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Summary

To assess the predictive value of integrating multiple of the median (MOM) with the risk cutoff value for serological screening of Down syndrome. In this retrospective study, women with
singleton pregnancies who underwent triple serological screening for Down syndrome were
followed, and their screening results and pregnancy outcomes were recorded. The range of
MoM value of each indicator was calculated, different protocols integrating various MoM
values with the risk cut-off value were compared. A total of 120,269 women with singleton
pregnancy were screened and included in the analysis, of those 52 fetuses were confirmed as
trisomy-21 by amniocentesis chromosomal karyotyping. Using a risk cut-off value of 1:380,
8,809 samples tested positive and the screen positive rate was 7.32% (8,809/120,269). The
normal reference ranges (5-95%) of the MoM value of AFP, β-hCG, and uE3 were 0.60-1.72,
0.43-2.21 and 0.60-1.58, respectively. The detection rate of each screening protocol integrating
different MoM percentile values was between 75% and 79%, the positive rate was between 7%
and 18%, and the false positive rate was between 7% and 18%. Protocol-6 which combined
the screening risk cut-off value and β-hCG MoM ≥ 97.5% percentile is an optimal protocol
with a relatively high detection rate (78.8%) and low false positive rate (8.2%). Integrating
MoM values of serological indicators can appropriately increase detection rate when
interpreting the results of Down syndrome screening.
Keywords: Down syndrome, serological screening, multiple of the median, prediction

