory factors in women with twin
pregnancies.

Objective 2: To investigate the predictive value of cervical length,
uterocervical angle, and selected genomic markers measured during
the second trimester for preterm birth in women with twin
pregnancies.

2. SCIENTIFIC SIGNIFICANCE AND CONTRIBUTIONS OF
THE THESIS

The dissertation provides additional evidence on second-trimester
cervical sonographic changes in women with twin pregnancies and
further clarifies their associations with maternal plasma mRNA
biomarkers, pro-inflammatory factors, and the risk of preterm birth.
This represents a novel approach by integrating cervical
morphological changes with molecular biomarkers for the prediction
of preterm birth. The findings demonstrated that both cervical length
and the uterocervical angle changed with advancing gestational age
and were significantly associated with preterm birth, particularly
preterm birth before 34 weeks of gestation. In addition, the study
provides preliminary evidence supporting the role of selected mRNA
biomarkers, especially PSME2, in preterm birth and suggests that
combining these biomarkers with cervical sonographic parameters
may improve predictive performance. From a clinical perspective, the
dissertation supports the potential application of longitudinal cervical
assessment in combination with molecular biomarkers for the early
identification of women with twin pregnancies at high risk of preterm
birth. This integrated approach may contribute to more effective risk
stratification, preventive strategies, and individualized -clinical
management.

3. DISSERTATION STRUCTURE

The dissertation consists of 137 pages, including 2 pages of
Introduction, 28 pages of Literature Review, 29 pages of Materials and
Methods, 34 pages of Results, 41 pages of Discussion, 2 pages of
Conclusions, and 1 page of Recommendations.

The dissertation contains 45 tables, 16 figures, 1 flowchart, and 18
graphs. A total of 140 references were cited, including 11 references
in Vietnamese and 129 references in English.
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Chapter 1
LITERATURE REVIEW

1.1. OVERVIEW OF TWIN PREGNANCY
1.1.1. Definition
1.1.2. Classification
1.1.3. Epidemiology
1.2. CERVICAL MORPHOLOGICAL CHANGES IN TWIN
PREGNANCY
1.2.1. Cervical sonographic changes during pregnancy

During normal pregnancy, the cervix remains closed until term.
Cervical remodeling, characterized by softening, shortening,
effacement, and dilatation, occurs during both labor and spontaneous
preterm birth. These changes are driven by alterations in collagen, the
extracellular matrix, immune activity, and tissue hydration. Because
collagen and the extracellular matrix constitute 85-90% of cervical
tissue, premature remodeling leads to cervical shortening, internal
cervical os changes, and an increased risk of preterm birth.
1.2.2. Methods for assessing cervical sonographic changes
1.3. MECHANISMS OF PRETERM BIRTH: FROM GENETIC
ALTERATIONS TO CLINICAL MANIFESTATIONS IN TWIN
PREGNANCIES
1.3.1. The role of genetic alterations in initiating the mechanisms
of preterm birth

Recent studies suggest that preterm birth results from a complex
interaction among genetic, immune, and inflammatory factors. Several
circulating cell-free RNAs in maternal plasma, including NAMPT,
PSME2, Hsa-let-7g, and APOA4, have been associated with the risk
of preterm birth through the regulation of inflammatory responses,
immune pathways, and metabolic processes. However, most available
studies have been conducted in singleton pregnancies, whereas data
regarding twin pregnancies remain limited.
1.3.1.1. Genetic signals activated to promote cytokine production
and initiate pathways leading to preterm birth
1.3.1.2. Genetic factors involved in the activation of anti-
inflammatory pathways
1.3.1.3. Genetic factors involved in maintaining the structural
integrity of cervical connective tissue
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1.3.2. The role of cytokine upregulation in the initiation of preterm
birth

Pro-inflammatory cytokines, including IL-1p, IL-6, and TNF-q,
participate in prostaglandin synthesis and metalloproteinase
activation, leading to cervical softening and shortening, thereby
promoting preterm labor. However, findings from studies in twin
pregnancies remain inconsistent and appear to depend on the timing of
sample collection and the type of biological specimen analyzed.
1.3.3. Genetic background and inflammatory signaling underlying
cervical structural changes
1.4. PREVIOUS NATIONAL AND INTERNATIONAL
STUDIES
1.4.1. Studies on cervical imaging changes in twin pregnancies

*Changes in CL during pregnancy

Numerous national and international studies have demonstrated
that CL in twin pregnancies tends to decrease progressively with
advancing gestational age, particularly during the second trimester.
However, some investigations have reported a non-linear pattern, with
a slight increase at certain time points before subsequent shortening.
Overall, the relationship between CL and gestational age in twin
pregnancies remains incompletely understood, and longitudinal
studies are still limited.

*Changes in cervical angle during pregnancy

The UCA is an emerging ultrasound parameter that has attracted
increasing interest in preterm birth prediction. However, studies
evaluating this marker in twin pregnancies remain scarce. Several
investigations in both singleton and twin pregnancies have suggested
that the UCA increases with gestational age and is larger among
women who subsequently experience preterm birth. Nevertheless,
findings remain inconsistent across studies, and the clinical
significance of the UCA in twin pregnancies requires further
clarification.

*Changes in the internal cervical os during pregnancy

The morphology of the internal cervical os, particularly funneling
patterns such as V-shaped and U-shaped configurations, has been
associated with a short cervix and an increased risk of preterm birth.
However, the predictive value of this finding alone is limited and is
generally considered more informative when combined with CL
measurements or other clinical parameters.



1.4.2. Studies on predictors of preterm birth risk

*Genetic factors and preterm birth

Studies investigating circulating cell-free RNA biomarkers,
including PSME2, NAMPT, APOA1, APOA4, and Hsa-let-7g, have
shown that some of these transcripts are associated with preterm birth
and may improve predictive performance when combined with
clinical variables. Nevertheless, most available studies have been
conducted in singleton pregnancies, while evidence in twin
pregnancies remains limited.

