
O R I G I N A L  R E S E A R C H

Prenatal Diagnosis Nomograms: A Novel Tool to 
Predict Fetal Chromosomal Abnormalities in 
High-Risk Patients

Yangzi Zhou1 

Zixuan Song1 

Lu Sun1,2 

Yuting Wang1 

Xiting Lin1 

Dandan Zhang 1

1Shengjing Hospital of China Medical 
University, Department of Obstetrics and 
Gynecology, Shenyang, People’s Republic 
of China; 2Shengjing Hospital of China 
Medical University, Department of 
Clinical Genetics, Shenyang, People’s 
Republic of China 

Background: Amniocentesis is an invasive prenatal diagnostic technique that can provide 
genetic information of fetus for pregnant women and give them a choice. A straightforward 
predictive tool can show pregnant women the need for amniocentesis prior to the procedure.
Methods: The information of patients who underwent amniocentesis from 2014 to 2019 at 
the Obstetrics Clinic, Shengjing Hospital of China Medical University was extracted, and 
important independent prognostic factors were determined by univariate and multivariate 
logistic regression analysis to construct nomograms with total abnormalities (TA) and 
chromosome number abnormalities (CNA).
Results: A total of 19,683 patients undergoing amniocentesis were included in this study. 
Among 1761 patients with abnormal results, 917 had abnormal chromosome numbers, 439 
had abnormal chromosome structures, and 405 had polymorphic results. Nomograms of TA 
and CNA were created using data such as age, nuchal translucency value, ultrasound results, 
Oscar’s testing and/or non-invasive prenatal testing abnormalities, parental chromosomes, 
and information whether they were twins. The nomogram has good predictive power and 
clinical practicality through the analysis of area under curve and decision curve analysis. 
Internal verification was performed for nomograms of TA and CNA, suggesting that the 
nomogram’s predicted probability and actual probability of the two are consistent.
Conclusion: The nomogram constructed is a good predictor of TA and CNA, which can be 
used in clinical practice to screen high-risk patients of chromosomal abnormalities.
Keywords: nomogram, amniocentesis, chromosome abnormal, prenatal diagnosis

Introduction
At present, the prevalence of chromosomal abnormality in early pregnancy abor
tions is clinically confirmed in more than 50% cases,1 and fetal chromosomal 
aneuploidy accounts for 6–11% of stillbirths and neonatal deaths.2 Newborns 
with chromosomal abnormalities who survived accounted for 0.65% of all new
borns, and chromosomal structural abnormalities that ultimately affected fertility 
accounted for 0.2% of newborns.3 Therefore, prenatal screening and diagnosis of 
chromosomal abnormalities has important economic significance and social benefits 
for improving pregnancy outcomes and giving to the pregnant woman a “sure” 
diagnosis to decide the outcome of pregnancy.

Prenatal screening is mainly divided into two types: one is fetal morphological 
level examination, using high-definition ultrasound to check whether the biometry 
and the anatomy are normal; and the other using maternal blood, urine, and other 
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special tests, such as alpha-fetoprotein test (AFP) and, 
unconjugated estriol test (UE3) to predict fetal neural 
tube defects (NTDs) or trisomy 21 on the basis of meta
bolites and enzymology. Prenatal diagnosis can be 
improved with the positive results or high-risk factors 
identified during prenatal screening. Invasive prenatal 
diagnosis is used to diagnose fetal diseases through direct 
access to maternal amniotic fluid, fetal blood, and tissues. 
Amniocentesis is one of the most common methods for 
prenatal diagnosis, and it provides an effective and reliable 
way to obtain fetal genetic material. The appropriate punc
ture time is during 16–24 weeks of gestation, when the 
procedure is easier to perform. The amniotic fluid can be 
pumped to obtain 20 mL of the fluid so that there are 
enough living cells in the amniotic fluid for culture. 
A multi-center study has confirmed that ultrasonic-guided 
amniocentesis is now one of the definitive diagnostic 
methods, with over 99% accuracy in the diagnosis of 
chromosomal disorders.4

