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Abstract
To establish a risk prediction model and the clinical value of trisomy 21 using alpha-fetoprotein variants L2 (AFP-L2) 
combined with maternal serum biomarkers and nuchal translucency (NT) thickness in early pregnancy. A retrospective 
case–control study was conducted. The subjects were divided into the case group (n = 40) or the control group (n = 40). An 
enzyme-linked immunosorbent assay was used to measure the maternal serum AFP-L2 level in both groups. The AFP-L2 
single-index or multi-index combined risk model was used to predict the efficiency of trisomy 21. The best cut-off value and 
area under the curve (AUC) were determined to evaluate the predictive efficacy of different risk models constructed by AFP-
L2. The maternal serum AFP-L2 level in the case group was 1.59 (0.61–3.61) Multiple of medium (MoM), which was higher 
than 1.00 (0.39–2.12) MoM in the control group (P < 0.001). The free beta-human chorionic gonadotropin (free β-hCG) level 
and NT in the case group were significantly higher than those in the control group (P < 0.001). The pregnancy-associated 
plasma protein A (PAPP-A) level in the case group was lower than that in the control group (P < 0.001). The AUC of AFP-
L2 in predicting trisomy 21 was 0.797. After considering the maternal serum AFP-L2 level, the AUC, detection rate (DR), 
positive predictive value (PPV), negative predictive value (NPV), falsepositive rate (FPR), false negative rate (FNR), posi-
tive likelihood ratio (+LR), and negative likelihood ratio (-LR) were significantly improved. In this study, PAPP-A + free 
β-hCG + NT + AFP-L2 and PAPP-A + free β-hCG + AFP-L2 increased the integrated discrimination improvement (IDI) and 
net classification improvement (NRI) of predicting fetuses with trisomy 21  (1.10% and 5.27%; 11.07% and 2.78%)  (1.10% 
and 5.27%; 11.07% and 2.78%), respectively, after considering the maternal serum AFP-L2 level. The maternal serum AFP-
L2 level in early pregnancy had high sensitivity and specificity, and it was a good biomarker to predict fetuses with trisomy 21.

Keywords  First trimester · Alpha fetoprotein variants L2 · Trisomy 21 · Risk model establishment · Diagnostic value · 
Retrospective case–control study

Background

By electrophoresis, alpha-fetoprotein (AFP) variants are 
found in the serum after AFP binds to lensculinaris aggluti-
nin (LCA). These variants are AFP-L1, AFP-L2, and AFP-
L3 [1], with AFP-L2 weakly binding to LCA and playing 
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an important role in monitoring the recurrence of pelvic 
malignant tumor during pregnancy [2].

Chromosomal aneuploidy, such as trisomy 21, trisomy 
18, and trisomy 13, is the most common chromosomal 
abnormality in fetuses. Among these, trisomy 21, which 
is also known as Down’s syndrome, is the most common 
genetic chromosomal abnormality in newborns with birth 
defects. It is a syndrome characterized by irreversible mental 
retardation due to an additional chromosome 21, in which 
individuals with trisomy 21 are unable to take care of them-
selves. It is the most common hereditary cause of mental dis-
ability, accounting for 90% of the total number of cases with 
neonatal chromosomal defects. The incidence of trisomy 21 
in newborns is approximately 1% [3].

In light of the fact that chromosomal abnormalities are 
untreatable, the burden of families and societies in caring for 
such individuals is enormous. Therefore, it is important to 
screen fetuses for trisomy 21. Presently, serum levels of AFP 
and free beta-human chorionic gonadotropin (free β-hCG), 
unconjugated estriol (uE3) or pregnancy-associated plasma 
protein A (PAPP-A), nuchal translucency (NT) thickness, 
and other specific biomarkers are combined with gestational 
week, day of last menstruation, weight, age, and the risk of 
trisomy 21 data using analytical software for prenatal screen-
ing [4–6]. Further prenatal testing is recommended for those 
at high risk of trisomy 21. However, it is still controversial 
whether an increased maternal serum AFP level is a reliable 
indicator of trisomy 21 in early pregnancy. For instance, stud-
ies have reported that an increased AFP level did not signifi-
cantly improve the detection rate (DR) of trisomy 21 [7, 8], 
whereas other studies have reported opposite findings [9, 10].

There are studies reporting the prediction of fetuses with 
trisomy 21 using the maternal serum AFP-L2 level in the 
second trimester of pregnancy [11, 12], but there is no study 
on the construction of a risk model for predicting trisomy 21 
using the maternal serum AFP-L2 level in the first trimester. 
Compared with the results of screening in the second tri-
mester of pregnancy, prenatal screening in the first trimester 
has the advantages of an early decision-making window for 
clinical intervention. Moreover, the false-positive rate (FPR) 
of early pregnancy screening is low, which can reduce the 
rate of unnecessary invasive tests for all pregnant women 
[13]. Therefore, a retrospective case–control study was con-
ducted to investigate the relationship between the maternal 
serum AFP-L2 level and trisomy 21.