*Pro-inflammatory factors and preterm birth

Pro-inflammatory cytokines such as IL-1p, IL-6, and TNF-a are
believed to contribute to preterm birth through inflammatory pathways
and cervical remodeling. Several studies have reported associations
between cytokine concentrations and gestational age at delivery.
However, findings remain inconsistent and appear to depend on the
timing of sample collection and the biological specimens analyzed.
Evidence regarding these associations in twin pregnancies is still
scarce.

*Cervical morphology and preterm birth

CL is the most extensively studied cervical parameter and has
demonstrated predictive value for preterm birth in twin pregnancies,
particularly in women with a short cervix. The UCA has also emerged
as a potentially useful predictor, although available data remain
limited. Cervical funneling is considered an additional sonographic
sign suggestive of increased preterm birth risk; however, its predictive
performance alone is relatively poor. Therefore, integrating multiple
imaging and biological markers may enhance the prediction of preterm
birth risk.

Chapter 2
SUBJECTS AND METHODS

2.1. STUDY POPULATION.
2.1.1. Study population

The study was conducted in women with twin pregnancies who
underwent transvaginal ultrasound assessment of cervical sonographic
parameters, including cervical length, uterocervical angle, and internal
cervical os morphology, every two weeks from 14 to 24 weeks of
gestation. Maternal blood samples were collected at 16 weeks of
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gestation for quantification of the mRNA biomarkers PSME2,
NAMPT, APOA1, APOAA4, and Hsa-let-7g, as well as the pro-
inflammatory cytokines IL-1p, IL-6, and TNF-a. All participants were
subsequently followed until the end of pregnancy between September
2023 and August 2025.

Inclusion criteria

e Twin pregnancies in which both fetuses remained alive until the
end of pregnancy.

e Availability of transvaginal ultrasound assessments of cervical
sonographic parameters (cervical length, uterocervical angle, and
internal cervical os morphology) performed every two weeks from 14
to 24 weeks of gestation at Hai Phong Medical University Hospital.

e Availability of maternal blood test results for PSME2, NAMPT,
APOA1, APOAA4, Hsa-let-7g, and the pro-inflammatory cytokines IL-
1B, IL-6, and TNF-a at 16 weeks of gestation.

¢ Attendance at all scheduled follow-up visits.

¢ Pregnancy ending in either spontaneous labor or term delivery.

¢ Written informed consent to participate in the study.

Exclusion criteria

e History of cervical surgery (e.g., cervical conization).

e Intrauterine death of at least one fetus during follow-up.

e latrogenic preterm delivery without spontaneous labor due to
obstetric indications, including placenta previa, preeclampsia, or
monochorionic twin complications.

e Current or previous medical conditions, infections, or
medications that could affect pro-inflammatory cytokine
measurements, including systemic lupus erythematosus, rheumatoid
arthritis, active infection, corticosteroid therapy, or vaginal infection.

e Loss to follow-up during the study period.

2.1.2. Study setting and duration

e The study was conducted at the Department of Obstetrics and
Gynecology, Hai Phong University of Medicine and Pharmacy
Hospital, from September 2023 to August 2025.

¢ Quantification of plasma cell-free RNA (cfRNA) biomarkers was
performed at Gene Solutions Joint Stock Company.

e Measurement of pro-inflammatory cytokines was carried out at
the Central Laboratory, Hai Phong University of Medicine and
Pharmacy.



2.2. METHOD OF STUDY.
2.2.1. Study design and methods.
Study design
e Prospective cohort study.
Sample size
The sample size was calculated using the formula for estimating a

correlation coefficient:
2
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Where:

r: correlation coefficient between CL and gestational age. Based on
the study by Fujita (2002), r = 0.43 was used.

a: type I error, set at 0.05; therefore, Zi-0/2 = 1.96.

B: type II error, set at 0.20, corresponding to a statistical power of
80%; therefore, Z1- = 0.842.

The calculated minimum sample size was 41 participants. To
enhance the robustness of the study, a design effect of 2 was applied,
resulting in a minimum required sample size of 82 participants. In
practice, 93 women meeting the eligibility criteria were enrolled.

Sampling method

Convenience sampling was used to recruit eligible participants
until the required sample size was reached.

2.2.2. Study procedures.
2.2.2.1. Procedures for objective 1

Step 1: At 14 weeks of gestation, eligible women with twin
pregnancies were enrolled after informed consent. Transvaginal
ultrasound was performed to assess cervical length (CL), uterocervical
angle (UCA), and internal cervical os morphology (I, Y, V, or U).

Step 2: Participants underwent serial transvaginal ultrasound every
2 weeks from 14 to 24 weeks, with longitudinal follow-up until
delivery.

Step 3: At 16 weeks, maternal blood samples were collected for
plasma cfRNA analysis (PSME2, NAMPT, APOA1, APOA4, and
Hsa-let-7g) using droplet digital PCR and pro-inflammatory cytokine
assays (IL-1B, IL-6, and TNF-a) using ELISA.

Step 4: Women at risk of preterm birth received standard clinical
management according to current guidelines.
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Step 5: Follow-up was completed at delivery, and all data were
collected for statistical analysis.
2.2.3. Research tools

- A standardized case report form was designed for data collection.

- A Voluson S8 XG ultrasound system equipped with a 7-9 MHz
transvaginal probe was used for cervical imaging assessment.

- A Droplet Digital PCR (ddPCR) platform, including the QX
AutoDG Droplet Generator and QX600 Droplet Reader, was used for
quantitative analysis of PSME2, NAMPT, APOA1, APOA4, and Hsa-
let-7g mRNA expression.

- An ELISA system was used for quantitative measurement of the
pro-inflammatory cytokines IL-10, IL-6, and TNF-a.