Although amniocentesis is a relatively safe prenatal diag
nostic technique, studies have shown that amniocentesis has 
a miscarriage rate of 1/300 to 1/500, and the miscarriage rate 
may be even lower when performed by experienced medical 
professionals. Leakage of amniotic fluid from the puncture 
hole may occur in about 1–2% of cases, and the outcome is 
usually normal. A small leakage of amniotic fluid usually 
stops within a week naturally, and perinatal survival is more 
than 90% in patients with amniotic fluid leakage in 
the second trimester after amniocentesis.5 Fetal injury is 
also thought to be a complication in the twentieth century, 
the injury rate is 1–3%.6 However, in continuous ultrasound- 
guided amniocentesis, the injury caused by needling the fetus 
rarely occurs. It has been reported that long-term follow-up 
of live births of pregnant women who underwent amniocent
esis did not increase the incidence of disability as compared 
with controls who did not undergo amniocentesis.5 There is 
also a possibility of intrauterine infections, although they can 
be avoided by strict aseptic practices. Some infections, such 
as hepatitis B&C, and human immunodeficiency virus, have 
also been reported to be associated with amniocentesis, 
which increases the risk of mother-to-child transmission 
from invasive procedures.7,8

Because the diagnosis of chromosomal abnormality 
through amniotic fluid is limited by the time of pregnancy, 
the optimal gestational age for pregnant women is 16–24 
weeks.9 However, in 16 to 20 weeks, pregnant women can 
feel the fetal movement clearly and emotionally connect 
with the fetus. During that phase, they and their families 

are waiting anxiously and nervously for the results for 2–3 
weeks, which is quite a difficult process. If a fetal chromo
somal abnormality is found, the pregnancy may have to be 
terminated, and the physical injury, mental torture, and risk 
of surgical procedure caused by mid-pregnancy induction is 
significantly increased. Chromosomal culture fails was also 
a rare complication, with an incidence of 0.5% during 1990– 
1994 and declining with the development of technology.10 

However, if the chromosomal culture fails, it may become 
necessary to choose umbilical cord blood puncture, with the 
increase in gestational age beyond the time of amniotic fluid 
puncture, which will further increase the mental pressure of 
pregnant women and their families. Therefore, although 
amniocentesis is regarded as the gold standard for the diag
nosis of fetal chromosomal diseases, the invasive procedures 
and associated complications may cause unnecessary com
plications in pregnant women. International guidelines like 
the one published by the SIEOG,11 ACOG12 or RCOG13 are 
really clear in explaining when to perform amniocentesis 
and risk table determining the probability of positive amnio
centeses, and gynecology and geneticist must inform the 
pregnant of the risk and benefits of the procedure, but 
amniocentesis is requested only by the woman and only 
the woman will decide what to do. A straightforward pre
dictive tool and a visualized risk-scoring system are con
tributed to judgments for pregnant women.

A nomogram which is developed based on logistic 
regression analysis with multiple factors provides accurate 
prediction in various situations. It represents as a graphical 
presentation of a prediction model which is widely used to 
predict the incidence and prognosis of diseases, and in recent 
years, obstetricians and gynecologists have started using 
them.14,15 To the best of our knowledge, there is no nomo
gram for predicting abnormal amniocentesis outcomes. In 
this study, a nomogram of amniocentesis results was estab
lished by assessing the factors associated with abnormal 
results of amniocentesis and was based on the outpatient 
visits data of the patients undergoing amniocentesis at our 
center. The purpose of this study was to combine the risk 
factors associated with positive amniocentesis results into 
a prediction nomogram based on the data from a single 
center, large-population institution.

Materials and Methods
Study Population
We conducted a retrospective study of pregnant women 
who underwent amniocentesis from January 2014 to 
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December 2019 at Shengjing Hospital, China Medical 
University. All the cases underwent consultation during 
18 to 25 weeks of gestation at the Clinic of Genetic 
Counseling, Maternal Fetal Medicine, and General 
Obstetrics, and accorded with the indications of prenatal 
diagnosis. The criteria for amniocentesis was as follows: 1) 
maternal age of the pregnant woman ≥35 years old at 
delivery; 2) pregnant woman with a history of conceiving 
children with chromosomal abnormalities; 3) one of the 
spouses has an abnormal chromosomal structure; 4) abnor
mal maternal serum screening test, defined as a risk ≥ 1/ 
270 for trisomy-21 and a risk ≥ 1/100 for trisomy-18 in 
triple in the second trimester Oscar Test; 5) non-invasive 
prenatal testing (NIPT) showed that absolute z-score > 3 
and L score > 1; 6) history of exposure to drugs or poisons 
with embryotoxicity, fetotoxicity or development toxicant 
during pregnancy; 7) ultrasound examination revealed 
fetal abnormalities; 8) the patient demands it strongly for 
personal reasons. All clinical data for these cases were 
obtained from the health information system of our insti
tution. Patients with incomplete clinical data were 
excluded from the study cohort.

