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Objective

The aim of this study is to assess the risk of adverse pregnancy outcome by maternal serum markers in Quad test and to compare
the existing cutoff (2.0 MoM) with 95 percentile cutoff generated from our consecutive population in predicting adverse pregnancy
outcome.

Methods

We generated 95 percentile cutoff as our own reference using 3,000 consecutive women who performed Quad test. Except for
follow-up loss, fetal aneuploidy and anomaly, 2,598 women were analyzed for the assessment of adverse pregnancy outcome
consisted of preeclampsia (PE), preterm birth (<32 weeks), low birth weight and fetal death in utero.

Results

We confirmed high levels of alpha-fetoprotein (AFP), human chorionic gonadotropin (hCG), and inhibin A are associated with
development of PE, preterm birth, and low birth weight. In general, 95 percentile cutoff corresponded similarly with 2.0 MoM
except AFP. Combination of serum markers increased the odds ratio for predicting adverse pregnancy outcome. The women with
higher level of both AFP and inhibin A (2.0>MoM) had 9.8 times higher risk for PE, 24.8 times higher risk for preterm birth, and
5.6 times higher risk for low birth weight. The women with higher level of AFP, hCG, and inhibin A had 8.2 times higher risk for PE,
29.4 times higher risk for preterm birth. Notably, negative predictive value of serum markers for PE and preterm birth are over 98%
either in alone and in combination.

