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Clinical utility of expanded non-invasive prenatal testing for fetal chromosomal abnormalities in Heyuan,
Guangdong

Yan Lixiang' . Liu Zhiziang®" ,Chen Yongjiu®, Peng Tao'

(1. Department of Medical Genetics, Heyuan Maternal and Child Health Hospital, Heyuan,
Guangdong 517000, China; 2. Department of Public Health, Heyuan Maternal and Child Health
Hospital , Heyuan, Guangdong 517000, China; 3. Department of Obstetrics and Gynecology . Heyuan
Maternal and Child Health Hospital , Heyuan, Guangdong 517000, China)

[Abstract] Objective To evaluate the performance of expanded non-invasive prenatal testing (NIPT-
Plus) in screening for various fetal chromosomal abnormalities and to examine the influence of maternal
age on the positive predictive value (PPV). Methods This retrospective study included 4,891 pregnant
women who underwent NIPT-Plus in Heyuan Maternal and Child Health Hospital between January 2021
and March 2025. For cases identified as high-risk, chromosomal karyotyping and/or chromosomal

microarray analysis (CMA) served as the gold standard for diagnosis. The PPVs for different types of
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chromosomal abnormalities were calculated accordingly. Results ~Among 4, 891 pregnant women who
underwent NIPT-Plus testing, 104 cases (2. 13%) were identified as high-risk, of whom 87 (83. 65%)
received prenatal diagnostic testing. . The overall PPV for common trisomies was 66. 67 % (18/27) , with
PPVs for T21, T18, and T13 being 92. 86 % (13/14), 66.67%(4/6). and 14.29% (1/7), respectively.
The PPVs for sex chromosome aneuploidies, rare autosomal trisomies, and microdeletion/microduplication
syndromes were 32.00% (8/25), 4.55% (1/22), and 62. 50% (10/16), respectively. The median fetal
fraction was 21. 56 % , which exhibited a weak positive correlation with gestational age (r=0. 112, P<<
0.001),but did not significantly influence screening results ( P>>0. 05); Furthermore, the overall PPV
was significantly higher in women of advanced maternal age (=35 years) compared to their younger
counterparts (57.50% vs. 28.00%, P=0.004). Conclusion NIPT-Plus demonstrates high efficacy in
screening for common aneuploidies, particularly Trisomy 21 (T21), and microdeletion/microduplication
syndromes. However, its PPV for other chromosomal abnormalities remains relatively limited.

Consequently, the clinical interpretation of results necessitates a differentiated analysis that integrates the

specific type of abnormality, maternal age, and imaging findings, which is crucial for achieving precise

prenatal counseling. .
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fiEBE ™ A2 Wr o0 3% 52 NIPT-Plus 6 9 4891 Hil
ZPIE R TREXS 4. WFFEXT ROV B4R R Ry (32, 62+
4.98) %, 2l Ry 113 (97 ~ 124) K. i A
NIPT-Plus #6145 5 Ay e XU 149 28 401 35 B % 2
TR 2 R A 5 i e 0 AR T o A B A e R
i B %) 4y #7 (chromosomal microarray analysis,
CMA) gl % [H 241 5 DU %48 5+ 0 J¥ (copy number
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1.2.1 NIPT-Plus #eml: OHFARE HH G H
K45 R EZ SN E ML 5 ml, 4C, 3000 ¥ /min B
O 15min FFHE AT 003K 40 25, O B R s, —80°C
517, QBB IL ofDNA ;38 3 1% Bk e 17 2L
Iy A Ak 3 5 BUWE B ofDNA. # 4 BR L Sk IR
cfDNA > 4%, O @ICE  XF fDNA #47HK
B 52 AN SN e Sk LG R Al Al B DR SO
WE=2ng/pl. @MY SE 504 - R H MGISEQ-
2000 U F7 - 5 7E A7 38 0 ORI Y 0 SN 2R
FHH 2% 7 9 K 3k Chgl9) #F 47 L Xt 48 4 K
BGI-NIPT 55 vk 115 45 45 Y 8 0K r o5 Lo i), i JL 2
A B AR XURS: (55 Z A8 bb AR AT PR Al 7 =K
XU 48 50 Z fH =3, I3 7R R L 3 6 1 = 1k i XU
OFEA T it 2] - IDNA ¥ BEAR T 4 20 B BE A< 6 1
HEBR o I 1 U0 BT R ML 5 5 1 YR ST A R s ) )
B AN A TR I [DNA HEAT B A 5 5
o e PR 2 DUC D 5K ER R I 5 A0 5 R IR AR
VI TCTE AT A RS R K IR K I 2% 1