Fetal ultrasound abnormalities included circulatory 
system, respiratory system, urinary system, digestive sys
tem and nervous system abnormalities. In addition, fetal 
appendage abnormalities screened for included single 
umbilical arteries, amniotic fluid volume disorder, abnor
mal masses of the placenta or umbilical cord, and ompha
locele defects. Appearance and morphological 
abnormalities screened for included cleft lips and palates, 
short or missing nasal bones, dysplasia of the limbs, FGR, 
neck lymphangiomas, diaphragmatic hernias, and 
hermaphroditism.

All included patients had signed informed consent. 
This study was approved by the Ethical Review 
Committee of Shengjing Hospital, China Medical 
University, and conformed to the principles outlined in 
the Declaration of Helsinki (World Medical Association 
Declaration of Helsinki).

Chromosomal Karyotype Analysis
After centrifugation, two 15-mL bottles of amniotic fluid 
were inoculated into a culture bottle under aseptic operation 
conditions. The cells were cultured in an incubator with 5% 
CO2 at 37 °C for 10–14 days. When the culture grew well, 
colchicine was added to the cells and then the cells were re- 
cycled. The conventional method was used to make the 
slides and perform G-banding. At least 30 fission phases 

were counted and five karyotypes were analyzed under the 
microscope in each case. If there was a suspected abnormal 
karyotype or chimeric type, the number of fission phases 
was to exceed 50. Our chromosome naming method is 
described in the International System for Human 
Cytogenetic Nomenclature (2013) (ISCN).16

Data Collection
Data on demographics and clinical characteristics of the 
patients were extracted, including age, nuchal translucency 
(NT) value, ultrasound results, history of adverse preg
nancy, Down syndrome screening and/or noninvasive 
DNA test results, parental chromosomes, a history of 
exposure to harmful substances, data on whether fetal 
were twins, and whether the parents had familial genetic 
disorders. Amniocentesis results were defined as either 
normal or abnormal. Abnormal results include chromo
some number abnormality, chromosome structure abnorm
ality, and polymorphism.

Statistical Analysis
R-version 3.6.3 (R Foundation for Statistical Computing, 
Vienna, Austria, http://www.r-project.org) was used to ana
lyze all data in the R-Studio environment. p < 0.05 was 
considered to be statistically significant. Univariate and 
multivariate logistic regression analyses were performed 
using clinical data to assess factors associated with abnor
mal amniotic fluid puncture results. Odds ratios (ORs) and 
95% confidence intervals (CIs) were calculated. Abnormal 
amniocentesis results were predicted by establishing nomo
grams of patients who underwent amniocentesis according 
to the relevant risk factors. The calibration of nomograms 
was evaluated by bootstrapping (1000 re-samplings) to 
generate a calibration chart. Nomograms were evaluated 
by studying the area under the receiver operating character
istic (ROC) curve (AUC).17 Internal validation through 
bootstrapping (1000 RES amplification), concordance sta
tistic (C-statistic)18 and Brier score19 were compared 
between the original model and the validated model. The 
clinical effects of the nomogram were assessed by the 
decision curve analysis (DCA),20 and the net benefit at 
each risk threshold probability was calculated.

Results
Patient Characteristics
From 2014 to 2019, a total of 20,103 patients provided 
consent for amniocentesis at Shengjing Hospital of China 
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Medical University, and out of them, 19,683 patients 
matched the inclusion criteria for this study. Among 
1761 patients with abnormal results, 917 had abnormal 
chromosome numbers, 439 had abnormal chromosome 
structures, and 405 had polymorphic results. The average 
age of the patients was 31.54±5.33 years, and the average 
gestational age was 22.54±3.01 months. Among them, 
18,729 cases were successful during first-time puncture, 
and the success rate was 93.17%. The majority of patients 
with abnormal results were from 30–40 years old (54%). 
The specific characteristics of the patients are shown in 
Table 1.