Conclusion
Maternal serum makers either in alone and in combination offer valuable information on the risk assessment of adverse pregnancy
outcome.
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A2| 47tX|0|C}, AFPE Al 7-8FEE] tat(yolk sac)oilA] A4t
T, YA 111235 E EfOre] 2t HEEOIA M0 AHS
2 B2H|Z|H, Efol(etal membrane)S EsiAl A E= EfEHIE &
fste] 2|2 OISt EHOLS] RN 0]t Glo| At SFLY AFP
0] M&5H= 7|Mo2E Efo} 2X| EREFEHH(fetal-maternal—placental
barrier)2| Ita, ENFHEIZIZ QIS EfEt St mba|, EHOIENEt SIE &
9| 7}M0| MIAIZIRACH3,7,8]. E& hCG £xle A 8-9F A 2|1
XIE 0|F1, YA 18-20F Z plateauZ O|Z2L hCGE AFPRL RAL
st Al ®2 2712 hCG7t &2 Ed2 TRIES, XISLH EHORAL
af RAF KPR ARR|STF 22 EfEE |55 M (placental dysfunction)
1 ZAE SFs YA At SIIEictn B E|RACH9,10]. Estriol2
et A 16—hydroxy—dehydroepiandrosterone sulfate?} androgen
2 MEtz|1, 0|F BisFsHaromatize)|0] estradiol2 HFEOZM
AFEICE Estriol A44t2] 90%= EHOLS| FAl(adrenal gland)OilAf 2t
0%l dehydroepiandrosterone @ 22 E 7|SIBICH3, 1], AtZ &
L uE30] 0.25 MoM 0[ate| AL congenital adrenal hypoplasia,
steroid sulfate deficiency, Smith—Lemli—Opits syndrome S} 20|
Ut EOEACH12]. Inhibin A= EHA| 2 EfEte] 8ZEUD! Al
(syncytiotrophoblast)ofl A AAM=IC Inhibin A= &2 paracrine function
2 7X|1 HY QIAEOH OfL|2t M|z ME Mol 52T JES 5t
EHEE 7lSat MeHE AER| A0 S0[XQI EX[XP7L E 4~ UCH4A]L
Z|Z20f|l Quad teste] =19 Z 2l5t0{ inhibin AS| HAZ} F7t&|™
M A= SHLY inhibin AQ] St S&Fet 4l Autetol kMol o
A2} Qlghot WREIRIOM[2], £35| inhibin A2| £X|2 HMXIZHEE
[B=E OISot7| st S22t ol AIBZIACH4,5]. SHH, 23
M ZIE oSols XEEAMQ| M2 @FL AFP, hCG, inhibin
29| 7|ZZte2 2.0 MoM (muliiples of median) = 2.5 MoMO|,
UE32| ARE 0.5 MoM = 0.25 MoMO| 2 AFBEIICH1,36]. =
LHOIM= M S7] A2 SHLY inhibin AZtE S2FsH A Znketo)
Aol tist S50t oLt 0l HUECE BETe| 27t A2 |
to] U2M[13], THE MZ SYEXIXISS Slot 2
IZ OlSsts XIEEAQ =L S+l OF2] &6t A-O|C,
UL ZuIE o Sot=tl SHNCE AZElE M2 SHEXIXIC
2.0 MoM = 2.5 MoM)2 2 Ot #X|E 0185H= 20| ot
EfEet A2IX(ol chaiAl= Hlw ATE Hi= giem, 2 S0l
M AT AET| Es H2 ART| At SHEFEX|XIE 95 percentie &
5 percentile2 7|ECE S&ot U4l ZAnieto] AmtME HTst bt
CH14,15].
0l2{st HiAGHof 2 HF0ME Quad testtl M S7t = ZAE At
D SYHAXIE 5ot S35t A ZuHHXIZES, =4 KIS0,
Xt EHORAIY)REL| Mo cist ZEXQl BMS A=5I¥H,
=&t YA ZuE ol Sst=0 UM SHEHCE ABE= 2.0 MoM
(UE32| &< 0.5 MoM)2| 7|Egtat 2 A 7|0 Quad testE Al
a5t I E(consecutive) AZE CHAICE St 95 percentile (UE32| AL
5 percentile)2] 712742 FEMS H|wStIXt SHIC
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0| 7= 2005 720lA 20008 5IIK| 220 Quad test
£ Alglist = E(consecutive) THEHRIAE 3000HS CHASZ UL
Quad test2 At S& AFP, UE3, hCG, inhibin A7} ZHEIQICH, &
ME 22 AT FPAA ZHE EfE QAFE S median}2
AKISIZOH, 02 7|ZQZ AFP, hCG, inhibin A= 2.0 MoM OJAL
UE3= 0.5 MoM 0[512! BRE HIFMTC=E FolsRiLt ESt 3,000
Ho| CHAF A0l AFP, UE3, hCG, inhibin AQ| & EZE BXM5|
04 AFP, hCG, inhibin A2| 95 percentile, UESZL2| 5 percentiles A™
St

ESH UM Zit= MXIZES, T4 XMFIS0t, XFEL EHOtAIYS

[}
2 ZROINCH 2422 T2t 20| Fosict. &, Hirt5e 4
o
=}

TEAR £57| DY 140 mm Hg 0l E= 0R47] et 90 mm
Hg O|AF 2417t Bt = 300 mg O|AF EE= urine stick +1 O[AlS
2 Holsi¥on, MAZESl= superimposed preeclampsia Z&t

= 2009H0] LEE HZESMAIE AL LMot HIF 7|IESE 10
percentile O|POZ HOIGIAUCH16]. AFELH EHOFAIYR 20F 0|=0
SR E{Of AlElpo| AMS SIOISH ZRE Foloirt Sast A
| Za} Hololls FMPE Ami(n=391), EHOF7[(n=6), EfO} A
0l8(n=3)2 HMQletn 2R 205t AT 2508HS o=
SIALCE

AR HYEX|XEL HE HAE mst7| sl Pearson’s
correlation analysisE ALS5IRCOMH, HIEA M2 SHHEX|XIRL 22
SF QA Ao HAMME miRtst7| 2JaiAl chi—square test, Fisher’s
exact testE 0|23 CM, WxiH|(odds ratio)= 95% AlZ|TZtof|
M TSIRACE S Quad teste] At SYEX|XIZ SEe Ul A
e OolEstes ol UM HESH 7|EFS Fot7| skt receiver
operating characteristic (ROC) curve analysisS AlGIZCt El=
PASW statics ver. 18.0 (SPSS Inc., Chicago, IL, USA)S O|23IH2H,
P<0.052 425 SAXMCR 90| Al= A= HHSIUCE