Research Objects and Methods

Screening Objects

A retrospective case–control study was conducted to analyze 
the data of singleton pregnant women at 11–13+6 weeks of 

gestation visiting the Prenatal Screening Center of Hangzhou 
Women’s Hospital (Hangzhou Maternity and Child Health 
Care Hospital) from October 2015 to September 2019. The 
subjects were divided into the case group (n = 40) and the 
control group (n = 40) according to the presence or absence 
of trisomy 21, respectively. Women carrying fetuses with 
trisomy 21 were confirmed by amniotic fluid cell karyotype 
analysis. Women carrying normal fetuses were randomly 
selected using a ratio of 1:1. This study was approved by 
the ethics committee of Hangzhou Women’s Hospital, with 
the approval number of [2021] Medical Ethics Review A 
(3)—02.

Diagnostic and Exclusion Criteria

Diagnosis Was Based on Diagnostic Criteria Established 
by the China Birth Defect Monitoring Network [14]

The main characteristics of trisomy 21 are wide eye distance 
(> 2.5 cm), collapsed nose, lateral canthus oblique, low mus-
cle tone throughout the body, penetrating hands and/or palm 
high trigeminal t, short little finger and/or short or absent 
middle segment, I, II wide toe pitch (straw-shoe feet), tibial 
arch pattern on the ball of the hallux, and lower ears. Karyo-
type 47, XX (or XY) + 21 was the most common anomaly, 
accounting for 94–95% of cases. Approximately 1–2% of 
cases were of the trisomy 21 mosaic type, and 2–3% of cases 
were of the translocation type, which included D/G and G/G 
translocations. Cases with at least five of the aforementioned 
characteristics, combined with other features, were desig-
nated as trisomy 21. The final diagnosis required further 
chromosomal tests.

To Reduce the Interference of Some Factors 
in the Detection of the Maternal Serum AFP‑L2 Level, 
the Following Criteria Were Excluded

(1) Twin and multiple pregnancies; (2) the presence of medi-
cal conditions such as insulin-dependent diabetes mellitus 
and serious pregnancy complications; (3) a history of smok-
ing; (4) test tube baby; (5) the presence of trisomy 18, tri-
somy 13, or other birth defects; (6) incomplete information; 
and (7) discrepancies between data and serum specimens of 
pregnant women.

Methods

Reagents and Instruments

We used the 1235 automatic time-resolved  fluoroimmu-
noassay (DELFIA®) immunoassay analyzer ( Perkin Elmer, 
Shelton, USA) and matching kits (PAPP-A, free β-hCG), 
enhancement solution and washing reagents, quality control 
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samples, and calibrating samples. Additionally, we used the 
RT-6100 microplate reader (Rayto, Shenzhen, China), 988 
plate washer (Tianshi, Beijing, China), AFP-L2 reagent 
(BIM, San Francisco, CA, USA), and the Voluson E8 ultra-
sonic instrument (GE, Boston, MA, USA).

Detection Method

Fasting peripheral venous blood (2–3 mL) was col-
lected within 1  week of the initial examination. 
Approximately 30 min after blood collection, speci-
mens were centrifuged and stored at 2–8 °C. Maternal 
serum PAPP-A and free β-hCG levels were measured. 
The DELFIA method was used as previously described 
(reference). Remaining serum specimens were stored 
at − 80 °C. Before measurement, data of case and con-
trol groups were matched with stored serum speci-
mens, and serum specimens were centrifuged mixed. 
The maternal serum AFP-L2 level was measured by a 
double-antibody one-step enzyme linked immunosorb-
ent assay (ELISA).

Fetal NT Thickness Measurement

At 11–13+6 weeks of gestation, the fetal NT thickness was 
measured by experienced ultrasound examiners according to 
the standards of the Fetal Medicine Foundation (https://​fetal​
medic​ine.​org/​educa​tion/​the-​11-​13-​weeks-​scan).

Multiple of Medium (MoM) Was Used to Represent 
the Maternal Serum Levels of PAPP‑A, Free β‑hCG, 
and AFP‑L2 [15, 16]

Definition and calculation formula of MoM value:

where Original Conj. is the original concentration of PAPP-
A, free β-hCG, and AFP-L2 and median represents the 
median of the original concentration of the corresponding 
indicator [15].

In order to reduce the deviation caused by different ges-
tational age and maternal weight, we calibrated the MoM 
value of each index and replaced the original concentration 
value with MoM value.

The MoM values were calibrated by the median equa-
tion of gestational age and the median equation of maternal 
weight. Taking AFP-L2 as an example, the calculation was 
as follows [16]:

(1-1)MoM =
Original Conj.

Median

[GA: gestational age (days); Med: Medium]

The distribution of different gestational ages in the 40 
normal control groups at 11–14 weeks is as follows: 0.83 
(0.83–0.83) MoM, 0.82 (0.39–0.82) MoM, 1.11 (0.44–2.11) 
MoM, and 0.98 (0.94–0.98) MoM. There is no statistically 
significant difference between different gestational ages 
(x2 = 1.861, P = 0.602) in Fig. 1.

Similarly, PAPP-A, free β- hCG, NT and AFP-L2 so on. 
According to the above 1–2 formula and 1–3 formula median 
equation, the MoM value is adjusted as shown in 1–4 formula, 
and the adjusted MoM value is used for modeling calculation 
[15].