Risk Factor Analysis of Abnormal Results
After examination and transformation of variables to fit the 
logistic regression model, variables were selected using 
the backward stepwise selection method (p < 0.05). The 
univariate and multivariate logistic regression of total 
abnormalities (TA) is shown in Table 2, and of the chro
mosomal number abnormality (CNA) is shown in Table 3. 
Univariate and multivariate analyses showed that both the 
TA and CNA were associated with older age, higher NT 
values, ultrasound abnormalities, Oscar’s Test and/or 
NIPT, parental chromosomal abnormalities, and presence 
of twins.

Nomogram Construction
A nomogram of TA and CNA was constructed on the basis 
of the important variables of multivariate logistic regres
sion, including age, NT value, ultrasound results, Oscar’s 
Test and/or NIPT, parental chromosome results, and 
whether or not the fetal were twins (Figure 1).

Performance of Nomograms
The ROC curve of nomograms used to evaluate TA and 
CNA are shown in Figure 2. The area under the curve 
(AUC) of nomograms constructed by using the variables 
selected in multiple logistic regression were higher than 
60% for both, indicating that the nomograms could predict 
the TA and CNA well. In addition, both DCA (Figure 3) 
suggest that nomograms have good clinical benefits. 
Internal verification was performed for nomograms of 
TA and CNA. The calibration curves of both nomograms 
were close to the 45° line, suggesting that the predicted 
probability of both nomograms was consistent with the 
actual probability (Figure 4). The C-statistic and Brier 
score before and after internal verification are shown in 
Table 4. The internal verification of the two groups of 

nomograms indicates that the predicted value has good 
consistency.

Discussion
In recent years, due to a lot of attention being given to 
prenatal diagnosis nationally, awareness among people 
regarding prenatal and postnatal care, environmental pol
lution, gradually increasing age of pregnant women, and 
the rapid development of the use of ultrasound technology 
during pregnancy, the number of pregnant women 
included in the category of prenatal diagnosis has also 
increased rapidly. In the population requiring prenatal 
diagnosis, most pregnant women need to use invasive 
methods for prenatal diagnosis to give a “sure” diagnosis 
to woman and to let her decide the outcome of the 
pregnancy,21,22 in addition to the screening for obvious 
multiple fetal malformations or structural changes that 
can be diagnosed by ultrasound or MRI. However, amnio
centesis may have a series of complications, such as 
amniotic fluid leakage, premature rupture of membranes, 
direct or indirect fetal injury, infection, and abortion, and 
the mother may also be complicated by chorioamnionitis. 
Therefore, pregnant women still show concerns when they 
are faced with the choice of prenatal diagnostic techni
ques. Therefore, we constructed a nomogram for positive 
results in amniocentesis, which can provide evidence for 
necessary prenatal diagnosis.

Pergment’s study23 indicated that the most common 
prenatal diagnosis indicator was advanced age, followed 
by positive serum screening and abnormal ultrasonic indi
cators. Among them, women with advanced age refer to 
pregnant women older than 35 years at the time of deliv
ery. Due to the ovarian function degeneration and gradual 
aging of eggs, the probability of abnormal chromosome 
meiosis gradually increases. According to some reports, 
pregnant women with advanced age, especially those over 
40 years old, can skip serum screening and can directly 
undergo prenatal diagnosis.24,25 A study that divided preg
nant women into groups: 35–37 years old, 38–40 years 
old, and ≥40 years of age for comparison, found that fetal 
chromosomal abnormality detection rate increased signifi
cantly in the ≥40 years old group.26 NIPT uses fetal free 
DNA from maternal plasma for next-generation sequen
cing for prenatal screening of aneuploidy risk assessment, 
which can detect 99% of trisomy 21, 98% of trisomy 18, 
and 99% of trisomy 13.27 However, the accuracy of this 
technique in the examination of sex chromosome aneu
ploidy varies greatly,28 and NIPT does not detect structural 
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Table 1 Characteristics of the High-Risk Patients and Their Amniocentesis Results

Characteristics Normal 
N=17922

Total 
Abnormalities 
N=1761

Chromosome 
Number Abnormality 
N=917

Chromosomal 
Structural 
Abnormality N=439

Polymorphic 
Abnormality 
N=405

Age

<20 192 (1.1%) 13 (0.7%) 6 (0.7%) 5 (1.1%) 2 (0.5%)