- Obstetric cardiotocography monitoring was used to detect and
assess uterine contractions in the diagnosis of threatened preterm
labor.

- Preventive interventions for preterm birth included vaginal
progesterone therapy and cervical cerclage.

2.3. STUDY ETHICS

The study was approved by the Institutional Review Board for
Biomedical Research of Hue University of Medicine and Pharmacy
under Decision No. H2023/461. Approval was also obtained from the
Scientific Committee of Hai Phong University Hospital (Decision No.
192/Qb-BVHP) and the Scientific Committee of Hai Phong
University of Medicine and Pharmacy (Decision No. 314/QD-YDHP).

Chapter 3
STUDY RESULTS

The study included 93 women with twin pregnancies who met the
eligibility criteria and were prospectively followed at two-week
intervals from 14 to 24 weeks of gestation at Hai Phong University of
Medicine and Pharmacy Hospital. The study focused on evaluating the
longitudinal changes in cervical sonographic parameters assessed by
transvaginal ultrasound, including CL, UCA, and internal cervical os
morphology. In addition, molecular biomarkers, including circulating
cell-free RNAs (PSME2, NAMPT, APOA1, APOA4, and Hsa-let-7g)
and pro-inflammatory cytokines (IL-1B, IL-6, and TNF-a), were
measured at 16 weeks of gestation to investigate their predictive value.
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The primary outcomes were preterm birth before 34 weeks and before
37 weeks of gestation. Based on these outcomes, potential predictors
of preterm birth were evaluated with the aim of improving risk
stratification and optimizing the management of twin pregnancies.
3.1. General characteristics of the study population
3.2. Cervical morphological changes and their associations with
genomics and pro-inflammatory factors in twin pregnancies
The mean CL remained relatively stable between 14 and 24 weeks

of gestation, ranging from 36.1 to 37.2 mm, without a clear decreasing
trend over time. However, the minimum CL progressively decreased
with advancing gestational age, particularly after 20 weeks.

Table 3.4. Distribution of CL according to the Sth, 10th, 25th,

50th, 75th, 90th, and 95th percentiles at each assessment time

point (n =93)

Gestational age 5th | 10th | 25th | 50th | 75th | 90th | 95th
14 weeks 28.5 1299 | 32.1 | 36.6 | 41.1 | 452 | 463
16 weeks 27.6 | 283 | 32.7 | 36.0 | 39.6 | 42.9 | 449
18 weeks 292 | 306 | 34.1 | 37.5 | 40.2 | 43.5 | 45.7
20 weeks 28.1 | 29.7 | 32.5 | 36.2 | 399 | 433 | 452
22 weeks 226 | 294 | 327 | 37.0 | 414 | 439 | 464
24 weeks 23.6 | 27.1 | 322 | 372 | 420 | 455 | 47.0

Overall (358 ultrasound | 7 5 | 59 5 | 358 | 369 | 405 | 44.0 | 46.0
examinations)

B
g
k=
50
5
B
I 14 16 1 .2 2 24
L) . estatloneﬁ age (,vveezks}3
© Linear (BPV 5%) Linear (BPV 10%)

—— Linear (BPV 25%) Linear (BPV 50%)
Linear (BPV 75%) Linear (BPV 90%)

Figure 3.2. Percentile distribution of cervical length by
gestational age
The percentile distribution of cervical length across gestational ages
showed that the median cervical length remained relatively stable at
approximately 36-37 mm between 14 and 24 weeks of gestation. In
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contrast, the lower percentiles gradually declined with advancing
gestation, particularly after 20 weeks, indicating greater cervical
shortening among women in the lower end of the distribution.
60.00 y =-0,0192x + 36,926
’ A =0,00
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20,00 ® s 8
0,00
13 14 15 16 17 18 19 20 21 22 23 24 25
Gestational age (weeks)

Cervical length
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Figure 3.3. Correlation between CL and gestational age
Gestational age and CL showed a very weak negative correlation (1> =
0.0001), which was not statistically significant (p > 0.05).

3.2.2. Characteristics of UCA in the study population
The mean UCA ranged from approximately 96° to 103° between 14
and 24 weeks of gestation, with no clear increasing or decreasing trend
over time. However, the range was wide at all time points, as reflected
by the large difference between the minimum and maximum values
and the relatively high standard deviation.
Table 3.8. Distribution of UCA according to the S5th, 10th, 25th,
50th, 75th, 90th, and 95th percentiles at each measurement time
oint (n =93)

Gestational age S5th | 10th | 25th | 50th 75th 90th 95th
14 weeks 564 | 658 | 81.0 | 932 | 1089 | 1285 | 153.9
16 weeks 655 | 71.1 | 842 | 1003 | 116.7 | 123.1 | 143.4
18 weeks 70.7 | 782 [ 91.3 [ 1025 | 1164 | 1254 | 131.7
20 weeks 685 | 749 | 90.6 | 1002 | 1152 | 131.8 | 1369
22 weeks 66.5 | 722 1850 | 99.0 | 1133 | 1283 | 131.1
24 weeks 62.0 | 682 | 755 | 95.0 | 116.0 | 130.1 | 138.1
g(;’i;?:ﬁgfs‘)ﬂms"“”d 654 | 712 | 854 | 97.6 | 1144 | 1274 | 1384
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Uterocervical angle
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Figure 3.5. Percentile distribution of the uterocervical angle by
gestational age
At the lower percentiles (5th—10th), the uterocervical angle increased
slightly from 14 to 18 weeks and then gradually decreased toward 24
weeks of gestation. In contrast, the higher percentiles (90th—95th)
consistently remained above 125° and showed considerable variability
across the measurement time points.
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Figure 3.6. Correlation between UCA and gestational age
Gestational age and UCA showed no meaningful correlation (1* =
0.0001), and this correlation was not statistically significant (p > 0.05).
3.2.3. Distribution of internal cervical os morphology according to
gestational age

Table 3.10. Distribution of internal cervical os morphology by
gestational age

Gestational I-shaped n Y-shaped n V-shaped n Total
age (%) (%) (%)
14 weeks 91 (97.8) 0 2(2.2) 93 (100)
16 weeks 88 (94.6) 5(.4) 0 93 (100)
18 weeks 92 (98.9) 1 (L.1) 0 93 (100)
20 weeks 91 (97.8) 2(2.2) 0 93 (100)
22 weeks 88 (94.6) 5(5.4) 0 93 (100)
24 weeks 84 (90.3) 9(9.7) 0 93 (100)
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The morphology of the internal cervical os remained largely
unchanged between 14 and 20 weeks of gestation. Morphological
changes began to increase from 22 weeks onward.