1. Introduction
Down syndrome, also known as trisomy-21 syndrome,
is the most common aneuploid type with a reported
incidence between 1/1000 and 1/650 (1,2). Serological
screening is widely used in prenatal screening for
Down syndrome for fetal risk assessment (3). For cases
with high-risk serological screening results, further
prenatal diagnosis is recommended for confirmation.
The serological screening mainly includes quadruple
test [AFP (alpha fetoprotein), β-hCG (human chorionic
§
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gonadotropin), uE3 and Inh-A (Inhibin-A)] and triple
test (AFP, β-hCG and uE3) in the second trimester, and
the latter is widely used in China (4).
Multiple of the median (MoM) value is referred
to as the ratio of the actual measured value of the
three markers over the normal median value of
the corresponding gestational weeks (days). When
interpreting the results of Down syndrome screening,
there are different notions on whether or not to include
MoM values of each serological indicator and no
consensus has been reached yet. Some researchers
suggest that AFP MoM ≤ 0.5 and β-hCG MoM≥2.5 can
be used as suitable cut-off values for screening Down
syndrome pregnancy (5). And others only use median
of MoM (mMoM) as a quality control measure but do
not include in the screening criteria (6-8). From our
clinical experiences, we have found that MoM value
has certain clinical significance. In this retrospective
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study, we mainly aimed to evaluate the clinical value
of integrating different MoM percentile values with the
risk cut-off value for serological screening of Down
syndrome.
2. Materials and Methods
2.1. Study population
This retrospective study was conducted at the Obstetrics
and Gynecology Hospital of Fudan University. A total
of 122,671 pregnant women who underwent second
trimester (14 weeks+0 to 21 weeks+6) triple serological
test (AFP, β-hCG, and uE3) for Down syndrome
screening during the period of June 2007 to July 2016
were included. Of those women, 120,269 women
were with singleton pregnancy. Gestational week was
confirmed with the last menstruation period and fetal
crown-rump length (CRL). The pregnancy outcome of
all those women was followed up.
The study protocol conformed to the ethical
guidelines of the 2000 Declaration of Helsinki and was
approved by the institutional review board at Obstetrics
and Gynecology Hospital of Fudan University. Oral
informed consent was obtained from all participants.
2.2. Serological screening
For each pregnant woman, 2 ml of maternal peripheral
blood was extracted, and conserved at 4℃ after
separation of serum. Serological markers (AFP,
β-hCG and uE3) were detected within 3 days using
chemiluminescent immunoassay (9). Instruments and
reagents were provided by BECKMAN COULTER
(USA). Chemiluminescence detection was performed
using Beckman Coulter Access2 Automatic
Immunoassay System (BECKMAN COULTER, USA)
according to the manufacturer's instructions.
After chemiluminescent immunoassay, TCsoft
prenatal screening software was used to calculate the
screening risk. Values included in the software were
serological markers (AFP, β-hCG and uE3), birthday of
the mother, gestational weeks, height, weight, history
of pregnancy, and fetal numbers (10). It automatically
calculated the risk of Down syndrome, Open spina
bifida (OSB) and Trisomy 18 syndrome (Final risk
= age related risk* AFP likelihood ratio* β-hCG
likelihood ratio* uE3 likelihood ratio). Using the
software, the cut-off value for Down syndrome risk was
set at 1:380 (11).
2.3. MoM calculation and correction for each
serological marker
MoM value is the ratio of the actual measured value of
the indicator to the normal median of the gestational
weeks (days). In order to eliminate the influence of
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gestational weeks on markers when calculating the
screening risk of Down syndrome, the MoM values of
various serological indicators were calculated (12). In
addition, a quality control system based on the mMoM
was utilized to control the quality of the prenatal
screening for Down syndrome. The ideal mMoM value
should be within the range of 1.0 ± 0.05 (7,8). The
mMoM values of the three markers (AFP, β-hCG, uE3)
in our hospital in the last decade were 0.83, 1.00, and
1.00 respectively. The mMoM value of the AFP marker
was significantly off 1.00 (median = 0.83, range: 0.730.94). In order to control for systematic error, all MoM
AFP values were divided by 0.83 to correct for this
deviation (6,13).
2.4. Statistical analyses
Mean and standard deviation (SD) were calculated
for continuous variables, and were compared using
Student's t test. Number and frequency were calculated
for categorical variables, and were compared using
Chi-square tests. Wilcoxon rank sum test was used
to compare MoM values of each serological marker.
Positive rate (screening positive cases/total cases),
detection rate (true positive cases detected/true positive
cases total), false positive rate (false positive cases/true
negative cases total), positive predictive value (true
positive cases detected/total positive cases detected)
were calculated for each screening protocol.
All above analyses were two sided and were
performed by SPSS 16.0 for Windows (SPSS Inc.,
Chicago, IL, USA). A P value of < 0.05 was considered
statistically significant.
3. Results
3.1. Population characteristics
A total of 120,269 women with singleton pregnancies
were included in the final analysis. Of those
screened, 52 fetuses were confirmed as trisomy-21
by chromosomal karyotyping during amniocentesis
or blood test after birth. The prevalence rate of Down
syndrome in our population was 0.04% (52/120,269).
Table 1 shows the population characteristics of the two
groups. Compared to women without Down syndrome
pregnancies, the average age of pregnant women in the
Down syndrome pregnancy group was significantly
older (31.15 ± 4.17 vs. 29.23 ± 3.44, P < 0.05). There
was no statistically significant difference in weight,
gestational age, smoking and gestational diabetes status
between the two groups (P > 0.05 for all).
3.2. Results of screening and follow-up outcome
As shown in Table 2, using a risk cut-off value of
greater than 1:380 (11,13), 8,809 samples tested

www.biosciencetrends.com

615

BioScience Trends. 2018; 12(6):613-619.

Table 1. Characters of the Down syndrome pregnancy group and the group without Down syndrome pregnancy
Items

Down syndrome pregnancy group (N = 52)

Control group (N = 120,217)

P

31.15 ± 4.21

29.23 ± 3.44

< 0.001

8
44
57.32 ± 7.77
16.65 ± 0.99

6,324
113,875
57.91 ± 8.88
16.89 ± 1.27

0.001

1
51

1,692
118,525

0
52

533
119,684

Age (years), Mean ± SD
AMA
Yes
No
Weight (kg)
Gestational age (weeks)
Smoking
Yes
No
GDM
Yes
No

0.63
0.18
0.75
0.63

AMA, advanced maternal age, defined as ≥ 35 years of age; GDM, gestational diabetes mellitus; SD, standard deviation.