21–30 8200 (46%) 695 (39%) 329 (36%) 197 (45%) 169 (42%)

31–35 4045 (23%) 402 (23%) 192 (21%) 88(20%) 97(24%)
36–40 4635 (26%) 541 (31%) 317 (35%) 130(30%) 119 (29%)

>40 850 (4.7%) 110 (6.2%) 73 (8.0%) 19 (4.3%) 18 (4.4%)

NT (mm)

<2.5 17,217 (96%) 1642 (93%) 842 (92%) 413 (94%) 387 (96%)

2.5–4.0 493 (2.8%) 69 (3.9%) 37 (4.0%) 20 (4.6%) 12 (3.0%)

4.0–6.0 133 (0.7%) 31 (1.8%) 23 (2.5%) 5 (1.1%) 3 (0.7%)
>6.0 79 (0.4%) 19 (1.1%) 15 (1.6%) 1 (0.2%)

Ultrasound results

Normal 13,883 (77%) 1463 (83%) 762 (83%) 364 (83%) 337 (83%)

Single anomaly 3480 (19%) 234 (13%) 115 (13%) 64 (15%) 55 (14%)
Composite anomaly 559 (3.1%) 64 (3.6%) 40 (4.4%) 11 (2.5%) 13 (3.2%)

Maternal history

Normal 16,397 (91.5%) 1647 (94.5%) 880 (96%) 401 (91%) 366 (90%)

Abnormal 1525 (8.5%) 114 (6.5%) 37 (4.0%) 38 (8.7%) 39 (9.6%)

Oscar’s testing and/or NIPT

Normal 3572 (20%) 223 (13%) 98 (11%) 65 (15%) 60 (15%)

High risk of trisomy 13 53 (0.3%) 14 (0.8%) 9 (1.0%) 4 (0.9%) 1 (0.2%)

High risk of trisomy 18 482 (2.7%) 89 (5.1%) 68 (7.4%) 12 (2.7%) 9 (2.2%)
High risk of trisomy 21 5916 (33%) 587 (33%) 348 (38%) 96 (22%) 143 (35%)

Sex chromosome 

abnormality

315 (1.8%) 102 (5.8%) 77 (8.4%) 12 (2.7%) 13 (3.2%)

Other anomaly 155 (0.9%) 21 (1.2%) 8 (0.9%) 8 (1.8%) 5 (1.2%)

Composite anomaly 15 (0.08%) 3 (0.2%) 2 (0.2%) 1 (0.2%) 0 (0%)

Neither was tested 7414 (41%) 722 (41%) 07 (33%) 241 (55%) 174 (43%)

Parental chromosomes

Both are normal 17,421 (97.2%) 1626 (92.3%) 896 (98%) 336 (77%) 394 (97%)

One or both of them are 

abnormal

501 (2.8%) 135 (7.7%) 21 (2.3%) 103 (23%) 11 (2.7%)

History of exposure to hazardous substances

No 17,627 (98.4%) 1745 (99.1%) 911 (99%) 434 (99%) 400 (99%)

Yes 295 (1.6%) 16 (0.9%) 6 (0.7%) 5 (1.1%) 5 (1.2%)

Twins

No 17,417 (97.2%) 1688 (95.9%) 876 (96%) 419 (95%) 393 (97%)

Yes 505 (2.8%) 73 (4.1%) 41 (4.5%) 20 (4.6%) 12 (3.0%)

Familial disease

No 17,866 (99.7%) 1756 (99.7%) 916 (100%) 437 (100%) 403 (100%)
Yes 56 (0.3%) 5 (0.3%) 1 (0.1%) 2 (0.5%) 2 (0.5%)

Abbreviations: NT, nuchal translucency; NIPT, non-invasive prenatal testing.
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Table 2 The Univariate and Multivariate Logistic Regression Analysis of the Total Abnormalities

Characteristic Univariate Logistic Regression Multivariate Logistic Regression

OR 95% CI p-value OR 95% CI p-value

Age

≤20 Ref Ref

21–30 1.25 0.74, 2.32 0.438 1.22 0.72, 2.26 0.501

31–34 1.47 0.86, 2.73 0.188 1.42 0.83, 2.64 0.236
36–40 1.72 1.02, 3.20 0.061 2.42 1.41, 4.53 0.003*