3.2.4. Association of mRNA expression and inflammatory markers
with cervical morphology
Table 3.12. Correlation between gene expression levels,
inflammatory markers, and CL at different measurement time

points
Hsa- | NAMPT | APOA1 | APOA4 | PSME2 | IL-1p | TL-6 | T
Week | let-7g ar
r (p) r(p) r(p) r(p) @ | r® | r® | )

14 | -0238| -0.143 0218 0218 | -0.164 | 0.042 | 0.048 | -0.092
0.022)| (0.173) | (0.485) | (0.036) | (0.117) | (0.686) | (0.650) | (0.380)
16 | 0125 | -0.169 | -0.043 | 0202 | -0.122 | 0.076 | -0.037 | -0.051
0.233)| (0.105) | (0.683) | (0.052) | (0.243) | (0.468) | (0.722) | (0.626)
18 | 0.003 | -0.081 | -0.091 | 0.138 | -0.034 | 0.020 | -0.083 | -0.071
(0.980) | (0.441) | (0.385) | (0.186) | (0.747) | (0.848) | (0.429) | (0.497)
20 | 0031 | -0.053 | -0.156 | 0.071 0.106 | 0.011 | -0.059 | 0.027
(0.765) | (0.614) | (0.134) | (0.501) | (0.313) | (0.919) | (0.573) | (0.800)
22 | -0.081 | 0012 20.064 | 0059 | -0.049 | 0.049 | -0.004 | 0.139
(0.440) | (0.908) | (0.540) | (0.577) | (0.639) | (0.639) | (0.971) | (0.182)
24 | -0.204 | -0.053 | 0.0029 | 0097 | -0200 | -0.052 | 0.019 | 0.094
(0.050) | (0.614) | (0.779) | (0.354) | (0.055) | (0.624) | (0.857)| (0.371)
Overal] -0.104 | -0.069 | -0.045 | 0.115 | -0.084 | 0.020 | -0.009 | 0.005
0.014) | (0.106) | (0.291) | (0.007) | (0.047) | (0.644) | (0.840) | (0.907)

There was an inverse correlation between Hsa-let-7g and CL at 14
weeks, and a positive correlation between APOA4 and CL at 14
weeks; however, these correlations were weak. No statistically
significant correlation was found between CL and the other genes or
inflammatory markers at the remaining time points. Overall, Hsa-let-
7g and PSME2 showed a statistically significant but very weak inverse
correlation with CL, with correlation coefficients of -0.104 and -0.084,
respectively, whereas APOA4 showed a weak positive correlation
with CL (r=0.115).
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Table 3.14. Linear mixed-effects model of the association
between gene expression levels, inflammatory markers, and
longitudinal changes in CL

. Univariate model p Multivariable
Marker | Variable B (95% CI) | value |model B (95% cr| P ¥2Iue
0.73 -0.57
Hsa-let- | 178 1 5 1140065 | 93 | (18910074 | 932
g Hsa-let-7g 0.06 0.05
x time (03310044) | *7 | (0310041 | 07
-0.48 20.56
NAMPT NAMPT (078 10-0.18) | *%%? | (0.8310-0.28) | <0001
NAMPT x 0.10 0,01 0.10 0,010
time (0.02 t0 0.19) : (0.03 t0 0.18) :
0.03 0.02
APOAL APOAI (002100.07) | *?”° | (00310006 | 3%
APOA1 x 20.00 0.894 20.00 0.887
time (-0.01t00.01) | (-0.01 t0 0.01) :
0.03 20.02
APOA4 (00710000 | “197 | 00510002 | 307
APOA4
APOA4 x 0.01 0942 0.01 0914
time (-0.00 0 0.02) | (-0.00 to 0.02) :
20.00 20.00
PSMED PSME2 (0.01 10000 | *197 | (00110000 | *01
PSME2 x 20.00 0.107 0.00 0.077
time (-0.00 t0 0.00) | (-0.00 to 0.00) :
0.01 0.01
.1 IL-1p (001 100.03) | *®7 | (0010002 | %01
IL-1p x 20.00 0.693 20.00 0.662
time (-0.01 0 0.00) | (-0.01 to 0.00) :
0.01 20.03
IL-6 (00710005 | *7"1 | (00910003 | %28
IL-6 -0.00 -0.00
IL-6>time | ) 0516002 | %% | (00210002 | 0%
20.16 0.16
TNF-g TNF-a (028 10-0.04) | “0% | (02710-0.05) | 9006
TNF-a x 0.05 0.005 0.05 0.002
time (0.01 t0 0.08) : (0.02 t0 0.08) :

NAMPT was inversely associated with longitudinal changes in CL
in both the univariate model ( = -0.48, 95% CI: -0.78 to -0.18, p <
0.05) and the multivariable model (B = -0.56, 95% CI: -0.83 to -0.28,
p <0.05). The interaction between NAMPT and time was statistically
significant in both models, with B values of 0.10 (0.02 to 0.19) and
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0.10 (0.03 to 0.18), respectively, suggesting that NAMPT influenced
CL over time and tended to increase CL.

