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Abstract

Objective: The aim of this study was to investigate the clinical application value of NT combined
with NIPT, early Down’s screening, and four-dimensional ultrasonography in the screening of fetal
chromosomal disorders, to assess the detection rate and diagnostic efficacy of different testing
methods when used individually and in combination, and to provide a basis for optimising the early
screening strategy for fetal chromosomal abnormalities. Methods: Clinical data of 532 pregnant
women who underwent prenatal diagnosis in Qinghai Red Cross Hospital from January 2018 to Oc-
tober 2024 were retrospectively analysed, and all cases underwent NT, NIPT, early Down’s syn-
drome screening, four-dimensional ultrasonography, and amniocentesis. The positive detection
rate, sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of
each test alone and in combination were calculated, and the diagnostic efficacy of the combination
of multiple tests was analysed by ROC curve. Results: There were no statistically significant differ-
ences in age, gestational week, pre-pregnancy BMI, place of residence, and education between the
two groups (P > 0.05). Among individual tests, compared with NT, early Down’s screening, and 4D
ultrasound, NIPT alone had a higher positive detection rate, sensitivity, specificity, positive predic-
tive value, negative predictive value, accuracy, and AUC (P < 0.05). Compared to individual screen-
ing, NT combined with early Down syndrome screening, and NT combined with four dimensional
ultrasound examination, NT combined with NIPT had higher sensitivity, specificity, positive predic-
tive value, negative predictive value, accuracy, and AUC (P < 0.05). Conclusion: NT combined with
NIPT, early Down’s syndrome screening, and four-dimensional ultrasound can significantly im-
prove the detection rate and diagnostic accuracy of individual screening, especially the combined
NT + NIPT program has high clinical value in the screening of fetal chromosomal abnormalities, which
provides a scientific basis for optimizing the screening strategy for high-risk pregnant women.
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B LGk S 2 SR AR B PR B B R R 2 —, How W EHE 21-—AZR G 1E. 18- —/RLEA1E
A 13- =AREEAAE[L] o 1KLL 7™ B S MR T A2 ) LIV AR A7 T B R0 SR AR, o A Bk A 3 T AR VR [ L A
) . AT FEAR PR, 21-=ARSR A RN 2R 24008 1/1000, HAERESEFREIE 35 2 14t
RIRFRBET G, HEmL 1270, h4h, 18 =R A ALK R RL1N 1/5000 [2]. F-HE PR LG ik
S ST TR AR I B R S ARG A VA AR RS L MIE AR S A A R A AR
KEETVERC W R G B, FEl R AE S AR AR E — 8 B S AV P R [3] . I Ak, ot = wi ik
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[R5l (Non-Invasive Prenatal Testing, NIPT){F b —Ff 52 T vy il & I P B AR RS I T B, DAL i RS Al sy
R P R E R TR LA R R TR A RO [4]. SURFIRE, SRR MDY 4R 75 o R ) L Al 4
Rk TR AL T AL, HH SRR Z IR T B E LI MBI KA [5]. R NIPT MR T
FEI A Yt S TS T BB e, (R — kB BAA RRYE. Bk, BEE 2Pl Bk
WP RN S, BT AP S A VA D 3, e s 155 v 0 A 1) R U RS 2 6]
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L, 3@ IR ) LS5%E B 2 (Nuchal Translucency, NT)IBES NIPT . BRI FG 7 A &% U 4 48 75 (1 97 25
SE, PRUTX S T VETE IR LY R R O R S AN B, B TR DAL 2 SR Rk D A R A IR 4
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PR FE RN N PR E A HEBR PR SCSE 2019 4F 1 %8 2023 4 12 A T-HIGLLTFEEBiAT F /K % il 1) 5325
Bl 20 o Fo R 2K 27 25 B oy e i ik S v PR AEL 474 BN YI 1R 2H 4851 51 ek S0 35 LA BT A I 05 B
Kt R RF S AN FE S, HENERA 7 R R TR R .

2.2. INERIHE

1) Fra BT R L R FRIARIL: 2) PrAifl T NT. NIPT. B RIG &, DU4El s
FAEKE R 3) BARULIR H AR, 4) WIS 5) Framt A R mERE.