>40 1.91 1.09, 3.63 0.033* 3.02 1.70, 5.79 <0.001*

NT (mm)

≤2.5 Ref Ref
2.5–4.0 1.47 1.13, 1.88 0.003* 2.59 1.93, 3.42 <0.001*

4.0–6.0 2.44 1.62, 3.57 <0.001* 4.25 2.76, 6.38 <0.001*

>6.0 2.52 1.48, 4.08 <0.001* 4.36 2.51, 7.24 <0.001*

Ultrasound results

Normal Ref Ref

Single anomaly 0.64 0.55, 0.73 <0.001* 1.26 0.97, 1.62 0.0839
Composite anomaly 1.09 0.83, 1.40 0.539 1.80 1.29, 2.48 <0.001*

Maternal history

Normal Ref Ref

Abnormal 0.74 0.61, 0.90 0.003* 1.25 1.00, 1.55 0.051

Oscar’s testing and/or NIPT

Normal Ref Ref

High risk of trisomy 13 4.23 2.23, 7.53 <0.001* 4.35 2.19, 8.19 <0.001*

High risk of trisomy 18 2.96 2.26, 3.84 <0.001* 3.65 2.57, 5.17 <0.001*
High risk of trisomy 21 1.59 1.36, 1.87 <0.001* 2.08 1.57, 2.76 <0.001*

Sex chromosome abnormality 5.19 3.98, 6.72 <0.001* 5.67 3.98, 8.05 <0.001*

Other anomaly 2.17 1.31, 3.42 0.001* 2.44 1.41, 4.08 <0.001*
Composite anomaly 3.20 0.74, 9.80 0.067 4.58 1.04, 14.4 0.019*

Neither was tested 1.56 1.34, 1.83 <0.001* 0.93 0.71, 1.23 0.631

Parental chromosomes

Both are normal Ref Ref
One or both of them are abnormal 2.89 2.36, 3.50 <0.001* 5.11 4.06, 6.40 <0.001*

History of exposure to hazardous substances

No Ref Ref

Yes 0.55 0.32, 0.88 0.020* 1.03 0.59, 1.67 0.916

Twins

No Ref Ref

Yes 1.49 1.15, 1.90 0.002* 1.76 1.31, 2.34 <0.001*

Familial disease

No Ref - - -
Yes 0.91 0.32, 2.06 0.8 - - -

Note: *Means P<0.05. 
Abbreviations: OR, odds ratio; CI, confidence interval; NT, nuchal translucency; NIPT, non-invasive prenatal testing; Ref, reference.
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Table 3 The Univariate and Multivariate Logistic Regression Analysis of Chromosome Number Abnormality

Characteristic Univariate Logistic Regression Multivariate Logistic Regression

OR 95% CI p-value OR 95% CI p-value

Age

≤20 Ref Ref

21–30 1.28 0.62, 3.28 0.550 1.34 0.64, 3.45 0.4835

31–34 1.52 0.73, 3.90 0.321 1.64 0.78, 4.23 0.2433
35–40 2.19 1.05, 5.59 0.061 4.24 2.01, 10.9 <0.001*

>40 2.75 1.28, 7.16 0.019* 6.08 2.78, 16.0 <0.001*

NT (mm)

≤2.5 Ref Ref
2.5–4.0 1.53 1.07, 2.13 0.014* 3.51 2.37, 5.06 <0.001*

4.0–6.0 3.54 2.20, 5.42 <0.001* 7.99 4.80, 12.8 <0.001*

>6.0 3.88 2.14, 6.57 <0.001* 8.33 4.41, 14.9 <0.001*

Ultrasound results

Normal Ref Ref

Single anomaly 0.60 0.49, 0.73 <0.001* 1.81 1.28, 2.51 <0.001*
Composite anomaly 1.30 0.92, 1.79 0.114 2.79 1.84, 4.15 <0.001*

Maternal history

Normal Ref Ref

Abnormal 0.45 0.32, 0.62 <0.001* 1.06 0.73, 1.50 0.750

Down’s screening and/or noninvasive DNA testing

Normal Ref Ref

High risk of trisomy 13 6.19 2.79, 12.3 <0.001* 7.86 3.32, 16.9 <0.001*

High risk of trisomy 18 5.14 3.71, 7.09 <0.001* 8.68 5.56, 13.4 <0.001*
High risk of trisomy 21 2.14 1.71, 2.71 <0.001* 4.07 2.78, 5.92 <0.001*

