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ABSTRACT
Objectives To determine the levels of first-trimester
screening markers and to assess the false-positive rate for
first-trimester combined screening for Down syndrome
in a large national population of women pregnant after
assisted reproductive technology (ART), in order to decide
whether or not to correct risk calculation for mode of
conception.
Methods A national prospective cohort study of 1000
pregnancies achieved after ART was compared with a
control group of 2543 pregnancies conceived spontaneously. All women completed a first-trimester combined
screening program. Risk calculation was performed retrospectively based on the screening parameters to avoid bias
due to the use of different algorithms of risk calculation.
Results In chromosomally normal pregnancies conceived
after in-vitro fertilization (IVF) and intracytoplasmic
sperm injection (ICSI), the pregnancy-associated plasma
protein-A multiples of the median value was significantly
decreased when compared with that of pregnancies
conceived spontaneously (0.78 and 0.79 vs. 0.98), while
there was no difference in the group treated by frozen
embryo replacement. There was no difference in the level
of free β-human chorionic gonadotropin between groups.
The median nuchal translucency thickness was smaller
in the overall ART group compared with controls. The
false-positive rate of first-trimester combined screening
in the overall ART group, adjusted for maternal age,
was significantly higher when compared with controls
(9.0% vs. 6.0%).
Conclusions It seems advisable to use a population of
IVF/ICSI pregnancies to establish median curves for the
first-trimester serum screening parameters and perhaps
also for nuchal translucency thickness. However, care

must be taken, as different ART treatment methods and
aspects of medical history seem to alter the screening
parameters in different ways. Copyright  2008 ISUOG.
Published by John Wiley & Sons, Ltd.

INTRODUCTION
Over the last three decades, prenatal screening has become
an integrated part of antenatal care in most developed
countries. From the 1970s, second-trimester biochemical
screening (the triple test) was used, by which up to 60%
of Down syndrome (trisomy 21) pregnancies could be
detected with a false-positive rate (FPR) of 5%1 . Lately,
prenatal screening has tended to move from the second
into the first trimester2 . A 90% detection rate with a
5% FPR may be achieved by combining maternal age,
two first-trimester serum markers (pregnancy associated
plasma protein-A (PAPP-A) and free β-human chorionic
gonadotropin (β-hCG) – the double test) and nuchal
translucency thickness (NT) measurement3 – 5 . In 2004,
the Danish National Board of Health made it possible to
introduce first-trimester combined screening with double
test and NT measurement as a routine offer to all pregnant
women in Denmark.
The aim of the current prenatal screening program
is to identify women at high risk of carrying a fetus
with a chromosomal abnormality. Invasive tests such
as amniocentesis or chorionic villus sampling are used
to diagnose fetal chromosomal aberrations; however,
these procedures carry the risk of miscarriage. Correct
risk assessment is essentially dependent on reliable
determination of the applied screening markers. Any
changes in these risk parameters in the course of various
conditions accompanying pregnancy could result in a
considerable over- or underestimation of risk.
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ORIGINAL PAPER

Prenatal screening after ART
The use of assisted reproductive technology (ART) prior
to achieved pregnancy has been shown to be associated
with changes in biochemical serum screening markers6,7 ,
although it is unknown whether it is the underlying
fertility or the fertility treatment that causes these changes.
Several studies from the beginning of the 1990s showed
that triple test markers among women who had conceived
after in-vitro fertilization (IVF) were significantly altered,
with higher values of hCG and lower values of alphafetoprotein and unconjugated estriol6,7 .
Whether first-trimester screening is influenced by mode
of conception is a controversial issue. Several studies have
found that serum marker levels, especially PAPP-A, seem
to be altered in IVF pregnancies8 – 11 , whereas other studies
have been unable to confirm this12,13 ; moreover, the total
number of cases examined is limited. Likewise, the NT
multiples of the median (MoM) measurement has been
reported to be influenced by mode of conception14,15 ,
although the majority of studies report that this is not
the case9,10,13 . As these altered serum marker levels
resemble those of women carrying a fetus with Down
syndrome, women pregnant after ART are more likely to
be considered at high risk for trisomy 21 compared with
women who have conceived spontaneously.
It is believed that women who have conceived after
ART are reluctant to undergo invasive testing due to the
risk of miscarriage16,17 . Yet, women pregnant after ART
are generally older than are women with spontaneously
conceived pregnancies18,19 , and are therefore more likely
to be carrying a child affected by a chromosomal
disorder (primarily trisomy 21). Furthermore, fetuses
conceived after intracytoplasmic sperm injection (ICSI)
are known to have an increased risk of chromosomal
aberrations17,20 – 22 .
In Denmark, up to 7% of births are the result of
some kind of fertility treatment. Three to four percent
of pregnancies are conceived with IVF with or without
ICSI and there is no reason to believe that this number
will decline in the future. Thus, whether or not the
performance of first-trimester combined screening is
influenced by mode of conception is of considerable
importance. The aim of this study, therefore, was to
determine the levels of first-trimester screening markers
and to assess the FPR for first-trimester combined
screening for Down syndrome in a large national
population of women pregnant after ART, in order to
decide whether or not to correct risk calculation for mode
of conception.