Methods for Establishing Different Risk Prediction 
Models

The Risk Value of Maternal Age Was Calculated as Follows 
[17]:

(1-2)
GA Med = 10(−261.9+8.09×GA−0.09277×GA

2+0.0004694×GA3−0.0000008842×GA4)

(1-3)Maternal Weight Med = 0.8852 −
9.465

maternal weight

(1-4)Adjusted MoM =
MoM

GAMed ×Weight Med

(1-5)
riskmaternal age = 0.0000697 + exp−18.4367+0.286×(maternal age−0.5)

Fig. 1   The distribution of different gestational ages of serum AFP-L2 
MoM among 11–14 weeks in 40 normal control groups
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In this Scheme, the Probability Density Function of Normal 
Distribution Was Used to Calculate the Sample Likelihood 
Ratio, and the Results Were Used as the Risk Prediction 
Score of Fetuses with Trisomy 21

The likelihood ratio was calculated as follows [16, 18]:
Likelihood ratio:

The Ultimate Risk of Trisomy 21 Was Calculated as Follows

Fifteen Models Were Constructed by the Above Steps

PAPP-A MoM, free β- hCG MoM, NT MoM, and AFP-
L2 MoM were singly linked; PAPP-A + free β- hCG, 
PAPP-A + NT, PAPP-A + AFP-L2, free β- hCG + NT, 
free β- hCG + AFP-L2 and NT + AFP-L2. PAPP-A + free 
β- hCG + NT, PAPP-A + free β- hCG + AFP-L2, PAPP-
A + NT + AFP-L2, free β- hCG + NT + AFP-L2, PAPP-
A + free β- hCG + NT + AFP-L2.

Statistical Analysis

Excel 2007 software was used to establish a database of test 
results, and IBM SPSS 21.0 software (IBM-SPSS, Chicago, 
IL, USA) was used for statistical analysis. Measurement 
data were tested for normality, and data presenting skewed 
distribution were expressed as medians and percentiles [M 
(P2.5, P97.5)]. Comparisons between the two groups were per-
formed using Mann–Whitney U test. Additionally, Python 
3.8 (https://​www.​python.​org/), a multivariate normal prob-
ability model, was incorporated based on Bayes’ theorem 
[18]. The receiver operating characteristic (ROC) curve, area 
under the curve (AUC), integrated discrimination improve-
ment (IDI), and net classification improvement (NRI) [19] 
were used to evaluate the performance of AFP-L2 and other 
biomarkers in building a risk model to predict fetuses with 
trisomy 21. P < 0.05 was considered statistically significant.

(1-6)LR multinorm =
likelihood of Trisomy 21

likelihood of controls

(1-7)riskTrisomy 21 =
1

LR multinorm × Risk maternal age

significant (Z = 2.213, P = 0.027). The gestational age in 
the case group was lower than that in the control group, 
and the difference was not statistically significant (Z = 1.697, 
P = 0.090). The maternal weight in the case group was 
greater than that in the control group, and the difference 
was statistically significant (Z = 2.147, P = 0.032), as shown 
in Table 1.

Comparison of Maternal Serum AFP‑L2, PAPP‑A, 
and Free β‑hCG Levels, As well as Fetal NT Thickness, 
Between the Two Groups

The maternal serum AFP-L2 level in pregnant women in 
the case group was 1.59 (0.61–3.61) MoM, which was 
higher than that in the control group at 1.00 (0.39–2.12) 
MoM, and the difference was statistically significant 
(P < 0.001). The free β-hCG level and NT thickness in 
the case group were higher than those in the control 
group, and the differences were statistically significant 
(P < 0.001). The maternal serum PAPP-A level in the 
case group was lower than that in the control group, and 
the difference was statistically significant (P < 0.001), as 
shown in Table 2.

Diagnostic Value of Maternal Serum AFP‑L2, 
PAPP‑A, and Free β‑hCG Levels, As well as Fetal NT 
Thickness, in Predicting Fetuses with Trisomy 21 
in Early Pregnancy

The AFP-L2 predicted AUC of fetuses with trisomy 21 
was 0.797 (95%CI: 0.601–948, P = 0.009). According 
to the ROC curve, the optimal cut-off value of AFP-L2 
for predicting fetuses with trisomy 21 was 1.234 MoM, 
and the sensitivity and specificity were 0.805 and 0.695, 
respectively. The AUC of the single index model was 
PAPP-A > NT > AFP-L2 > free β-hCG. The top five 
AUC values of the multi-indicator model were PAPP-
A + NT + AFP-L2 > PAPP-A + free β-hCG + NT + AFP-
L2 > free β-hCG + NT + AFP-L2  > PAPP-A + free 
β-hCG + NT  > PAPP-A + free β-hCG + AFP-L2, as 
shown in Table 3 and Fig. 2.