Sex chromosome abnormality 8.91 6.46, 12.3 <0.001* 12.4 7.91, 19.3 <0.001*

Other anomaly 1.88 0.83, 3.70 0.093 2.75 1.15, 5.84 0.014*
Composite anomaly 4.86 0.76, 17.5 0.037* 10.9 1.67, 41.1 0.002*

Neither was tested 1.51 1.20, 1.91 <0.001* 1.05 0.72, 1.52 0.801

Parental chromosome

Both are normal Ref - - -
One or both of them are abnormal 0.81 0.51, 1.23 0.364 - - -

History of exposure to hazardous substances

No Ref Ref

Yes 0.39 0.16, 0.81 0.024* 0.97 0.38, 2.04 0.950

Twins

No Ref Ref

Yes 1.61 1.15, 2.21 0.004* 1.93 1.31, 2.80 <0.001*

Familial disease

No Ref - - -
Yes 0.35 0.02, 1.58 0.296 - - -

Note: *Means P<0.05. 
Abbreviations: OR, odds ratio; CI, confidence interval; NT, nuchal translucency; NIPT, non-invasive prenatal testing; Ref, reference.
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abnormalities such as balanced chromosomal transloca
tions, chromosomal microdeletions, or microduplications. 
The positive predictive value of NIPT was associated with 
the incidence of disease in the tested population. 
Sensitivity and specificity were similar in the low-risk 
population when compared to the high-risk population, 
but the positive predictive value was reduced.29,30 

Therefore, NIPT test results must be treated with caution 
during prenatal genetic counseling.

Prenatal ultrasound, with its physical characteristics, 
can directly observe the morphology and structure of 
fetal tissues and organs by imaging, which is one of the 

non-invasive detection methods widely used in clinical 
practice. Studies by Karaoguz,31 Yang32 and Tseng33 

showed that the detection rates of fetal chromosomal 
abnormality were 5.3%, 6.5%, and 8.9%, respectively, 
using ultrasound for prenatal diagnosis. In conclusion, 
although there is a certain correlation between ultrasound 
and chromosomal abnormalities, its clinical value should 
not be overstated.34 Most of the positive ultrasonographic 
indicators have a good prognosis. However, NT thickening 
is currently recognized as the most closely associated 
sonographic index with trisomy 21 at 11–13+6 weeks of 
gestation.35,36 The 99th percentile value of NT is 3.5 mm, 
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Figure 1 Nomograms of total abnormalities and chromosomal number abnormalities. (A) Nomograms of total abnormalities. (B) Nomograms of chromosomal number 
abnormalities.
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while the 95th percentile value is 2.7 mm.37 Some fetuses 
with chromosomal abnormalities of aneuploidy may also 
be missed with this technique. Chromosome balanced 
translocation is the most common chromosomal structural 
abnormality in the human population. Due to the different 
separation methods of spindle apparatus in the process of 
meiosis, balanced translocation carriers can form 18 types 
of gametes, which may lead to a very high probability of 
chromosomal abnormality in their offspring. Parental 
chromosomal examinations are very important when 
abnormalities are found during prenatal examinations. If 
the parents’ chromosome karyotype analysis is normal, 
fetal chromosomal abnormalities may be due to a new 
mutation, that is, chromosomal microdeletion, duplication, 
or gene mutation, which can further improve fetal gene- 
CNV (copy number variation) or whole-genome sequen
cing. Alternatively, a fetus with a normal clinical pheno
type may be recommended to be retained even if no 
abnormality is found on prenatal examination, and one of 
the parents is a carrier of chromosomal abnormality. 
Therefore, counseling or prediction in prenatal diagnosis 
is needed to reduce unnecessary invasive tests.

Previous studies have reported that the indications for 
prenatal diagnosis also need to consider the adverse preg
nancy history, family genetic disorder history, and toxico
logical exposure history of pregnant women. However, our 
model analyzed the influence of these factors on the results 
of fetal karyotype analysis and found that they had no 
effect on the results. Fetal chromosomal karyotype 
abnormalities (abnormal numbers) are mainly related to 

clinical factors such as maternal age, NT, Oscar’s testing, 
NIPT, ultrasound anomalies and parental chromosomal 
factors.