= B

23

1. ARe) eaa £

=2 AF0IM Quad testS AlgHSH Ao T HH2 0F 306 + 3.2
HloIeM, Quad test Al YA Fo= 14+1F0IM 2 +230[U2
H, A 40| Z7HZHmedian)2 16+ 3F0|ACt, CHATS| UM A
2 2598Y & MRS 45%(1.7%)0A LMetAoH, 0| & 8
BHXEEE 21H(0.8%), ZBTXIZIEES 24F(0.9%)0|Ct, CHAZ
OflA RAR2 32% 02| ZA0| 31(1.2%), 34% 0|FQ| ZA0| 46
H(1.8%), 373 0|2 Z=A0] 151H(5.8%)0A LMEIFHOH MHIS
Ok= 295%(11.3%), XF3LH EHOFAILE 5(0.2%)0IULH.
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Table 1. Distribution of abnormal serum marker combination (n=2,598)

Marker combination n (%) of cases
AFP > 2.0 MoM only 45 (1.7)
uE3 < 0.5 MoM only 25 (1.0)
hCG > 2.0 MoM only 120 (4.6)
Inhibin A > 2.0 MoM only 120 (4.6)
AFP > 2.0 MoM and inhibin A > 2.0 MoM only 14 (0.5)
hCG = 2.0 MoM and inhibin A > 2.0 MoM only 45(1.7)
AFP > 2.0 MoM and hCG > 2.0 MoM and inhibin A > 2.0 MoM only 8(0.3)
AFP > 95 percentile only 123 (4.7)
UuE3 < 5 percentile only 129 (5.0)
hCG > 95 percentile only 129 (5.0)
Inhibin A > 95 percentile only 126 (4.8)
AFP > 95 percentile and inhibin A > 95 percentile only 21(0.8)
hCG > 95 percentile and inhibin A > 95 percentile only 49 (1.9)
AFP > 95 percentile and hCG > 95 percentile and inhibin A > 95 percentile only 13(0.5)

AFP, alpha-fetoprotein; UE3, unconjugated estriol; hCG, human chorionic gonadotropin.

Table 2. Correlation between all serum markers

Serum marker Coefficient of correlation (r)  P-value
AFP and uE3 0.137 <0.01
AFP and hCG 0.226 <0.01
AFP and inhibin A 0.233 <0.01
uE3 and hCG -0.43 0.03
uE3 and inhibin A -0.39 0.04
hCG and inhibin A 0.578 <0.01

AFP, alpha-fetoprotein; uE3, unconjugated estriol; hCG, human chorionic
gonadotropin.

CHAE A9l AFP, UE3, hCG, inhibin AQ| &X
0f 22t 95 percentileZt 5 percentileS ZASH Zal AFP kel 95

percentile2 1.66 MoMOi| SHEBIHSM, hCGRt inhibin A= 242t 1.95
MoM, 1.97 MoM, uE32| 5 pencentile Z+2 0.63 MoMof| SHEZ|RACH.
CHAZOIA 2.0 MoM = 95 percentile O[AC 2 FO|=l HIZAH A
2 SHEXRIO| HI=E Table 101 MASIACE SHH, AFP, UE3, hCG,
inhibin A U] 7kX| AR HFHX|XIL| At A & hCG2t inhibin A2
AMHAA(r=0578, P<0.01)7} 71& A LIEFGTHTable 2).