TNF-a was inversely associated with longitudinal changes in CL,
with B values in the univariate and adjusted models of -0.16 (-0.28 to
-0.04) and -0.16 (-0.27 to -0.05), respectively. The interaction between
TNF-a and time was also statistically significant in both models, with
B values of 0.05 (0.01 to 0.08) and 0.05 (0.02 to 0.08), respectively,
indicating that the effect of TNF-a varied over time and gradually
diminished in magnitude. No association was found between the other
genes or inflammatory markers and longitudinal changes in CL.

3.3. Predictive value of cervical morphology, genomics, and pro-
inflammatory factors for preterm birth in twin pregnancies

3.3.1. Characteristics of participants according to preterm birth
before 34 weeks

3.3.2. Predictive value of CL and UCA for preterm birth before 34
weeks

Cervical length

There were no significant differences in CL between women with
and without preterm birth before 34 weeks at 14 and 16 weeks of
gestation. However, beginning at 18 weeks, CL was significantly
shorter in the preterm birth group than in the non-preterm birth group
(p <0.05).

Table 3.18. Linear mixed model results for changes in CL and
preterm birth before 34 weeks.

Source of variation F value p*
Intercept 3249.1 | <0.001
Preterm birth (Yes/No) 17.7 <0.001
Measurement time point 33 0.008
Interaction between preterm birth and measurement time point 4.7 0.001

* Linear mixed model.

CL differed significantly across gestational-age measurement
points (F =3.3, p <0.05). A significant difference in CL was observed
between women with and without preterm birth before 34 weeks (F =
17.7, p < 0.001). There was also a significant interaction between
preterm birth before 34 weeks and measurement time point with
respect to CL (F =4.7, p=0.001).
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Uterocervical angle

No significant differences in UCA were observed between women
with and without preterm birth before 34 weeks before 22 weeks of
gestation. From 22 weeks onward, UCA was significantly greater in
the preterm birth group than in the non-preterm birth group (p < 0.05).
The magnitude of the difference at 24 weeks was greater than that
observed at 22 weeks.

Table 3.20. Linear mixed model results for changes in UCA and
preterm birth before 34 weeks.

Source of variation F value p*

Intercept 2106.0 <0.001
Preterm birth (Yes/No) 0.6 0.431
Measurement time point 2.4 0.037
Interaction between preterm birth and measurement time point 5.3 <0.001

* Linear mixed model.

UCA varied significantly across measurement time points (F = 2.4,
p <0.05). No overall difference in UCA was observed between women
with and without preterm birth before 34 weeks (F = 0.6, p > 0.05).
However, a significant interaction was found between preterm birth
before 34 weeks and measurement time point with respect to UCA (F
=5.3,p<0.001).

Association between risk factors and preterm birth before 34
weeks at each ultrasound assessment.

From 18 weeks onward, CL was inversely associated with preterm
birth before 34 weeks. The ORs (95% CI) at 18, 20, 22, and 24 weeks
were 0.826 (0.696-0.980), 0.798 (0.677-0.940), 0.816 (0.717-0.930),
and 0.904 (0.820-0.997), respectively.

Table 3.22. Generalized estimating equation (GEE) model of CL,
UCA, and maternal age in relation to preterm birth before 34

weeks.
Variable Beta (95% Wald CI) OR (95% CI) p
CL -0.127 (-0.204 to -0.050) 0.881 (0.816-0.951) 0.001
UCA 0.003 (-0.010 to 0.016) 1.003 (0.990-1.016) 0.656

* Model adjusted for maternal age.

A statistically significant association was observed between CL
and preterm birth before 34 weeks. Each one-unit increase in CL was
associated with an approximately 11.9% reduction in the odds of
preterm birth at the population-average level (OR = 0.881; 95% CI:
0.816-0.951).
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3.3.3. Predictors of preterm birth before 34 weeks: mRNA
markers, pro-inflammatory factors, and cervical morphology
Differences in pro-inflammatory cytokines and gene expression
levels according to preterm birth before 34 weeks.

There were no statistically significant differences in the
concentrations of pro-inflammatory cytokines or gene expression
levels between women who delivered before 34 weeks and those who
did not deliver before 34 weeks.

Bérhay

Figure 3.8. Predictive performance of the combined cervical
length and uterocervical angle for preterm birth at each
assessment time point.

From 22 weeks of gestation, the combination of cervical length and
uterocervical angle demonstrated good predictive performance for
preterm birth, with AUCs of 0.886 (95% CI: 0.809-0.963) at 22 weeks
and 0.867 (95% CI: 0.788-0.947) at 24 weeks.

Combination of cervical length, uterocervical angle, and Hsa-
let-7g, NAMPT, APOA1, APOA4, or PSME2 for predicting
preterm birth before 34 weeks.

From 22 weeks of gestation, combining cervical length,
uterocervical angle, and the Hsa-let-7g biomarker demonstrated good
predictive performance for preterm birth before 34 weeks, with AUCs
of 0.892 (95% CI: 0.812-0.972) at 22 weeks and 0.890 (95% CI:
0.822-0.958) at 24 weeks. The NAMPT model achieved the highest
predictive performance, with AUCs of 0.909 (95% CI: 0.850—0.969)
at 22 weeks and 0.878 (95% CI: 0.802-0.953) at 24 weeks. The
APOAT1 model yielded AUCs of 0.884 (95% CI: 0.805-0.969) and
0.867 (95% CI: 0.788-0.947), while the APOA4 model showed AUCs
of 0.883 (95% CI: 0.797-0.969) and 0.858 (95% CI: 0.772-0.944) at
22 and 24 weeks, respectively. The PSME2 model demonstrated good
predictive performance from 20 weeks onward, with AUCs of 0.803
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(95% CI: 0.687-0.920) at 20 weeks, 0.887 (95% CI: 0.810-0.964) at
22 weeks, and 0.870 (95% CI: 0.794-0.947) at 24 weeks.
3.3.4. Characteristics of participants according to preterm birth
before 37 weeks
3.3.5. Predictive value of CL and UCA for preterm birth before
37 weeks

Cervical length

From 16 weeks onward, CL in the preterm birth group was
significantly shorter than that in the non-preterm birth group (p <
0.05). The difference tended to increase markedly at later
measurement time points.