Fetal chromosomal disorders include abnormal num
ber, abnormal structure, and polymorphism of chromo
somes. Among them, chromosomal aneuploidy caused 
by abnormal chromosome number is the most common 
chromosomal disorder in clinical practice, accounting for 
30%-50% of all pregnancies with chromosomal 
abnormalities.38 In addition, chromosomal microdele
tions and microduplications are chromosomal disorders 
caused by submicroscopic chromosomal deletions or 
duplications that lead to normal gene imbalance.39 

These constitute another important genetic factors of 
fetal birth defects, which account for about 15% of all 
inherited diseases.40 However, since fetal chromosome 
karyotype analysis can only identify chromosomal varia
tion greater than 5 MBP, the positive results of CNV 
were not predicted in this study. In addition, chromoso
mal polymorphism is not pathogenic, so in our study, 
only the TA and CNA identified as pathogenic were 
discussed. For structural abnormalities and polymorph
ism, we also completed the prediction model, but the 
results were not consistent with the clinical practice, so 
they are presented in the supporting document.

Our nomogram was developed on the basis of the six 
years of clinical data from the hospital, with a large sample 
size to ensure the reliability and stability of the results. 
Nomogram curve analysis and internal verification show 
that this method has good discriminant and calibration 
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Figure 2 ROC curve of nomograms used to evaluate total abnormalities and chromosomal number abnormality. (A) Nomograms of total abnormalities. (B) Nomograms of 
chromosomal number abnormalities.
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capabilities. Nomograms can be used to effectively screen 
high-risk patients with fetal chromosomal abnormalities 
and to provide reference for patients to receive amniocent
esis. DCA is very useful in determining whether model- 
based clinical decisions are effective, while traditional 
ROC curve analysis is a statistical abstraction method 
and cannot provide information about clinical value 
directly.41 Clinical practicality is an important indicator 
to judge whether the prediction model can be used in 
clinical activities and whether patients can benefit from 
it; however, few studies have used this new method to 
evaluate the net benefits of predictive models, and even 
fewer have applied it to predictive models for prenatal 

diagnosis. C Mazouni42 used a nomogram to assess the 
risk of macrosomia based on parity, ethnicity, body mass 
index, and fetal weight to estimate macrosomia, which had 
good discrimination and calibration before and after boot
strapping. Our team has also used DCA curves to evaluate 
the clinical practicality of our model.43,44 In this model, 
the nomogram’s net benefit was better than that in all- 
patient-negative-risk or all-patient-positive-risk scenarios 
at a threshold probability between 0% and 60%.

Although we developed the first nomogram to construct 
amniocentesis results based on extensive clinical data, our 
current work has some limitations. First, our study did not 
focus on the entire population, but only on the population that 
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Figure 3 Decision curve analysis (DCA) of both nomograms. (A) Nomograms of total abnormalities. (B) Nomograms of chromosomal number abnormalities.
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underwent amniocentesis for a variety of abnormal reasons, 
and there may be a selection bias due to this. Our study also 
has the limitations of a retrospective review for data bias. In 

addition, the model has not been externally verified to ensure 
the generality of our model. Future research can be combined 
with data from other centers to make better predictions.
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Figure 4 Calibration curves of both nomograms. (A) Nomograms of total abnormalities. (B) Nomograms of chromosomal number abnormalities.

Table 4 C-Statistic and Brier Score of Nomograms

Characteristics C-Statistic Brier Score

Training 
Cohort

After internal 
Verification

Training 
Cohort

After Internal 
Verification

Total abnormalities 0.6339 0.6287 0.0791 0.0794

Chromosome number 
abnormality

0.6831 0.6781 0.0443 0.0444
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Conclusions
The nomogram constructed in this study is a good predic
tor of total amniocentesis abnormalities and chromosomal 
number abnormalities. This study is retrospective and 
more prospective or multicenter studies should be per
formed before its use in clinical practice for high-risk 
patient of chromosomal abnormalities.

Capsule
The nomogram is a good predictor of total amniocentesis 
abnormalities and chromosomal number abnormalities and 
can be used in clinical practice for high-risk patients.
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