iy

2R/Z 24

2,42 HHBAR S| ot S U4l Anjele| gl
At SMFEX|XHAFP, uE3, hCG2} inhibin A)S9| =2 MAIZHS,
323 O[T R4, XAMIZ0L, XZL EHORAIZS| Hatdol| Cist 84 &
Al ZE Table 30| R2FSIRACE MAIE B 20| Quad test AIZ 2
af At _:’"H:U(IX} & AFP, hCG, inhibin A7} B7tet 42= 0l ™
XIZES, 323 O1F R4 XxIE0te] wito| QO|UA E7IetULt §
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5| AFPQ| Z2E= 2.0 MoM O|AEZ 7|Z0=2 3|' Fe I MRS
th, 323 O[T ZAK2 O, MXIF0te] LM oF 3l S7FsINCt
S0|EA= AIZLH EHOIAZR U] 7HX| A2 EHEX|XL & AFPO| &

75t A0t 715120, 2.0 MoM 01MS 7|1FC2 o AR 144
th, 95 percentleg 7|Z2=E &t A% 13581 B7f6IUCt uE30| 0.5
MoM 0[5! ZolA= MAISote| LS Qs Ci2 S&st i A
L] UAE HIMES LIEFLIX| 24T,

O --OL—

3. 20 A 2t ofj30f A0M M2 BYEAS2| ZTH

ROC curve analysss AI%”OFR";Eh a 7215'4 Flg. OlM mIAIE Hiet 2
0| MEMO 2 greg under ROC (AUROC)7| ot MEZIALZ 023}
7|0z MElolx| a2 Eolet¥en, 1 F AFPL inhibin A2| FiIXt
7159| GiZ0| TE AUROCT 242t 0653, 06428 HSOH X12L
EfORAIZSoll Ch3t AFP2] AUROC: 0.812%Ct,

sHH 2arst QA ATE ofEsi=r| AR X %[0 712X
2.0 MoMzt 95 percentileS H|w SIS MH(AFP, hCG, inhibin A°| A
Q), UUEE= HIZ5LE 22 d501%eH, YHUSEE HIx
7L, ZAskE A HICOLL MHHCRE RARSE £RIE Eo"
CHdata not shown), EAROZ ALRE|= 2.0 MoM (UE32] Z< 0
MoM)E 7|EC =2 AR SXMEXXP} HEoZ F= 2oz 57}
H 4R, 22 TR, 323 O™ 24, XMAMIEO0L, XIZLY EHotAS
OlSst=0 UMM 2IZE, E0|x, AH0EE, SHUSTE Table 4
0l QOt5IICE AR EAEX|X} = AFPT} inhibin A7} 25 2.0 MoM
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Table 3. Association between selected serum markers and adverse pregnancy outcomes

Preeclampsia

Preterm birth

Low birth weight

FDIU

<32 wk

<10 percentile

AFP > 2.0 MoM 4.270 (1.273-14.326)
AFP >95P 3.175(1.381-7.647)
uE3 < 0.5 MOM 0.990 (0.986-0.994)
uE3 <5P 0.990 (0.426-4.500)
hCG > 2.0 MOM 3.978(1.738-9.103)
hCG>95P 3.905 (1.707-8.934)
Inhibin A > 2.0 MoM 3.978(1.738-9.103)
Inhibin A > 95 P 3.768 (1.648-8.614)

9.127 (3.055-27.269)
4.981 (2.005-12.374)
0.990 (0.986-0.994)
0.635 (0.086—4.694)
4.100 (1.546-10.873)
4.027 (1.519-10.675)
5.164 (2.078-12.837)
4.894 (1.971-12.154)

3.093 (1.570-6.091)

2.165 (1.368-3.426)

4.231(1.778-10.068)
2.030 (1.286-3.203)
2.071(1.300-3.299)
1.913 (1.408-4.022)
1.884 (1.165-3.048)
2.379 (1.408-4.022)

14.483 (1.586-132.218)
13.503 (2.236-81.557)
0.990 (0.987-0.994)
4.814 (0.534-43.385)
5.197 (0.576-46.861)
5.107 (0.567-46.044)
5.197 (0.576-46.861)
4.936 (0.548-44.488)

Data was presented odds ratio and 95% confidence interval.
AFP, alpha-fetoprotein; uE3, unconjugated estriol; hCG, human chorionic gonadotropin; P, percentile; FDIU, fetal death in utero.