Comparison of Single‑ and Multi‑index Models 
of AFP‑L2, PAPP‑A, Free β‑hCG, and Fetal NT 
Thickness in Predicting Fetuses with Trisomy 21

Table 4 shows that the DR, positive predictive value 
(PPV),  negative predict ive value (NPV),  FPR, 
false negative rate (FNR), positive likelihood ratio 
(+ LR), and negative likelihood ratio (-LR) of PAPP-
A + free β-hCG + NT + AFP-L2 and PAPP-A + free 
β-hCG + AFP-L2 were all superior to those of PAPP-
A + free β-hCG + NT and PAPP-A + free β-hCG. Table 5 

Results

Baseline Demographic Data of Pregnant Women 
in Both Groups

The maternal age in the case group was higher than that 
in the control group, and the difference was statistically 
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shows that PAPP-A + free β-hCG + NT + AFP-L2 and 
PAPP-A + free β-hCG + AFP-L2 increased the IDI and 
NRI of predicting fetuses with trisomy 21 by 1.10% and 
5.27% and 11.07% and 2.78%, respectively, after con-
sidering the maternal serum AFP-L2 level.

Discussion

Prenatal screening involves screening of the maternal age, 
followed by more in-depth screening during mid- and 
early pregnancy. The combined detection of aneuploidy 

Table 1   Basic demographic 
information of the pregnant 
women in the trisomy 21 and 
control groups

Data are presented as median (P2.5–P97.5); ** P < 0.05

Group n Maternal age (years) Maternal weight (kg) Gestational age (days)

Control 40 28.44 (20.35–33.86) 50.10 (42.90–63.00) 89.00 (80.05–97.00)
Trisomy21 40 29.92 (24.11–37.79) 53.30 (39.13–74.73) 87.00 (69.10–96.98)
Z 2.213 2.147 1.697
P 0.027** 0.032** 0.090

Table 2   Comparison of MoM 
levels of serum AFP-L2 and 
other screening markers during 
early pregnancy between 
trisomy 21 and the xontrol 
group

PAPP-A pregnancy-associated plasma protein A, free β- hCG free beta-subunit of human chorionic gon-
adotropin, NT nuchal transparency, AFP-L2 alpha-fetoprotein variants L2, MoM multiple of the median. 
Data are presented as median (P2.5–P97.5); *P < 0.001

Group n PAPP-A free β- hCG NT AFP-L2 

Control 40 0.88 (0.20–3.74) 1.02 (0.33–3.98) 0.87 (0.59–1.15) 1.00 (0.39–2.12)
Trisomy 21 40 0.37 (0.04–1.65) 1.76 (0.15–6.95) 1.17 (0.59–2.10) 1.59 (0.61–3.61)
Z 5.192 3.675 4.197 4.566
P  < 0.001*  < 0.001*  < 0.001*  < 0.001*

Table 3   The diagnostic value of single index or multiple index combination of different markers in predicting Trisomy 21

PAPP-A pregnancy-associated plasma protein A, free β- hCG free beta-subunit of human chorionic gonadotropin, NT nuchal transparency, AFP-
L2 alpha fetoprotein variants L2, AUC​ area under curve, CI confidence interval. *P < 0.001, **P < 0.05

Screening 
method or model

Youden index Sensitivity Specificity cut-off AUC​ 95%CI P

PAPP-A 0.600 0.825 0.775 0.655 0.837 0.727–0.981 0.001**

free β- hCG 0.461 0.886 0.575 1.095 0.747 0.499–0.872 0.077
NT 0.644 0.783 0.861 1.035 0.826 0.658–0.955 0.004**

AFP-L2 0.500 0.805 0.695 1.234 0.797 0.601–0.948 0.009**

PAPP-A + free β- hCG 0.761 0.886 0.875 1/1042 0.906 0.718–0.994 0.001**

PAPP-A + NT 0.656 0.739 0.917 1/485 0.878 0.821–1.000  < 0.001*

PAPP-A + AFP-L2 0.775 0.825 0.950 1/438 0.944 0.863–1.000  < 0.001*

free β- hCG + NT 0.762 0.957 0.806 1/1378 0.950 0.846–1.000  < 0.001*

free β- hCG + AFP-L2 0.679 0.829 0.850 1/868 0.894 0.680–0.964 0.002**

NT + AFP-L2 0.774 0.913 0.861 1/994 0.947 0.799–1.000  < 0.001*

PAPP-A + free β- hCG + NT 0.845 0.957 0.889 1/1318 0.966 0.845–1.000  < 0.001*

PAPP-A + free β- hCG + AFP-L2 0.871 0.971 0.900 1/1033 0.959 0.812–1.000  < 0.001*

PAPP-A + NT + AFP-L2 0.913 0.913 1.000 1/592 0.992 0.954–1.000  < 0.001*

free β- hCG + NT + AFP-L2 0.901 0.957 0.944 1/716 0.969 0.894–1.000  < 0.001*

PAPP-A + free β- hCG + NT + AFP-
L2

0.873 0.957 0.917 1/1071 0.983 0.922–1.000  < 0.001*
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biomarkers, such as PAPP-A, free β-hCG, and the fetal NT 
thickness, in early pregnancy (11–13 weeks+6), is widely 
used in prenatal screening of fetuses with trisomy 21 or tri-
somy 18 [20, 21]. When the false positive rate is 5%, this 
screening method can detect 62% of fetuses with trisomy 21 
[22], indicating that 38% of fetuses with trisomy 21 will be 
missed. To improve the detection rate of Down’s syndrome 
and to reduce subsequent medical disputes, it is important 
to identify new prenatal screening biomarkers and screening 
approaches. In this study, we examined 40 cases of trisomy 
21 and a corresponding number of controls. After combin-
ing the maternal serum AFP-L2 level with other serum 
biomarkers (PAPP-A + free β-hCG) and the fetal NT thick-
ness in early pregnancy, the prediction efficacy of different 
risk models constructed by AFP-L2 was compared using 
AUC, + LR, -LR, IDI, and NRI.