Table 3.26. Linear mixed model results for changes in CL and
preterm birth before 37 weeks across six time points.

Source of variation F p*
value

Intercept 7578.1 | <0.001

Preterm birth (Yes/No) 15.6 | <0.001

Measurement time point 1.2 0.336

I-nteract1-0n between preterm birth and measurement 32 0.009

time point

* Linear mixed model.

A significant difference in CL was observed between the preterm
birth and non-preterm birth groups (F = 15.6, p < 0.001). There was a
statistically significant interaction between preterm birth before 37 weeks
and measurement time point in relation to CL (F =3.2, p <0.05).

Uterocervical angle

From 20 weeks onward, UCA in the preterm birth group was
significantly greater than that in the non-preterm birth group (p <
0.05). The difference tended to increase markedly at later time points.

Table 3.28. Linear mixed model results for changes in UCA and
preterm birth before 37 weeks across six time points.

Source of variation F value p*

Intercept 4794.2 <0.001
Preterm birth before 37 weeks (Yes/No) 4.3 0.042
Measurement time point 1.6 0.169
Interaction between preterm birth and measurement time point 6.2 <0.001

* Linear mixed model.
There was a significant interaction between preterm birth before 37 weeks
and measurement time point in relation to UCA (F = 6.2, p <0.001).
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Associations between risk factors and preterm birth before 37
weeks at each assessment time point.

From 20 weeks onward, CL was inversely associated with preterm
birth before 37 weeks, with ORs (95% CI) at 20, 22, and 24 weeks of
0.882 (0.793-0.980), 0.891 (0.813-0.977), and 0.910 (0.830-0.998),
respectively. At 22 and 24 weeks, UCA was also associated with
preterm birth before 37 weeks, with ORs (95% CI) of 1.039 (1.011-
1.069) and 1.044 (1.018-1.072), respectively.

Table 3.30. GEE model of CL, UCA, and preterm birth before 37

weeks.
Variable Beta (95% Wald CI) OR (95% CD p
CL -0.080 (-0.133 to -0.027) 0.923 (0.875-0.973) 0.003
UCA 0.014 (0.003-0.026) 1.014 (1.003-1.026) 0.012

* Model adjusted for twin type, current pregnancy type, preterm
birth prevention treatment, and PSME?.

Each one-unit increase in CL was associated with an approximately
7.7% decrease in the odds of preterm birth at the population-average
level (OR = 0.923; 95% CI: 0.875-0.973). In contrast, each one-unit
increase in UCA was associated with an approximately 1.4% increase
in the odds of preterm birth at the population-average level (OR =
1.014; 95% CI: 1.003-1.026).

3.3.6. Predictors of preterm birth before 37 weeks: mRNA
markers, inflammatory factors, and cervical morphology

Distribution of inflammatory marker and gene expression
levels according to preterm birth before 37 weeks.

There was no significant difference in the concentrations of
inflammatory markers according to pregnancy outcome. There was a
significant difference in PSME2 concentrations between women who
delivered before 37 weeks and those who delivered at or after 37
weeks (p < 0.05).
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Figure 3.14. Predictive performance of the combined cervical
length and uterocervical angle model for preterm birth at each
assessment time point.

At 24 weeks of gestation, the combination of cervical length (CL)
and uterocervical angle (UCA) demonstrated good predictive
performance for preterm birth, with an AUC of 0.825 (95% CI: 0.743—
0.907).
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Figure 3.19. Predictive performance of the combination of CL,
UCA, and PSME2 gene expression for preterm birth before 37
weeks at each assessment time point.

When CL, UCA, and PSME2 gene expression were combined, the
model demonstrated very good predictive performance for preterm
birth before 37 weeks at 24 weeks of gestation, with an AUC of 0.834
(95% CI: 0.754-0.914).

Combination of cervical length, uterocervical angle, and Hsa-
let-7g, NAMPT, APOA1l, and APOA4 for the prediction of
preterm birth before 37 weeks
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At 24 weeks of gestation, the combination of cervical length,
uterocervical angle, and Hsa-let-7g demonstrated good predictive
performance for preterm birth before 37 weeks, with an AUC of 0.827
(95% CI: 0.746—0.909). Similar predictive performance was observed
for the combinations including NAMPT (AUC = 0.827; 95% CI:
0.745-0.909), APOA1 (AUC = 0.825; 95% CI: 0.742-0.907), and
APOA4 (AUC = 0.823; 95% CI: 0.739-0.907).

Chapter 4
DISCUSSION

4.1. General characteristics of the study population

4.2. Cervical morphological changes and their associations with
genomics and pro-inflammatory factors

4.2.1. Cervical morphological changes

4.2.1.1. Changes in CL during the second trimester in twin
pregnancies

The percentile curves demonstrated that CL remained relatively
stable between 14 and 24 weeks of gestation. However, the lower
percentiles gradually decreased with advancing gestational age,
reflecting the presence of a small subgroup of women experiencing
early cervical shortening. The linear correlation between CL and
gestational age was very weak and not statistically significant,
suggesting that CL does not change uniformly across individuals.
Therefore, longitudinal monitoring and the establishment of
gestational age—specific percentile charts may provide greater clinical
value than relying solely on a single mean measurement for
identifying high-risk pregnancies.