Table 2. Second trimester serological screening results of
Down syndrome
Screening

Down syndrome
pregnancy group

Positive (≥ 1:380)
Negative (< 1:380)
Total

39
13
52

Control
group
8,770
111,447
120,217

Total
8,809
111,460
120,269

Table 3. Percentile distribution of the MoM values of each
indicator in 120,269 samples
Percentile (%)
2.5
5
50
95
97.5

AFP MoM

β-hCG MoM

0.550
0.604
0.995
1.719
1.930

0.357
0.426
0.994
2.213
2.603

uE3 MoM
0.540
0.603
0.999
1.576
1.718

AFP, alpha fetoprotein; β-hCG, human chorionic gonadotropin;
MoM, multiple of median.

positive among 120,269 samples and the screen positive
rate was 7.32% (8,809/120,269). Of the 8,809 samples,
39 (39/8,809, 0.4%) cases of Down syndrome were
confirmed. Among the screening negative women, 13
were false negative cases classified using serological
screening risk cut-off value of Down syndrome.
3.3. Distribution of MoM values for each indicator
Table 3 lists the different percentile distributions of
the MoM values for each indicator. Compared to the
control group, the Down syndrome pregnancy group
had a higher β-hCG value, but lower AFP and uE3
values (P < 0.05 for all).
3.4. Down syndrome cases
Among the 52 women with Down syndrome
pregnancies, one was a smoker, while none of them
had gestational diabetes. Ten cases (10/52, 19.23%)
were delivered, while 42 cases (42/52, 80.77%) were

confirmed by amniocentesis chromosomal karyotyping
and underwent induced labor. Eight of the 10 (8/10,
80%) live birth Down syndrome cases were screened as
low risk using the risk cut-off value of less than 1:380,
another 2 (2/10, 20%) cases were classified as high
screening risk but refused amniocentesis. The detailed
information of 10 cases of live birth Down syndrome
cases is presented in Table 4.
Thirty-seven of the 42 (37/42, 88.10%) cases
that underwent induced labor were screened as high
risk (risk cut-off value of ≥ 1:380) and received
amniocentesis chromosomal karyotyping; another
5 cases (5/42, 11.90%) were screened as low risk
using the risk cut-off value of less than 1:380 but
ultrasonographic screening indicated fetal abnormality,
and were then confirmed by amniocentesis
chromosomal karyotyping (Table 5). In total, twentysix of the 52 (26/52, 50%) confirmed cases were
detected with soft ultrasound markers for Down
syndrome, including 6 cases of absent or hypoplastic
nasal bone, 6 cases of nuchal fold thickness ≥ 6
mm, 5 cases of ventricular septal defect, 3 cases of
ventriculomegaly, 2 cases of dilation of the renal
pelvis, and 4 cases with multiple risk markers.
3.5. False negative cases
Among the confirmed 52 Down syndrome cases, 13
(13/52, 25%) were classified as false negative cases
using serological screening of Down syndrome. The
information of these 13 cases is shown in Table 6. The
average age of the false negative cases was less than 35
(mean = 29.97, SD = 2.96). The risk of Down syndrome
was between 1:1423 and 1:475. The MoM value of AFP
was less than 0.7 for 4 cases, the MoM value of β-hCG
was more than 2.0 for 2 cases, and the MoM value of
uE3 was less than 0.7 for 2 cases. Five of the 13 (5/13,
38.46%) false negative cases underwent amniocentesis
chromosomal karyotyping after ultrasound indication
of fetal anomalies and then underwent induced labor,
while the other 8 cases were delivered.
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Live
Live
Live
Dead
Dead
Live
Live
Live
Live
Live

Table 5. Down syndrome screening results and pregnancy
outcomes
Items

Trisomy-21
Trisomy-21
Trisomy-21
Trisomy-21
Trisomy-21
Trisomy-21
Trisomy-21
Trisomy-21
Trisomy-21
Trisomy-21

High risk (< 1:380)
Low risk (≥ 1:380)
Total

Induced labor

Delivery

Total

37
5
42

2
8
10

39
13
52

3.6. Comparison of different screening protocols

AFP, alpha fetoprotein; β-hCG, human chorionic gonadotropin; CS, cesarean section; MoM, multiple of median; VD, vaginal delivery.