The results showed that the serum AFP-L2 level in preg-
nant women carrying fetuses with trisomy 21 was higher 
than that in women carrying normal fetuses during early 
pregnancy, and the differences were statistically significant 
(P < 0.001). There is no study reporting serum AFP-L2 

levels in pregnant women with trisomy 21 in early preg-
nancy, although there are studies reporting serum AFP-L2 
levels in pregnant women with trisomy 21 in middle preg-
nancy [11, 12, 23]. These studies have revealed that the 
maternal serum AFP-L2 level in pregnant women with tri-
somy 21 increased, and the differences were statistically sig-
nificant (P < 0.05), similar to the results of this study. Newby 
et al. [24] reported that the placental AFP level in pregnant 
women carrying fetuses with trisomy 21 was significantly 
increased, whereas the hepatic AFP level was unchanged. 
Additionally, the maternal serum AFP level was decreased, 
which may be associated with specific AFP transport defects. 
Yamamoto et al. [25] also confirmed that the placental AFP-
L3 level in pregnant women carrying fetuses with trisomy 21 
was elevated, which may explain the increased serum level 
of AFP-L3 in these women. Therefore, we speculate that the 
increased serum level of AFP-L2 in pregnant women car-
rying fetuses with trisomy 21 in early pregnancy is similar 
to that of AFP or AFP-L3. Additionally, there may also be 
a specific AFP transport defect, resulting in the increased 
maternal serum level of AFP-L2.

Fig. 2   ROC curves of trisomy 
21 predicted by the combination 
of single or multiple indicators 
of PAPP-A, free β- hCG, NT, 
and AFP-L2

1292 Reproductive Sciences (2022) 29:1287–1295
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We previously reported that the AUC of AFP-L2 in the 
screening of fetuses with Down’s syndrome in the second 
trimester of pregnancy was 0.891 [12]. Yamamoto et al. 
[23] showed that the AUC of AFP-L3 and AFP MoM in 
the maternal serum was 0.835 and 0.700, respectively, 
and no association was found between AFP-L3 and AFP 
MoM (r = 50.006). Yamamoto et al. [26] also measured the 
AFP level and AFP-L3% in the maternal serum in the sec-
ond trimester of pregnancy, and the AUCs of AFP MoM, 
AFP-L3%, AFP-L3 MoM, and AFP-L3 MoM/AFP MoM 
were 0.750, 0.868, 0.949, and 0.946, respectively. Follow-
ing analysis, it was suggested that AFP-L3 MoM should 
replace AFP-L3% in the screening of fetuses with trisomy 
21. Bredaki et al. [27] also confirmed that after adjusting the 
maternal characteristics and medical history variables affect-
ing measurements, the fitted risk model should be expressed 

using the maternal serum AFP MoM in early pregnancy. To 
reduce the deviations caused by differences in gestational 
age and maternal weight, we calibrated the MoM value of 
each index and replaced the original concentration value 
with the MoM value. The results in Table 3 showed that 
the AUC of trisomy 21 predicted by the AFP-L2 MoM in 
early pregnancy was 0.797, which was slightly lower than 
the AUC of mid-pregnancy previously reported [12, 23, 26]. 
It remains to be determined whether there is any association 
in the relatively lower AFP-L2 concentration between early 
and mid-pregnancy.

This study also showed that PAPP-A + NT + AFP-L2 and 
PAPP-A + free β-hCG + NT + AFP-L2 were the best risk 
models of AFP-L2 when combined with other biomarkers in 
early pregnancy. Tables 4 and 5 also show that the combined 
use of other biomarkers in early pregnancy could improve 

Table 4   Predicting the 
diagnostic effect of Trisomy 
21 by single index or multiple 
index combination of different 
markers

PAPP-A pregnancy-associated plasma protein A, free β- hCG free beta-subunit of human chorionic gon-
adotropin, NT nuchal transparency, AFP-L2 alpha fetoprotein variants L2, DR detection rate, FPR false-
positive rate, FNR false-negative rate, PPV positive predictive value, NPV negative predictive value, + LR 
positive likelihood ratio, − LR negative likelihood ratio