L.2.2 Fai#sw FASBEAERZERE. T2
18~24 JHAEME A 513 N AT 3 B 28 IR, il B K
30 ml, — 0y T A5 # - OFZ AL 3 Hr « Sl U2 10 5
7K 20 ml. 43 Ay (& 10mD) , AW, By 2F K
Yl 3500 %% /min 8.0 15min, 13 & 240 M 3% 35 W
PRGN HEAT RS 97 L R K 40 MG BE I i
B AR B 5% 1 R JE 20 MR A K AL 2 L i
AT G A, B FRFEA R 20 4>
By 440 T i i A BAZ R, U 43 B A2 2 30 A A
L. @B —4HF CMA Kl (1omD) . 4hi%
IR G P A BE 2 A7 K2 . SR A Thermo Fisher
Scientific 2y @] #) Cytoscan750K it X # D1 £ 7%
PEAT 20 M1+ L =100kb (Marker =50) 43 #F 3R 43 #r
PR 4148 DL BCAE 5 (CNV) 5 A =5 Mb(Marker=50)
AT A IX 3 (ROH) , B 4 8K H Y £ 1A JE 3 £
B P CNV 7R B0E — K1 ROH, B L)
BRMEALE T IC i U e (P i P A EEHE . 45 SRR
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I 2G5 R 45 5 SR A I R R R AT 45 G
.
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1.2.4 w#tFaosr DUREEEZB CMA
CNV-seq Z5 9 A & br i 718 NIPT-Plus §fi #5 45 28
Yt R S5 1 BH M S BB R S L B R T A
FEHPE T0MAA , DADFEAl 0 25 24 Rg 73 A =0 . PPV
= L B P 1 K/ o B A 6+ A PR 1 451 50 5 Bk
= T P P 41 2/ I e 0610 25 - A M B8O 5 o S
= B A51 K5/ CEC B  1  PE  A510 80 B 1
DA = FLEA Pk 5/ CEL B M 9 50+ 1R B 1 550 5 3
OGO LA (Vo) 7 TR, T BEORE DL B £ bR
£V AR (P25 . P75) "R R s 0 T4 28R R
A 8) FL A s R 42 K5 58 Fisher iy U)ME3 0% 5 M1 3¢
43 M7 R i Pearson 5% 23 B, 71 5 AH 3¢ R #L
(o), A Geit 43 ¥4 H SPSS25. 0 #4458 1. LA
P<C0.05 JERHA G5 L,

2 H#FR

2.1 NIPT-Plus i & % R 44  AOFFRILHA
4891 5| #2252 NIPT-Plus Kl (1) 22 49 , He 4Gt 104 4]
o RIS g ). R O A BH PR R R 20 1306 (104/
4891) , &Y o A S5 5 1 i 25 BH M 00 301 o - AL
Yo e fA JE B A5 K (T21, T18 K& T13)0. 63% (31/
4891) ,SCAs0. 63% (31/4891) , RATs0. 55% (27/
4891) Fl MMS0. 37 % (18/4891),

2.2 BlaBFO e k52AMMXE A
FEAS ) FF ¥ A 21, 50% £ 6. 34% ., H L 5 H
21.56%(17.31%,25.28%) . i Fl N (4~55.46) %,
8 ] (0. 16 %0) FEA [ FF AR F 4z 5 BIE (420)
NIPT-Plus i #8 FHYEZH 5 P40 09 FF 46 o581t
2P (20.57% 6. T4% H 21.51% 6. 33% 51 =
1.459, P=0.145),95% CI(—3. 22,2. 20), 7£ ¥
A B I 45232 W 19 95 9] v o 5 BH P 2 55 {1 BE 4 2H
() FF {8 78 Jo Ge 11 2% 22 5% (20. 952 6. 79%
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20.39% +6.65% ;0= —0.386,P=0.983),95%CI
(—3.47,2.340) . MK, FF 53R 1MA2 ) 2
8055 1E #H 56 (Pearson r=0. 112, P<C0.001),