Sensitivity

Sensitivity

0[NOZ M F2 RIS

SRR

A. Preeclampsia

1o

e

[y

; AUROC
e — AFP: 0,653

ol f e e UE3:0.395
- “hCG:0.548
f —Inhibin A: 0.642
oD |. T T T T T
[:1:] 0.z o4 [:3 [F:] i0
1-Specificity

C. Low hirth weight

[y

044

AUROC
—AFP: 0.611

02+

- +hCG: 0.617
—=*Inhibin A: 0.682

0= T T T T T

1-Specificity

— O

o, MxIS0t= 5.6t

O

=751} At

654

9.8HH, 32F 0|"._9

B. Preterm birth (<32 wk)

10

054

064

Sensitivity

024

AUROC
—AFP:0.517

= ~hCG: 0.515
—Inhibin A: 0.516

[ e T T

1-Specificity

D. FDIU

Sensitivity

S N

|

AUROC
—AFP:0.812
== UE3:0.456
— -hCG: 0.564
—=Inhibin A: 0.647

0 0g 18

1-Specificity

| ZAL2 24.8HH
AHHEX|XL S AFP,

E2 824, 325 0

Fig. 1. ROC curve comparing
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prediction of adverse pregnancy
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uE3, unconjugated estriol; hCG,
human chorionic gonadotropin.
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Table 4. Diagnostic value of individual and combination of serum markers interpretation of adverse pregnancy outcomes

Sensitivity Specificity PPV NPV OR (95% CI)
Preeclampsia
AFP 6.7 98.4 6.7 98.4 4.270 (1.273-14.326)
hCG 15.6 95.6 5.8 98.5 3.978(1.738-9.103)
Inh 15.6 95.6 5.8 98.5 3.978(1.738-9.103)
AFP + Inh 44 99.5 14.3 98.3 9.849 (2.139-45.347)
hCG + Inh 6.7 98.4 6.7 98.4 4.270 (1.273-14.326)
AFP + hCG + Inh 2.2 99.7 12.5 98.3 8.266 (0.996-68.618)
Preterm birth < 32 wk
AFP 12.9 98.4 8.9 98.9 9.127 (3.055-27.269)
hCG 16.1 95.5 4.2 99.0 4.100 (1.546-10.873)
Inh 19.4 95.6 5.0 99.0 5.164 (2.078-12.837)
AFP + Inh 9.7 99.6 21.4 98.9 24.896 (6.586-94.116)
hCG + Inh 12.9 98.4 8.9 98.9 9.127 (3.055-27.269)
AFP + hCG + Inh 6.5 99.8 25.0 98.9 29.437 (5.701-151.999)
Low birth weight < 10 percentile
AFP 4.1 98.6 27.9 88.9 3.093 (1.570-6.091)
hCG 8.1 95.9 20.3 89.0 2.071(1.300-3.299)
Inh 75 95.9 19.0 89.0 1.884 (1.165-3.048)
AFP + Inh 1.7 99.7 4.7 88.7 5.628 (1.775-17.848)
hCG + Inh 4.1 98.6 27.3 88.9 2.995 (1.525-5.881)
AFP + hCG + Inh 0.7 99.8 28.6 88.6 3.122(0.603-16.165)
Fetal death in utero
AFP 20.0 98.3 2.2 99.8 14.483 (1.586-132.218)
hCG 20.0 95.4 0.8 99.8 5.197 (0.576-46.861)
Inh 20.0 95.4 0.8 99.8 5.197 (0.576-46.861)
AFP + Inh 0 99.5 0 99.8 0.995 (0.992-0.997)
hCG + Inh 20.0 98.5 2.2 99.8 14.483 (1.586-132.218)
AFP + hCG + Inh 0 99.7 0 99.8 0.997 (0.995-0.999)