Screening method or model DR PPV NPV FPR FNR  + LR -LR

PAPP-A 0.800 0.786 0.816 0.225 0.175 3.667 0.226
free β- hCG 0.720 0.646 0.852 0.425 0.114 2.084 0.199
NT 0.831 0.783 0.861 0.139 0.217 5.635 0.252
AFP-L2 0.750 0.727 0.778 0.300 0.200 2.667 0.286
PAPP-A + free β- hCG 0.880 0.861 0.897 0.125 0.114 7.086 0.131
PAPP-A + NT 0.847 0.850 0.846 0.083 0.261 8.870 0.285
PAPP-A + AFP-L2 0.888 0.943 0.844 0.050 0.175 16.500 0.184
free β- hCG + NT 0.864 0.759 0.967 0.194 0.043 4.919 0.054
free β- hCG + AFP-L2 0.840 0.829 0.850 0.150 0.171 5.524 0.202
NT + AFP-L2 0.881 0.808 0.939 0.139 0.087 6.574 0.101
PAPP-A + free β- hCG + NT 0.915 0.846 0.970 0.111 0.043 8.609 0.049
PAPP-A + free β- hCG + AFP-L2 0.933 0.895 0.973 0.100 0.029 9.714 0.032
PAPP-A + NT + AFP-L2 0.966 1.000 0.947 0.000 0.087 - 0.087
free β- hCG + NT + AFP-L2 0.949 0.917 0.971 0.056 0.043 17.217 0.046
PAPP-A + free β- hCG + NT + AFP-L2 0.932 0.880 0.971 0.083 0.043 11.478 0.047

Table 5   AFP-L2 combined with free β- hCG and other markers were used to improve the predicted

PAPP-A pregnancy-associated plasma protein A, free β- hCG free beta-subunit of human chorionic gonadotropin, NT nuchal transparency, AFP-
L2 alpha fetoprotein variants L2, IDI integrated discrimination improvement, NRI net reclassification improvement; *P < 0.001, **P < 0.05

Model 1 Model 2 IDI (%) P value for IDI NRI (%) P value for NRI

PAPP-A PAPP-A AFP-L2 10.67  < 0.001* 17.50 0.026**

free β-hCG free β-hCG AFP-L2 12.57  < 0.001* 21.79 0.021**

NT NT AFP-L2 1.71 0.360 13.04 0.160
PAPP-A free β-hCG PAPP-A free β-hCG AFP-L2 1.10 0.319 11.07 0.046**

PAPP-A NT PAPP-A NT AFP-L2 9.49  < 0.001* 25.72 0.005**

free β-hCG NT free β-hCG NT AFP-L2 5.41 0.014** 13.89 0.056
PAPP-A free β-hCG NT PAPP-A free β-hCG NT AFP-L2 5.27 0.001** 2.78 0.159
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the predictive value of trisomy 21. In a previous study, AFP-
L2 + AFP-L3, when combined with biomarkers of mid-preg-
nancy, were compared using different models, and the results 
confirmed that combined screening was superior to single 
screening [12], similar to the results of this study.

As shown in Table 1, maternal age and maternal weight 
loss in the case group were significantly higher than those 
in the control group (all P < 0.05), consistent with previous 
studies. Snijders et al. [28] reported that the risk of trisomy 
21 increased with increasing maternal age. Our previous ret-
rospective study also confirmed that the incidence of trisomy 
21 was lowest in pregnant women younger than 25 years old 
(1.66/million) and highest in pregnant women older than 
40 years old (45.56/million), and the difference was statis-
tically significant (P < 0.001) [29]. Similarly, Hildebrand 
et al. [30] showed that maternal obesity increased the risk 
of fetuses with trisomy 21, similar to the results of this study.

In general, the construction of risk models requires a 
large cohort. As the number of subjects in the case group 
and the control group in this study was 40 per group, there 
may be some bias, which should be assessed in further ret-
rospective or prospective studies with larger cohorts. This 
is the main limitation of this study.

Conclusions

In conclusion, the maternal serum AFP-L2 level in early 
pregnancy had high sensitivity and specificity, indicating 
that it was a good biomarker to predict fetuses with trisomy 
21. The maternal serum AFP-L2 level, when combined with 
other biomarkers, in early pregnancy improved the predic-
tive value of trisomy 21.
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the median; ROC: Receiver operating characteristic; AUC​: Area under 
curve; FNR: False negative rate; FPR: False positive rate; PPV: Posi-
tive predictive value; NPV: Negative predictive value;  + LR: Positive 
likelihood ratio;  − LR: Negative likelihood ratio; ELISA: Enzyme 
linked immunosorbent assay

Acknowledgements  We gratefully acknowledge teacher Songhe Chen 
from the medical records room of Hangzhou Women’s Hospital, who 
contributed greatly to the case collection. We also thank Xiao Lu and 
Qianyun Zhou of the data analysis department of Zhejiang Biosan Bio-
chemical Technologies Co., Ltd., for their contribution to data match-
ing and model building. We thank International Science Editing (http: 
//www. internationalscienceediting.com) for editing this manuscript.

Author Contribution  Y.M. Chen and B.Wu, design and statistical 
analysis; Y.J. Chen wrote the first draft of the manuscript. W.W. Ning 
and H. M. Zhang performed laboratory measurements, Y.M. Chen, 

Y.J. Chen, and B.Wu, writing-review and editing. All the authors have 
accepted responsibility for the entire content of this submitted manu-
script and approved submission.

Funding  This study was supported by the Zhejiang Public Welfare 
Technology Research Program/Social Development (Grant number: 
LGF19H040006); Medical and Health Research Project of Zhejiang 
province (grant number 2021KY258); Hangzhou Health Science and 
Technology Plan Project (2017A055).

Availability of Data and Materials  All data generated or analyzed dur-
ing this study are included in the supplementary file and this published 
article.