Repeated-measures analysis showed slight increases and decreases
in CL across different gestational age intervals; however, these
variations were not statistically significant. Such fluctuations are
likely attributable to physiological variation or measurement error
rather than true structural changes of the cervix. These findings further
support the notion that CL in twin pregnancies remains generally
stable during the second trimester, particularly between 14 and 24
weeks of gestation, without a clear trend toward progressive
shortening.
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4.2.1.2. Changes in UCA during the second trimester in twin
pregnancies

The percentile curves showed that the UCA remained relatively
stable in most of the study population. Nevertheless, the upper
percentiles consistently remained elevated, reflecting a small
subgroup with early UCA widening. Compared with the existing
literature, our findings are consistent with studies suggesting that UCA
may have predictive value for preterm birth, particularly when
combined with CL measurements. Furthermore, this study provides
the first reference data on UCA distribution in a Vietnamese twin-
pregnancy population.

Pairwise comparisons between gestational age intervals
demonstrated slight fluctuations in UCA; however, no clear linear
trend was observed between 14 and 24 weeks of gestation. This
finding differs from several studies conducted in singleton
pregnancies, which reported a progressive increase in UCA with
advancing gestational age. Data regarding longitudinal assessment of
UCA in twin pregnancies remain limited; therefore, our study
contributes important evidence regarding the dynamic changes of
UCA during the second trimester in twin gestations.
4.2.1.3. Changes in internal cervical os morphology during the
second trimester in twin pregnancies

The internal cervical os was predominantly I-shaped between 14
and 24 weeks of gestation, accounting for 90.3%-98.9% of
examinations, whereas Y-shaped and V-shaped configurations were
uncommon. These findings indicate that most women with twin
pregnancies had not yet developed cervical funneling during the
second trimester. Nevertheless, Y-shaped and V-shaped
configurations are recognized as early sonographic signs of cervical
opening and are associated with an increased risk of preterm birth. In
our study, two women developed a V-shaped funnel as early as 14
weeks of gestation, accompanied by a short cervix (<25 mm) and an
enlarged uterocervical angle. Following emergency cervical cerclage,
both pregnancies were successfully prolonged beyond 30 weeks.
Although funneling was uncommon, it remains an important warning
sign requiring close surveillance. Our findings suggest that combining
CL, uterocervical angle, and internal cervical os morphology may
improve the identification of women at risk of preterm birth compared
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with CL assessment alone. This study also provides one of the first
longitudinal datasets in Vietnam describing changes in internal
cervical os morphology in twin pregnancies.
4.2.2. Association of mRNA and pro-inflammatory cytokines with
cervical sonographic changes

The mRNA markers showed a more skewed distribution than the
pro-inflammatory cytokines. Correlations between mRNA, cytokines,
and CL were generally very weak. Hsa-let-7g and PSME2 showed
slight inverse correlations with CL, APOA4 showed a weak positive
correlation, whereas IL-1p, IL-6, and TNF-o showed no significant
associations,  suggesting that  single-time-point  molecular
measurements do not adequately reflect cervical morphological
changes. In the linear mixed-effects model, NAMPT and TNF-a were
associated with longitudinal changes in CL, with TNF-a
demonstrating a significant time interaction. These findings suggest
that NAMPT and TNF-a may better reflect cervical remodeling than
the other biomarkers. Associations between biomarkers and
uterocervical angle were also weak and inconsistent. Only isolated
associations were observed for APOA4 at 14 weeks and PSME2 at
20-22 weeks, whereas the pro-inflammatory cytokines showed no
significant relationships. Overall, uterocervical angle appears to be
influenced mainly by multiple mechanical factors rather than
individual molecular biomarkers.
4.3. Predictive performance of cervical morphology and genomics
for preterm birth
4.3.1. Some factors associated with preterm birth
4.3.1.1. Genetic factors and preterm birth

The results showed that PSME2 was the only RNA that tended to
be increased in women with preterm birth before 37 weeks, whereas
Hsa-let-7g, NAMPT, APOA1, and APOA4 showed no significant
differences. The association of PSME2 was no longer significant for
preterm birth before 34 weeks, suggesting that these RNAs may be
more closely related to late preterm birth than to very early preterm
birth. Our findings are partly consistent with previous studies
reporting a predictive role of PSME2 and related RNAs for preterm
birth, although results have varied across populations and study
designs. In this cohort of twin pregnancies at 16 weeks of gestation,
circulating RNAs did not demonstrate clear standalone predictive
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value and may be more useful when combined with cervical
morphological parameters and clinical factors. Clinically, PSME2
appears to be a promising biomarker, but its independent predictive
value remains limited. Larger prospective studies with multi-omics
approaches are needed to clarify the role of circulating RNAs in
predicting preterm birth in twin pregnancies.
4.3.1.2. Pro-inflammatory factors and preterm birth
4.3.1.3. CL and preterm birth

The results demonstrated that CL had greater predictive value when
assessed longitudinally. For preterm birth before 34 weeks, CL
became significantly shorter from 18 weeks onward, with the
difference increasing at later gestational ages. In contrast, for preterm
birth before 37 weeks, significant differences appeared earlier, from
16 weeks, suggesting distinct cervical shortening trajectories. These
findings indicate that preterm birth before 34 and before 37 weeks may
involve different mechanisms of cervical remodeling in twin
pregnancies. Therefore, serial cervical assessment provides more
clinically useful information than a single measurement for identifying
women at high risk. Cases of early funneling and rapid cervical
shortening further support the presence of a subgroup with cervical
insufficiency, in whom increased mechanical stress from twin
gestation may accelerate cervical remodeling and lead to preterm
birth.
4.3.1.4. Uterocervical angle and preterm birth

The study showed that cervical angle was associated with preterm
birth in twin pregnancies, particularly when its trajectory over time
was considered rather than a single measurement. For preterm birth
before 34 weeks, a significant difference in cervical angle only became
apparent from 22 weeks and increased markedly at 24 weeks; whereas
for preterm birth before 37 weeks, the difference appeared earlier,
from 20 weeks, and continued to increase. This suggests that cervical
angle reflects cervical remodeling and the mechanical effects of twin
gestation, with morphological changes appearing before CL shortens
clearly. Therefore, cervical angle should be considered a
complementary parameter to CL in risk stratification for preterm birth,
especially between 20 and 24 weeks of gestation, to improve early
detection, individualized surveillance, and counseling in twin
pregnancies.
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4.3.2. Predictive value of combined mRNA and cervical
sonographic models for preterm birth