PPV, positive predictive value; NPV, negative predictive value; OR, odds ratio; Cl, confidence interval; AFP, AFP > 2.0 MoM; hCG, hCG > 2.0 MoM; Inh,
Inhibin A > 2.0 MoM:; AFP + Inh, AFP > 2.0 MoM and Inhibin A > 2.0 MoM; hCG + Inh, hCG > 2.0 MoM and Inhibin A > 2.0 MoM; AFP + hCG + Inh,

AFP > 2.0 MoM and hCG > 2.0 MoM and Inhibin A > 2.0 MoM.

0 A2 BHEXIISO| 5712 ZSHIAS 1, HECR B7IE 42
2} MHEHOR BT UASION, YNUSEE SISO,
Sol=ot SHUIEEE HIXEH LEHoD, S5] HARIET 325
00| AN CHRAE Al SHEX|T EIE £ 2EKoR 57t
3 %9 BE 0B%O0IC] 52 2K ST LIEHARICH Table 4).
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=
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Ao LIEfRD). Eot ME SFHEXXS0| =gXez StE 32
ST YU 2ol Y2 U SIIetE ALSIA= E3] AFP,
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Ol= 22 LU=t YHHSEZ Q150 MEHAMZ FulX0[X| 25t
|
|.

C}. OIE H&tst7| 2ish M2 2] E4(body mass index, LH0], At 0
M 2= EE XISU EHOAIYS] 71, it A1 M27| Z2EE)E o
T D257, XF2SHO| Doppler ZAIS SH| ARSI, S2Fst ¢
Al Znto| ZIEHE(detection rate)g = A= EOERACH1,6,17].
£ HF0M= ROC 248 E3510{ AFP, hCG, inhibin A9| = S7t
= B39 = ATt HARES, 323 O 24 MAISOL ASU
EHOIAIY S =& &l ZHE oiSsks TITEol ciet 242 Al
AolRAon MEHMoR BE ROCO| AUROCTH ot SA| Of2{sh At
2 FHEAKES MEHMR 0|83tV |0l= MEfEHX| ¢iES &els
ULt Eot SYMOZ AZLl= 7IEX(2] 20 MoME 7IECZ SI
S 1 AFP, hCG, inhibin A7 25 71l R0 FRIZHS E= 32
7 O™ A 2ol oieh QH0IEEE 242t 13%, 25%= =X LU
C}. ofH, = ¢t 2o =g Thet 242 M Ji2 27| M2 &
d AFP, hCG, inhibin A7} 25 A |1 A0 HXIZES, 323 0|
M 2=, XIS EHOFAIYO] 2YSHX| 2 &8, & SYUIEETH 98-
99%=2 e wLt= AkeE MEH =CISIRC= Z0IH Ol= Quad
testOllM A2 Y7L 2F F ERA B2, =t YA 29|
Ll HE0| Hit= YEE M20 HSE 4 USS AARITE,
2 87s SYXOZ Quad teste] ME BHHEXIXIR} 0|F =&
YA Zujete] gty TS0 SHHeZ AM8LE 7IEE
.0 MoM (UE3R! Z? 0.5 MoM 0[3hE themel 300082 2
Ehconsecutive population)2 S5t At 95 percentile®] MoM
4 HIwSIASH(UE3R! B2 5 percentile Olst) 1 21t AFPE= 95
percentie0| 1.65 MoMo| aligelS 22I5I%1T, 1.65 MoM 0l &
ROz HXRES, 325 07 X4k 1 S0t & AtSU EfOMA IS =
2ot il Zuajet 20| % 9% fo“‘lif *'HIE M2 Y AFP
HELEB0] et MEY
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