PATIENTS AND METHODS
Subjects
In this nationwide prospective cohort study carried
out in the period 1 April 2004–31 January 2006 in
Denmark, 1666 pregnant women were included and
met the inclusion criteria: singleton or twin pregnancy,
conceived after IVF, ICSI or frozen embryo replacement
(FER) and residing in Denmark to allow follow-up.
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Pregnancies conceived after oocyte donation and higher
order pregnancies were excluded.
An NT scan was performed in 1449 of the women
and 1516 underwent blood sampling for the double
test. In 1555 cases, the woman returned a questionnaire
or detailed information was retrieved from hospital
records. In 109 cases, outcome data could only be
retrieved from a register with limited information (birth
or miscarriage). Two cases (0.1%) were lost to follow-up
due to emigration.
As controls, we used 2618 consecutive women who
had conceived spontaneously a singleton pregnancy, who
had NT measurement performed at one of two university
departments of fetal medicine from 1 January 2004 to 31
December 2006 and whose double test was analyzed at
Statens Serum Institut (SSI).
All women gave informed consent in accordance with
the Helsinki declaration and the study was approved by
the local scientific ethics committee (Jr. nr. KF 01-218/03)
and by the Danish Data Protection Agency.

Study design
All Danish fertility clinics were invited to take part in this
study, and, with the exception of two, all participated
(nine public and nine private clinics). We were able to
offer first-trimester combined screening to all included
women before it became part of routine antenatal
care in Denmark. Regardless of the result of the risk
assessment, the women could choose invasive diagnostic
testing according to the prevailing guidelines (generally
for maternal age ≥ 35 years, ICSI treatment and history
of chromosomal abnormality). All women were invited
to the study at the fertility clinic at the time of early
ultrasound (to assess viability). At the fertility clinic, data
on fertility treatment and demographics were recorded
and entered into a database. Data on pregnancy outcome
were obtained by a self-administered questionnaire given
to the women immediately after inclusion and returned
after the end of pregnancy. When the questionnaire was
not returned, information was retrieved from the fertility
clinic or from hospital records.
All chromosomal analyses performed in Denmark both
pre- and postnatally are registered centrally in the Danish
Cytogenetic Central Registry (DCCR), except for those
carried out at Odense University Hospital (OUH), which
represents a small proportion of the total number,
approximately 5%. The data are reported using the
personal identification number (CPR number), allocated
by the Centralised Civil Registry. By record linkage, the
mothers’ and infants’ CPR numbers were linked to the
DCCR and OUH databanks to obtain information on
chromosomal abnormalities.
Because the first-trimester risk calculations were performed at several different hospitals using different
risk calculation algorithms, it was impossible to pool
these data for analyses. Instead, data on the basic
screening parameters were collected: crown–rump length
(CRL), NT, PAPP-A (MoM/concentrations) and β-hCG
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(MoM/concentrations), including dates of NT measurement and blood sampling. Subsequently, the risks for
all women were calculated using the latest Risk Calculation Software of The Fetal Medicine Foundation (FMF)
in September 2007 by Chris Harris of Astraia Software,
GmbH, Germany, without knowledge of mode of conception.