2.3. HERRARE

L) NSRRI 2) TURSCE MRS 3) AT 4) AIRRIRE e S R b
REEM &% 5) WbITOR AT #

2.4. WM ERFIERRE

NT Al T42 11~14 i id 2 1882 Y1 S W &G ) L35 3% 2 B E(NT 1E), >2.5 mm H#E R
BTk . B85 M s B E A E I 5%, NIPT: T24% 12~22 JHR&EZ40 4 A I 10 mL,  $REUT 2 AR
JL DNA, R F il S 7 BRI G L 5 i ARk S o XU Fi8 250 3 Y5 1 (3.0, 3.0), R HY
2 E AR BRI A T42 11~14 FABCE N E 2215 PAPP-A K& B-hCG WK%, 454 NT
IR LRI . 21- =44 18- =ARERARES A A AE > 1/270. >1/350 Hl5E NBHPE. DY 4k S
Krfs: T4 20~24 FATHG)LDU4ER A A, VRAG YL (0 55 M OGO 5 M M S i RO Fe b S i o AR 54
P S BOHE P AR A S B . G A 2 il NT 5 NIPT. B QR A DU4EE s 414,
REEE R > 1 ASPEMENAE B . 2Rk 0 S g Bk BT B AT K RS &, Jlid G By
AL AT RIS H AR (CMA) IR IR ) LY A 5 i 5 00 o 27K 5 ) 45 A B NS Wi i ) LGS (PR 5075 1) S A
FAT PPN 0 A 45 SR 2 e -

2.5. GitE S

K SPSS 26.0 HEATHE AL, % FH GraphPad Prism 8 i ROC #h4k. FE&4 i (iR &R X £5
FEIR, PLELIA] LR SRR AS ¢ A5G s TH AT R A E e (o) Hiid, ZHLIAT LU ECR A 2 A6 SR ROC
2 3 BT DU R = 1 0 2 7 SR R B A S Wi B, THE AUC, REUEE. RS FAMETNE . FHME
WA S HERfa %, P <0.05 N2 RA Gt L.
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(P>005), A RUFHIATHHE(ILE 1).

Table 1. Basic characteristics of the study population

1 MANRHERHE

— M FE R BH % 4H (n = 485) FA:4H (n = 47) t/2 {8 P1E
FER(P, X+s) 28.30 £3.35 27.80 £2.19 6.327 0.243
ZEE, X+s) 21.1+1.04 20.9+0.85 7.223 0.142

Zif BMI (kg/m?, X+s) 20.45 + 2.62 20.92 +2.94 6.116 0.419
JEAE B[] (%)]
WA 235 (48.45) 22 (46.81)
9.154 0.091
AT B X 250 (51.55) 25 (53.19)
SCALFE FE[H11(%)]
W K LAF 184 (37.94) 17 (36.17)
8.783 0.172
Eh R LR 301 (62.06) 30 (63.83)
ZE IR [#1(%)]
<2 K 212 (43.71) 20 (42.55)
8.244 0.258
>2 K 273 (56.29) 27 (57.45)
FEIR[1(%)]
<2k 323 (66.60) 32 (68.09)
8.765 0.154
>2 K 162 (33.40) 15 (31.91)

3.2. NEMEM A EHEFKRFRERPIRERLE

N A0 16 BH A6 H 2% 65.96% A BH 2 4 8.87% (P < 0.001); NIPT A6 () BH 1H: 46 Hi 2y 85.11%
EBH: 2 3.09% (P = 0.002); -3 )3 PG 2 R BHE A Hi %6 59.57%. EPHTH: % 12.16% (P < 0.001);
VU 24568 7 A 7 1 BH PR AS: R0 38.30% fBiFHTEZ A 17.11% (P = 0.005); NT BEA NIPT [IPHMAL H R A
91.49%. BFATEZRA 1.44% (P < 0.001); NT BEG FHH IR A 1 PHIER H % 82.98%. EFHTEZR N
9.89% (P <0.001); NT k& VUL 75 6 A i FH LA H 0 74.47%. RFHTESR Ty 11.96% (P = 0.012). #HLL
TRV, BRI R BE e AR R R v, b NT ICE NIPT A BA s th 8 de ey, HLARH
PR FAK(P < 0.05) (W5 2).

3.3. TR 75 EX AR )L R B AR RAISEI A AEELE

NT K300 () R Ay 65.96%- 5575 91.13%. BHVETRMAE A 41.89%. [H I FI{E N 96.51%. AUC
A 0.785; NIPT #& il i) RABE N 85.11%. H5R7E N 96.91%. A FRMIE N 72.73%. NPV98.53%. AUC
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Table 2. Comparison of detection rates of different testing methods in amniocentesis results

2. NEWEM T EEF K EFRIGR PRI H R

FIR GRS R
far 77 2 Hit () 7 P1H
FHAE(n = 47) A4 (n = 485)
NT

R ¢ 74 31 (65.96) 43 (8.87)

61.321 <0.001
B 458 16 (34.04) 442 (91.13)

NIPT

RH 1 55 40 (85.11) 15 (3.09)

54.245 0.002
[R5 477 7 (14.89) 470 (96.91)

LA IR A

BH 4 87 28 (59.57) 59 (12.16)