The results showed that the combined model of CL and cervical
angle had good predictive value for preterm birth in twin pregnancies,
especially for the <34-week threshold, where AUC values were very
high from 22 and 24 weeks. For the <37-week threshold, the model
performed better at 24 weeks. This indicates that very early preterm
birth shows clearer and earlier cervical morphological signals,
whereas preterm birth before 37 weeks requires a later time point to
show clear risk discrimination. Overall, CL is the fundamental
parameter, while cervical angle improves detection of morphological
abnormalities caused by mechanical stress in twin gestation, thereby
enhancing predictive performance beyond either parameter alone.

The study showed that adding mRNA markers to cervical
sonographic parameters only modestly improved predictive
performance. NAMPT and PSME2 were the most promising markers,
particularly for preterm birth before 34 weeks, whereas APOAI,
APOAA4, and Hsa-let-7g did not demonstrate consistent predictive
value. In contrast, for preterm birth before 37 weeks, incorporating
mRNA markers provided little additional benefit over the sonographic
model alone. These findings suggest that NAMPT and PSME2 may
reflect early inflammatory and cervical remodeling processes before
sonographic changes become apparent. Overall, combining selected
mRNA markers with CL and uterocervical angle may improve the
prediction of early preterm birth in twin pregnancies, although the
incremental benefit remains modest and requires validation in larger
studies.
4.4. Strengths and limitations of the study

Strengths

This is one of the first longitudinal studies in Vietnam to
comprehensively evaluate second-trimester cervical morphology in
twin pregnancies, including CL, uterocervical angle, and internal
cervical os morphology using serial transvaginal ultrasound from 14—
24 weeks of gestation. It is also among the first exploratory studies to
investigate maternal plasma cell-free RNAs in twin pregnancies. The
longitudinal design enabled integration of dynamic cervical changes
with genomics and pro-inflammatory cytokines to investigate their
associations with preterm birth.
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Limitations

The relatively small sample size makes this an exploratory,
hypothesis-generating study rather than a confirmatory one.
Consequently, only PSME2 showed a significant association with
preterm birth, and the cervical percentile distributions should be
interpreted with caution. Maternal blood samples were collected only
once at 16 weeks of gestation, which may not fully capture the
dynamic inflammatory processes underlying spontaneous preterm
birth. Peripheral blood biomarkers are also subject to greater
biological variability than cervicovaginal samples. Preventive
interventions, including cervical cerclage and progesterone therapy,
may have altered the natural course of cervical remodeling and
influenced the longitudinal findings. Although all ultrasound
examinations were performed by a single FMF-certified examiner,
some intra-observer measurement variability was unavoidable.

CONCLUSIONS

Based on the longitudinal follow-up of cervical morphology in 93
women with twin pregnancies, assessed every two weeks from 14 to
24 weeks of gestation, together with maternal blood testing for mRNA
and pro-inflammatory markers at 16 weeks, we drew the following
conclusions:

1. Changes in cervical sonographic characteristics during the
second trimester in twin pregnancies

- CL remained relatively stable overall but became significantly
shorter in women who subsequently delivered preterm from 16 weeks
onward, with greater shortening in those delivering before 34 weeks.
Women with preterm birth were concentrated in the lower CL
percentiles, particularly at 20-24 weeks.

- The UCA showed minimal overall change but became
significantly larger in the preterm group from 20 weeks onward, with
women delivering preterm clustered in the higher UCA percentiles.

- Internal cervical os morphology remained predominantly
unchanged during the second trimester, although morphological
changes occurred more frequently in women who delivered before 34
weeks.

- Preliminary analyses showed weak associations between several
mRNA markers and CL, while TNF-o was independently associated
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with longitudinal cervical shortening. No consistent association was
found between biomarkers and UCA.
2. Predictors of preterm birth in women with twin pregnancies

- Spontaneous conception, chorionicity, and prophylactic treatment
for preterm birth were associated with delivery before 37 weeks.

- Maternal IL-1pB, IL-6, and TNF-a levels at 16 weeks were not
significantly associated with preterm birth.

- PSME2 was the only genomic marker significantly associated
with preterm birth before 37 weeks.

- CL was independently associated with preterm birth before both
34 and 37 weeks, whereas UCA independently predicted preterm birth
before 37 weeks.

- Combining cervical sonographic parameters with selected mRNA
markers modestly improved prediction, with NAMPT and PSME2
providing the greatest incremental value. The best model for
predicting preterm birth before 37 weeks combined CL, UCA, and
PSME2 (AUC = 0.834).

RECOMMENDATIONS

- Transvaginal ultrasound assessment of CL, UCA, and internal
cervical os morphology during the second trimester in twin
pregnancies, with serial follow-up from 16 to 24 weeks, may help
identify women with cervical insufficiency. The use of percentile
distributions for CL and UCA may facilitate risk stratification and
early detection of women at high risk of preterm birth before 34 weeks.

- In predicting preterm birth in twin pregnancies, cervical
morphological parameters (CL, UCA, and their longitudinal changes)
demonstrate good predictive performance. PSME2 may be considered
for incorporation into prediction models alongside cervical
morphological parameters, whereas individual pro-inflammatory
cytokines did not demonstrate predictive utility.

- Future large-scale, multicenter studies should be conducted to
further evaluate the prognostic value of plasma cell-free RNAs in
women with twin pregnancies, particularly when combined with
cervical sonographic markers. Maternal plasma RNAs may serve as
an early screening tool for identifying women at increased risk of
preterm birth, thereby enabling timely and individualized preventive
interventions.
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