Screening markers and gestational age
The NT scan was performed by physicians, nurses or
midwives certified according to The FMF3 . Data from
the NT scan were recorded at the departments of
fetal medicine. The NT measurements were converted
into MoM-NT using the following equation based on
this dataset for NT as a function of CRL: Regressed
NT = 0.28743 + 0.02161 × CRL; P < 0.0001, R2 =
0.14.
Blood samples were taken either at the fertility clinics,
by the woman’s general practitioner or at the hospital
where they had their NT scan performed. Nearly
all biochemical analyses were then performed in one
laboratory, the SSI in Copenhagen, where measurements
of PAPP-A and β-hCG were determined in serum samples
as part of the routine first-trimester prenatal screening
program. Briefly, the concentrations of the analytes were
measured using either the Kryptor platform (Brahms,
Henningsdorf, Berlin) or the AutoDelfia platform (Perkin
Elmer Life Science, Boston, MA, USA). Concentrations
of biochemical parameters were entered into the
database of the first-trimester prenatal screening program
at SSI and automatically converted into MoMs by
the laboratory information management system using
underlying reference values that were based on the
Danish population and continuously monitored. The
MoMs were weight-corrected. All laboratory methods
were continually assessed by internal and external quality
assurance programs. In 46 cases, the blood sample was
analyzed at the local laboratory in the hospital, where
the NT scan was performed. The median formulae were
similar to those used at the SSI.
In the Danish first-trimester prenatal screening set-up,
the blood samples are usually taken prior to the NT scan
and gestational age (GA) is provisionally calculated by last
menstrual period. We defined ‘GA at blood sampling’ as
the GA used in the analyses of serum markers. Gestational
age (GA) was also calculated from CRL, measured at
the NT scan, by the formula described by Robinson
and Fleming23 : 8.052 × CRL1/2 + 23.75, which is used in
Astraia’s algorithm. At NT measurement, the GA found
according to CRL was compared with the provisional GA
and if the difference was ≥ 2 days, the GA was changed
and serum marker MoMs recalculated.

Statistical analyses
For serum markers, the MoM values were calculated
as described above. For NT, regression analysis was
carried out to derive the relationship with CRL, then
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the expected values of NT were calculated for each case
and the measurements converted into MoMs. For the
trisomy 21 cases in pregnancies conceived after ART,
the ART-adjusted MoM values were calculated using
the median formula of PAPP-A and β-hCG in ART
pregnancies and converting the individual measurements
into MoMs.
The distributions of markers were tested by the
Kolmogorow–Smirnov test of fit. When, even after
transformation of data, the assumption of normality
was not satisfied, non-parametric analysis was used;
Kruskal-Wallis test for comparison between more than
two groups and Mann–Whitney U-test for comparison
between two groups. When normality was satisfied, the
one-way ANOVA test and t-test were used. Categorical
data were compared with the χ2 test. The odds ratios
for the risk of Down syndrome ≥ 1 : 300 were calculated
using logistic regression as described by Tul and NovakAntolic11 . The relationships between the dependent
variables (MoMs of PAPP-A and β-hCG and NT)
and several possible explanatory variables (treatment
protocol, previous spontaneous miscarriage, number of
previous pregnancies and ART-treatment cycles, GA at
blood sampling, history of polycystic ovaries (PCO)
and pregnancy complicated by ovarian hyperstimulation
syndrome (OHSS)) were assessed one-by-one using simple
linear regression; only those explanatory variables that
were significantly related were considered for further
investigation. It is an established fact that maternal age
is not correlated with first-trimester screening markers4 ,
thus it is not an explanatory variable.
All analyses were carried out using SAS Enterprise
Guide v 9.2 (SAS Institute Inc., Cary, NC, USA). Statistical
significance was defined as P < 0.05.

RESULTS
From the ART cohort we identified 1038 pregnancies
in which one fetus only was seen at early ultrasound
and who completed the first-trimester combined screening
program. The control group consisted of 2618 singleton
pregnancies. Among the ART pregnancies, 28 (2.7%)
ended after NT measurement, nine as elective terminations
of pregnancy due to prenatally detected chromosomal
abnormality, and 19 (1.8%) as spontaneous miscarriages.
Four of the spontaneous miscarriages were found to have
a normal karyotype and 15 were not karyotyped.
Except for one case (achieved by ICSI treatment and
diagnosed postnatally as having a de-novo autosomal
structural chromosomal abnormality), no signs of chromosomal disorder were detected in the infants from the
study and control groups at birth or at the 1-year follow
up. Altogether, 10 cases of chromosomal abnormalities
(two with incomplete data) were found among the ART
pregnancies (nine pre- and one postnatally), while 12
(one with incomplete data) were detected prenatally in
the control group. These were not included in the analyses of screening markers and performance. Six of the ART
pregnancies were excluded from further analysis because
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of incomplete data on fertility treatment. Thirty-eight
ART-pregnancies and 75 controls had incomplete data
for risk calculations. Incomplete data included missing
data from NT measurements (CRL or NT), CRL outside the GA window for NT measurement (45–89 mm)
or missing dates for either blood sampling or NT scan.
Thus, the study population regarding screening markers
consisted of 992 ART pregnancies and 2532 controls.

Baseline parameters of the ART pregnancies
and controls

the FER pregnancies differed by having a significantly
higher median PAPP-A MoM (P < 0.001), which was not
significantly different from the control group. The NT was
significantly smaller in the overall ART group compared
with the control group (median NT MoM, 0.92 vs. 1.00,
P < 0.0001). Among the different ART treatment groups,
the NT in the IVF group had a significantly lower median
value compared with the ICSI group (P = 0.005). There
were no differences in β-hCG concentration.