56.723 <0.001
B 14 445 19 (40.43) 426 (87.84)

Y i 7

[HERES 101 18 (38.30) 83 (17.11)

42.645 0.005
B 14 431 29 (61.70) 402 (82.89)

NT + NIPT

B 4 50 43 (91.49) 7 (1.44)

64.349 <0.001
FH 14 482 4 (8.51) 478 (98.56)

NT + LI 3 i &

RH 1 87 39 (82.98) 48 (9.89)

67.236 <0.001
FH 14 445 8 (17.02) 437 (90.11)

NT + Y2

BH 93 35 (74.47) 58 (11.96)

55.524 0.012
BH 439 12 (25.53) 427 (88.04)

79 0.910: FUWH IRIHE M REBE N 59.57%. KLy 87.84%. FHYETNIE S 32.30%. FHVEFMI{E A
95.73%. AUC A 0.737; VUZEHR I 211 RS N 38.30%. R5 1N 82.89%. FHAETIMIE A 17.82%.
B FE Y 93.27%. AUC 9 0.606; NT BE4 NIPT ()R % N 91.49%. K555 4 98.56%.  [H 4 Tl
H°H 86.00%- BHIETNME A 99.17%. AUC A4 0.950; NT HBk& 53 IIf A 1 R % N 82.98%. 4557 /%
4 90.11%. FAPETHIIAE Sy 44.83%. BPETHMIE Y 98.20%. AUC 4 0.865; NT BEA VU 458 75 16 25 (1) R 4
FEN T4.4T%. H55JE N 88.04%. FHVETRME v 37.63%. FHIETME M 97.27%. AUC N 0.813. Et&H:
D2 W R R3S T S plksr I, NT 6 NIPT Rl (12 W ik s 350 v T HoAth 2 & 2 s — A (P < 0.05) (A
% 3 MK 1),
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Table 3. Comparison of the diagnostic efficacy of different testing methods for fetal chromosomal disorders
= 3. AR T AR BRI LR B AR RAIS BT BE LR

iy Hr 5T BHAETIE B M TIE R AUC
& \|"|| ; & (O,
Foo st Rggoy - i - R
NT 65.96 91.13 41.89 96.51 87.78 o 72&%7%5820)
NIPT 85.11 96.91 7273 98.53 95.73 © 8329%0933)
" 0.737
LR e 7 59.57 87.84 32.20 95.73 85.36 0697 0174
U2 7 38.30 82.89 17.82 93.27 78.72 0.606
g : : : : : (0.563, 0.648)
NT + NIPT 91.49 98.56 86.00 99.17 97.86 0.950
: : : : : (0.928, 0.967)
NT + 530 O 82.98 90.11 44.83 98.20 89.44 0.865
GEENLES : : : : : (0.833, 0.893)
NT + DUz 74.47 88.04 37.63 97.27 86.88 0.813
4 : : : : : (0.777,0.845)
1004 100
80 i e 80
S 60" 3 60
e i =
= i 8 4]
RS £ a0
204 1"" = 20 Nu%\f/ﬂﬁfv N
7 o Epa ] A
04é 0
1 I 1 I | T [ I | I I |
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(@): NT. NIPT. F-HAJE R 2 A VU4 e kG 2 s s U2 W iG ) LA AR (1) ROC 2k, (b):
NT BEA NIPT. FHE GO & K DU 4EE 7 A B2 Wi s ) LY B AR i 1) ROC HE 28

Figure 1. ROC curves for the diagnosis of fetal chromosomal disorders by different tests
1. TR T RIS WA LR & &R fBHY ROC #hiZk

4. ¥hig
) LG Cu iAo 72 3 B0 AR SR AN BB HASE T A S B R B, O B8 L AR A o AN SR AR AL I 1 1
PR, WAL BT SRR R 7 DT SB[ 7] BRI, AnqerSEIG J L (A4 1 00 R0 HE T 07 2T
— ER RS WA T AT R AWE LA S NT NIPT . 5 ECO 2 R DU 245868 75 46 A 11 o — S Ik
EAEMTTE, R AR LG AR I & P N A E, DAL S s 524 1R 2K de
FEImPR PSR T, 75 25 SRS 1) 11 52 75 MR RE S5 B R Bt o ASHITFU AL, 8 NIPT B uier il (12 W 2
BERHI(AUC = 0.910), {HHAGI A 22 vy TAL LM A0 & o 0T 257 ROA ikt X BRI A A,
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G A