2.3 PR YW EEF R K NIPT-Plus £ 75 A% 8
MR 4R TEHEZ NIPT-Plus £l 1Y 4891 i %2 4
t, 104 B4R = S, 5 87 51 (83. 65 %) 7E 78 4%
L WS e RS W 2Ly 17 B (16, 35 00) A
AN NIRRT /2 W #5280 R 78 1y Bk i2
Wr 545 s W o DU R R A AR 31 41 g XU 42
1A A 25 5] (80. 65 %) 2 P RS W . LB T13
=D BT =R #0121 6] (5177 H A 6 Fl#
RE# IR A G T18(n=8) 1,5 32 7 Al iz
Wit ahi2 3 (5177, oy 2 A AL IE 3 JF 2 H i
P ARATIZ WY 3 v, 1 PR i R R ™ O
R TE (R 2D 5177, 5 P H R L 9O & i B G 1l
B IR (QF-PCR) 40 M oA T18 G+ A FLFH) » 575 1
B DRI 9 DU BB E 51 7™ 1 B & 775 T21 (= 16)
L 13 AT RTZ W IR R 2 12 ) (35177 . 1 Bl
RUEEIF R H ™, RATI2 Wi 3 filrp, 1 3% 7
7G4 % B pr i i2 o T21), 1 ] T2
30 RSN B EE S . RATs: 25 il & fis
A, 22 i (88. 0020) #2 Z F= R 2 Wi, 12 1 il
(5177, 18 A% AL IE & JF R H 16 7™ 1 451 5 75 S i
CPude & N B 5 )RR i £ 3 ks 4 78D 517, 1
Bl CMA ¥ 14 22q12. 3-q13. 33 {7 & K 4l & X 45,

- & - 55

(ROH) , K3 A /Ny 14, 6Mb 5|72, 1 i CMA £ H
6 5 Y AR 58 2 M Al XU (ROHD 5177, K 1712
Wi 3 X 8 A G 77 . SCAs: 31 il & fa 2 v L 25
Bl (80. 65 %) # Z F= a2 Wi . Ho b, 8 il #% A 5 i £
ERAF ALFE 1) 45, X (B F5) .6 fi] 47, XXY (5
BI5= .1 BTG =) ) 1B 47, XYY GE =) . A 17
A% T 55 i A 45 RANAF AL HE 1] 47, XXY (5]77)
2 A7 XXYGEF) L1 6] 47, XN, +21(5]7%) .1 )
46, XN, 16qh—+ (3 7)), H A 12 il 4% 8L 1 % I 2 H
W7 AR 2 WY 6 Bl rh .5 s 7, 1 B e B
7. MMS. 20 il & f& 2 i v, 16 461 (80. 00 %) #5 %2
FERTIZ W, Horb 10 B2 CMA 3631 5 0% 25 A 45 % (8
517 151 S D AR 482 Wi 4 B4
7

AR ERAN AL 2R e G
PR AT LR GG R . RTERSE AT IR E 2 s
(EESSISuX R Ry
2.4 NIPT-Plus # | % & 2 A DA% 3 43 #r #l
(5) CMA F1 (8) CNV-Seq %5 5 Ky 4 %5 #i, NIPT-
Plus % % W = A& 25 4 AE /9 &R BE P 350 00 {5 (PPV)
66,67 % (18/27) , IR S 1002, HE 5 Mk
99.82% . v, T21 By PPV 2y 92. 86(13/14), T18
1 66.67% (4/6),T13 K 14.29%(1/7) ,RATs ) PPV
S 4.55%(1/22) ,SCAs 1y PPV 5 32.00%(8/25),
MMS ) PPV 3 62.50%(10/16) , 3£ W35 1,

F 14891 Bl YR NIPS-Plus 4 G (& AP0 £ 43 LB TERE S HL

Jif L ik TP FP/FPR PPV TR TN FN/FNR NPV Y=y

e i) %) (%) (95% CD B (%) %) (95% CD
WO = AR EEAAE 18 9/0.18  66.67 100. 00 % (81.47—100. 00) 4863 0/0 100. 00 99. 82%(99. 65—99. 92)
T21 13 1/0.02  92.86 100. 00 % (75. 29—100. 00) 4877 0/0 100. 00 99. 98%(99. 89—100. 00)
T18 4 2/0.04  66.67 100. 00 % (39. 76 —100. 00) 4884 0/0 100. 00 99. 96 % (99. 85—100. 00)
T13 1 6/0.12  14.29 100. 00 % (2. 50—100. 00) 4884 0/0 100. 00 99. 88% (99. 73—99. 95)
RATs 1 21/0.43 4.55 100. 00 % (2. 50—100. 00) 4869 0/0 100. 00 99.57%(99. 34—99. 73)
SCAs 8 17/0.35  32.00 100. 00 % (63. 06—100. 00) 4865 0/0 100. 00 99.65%(99. 44—99. 80)
MMS 10 6/0.12  62.50 100. 00% (69. 15—100. 00) 4875 0/0 100. 00 99. 88%(99. 73—99. 95)

7 : TP-True Positive: B fA{E:; FP-False Positive: % [A 14 ; FPR-False Positive Rate {i% fH 14 % ; PPV-Positive Predictive Value: [FH 4 7 il
fE; 95% CI-95% Confidence Interval:95% & {Z% X [i] ; TN-True Negative: E.PHPE; FN-False Negative: ff% Bk ; FNR-False Negative Rate: fi&

19 % ; NPV-Negative Predictive Value: [Tl {4 .