Invasive testing and chromosomal abnormalities among
ART pregnancies

The women pregnant after ART were significantly
older compared with the women who had conceived
spontaneously, with a median maternal age of 33 (range,
20–43) vs. 31 (range, 15–46) years (P < 0.001, Table 1).
The proportion of women of advanced maternal age
(≥ 35 years) was also higher, at 33.8% vs. 20.7%
(P < 0.001). There was no difference in the median
maternal age between the different ART treatment groups,
but the ICSI-treated women had a lower rate of advanced
maternal age compared with the IVF-treated ones.
Women pregnant after ART had their blood samples
for analysis of PAPP-A and β-hCG taken significantly
earlier in pregnancy compared with the control group, at
a median GA of 66 (range, 56–97) vs. 81 (range, 56–97)
days (P < 0.001). According to the Mann–Whitney
U-test, the GA at NT measurement was significantly
lower in the ART pregnancies (P < 0.001), although the
median values were the same (Table 1).

Screening markers
The median MoM levels of PAPP-A, β-hCG and NT
together with their corresponding logMoM values and
geometric means are shown in Table 2. Secondary analysis
was performed comparing IVF, ICSI and FER. The median
PAPP-A MoM was significantly lower in the IVF and ICSI
treatment groups when compared with controls (0.78
and 0.79 vs. 0.98, P < 0.001); this was also the case
when the ART group overall was compared with controls
(0.80 vs. 0.98, P < 0.001). Among the ART groups,

There were 10 chromosomal abnormalities detected
among the 1038 ART pregnancies, corresponding to a
rate of 0.96%. Nine cases (six of trisomy 21 and three
of trisomy 18) were detected prenatally (all had a Down
syndrome risk ≥ 1 : 300), while one case of autosomal
structural abnormality (de novo translocation) was found
postnatally. This case was a pregnancy conceived after
ICSI; both parents were karyotyped prior to fertility
treatment and found to be normal. The child was liveborn
with a dysmorphic appearance.
The rate of chromosomal abnormalities was twice as
high in the ICSI-treated group compared with the IVFtreated group, at 1.5% (6/402, three cases of trisomy
21, two cases of trisomy 18 and one case of autosomal
structural abnormality) in the ICSI group compared
with 0.78% (4/516, three cases of trisomy 21 and one
case of trisomy 18) in the IVF group. Data for the
Down syndrome cases found among ART pregnancies
are presented in Table 3.
Of the 106 women (Table 4) in the ART group who
were found retrospectively from combined screening to
have a risk ≥ 1 : 300, only 44 (41.5%) had an invasive
diagnostic test performed. Overall, in the demographic
population, 8.4% (84/1000) of women had an invasive
test performed.

False-positive rates and odds ratios
In the ART group, the FPR at a 1 in 300 risk cut-off for
combined screening at the time of risk assessment was

Table 1 Baseline parameters of the assisted reproductive technology (ART) and control pregnancies
ART pregnancies
Parameter
Maternal age (years)
Maternal age ≥ 35 years
CRL at NT scan (mm)
GA at NT scan (based on CRL) (days)
GA at blood sampling (days)#

Controls
(n = 2543)

All
(n = 1000)

IVF
(n = 516)

ICSI
(n = 400)

FER
(n = 84)

31 (15–46)*
527 (20.7)†
67 (45–84)*
91 (79–99)*
81 (56–97)*

33 (20–43)*
338 (33.8)†
66 (45–84)*
91 (79–99)*
66 (56–97)*

33 (20–43)
194 (37.6)‡
65 (45–82)§
90 (79–98)§
65 (56–97)

32 (20–43)
114 (28.5)‡
66 (45–84)§
91 (79–99)§
66 (56–91)

33 (27–42)
30 (35.7)
69 (48–83)§
92 (81–99)§
66 (58–82)

Values are given as median (range) or n (%). Thirty-eight ART pregnancies and 75 controls were not included due to incomplete data.
#Gestational age (GA) at blood sampling was based on last menstrual period or (if difference between that and GA calculated by
crown–rump length (CRL) was ≥ 2 days) on CRL. *P < 0.001, controls vs. all ART, Mann–Whitney U-test. †P < 0.001, controls vs. all
ART, χ2 test. ‡P < 0.05, ICSI vs. IVF, χ2 test. §P < 0.01, FER vs. IVF and ICSI, Mann–Whitney U-test. FER, frozen embryo replacement;
ICSI, intracytoplasmic sperm injection; IVF, in-vitro fertilization; NT, nuchal translucency.
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Table 2 Median multiples of the median (MoM) levels of pregnancy-associated plasma protein-A (PAPP-A), β-human chorionic
gonadotropin (β-hCG) and nuchal translucency thickness (NT) together with their corresponding logMoM values and geometric means in
assisted reproductive technology (ART) and control pregnancies
ART pregnancies