3065
3450
3660
2380
1795
2530
3120
3010
4050
2830
Male
Male
Male
Male
Male
Female
Female
Female
Female
Male
CS
VD
VD
CS
VD
VD
CS
CS
VD
CS
37.1
38.2
39.5
36.3
32.2
37.4
38.3
37.6
40.0
37.6
Nasal bone hypoplasia
Ventricular septal defect
Placental previa
Breech fetus
Breech fetus
0.62
1.03
1.18
1.01
0.59
0.63
0.75
0.87
0.88
1.11
1
2
3
4
5
6
7
8
9
10

1.1
1.47
1.37
0.91
2.5
1.69
1.05
1.26
1.99
1.06

0.93
0.65
0.72
0.94
0.84
0.83
0.99
0.79
1.06
0.65

15.4
15.4
15.4
15.6
16.3
16.1
16.1
17.6
17.6
17.6

66
57
66
55
63
54
49
50
72
53

345
508
730
3601
169
435
754
391
787
1380

35.55
30.35
31.85
26.58
26.66
23.89
34.49
34.48
29.53
29.23

Sex of
newborn
Delivery
mode
Gestational age
at delivery (week)
Ultrasound

Down syndrome
risk
Weight
(kg)
Gestational age
(week)
uE3
MoM
β-hCG
MoM
AFP
MoM
Case
Number

Table 4. Information of the 10 live birth Down syndrome cases

Maternal
age (year)

Clinical information

Weight of
newborn (g)

Chromosome
examination

Outcome
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We integrated the risk cut-off value with different
combinations of the serological marker MoM percentile
values to form different screening protocols, and
summarized positive rate, detection rate, false positive
rate, and positive predictive value of each protocol
(Table 7). In general, integrating the risk cut-off value
with different MoM percentile values of each indicator
improved the detection rate of Down syndrome up to
79%.
Generally, the positive rate and false positive rate for
most of the screening protocols were below 20%. It is
observed that two protocols (3 and 6), which combined
the screening risk and serological β-hCG MoM value,
increased the detection rate to almost 80% while did not
significantly increase the positive rate and false positive
rate (both below 10%).
4. Discussion
The diagnosis of Down syndrome is mainly dependent
on invasive prenatal examination and postpartum
chromosome examination. The reported pregnancy
loss rate for invasive prenatal diagnosis is between
0.3% and 1%, and varies depending on the skill and
experience of the operators and specialist centers
(14). Therefore, it is necessary to improve the
detection rate of prenatal screening and reduce the
false positive rate, thus reducing the invasive prenatal
diagnostic procedure. Current prenatal screening
is divided into early pregnancy screening and midpregnancy screening, based on the conditions and initial
diagnostic time window of the medical institutions
where the pregnant woman receives prenatal care.
During the early pregnancy (11 weeks to 13+6 weeks),
evaluation of Down syndrome risk is often based on
the comprehensive analysis of maternal age, fetal
neck translucency (NT) thickness, serum β-hCG and
pregnancy-associated plasma protein A (PAPP-A). The
detection rate of early pregnancy screening is between
80% and 82%, with a false positive rate of 3% (14).
During the second trimester, serological triple (AFP,
β-hCG, uE3) or quadruple (AFP, β-hCG, uE3 and Inh
A) test integrating computation of maternal age risk
is commonly used. Studies from other countries have
reported that the quadruple test performed better than
the triple test, with a detection rate close to 80%, and a
false positive rate of 3% (15,16). However, in most parts
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15.4
15.4
15.6
16.1
16.5
16.1
16.3
16.5
17.6
17.1
17.6
17.6
18.1

Gestational age (week)

30.35
31.85
26.58
23.89
29.29
34.49
32.68
29.00
34.48
28.42
29.53
29.23
29.84

Age (year)
1:930
1:760
1:1,282
1:1,423
1:1,043
1:477
1:666
1:1,071
1:475
1:1,128
1:1,014
1:1,047
1:981