JARE IR A S NT AI(AUC = 0.865) /5 B A A . 1 NT B6E NIPT 77 5 BRI 9% 4 m, 2
IR RIS W R, R KSR S . R, A SOIRE X S =T BHIR R 5RO 2
S XU ANFEAR SR NT + NIPT B4 07 A DAz e 12 KU, A XU AT mT e 3 7 B Mk s 2 DA
FRA 3 o NT ASIE N —Fh AR NI BAAR 400 5 Ty vd, DRI LAE 2 R ) )2 38 P P i e e s (6 e o AT
e, NT A R 65.96%. 47N 91.13%. AUC 4 0.785, FHIHAELWAR )Ltk R 7
MEA—E A, S, NT Al R R s, 2 T ifia it tt. 5 Smet S [BIHF L4 R —,
B NT A ) BRI 2R 72.73%, A NT (B3 &t =R SR SR BURAR &, (B4 75 456 Ho ks
DDA B AERA M o Ak, NT R0 5 i ) LA AR 5 0 th B DI AR G, BLHE.C I T FB- B R B 705
U IR S AR R T BEAFAE Y R S, (ELBSE NT X DA RS S A e A i [9] [10]. NIPT A3 T
T T A, AT BRI PR LIRS DNA, SEHL T AR A E Y ik R A [11]. ARFT
tr, NIPT A3 ) R B8 9 85.11%. 4557/ 96.91%. AUC 4y 0.910. MBFH A A 3.09%, # B NIPT
HA B W3R . Belova Z5[12)0F 7011, NIPT LEAI % W =AKSE S 4ERT, REVE BT 99%, HF 5
FEREIT 100%, i FF 14 TR UL P R AT & FH T 2 I AR A . SR, NIPT 7E3ERE A5 R Rk i 2R/
HTLEAAETH A P 0 R USRI, LA AT A8 52 2 REA DNA LLBI. )L DNA WRESH R m,
I FEAE S BMI Z i B 5 2 I AT B AR AE AR I [13] o 5301 B ER O A 2 AR ML 5 22 4R bR (B PAPP-AL f-
hCG) J¢ NT #:ill, /& HSABAR . BRAE i, (BT BonH REUE . B R RRAR[14]. DU4EE 5
T CAVPAM IR LAR ) 500 S 5 2, T8 G A 7 7 7 PR R AR G e 55 [15] o ASBIF TR Hpr, DU 48 7 1Y) 2R
FEA 38.30%, MEFHPEZR EA 17.11%, R HAEPA IR L ONERGTE . FARM A KSR B 7w S A A
MURFINE, (SRR T Y (0 A 55 5 7 2 1 R A PR

(EAE R, BB B EE SRAT e 5] JOEB USRS AHFFWEER], Bl NT AR PH 4 R 5,
SR ZABZ AL KR ARFHPESS A N7 SR RE, B rIRES RIS, B OB
Gl TR ] R 2 AR YT, ERETS, TR R AN, BEA R R
TIHERLRE. HorP, NT BES NIPT () REBEIAF] 91.49%, 455 4 98.56%, AUC Jy0.950, fEFHM:HRA
1.44%, X—25RERW, NT 5 NIPT (WA GRES A BIRANS EH BRI, HA EE 2B . BN
HITE T I8 I AR SRR AL R 7 B EAME RIS 2500 i A e A8l H S, IR 2 A v
PEHFRIR2 23X 5 Xu Z5[16]IFF It — 20, NT 5 NIPT B4 S A i Al & 3B i MR AP B2 Wi 7 SR &
PR LB Z T 90, NT A 003 IO A NT 64 DUZEE 75 132 W R this s — A i e T, {2
FUBRFETE 255010y 9.89% 1 11.96%, REEEAIRE = KT NT BEE NIPT, BRI 1 HAE m KU A i R
o BCATISESRR 2 NT B6E NIPT, AMUAE R BEAURBAYES, @b 1K SR AR ER &
K, AT AR 2 I RE XU B A ) O B AR 170 ST RS A, NIPT A Ry B — )RR AN 25 5 5%
BRI R sk TR T KU AT, TUHETE NT 5 NIPT B S, DURR AL 4 T (07 2 45 SR [18]. LAk, Y
YL FEAERR ) LA e VAt R A T AR LR, R RER G A T 21— 86457

AT R PRV A A RN HOM B PO L, ARl 2 0 KRR S — P IR S
i A SR MG G . IR, B NAR, WA AN B LIRS TN TR RERI RIS, AT A R
i A

AT KBTI, R TC AT AR o 1 R U (bR B8, AR TR
5. &5i%

b ERT, B b, NIPT FeT0H 5 B S W cRE, 38 A T XU AT, (R 771 B e A
PRI, NT (B850 TR, B — s B (s 5 038 EC % 20 R DU 2568 7 el A 1) 12 Wk

BUR, BORA IR Bea i I 25 587 1 0 & i) R SRRy 5 1, U2 NT BRE NIPT, HiZWidlae i,
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