2.5 FRESFEHEZE»HWN PPV i WFE2H
ARG PIAAEIR =35 B UL B R PPV I 3 T <35
A (57.50% H 28.00% , P=0. 004) ; 7E % WL = {&
WA, =35 % 41 PPV 7R i % &5 T 48 &% 41

(83.33% 1 33.33%.P=0.004), N[22~
14 Ji 5 15~24 D A [E) Bk PPV 1A 7E G it 22 5
(56.25%k 32. 76, P=0.041) JHAES 4 W41+
PR SRR BN G B
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% 2 NIPT-Plus X A [a] 0 20 Z2 43 i )L 3e €0 7R 53 i PR PR B0 L0 (v ]
W EARGEED SCAs RATs MMS A
sre i AU Y w5 R = KU Y

i) w i) T i) ' i) v i) w
AR
<35 % 9 3(33.33) 16 5(31.25) 13 000) 12 6(50.00) 50 14(28.00)
=35 % 18 15(83.33) 9 3(33.33) 9 1(11.1D) 4 4(100. 00) 40 23(57.50)
Xz 8.238
P 0.026 1. 000 0.178 0.234 0. 004
12~14 & 12 10(83. 33) 7 3(42.86) 8 0C0) 5 5(100. 00) 32 18(56. 25)
15~24 J& 15 8(53.33) 18 5(27.78) 14 1(7.14) 11 5(45.45) 58 19(32.76)
P 4.164
P 0.217 0. 640 1. 000 0.093 0. 041

A =40 BT A BUEHIE=5 R AT Pearson y* 4 % Gl JI A& AF) 5 45 #F A <740 B TE SIS <5 R T Fisher B U)#E 2<%