Age risk
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Risk cut-off value (1:380)
Risk cut-off value + AFP MoM ≤ 5% (0.604)
Risk cut-off value + β-hCG MoM ≥ 95% (2.213)
Risk cut-off value + uE3 MoM ≤ 5% (0.603)
Risk cut-off value + AFP MoM ≤ 2.5% (0.550)
Risk cut-off value + β-hCG MoM ≥ 97.5% (2.603)
Risk cut-off value + uE3 MoM ≤ 2.5% (0.540)
Risk cut-off value + AFP MoM ≤ 0.7
Risk cut-off value + β-hCG MoM ≥ 2.0
Risk cut-off value + uE3 MoM ≤ 0.7

1
2
3
4
5
6
7
8
9
10

AFP, alpha fetoprotein; β-hCG, human chorionic gonadotropin; MoM, multiple of median.

Screening protocol

Number

Table 7. Comparisons of different screening protocols

0.85
0.98
0.84
0.52
0.76
0.63
0.71
0.93
0.72
0.66
0.73
0.92
0.46

AFP MoM

7.2% (8,614)
11.3% (13,534)
9.8% (11,733)
9.8% (11,733)
9.2% (11,015)
8.2% (9,910)
8.8% (10,536)
17.8% (21,406)
11.5% (13,807)
15.7% (18,860)

Positive rate (number of cases)

1:508
1:730
1:3,601
1:435
1:609
1:754
1:1,197
1:3,980
1:391
1:538
1:787
1:1,380
1:657

Risk of Down syndrome

AFP, alpha fetoprotein; β-hCG, human chorionic gonadotropin; MoM, multiple of median.

1
2
3
4
5
6
7
8
9
10
11
12
13

Case number

Table 6. Information of the 13 false negative cases

75.0% (39/52)
76.9% (40/52)
78.8% (41/52)
75.0% (39/52)
75.0% (39/52)
78.8% (41/52)
75.0% (39/52)
78.8% (41/52)
78.8% (41/52)
78.8% (41/52)

0.65
0.72
0.94
0.83
1.25
0.99
1.16
1.19
0.79
0.71
1.06
0.65
1.27

uE3 MoM

Detection rate

1.47
1.37
0.91
1.69
3.68
1.05
1.51
1.29
1.26
1.39
1.99
1.06
2.73

β-hCG MoM

7.1%
11.2%
9.7%
10.5%
9.1%
8.2%
8.7%
17.8%
11.4%
15.7%

False positive rate

Delivered
Delivered
Delivered
Delivered
Induced labor
Delivered
Induced labor
Induced labor
Delivered
Induced labor
Delivered
Delivered
Induced labor

Pregnancy outcome

1/221
1/338
1/286
1/324
1/282
1/242
1/270
1/522
1/337
1/460

Positive predictive value

Ventricular septal defect
Nuchal fold thickness ≥ 6mm
Nuchal fold thickness ≥ 6mm
Nuchal fold thickness ≥ 6mm
Breech fetus
Nasal bone hypoplasia
Breech fetus
Head edema, tetralogy of fallot