Data Availability Statement  Data sharing is not applicable to this arti-
cle as no new data were created or analyzed in this study.

Declarations 

Ethics Approval and Consent to Participate  The study was approved by 
Hangzhou Women’s Hospital (Hangzhou Maternity and Child Health 
Care Hospital) ethics committee, and the approval number was [2021] 
Medical Ethics Review A (3)—02. The data used in this study was 
anonymized before its use. Patients’ consents were not required because 
this was a retrospective study.

Consent for Publication  Not applicable; this was a retrospective study 
and no individual person’s personal information is included.

Competing interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Taketa K, Ichikawa E, Sakuda H, et  al. Lectin reactivity of 
alpha-fetoprotein in a case of renal cell Carcinoma. Tumor Biol. 
1989;10:275–80.

	 2.	 Patterson DM, Rustin GJ. Controversies in the manage-
ment of germ cell tumours of the ovary. Curr Opin Oncol. 
2006;18(5):500–6.

	 3.	 Wang S, Hassold T, Hunt P, et al. Inefficient crossover matura-
tion underlies elevated aneuploidy in human female meiosis. Cell. 
2017;168(6):977-989.e17.

	 4.	 Liu B, Filippi S, Roy A, Roberts I. Stem and progenitor cell dys-
function in human trisomies. Embo Rep. 2015;16(1):44–62.

	 5.	 Tonks AM, Gornall AS, Larkins SA, et al. Trisomies 18 and 13: 
trenTrisomies 21 in prevalence and prenatal diagnosis-population 
based study. Prenat Diagn. 2013;33(8):742–50.

1294 Reproductive Sciences (2022) 29:1287–1295

http://creativecommons.org/licenses/by/4.0/


1 3

	 6.	 Githuku JN, Azofeifa A, Valencia D, et al. Assessing the preva-
lence of spina bifida and encephalocele in a Kenyan hospital from 
2005–2010: implications for a neural tube defects surveillance 
system. Pan Afr Med J. 2014;18(60):4070–7.

	 7.	 Spencer K, Aitken DA, Crossley JA, McCaw G, Berry E, Ander-
son R, Connor JM, Macri JN. First trimester biochemical screen-
ing for Trisomy 21: the role of free beta hCG, alpha fetoprotein 
and pregnancy associated plasma protein A. Ann Clin Biochem. 
1994;31(Pt 5):447–54.

	 8.	 Haddow JE, Palomaki GE, Knight GJ, Williams J, Miller WA, 
Johnson A. Screening of maternal serum for fetal Down’s syn-
drome in the first trimester. N Engl J Med. 1998;338(14):955–61.

	 9.	 Wald NJ, Kennard A, Smith D. First trimester biochemical screen-
ing for Down’s syndrome. Ann Med. 1994;26(1):23–9.

	10.	 Bredaki FE, Wright D, Matos P, Syngelaki A, Nicolaides KH. 
First-trimester screening for trisomy 21 using alpha-fetoprotein. 
Fetal DiagnTher. 2011;30(3):215–8.

	11.	 Yu J, He LM, Hu HY, et al. The application of alpha-fetoprotein 
isoform L2 test in screening Down’s syndrome. Int J Lab Med. 
2015;36(18):2643–4.

	12.	 Chen YM, Lu S, Lian JJ, et  al. Clinical value of maternal 
serum Alpha-fetoprotein heterostructure L2 and L3 in screen-
ing for Down’s syndrome in second trimester. Zhejiang Med J. 
2019;41(1):27–30.

	13.	 Lan RY, Chou CT, Wang PH, Chen RC, Hsiao CH. Trisomy 21 
screening based on first and second trimester in a Taiwanese popu-
lation. Taiwan J Obstet Gynecol. 2018;57(4):551–4.

	14.	 China Maternal and Child Health Monitoring Workbook. Chinese 
Maternal and child health monitoring and newsletter. Vol. 50. Bei-
jing: Department of Maternal and Child Health and Community 
Health; p 222–223

	15.	 Chen Y, Wang X, Lu S, Huang J, Zhang L, Hu W. The diagnostic 
accuracy of maternal serum alpha-fetoprotein variants (AFP-L2 
and AFP-L3) in predicting fetal open neural tube defects and 
abdominal wall defects. Clin Chim Acta. 2020;507:125–31.

	16.	 Chen Y, Xie Z, Wang X, Xiao Q, Lu X, Lu S, Shi Y, Lv S. A 
risk model of prenatal screening markers in first trimester 
for predicting hypertensive disorders of pregnancy. EPMA J. 
2020;11(3):343–53.

	17.	 Cuckle HS, Wald NJ, Thompson SG. Estimating a woman’s 
risk of having a pregnancy associated with Down’s syn-
drome using her age and serum alpha-fetoprotein level. BJOG. 
1987;94(5):387–402.

	18.	 Royston P, Thompson SG. Model-based screening by risk with 
application to down’s syndrome. Stat Med. 1992;11(2):257–68.

	19.	 Pencina MJ, D’Agostino RS, D’Agostino RJ, Vasan RS. Evalu-
ating the added predictive ability of a new marker: from area 
under the ROC curve to reclassification and beyond. Stat Med. 
2008;27(2):157–72, 207–212.