2.6 MMSHEHWFRM LI BEFLE EKRE R Z W B 5] L 10 il 28 CMA 8 CNV-Seq K ik b5
16 ffil NIPT-Plus $7x MMS & XU I 322 52 77 i A AAT R 3.
F 3 16§ NIPT-Plus $&/8 MMS 55 KU 7= 1if 12 W 45 R AT IR 45 =
24 A - U
é’g;’jﬁ ﬁrﬁ NIPT-Plus 4% PO CRUN VR CMA/CNV-seq 4% HE R g%
1 21 16+ Del 8q21.2q23 46, XN arr(1-22) X 2,(X,N) X 1 S e
(27. 6Mb)
2 29 14  Del 18922.2q23 46, XN, del (18)  Fomtk CNV.18q22. 2-q23 fi B & A Hr  WILA M £k 5l
(8. 95Mb) (q22.2) He, BBy kN2 10, 3Mb
3 25 18+ Del 2¢37.2q37.3 16, XN arr(1-22) X 2,(X,N) X 1 55 TP
(7.14Mb)
4 38 12+ Del 1p22.3p31.1 46,XN.del(1)(p22.3  Ffitk CNV. 1p31. 1-p22. 3 fif & K4 ZOEHOGA . WEE 5™
(11.04Mb) p3l. 1) Bk i BaR/Ny 11, 0Mb Eai=
5 31 16  Del 3q26.1q26. 33, 16, XN arr(1-22) X 2,(X,N) X 1 A 5w 7 23+6
18. 42M) JA
6 26 13 Dup Xpll.23pll.4 16, X,? dup ( X) WK LAW CNV.Xpll.4-pll. 23 fii KWL EH# 3]
(7. 4Mb) (pll.13pll. 44) BEE, FBK/N 7. 1Mb,
7 35 124 Dup 15qll.2q13.3 47,XN, +mar FUwE CNV,15q11. 2-q13. 3 i B EE KRS W Elg
(7.87Mb) FEECH 4, Be kN2 9. TMb
8§ 26 17+ Del 9p24.3p24. 1 46 ,XN arr(1-22) X 2, (X,N) X 1 K5 T
(4. 49Mb)
9 31 19 Dup 6p25.3p22.1 46,XN,der(8)t(6:8)  HUME CNV, &3 2 &b CNVs; D6p25. 3- AL F% 5l
(26. 85Mb) (p22;p23.2) p22.2 KA TE .4 25. 8Mb; @8p23. 3-
p23. 2 KA . K/ 2. 3Mb
10 33 21+ Dup 3p26. 3-3p 46, XN arr(1-22) X 2, (X,N) X 1 N IC 0
26.1(5. 85Mb)
11 28 18+ Dup 8q24.13-8q 47, XN, +der(22)t  FomtE CNV, &8 2 &b CNVs: D7EYR OIERE 5% . A0k 51~
24.3(17. 85Mb) (8322)(q24.2;5q11.2) {4k 8q24.13-q24. 3 (i B K AETEE . B AFER, B 3k
Br#y 20. 8Mb; @ 7F e {6 & 22q11. 1-
qll.21 i B RHETE . B2 3. 8Mb
12 36 16+ Dup 4pla-4pl2 46, XN IR LA B CNV. 4pl3-pl2 i E & £ WS e
(8. 1Mb) HEEE, BRI 5. 3Mb
13 30 16+ Del 1q42. 13-1q44 46, XN, del(1) (q Hom P ONV. 1 B 2o ik 1q42. 2-q44 XM= P ok fif 5=
(17. 9Mb) 42.2q44) ,9qh+ B RS BRI 17, 6Mb ALGES R B LA
[1) o St 453 o B 3 ik
14 35 16  Del 22q11.21-22q — Hp P CNV.22q-11. 21 RAEH%, K RHEFTRERAWE. B 517
11. 21(1. 4Mb) /Ny 2. 6Mb, DiGeorge Zi & fiE TS
15 34 16+ Dup 21q22.2q22.3 46, XN arr(1-22) X 2, (X,N) X 1 L5 H T
(4. 63Mb)
16 29 13+ Del 11g24. 1-11¢25(11. 6Mb), 46, XN, del(11) UM CNV . 11924, 1-q25 (i B &G RS % 5l
Dup 11¢23. 1-11¢24. 1(11.0  (q24. 1¢25) &K BRI 11, 7TMb
Mb), Dup 7p22. 3-7pld. 2
(36. 9Mb)
W TR
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AW FEIE 2 [ B 43 B 4891 4] NIPT-Plus £
0 232 4 1 e R S48 - 3R 4 B W] T NTPT-Plus £ AN [A]
FEIR LY ok % i PPV, AR B, NIPT-
PlusPPV & BEHCORE T H AR e 0K 5 3 19 28 30, O &2
I R — kL FRATT Y B i R B L NTPT-
Plus % T 0L e (R JE B A5 K U T21, B A
R O 25 1 g (PPV92. 86 %) , i 5 B A K i F
FEH B P ROUE S8 T A Sy — ™ i O A L
HLH @800 s % SCAs #9 PPV g 32, 00% , 5 9 1 i
SEUY BB S HEE PPV SR AT AR BER Y (0 1 S
TH T NIPT % JL SCAs (4 # o # # 5 %F T13
) PPV #41 (14. 29 %0) , J5LPH AT 68 B ) BR 1 i 4% 1%
FURNE KR B ARV TR A A R O

TEASTFFEHRIL 19 8 1] SCAs 5 6] v o 4T U e 3
58 I A% R 22 Sk L HE BRI Y 8 il U R R e
J5RE DR 252 1o (A 21 A O JUE S A 7 B ) 1 A% 8 (1 441
45,X(100% ,1/1) K 6 f5i] 47 . XXY(83.33%,5/6)
BT LR AT IR B TR A2 5 IR Z . 2 B4 AR A 3R R Y
L) 47 XYY 4k 22 40 4 . AR & . Y M LA &
Ny 45, X B 47, XXY B & R A R R I L
55 R AR SOk E — 8,

7E 10 22 CMA 39 3k 1) 32 FH P MMS 955 5] o
TR R, Jry iF — 25 2 W 1 PR 8 -3 A G B AE I R o
SR PE M . AR 8 ) Bk R 51 R B L 4
o1 e 0 3] HEY A 1 7 5 ) S A R R TS 000 i
PR A 33X Ry 21k AT R B AL T UL A I R A AR 5
Fogr 4 ) R P R DL S8 (H A A SO 1 CNV
(I 15q11. 2-q13. 3 T .22q11. 21 Gtk %) 5™ F
(B 28 % T B e S 58 R R XU B A AR DG )
FESET 91, 1 A I R AW CNY
L7 HiHR 7 oA D S 0 R L 4k L AT R O A T
L HEIE R WS R . R MMS 38 1% % i 55
B G BRI S JE TN TR A Y R R AL AT 25 A VR A .

Z A AR IS S 5 NTPS-Plus BH A4 15 00 4 1) 85 22
Apdg 2 U RIS R R I AL (=35 ) [
& PPV & 5 TAERH (57.50% 1 28.00% ., P=

- WwEF - 57
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