Ultrasound
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of China, early pregnancy screening rate is low because
of missing time or technical limitations (17). The main
method of screening fetal chromosomal abnormality in
China is serological triple test, and further diagnostic
procedures are recommended for high-risk pregnant
women. Down syndrome screening in second trimester
is a simple procedure with relatively low cost, which can
be widely applied in China especially in less developed
and resource limited regions.
It was reported that in the early time of second
trimester, the AFP value of normal pregnant women
had increased by 15-20% per week, serum uE3 value
had increased by 20-25% per week, while serum β-hCG
had decreased from the peak at 15 weeks and decreased
slowly after 20 weeks (18). An early study reported that
the AFP MoM of Down syndrome pregnancy was under
1.0 (19). A subsequent study found that the serum β-hCG
of Down syndrome pregnancy was more than twice that
of normal pregnancy, and the uE3 value was lower than
normal pregnancy (20). Similarly, our data showed that
the values of both AFP MoM and uE3 MoM decreased,
while the value of β-hCG MoM increased. It is important
to consider the serological screening test results, since
clear deviations from the normal range also indicate
an increased risk of chromosome abnormality. In our
study, the screening risk of all 13 false negative cases
were below the cut-off value (1:380); however, MoM
values of some cases deviated significantly from the
normal range. For example, the AFP MoM value of case
number 4 was 0.52 (< 97.5%), the β-hCG MoM value of
case number 5 was 3.68 (> 97.5%); and for case number
13, the AFP MoM value was 0.46 (< 97.5%) and the
β-hCG MoM value was 3.68 (> 97.5%). Therefore, the
MoM value of the serological markers should be taken
into consideration when interpreting Down syndrome
screening report, which could reduce the occurrence of
false negative cases.
MoM values provide a simple way to compare the
deviation of an individual from the overall population.
When using software to calculate Down syndrome risk,
the level of serological markers in pregnant women was
correlated with their race, age, gestational age, weight,
diabetes and smoking, and the correction of gestational
age and weight is most significant (21). Several
regression equations have been developed for risk
estimate correction (6,13,22). In our hospital, gestational
age was corrected by ultrasonographic measurements,
and weight was corrected by the reciprocal correction
equation (22).
Both the positive rate and false positive rate increase
with the increase of detection rate, which may lead to
unnecessary invasive prenatal diagnostic procedures.
Generally, the positive rate and false positive of an
optimal screening protocol should be below 10%. It
is observed that protocol-3 and protocol-6 combining
screening risk and different serological β-hCG MoM
values (protocol-3: screening risk > 1:380 and β-hCG
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MoM value more than 2.213; protocol-6: screening
risk > 1:380 and β-hCG MoM value > 2.603) increased
the detection rate up to almost 80% while did not
significantly increase the positive rate and false positive
rate. It is of significant importance to incorporate
ultrasound screening findings when interpreting
serological examination results, so as to improve the
detection rate of Down syndrome. As shown among
the 13 false negative cases (Table 6), 6 cases showed
abnormal soft indexes of ultrasound, including NF
thickened, nasal bone hypoplasia, cardiac abnormalities,
and head edema.
With the advancement of non-invasive prenatal
testing technology, more and more pregnant women
have chosen non-invasive prenatal testing (NIPT) to
screen for fetal chromosome abnormalities (23). NIPT
has the advantage of high accuracy and noninvasiveness
(23). An increasing amount of data has shown that
NIPT can be used in medium risk groups as stated
by the International Society for Prenatal Diagnosis
(24). In economically developed regions, for pregnant
women with critical Down syndrome screening risk
or abnormal serological indicator MoM values, using
NIPT is advantageous. But in less developed regions,
traditional Down syndrome screening remains the
main method for chromosome abnormality screening.
Therefore, choosing an appropriate screening protocol
is particularly important. The detection rate of our
protocol-3 and protocol-6 was close to 80%, in
combination with prenatal ultrasound screening, and can
detect most Down syndrome pregnancies.
As a routine method of prenatal examination in
China, the Down syndrome triple serological screening
test has the advantages of efficiency, economy and
convenience. The main purpose of this study was to
incorporate different MoM values of serological markers
into the existing Down syndrome screening test, so as
to increase the efficiency of Down syndrome screening.
Our study with a relatively large sample size utilizing
data from the last decade in our hospital showed a
similar positive rate, detection rate and false positive
rate to reports from other countries and regions (25,26).
Protocols (protocol-3 and protocol-6) which combined
serum β-hCG MoM value > 95% (2.213) or > 97.5%
(2.603) with the traditional screening risk showed high
detection rate, low positive rate and false positive rate,
and could increase the efficiency. However, the results
need to be further evaluated in a validation study. In
addition, the overall incidence rate of Down syndrome
was lower in our dataset, which may be related to a preselection of pregnant women in our hospital.
In conclusion, the efficiency of combining screening
risk with serological marker MoM values to screen for
Down syndrome needs to be prospectively evaluated in
different centers with large sample sizes. Selection of
an optimal screening protocol should be based on the
population characteristics of each center.
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