	20.	 Santorum M, Wright D, Syngelaki A, et al. Accuracy of first tri-
mester combined test in screening for trisomies 21, 18 and 13. 
Ultrasound Obstet Gynecol. 2017;49(6):714–20.

	21.	 Li B, Sahota DS, Lao TT, et al. Applicability of first-trimester 
combined screening for fetal Trisomy 21 in a resource-limited 
setting in mainland China. BJOG. 2016;123(Suppl 3):23–9.

	22.	 Wald NJ, Kennard A, Hackshaw A, McGuire A. Antenatal screen-
ing for Down’s syndrome. J Med Screen. 1997;4(4):181–246.

	23.	 Yamamoto R, Azuma M, Wakui Y, Kishida T, Yamada H, Okuy-
ama K, Sagawa T, Shimizu K, Satomura S, Fujimoto S. Alpha-
fetoprotein microheterogeneity: a potential biochemical marker 
for Down’s syndrome. Clin Chim Acta. 2001;304(1–2):137–41.

	24.	 Newby D, Aitken DA, Crossley JA, Howatson AG, Macri JN, 
Connor JM. Biochemical markers of Trisomy 21 and the patho-
physiology of Down’s syndrome pregnancies. Prenat Diagn. 
1997;17(10):941–51.

	25.	 Yamamoto R, Ohkouchi T, Tabata K, Ebina Y, Watari H, Kudo 
M, Shimizu K, Satomura S, Minakami H, Sakuragi N. A study of 
oligosaccharide variants of alpha-fetoproteins produced by normal 
fetuses and fetuses with Trisomy 21. Acta Obstet Gynecol Scand. 
2005;84(12):1145–9.

	26.	 Yamamoto R, Minobe S, Ebina Y, Watari H, Kudo M, Henmi 
F, Satomura S, Fujimoto S, Minakami H, Sakuragi N. Prena-
tal Trisomy 21 screening using the Lens culinaris agglutinin-
reactive alpha-fetoprotein ratio. Congenit Anom (Kyoto). 
2004;44(2):87–92.

	27.	 Bredaki FE, Sciorio C, Wright A, Wright D, Nicolaides KH. 
Serum alpha-fetoprotein in the three trimesters of pregnancy: 
effects of maternal characteristics and medical history. Ultrasound 
Obstet Gynecol. 2015;46(1):34–41.

	28.	 Snijders RJ, Sundberg K, Holzgreve W, Henry G, Nicolaides KH. 
Maternal age- and gestation-specific risk for trisomy 21. Ultra-
sound Obstet Gynecol. 1999;13(3):167–70.

	29.	 Chen Yiming Lu, Sha ZW, Jiejing L, Yanzhen Z, Hao W. The 
epidemiological study of fetal Down’s syndrome in Hangzhou. 
Chinese J Birth Health Heredity. 2019;27(06):688–91.

	30.	 Hildebrand E, Kallen B, Josefsson A, Gottvall T, Blomberg M. 
Maternal obesity and risk of Down syndrome in the offspring. 
Prenat Diagn. 2014;34(4):310–5.

1295Reproductive Sciences (2022) 29:1287–1295


	A Risk Model for Predicting Fetuses with Trisomy 21 Using Alpha-Fetoprotein Variants L2 Combined with Maternal Serum Biomarkers in Early Pregnancy
	Abstract
	Background
	Research Objects and Methods
	Screening Objects
	Diagnostic and Exclusion Criteria
	Diagnosis Was Based on Diagnostic Criteria Established by the China Birth Defect Monitoring Network [14]
	To Reduce the Interference of Some Factors in the Detection of the Maternal Serum AFP-L2 Level, the Following Criteria Were Excluded

	Methods
	Reagents and Instruments
	Detection Method
	Fetal NT Thickness Measurement

	Multiple of Medium (MoM) Was Used to Represent the Maternal Serum Levels of PAPP-A, Free β-hCG, and AFP-L2 [15, 16]
	Methods for Establishing Different Risk Prediction Models
	The Risk Value of Maternal Age Was Calculated as Follows [17]:
	In this Scheme, the Probability Density Function of Normal Distribution Was Used to Calculate the Sample Likelihood Ratio, and the Results Were Used as the Risk Prediction Score of Fetuses with Trisomy 21
	The Ultimate Risk of Trisomy 21 Was Calculated as Follows
	Fifteen Models Were Constructed by the Above Steps

	Statistical Analysis

	Results
	Baseline Demographic Data of Pregnant Women in Both Groups
	Comparison of Maternal Serum AFP-L2, PAPP-A, and Free β-hCG Levels, As well as Fetal NT Thickness, Between the Two Groups
	Diagnostic Value of Maternal Serum AFP-L2, PAPP-A, and Free β-hCG Levels, As well as Fetal NT Thickness, in Predicting Fetuses with Trisomy 21 in Early Pregnancy
	Comparison of Single- and Multi-index Models of AFP-L2, PAPP-A, Free β-hCG, and Fetal NT Thickness in Predicting Fetuses with Trisomy 21

	Discussion
	Conclusions
	Acknowledgements 
	References