Controls
(n = 2532)

All (n = 992)

IVF (n = 512)

ICSI (n = 396)

FER (n = 84)

0.98 (0.05–15.14)*§
0.96 (0.94–0.99)*

0.80 (0.01–5.01)*
0.77 (0.74–0.81)*

0.78 (0.01–3.93)‡§
0.74 (0.71–0.79)‡

0.79 (0.06–4.55)‡§
0.77 (0.72–0.82)‡

1.03 (0.25–5.01)‡
1.00 (0.89–1.15)‡

−0.02 (0.26)*

−0.11 (0.28)*

−0.13 (0.28)‡

−0.11 (0.29)‡

0.00 (0.26)‡

0.99 (0.01–8.89)
1.00 (0.98–1.02)

0.97 (0.09–6.42)
0.97 (0.93–1.00)

0.96 (0.18–6.42)
0.96 (0.92–1.01)

0.98 (0.09–4.90)
0.96 (0.91–1.02)

1.00 (0.29–4.98)
1.02 (0.91–1.14)

0.00 (0.25)

−0.01 (0.25)

−0.02 (0.25)

−0.02 (0.26)

0.01 (0.23)

1.70 (0.17–5.00)*
1.00 (0.09–3.54)*
0.99 (0.99–1.00)*

1.60 (0.30–4.00)*
0.92 (0.18–2.46)*
0.91 (0.89–0.92)*

1.50 (0.40–3.10)†
0.90 (0.25–2.06)†
0.89 (0.87–0.91)†

1.60 (0.50–4.00)†
0.95 (0.27–2.46)†
0.93 (0.91–0.96)†

1.70 (0.30–3.10)
0.94 (0.18–1.74)
0.91 (0.85–0.97)

−0.00 (0.10)*

−0.04 (0.12)*

−0.05 (0.12)†

−0.03 (0.12)†

−0.04 (0.13)

Marker
PAPP-A
Median MoM (range)
Geometric mean MoM
(95% CI)
Mean log10 MoM (SD)
β-hCG
Median MoM (range)
Geometric mean MoM
(95% CI)
Mean log10 MoM (SD)

NT
Median mm (range)
Median MoM (range)
Geometric mean MoM
(95% CI)
Mean log10 MoM (SD)

Thirty-eight ART pregnancies and 75 controls were not included due to incomplete data, and a further eight ART cases and 11 controls due
to chromosomal abnormality. FER, frozen embryo replacement; ICSI, intracytoplasmic sperm injection; IVF, in-vitro fertilization.
*P < 0.001, controls vs. ART, Mann–Whitney U-test. †P < 0.05, IVF vs. ICSI, Mann–Whitney U-test. ‡P < 0.001, FER vs. ICSI and IVF (no
significant difference when compared with controls), Mann–Whitney U-test. §P < 0.001, controls vs. IVF and ICSI, Mann–Whitney U-test.
Table 3 Observed and adjusted assisted reproductive technology (ART) first-trimester screening parameters in the group of chromosomally
abnormal ART pregnancies
Risk
Karyotype

Treatment
MA
CRL NT
NT
β -hCG PAPP-A MA
method
(years) (mm) (mm) (MoM) (MoM) (MoM) (1:)

Overall trisomy 21 (mean)
Trisomy 21
Trisomy 21
Trisomy 21
Trisomy 21
Trisomy 21
Trisomy 21†
Trisomy 18
Trisomy 18
Trisomy 18‡
Autosomal struc.

—
IVF
ICSI
ICSI
IVF
IVF
ICSI
IVF
ICSI
ICSI
ICSI

37.3
32
39
39
39
35
40
43
28
34
37

61
63
54
57
59
66
65
55
56
40
67

4.2
2.7
5.0
5.2
6.2
2.0
SH
4.5
8.6
5.2
1.4

2.73
1.64
3.44
3.42
3.97
1.17
—
3.05
5.74
4.51
0.81

1.27
0.74
2.82
1.39
1.16
0.61
0.88
0.74
0.81
0.24
0.29

0.29
0.56
0.24
0.29
0.37
0.19
0.09
0.57
1.99
0.17
0.51

NT
(1:)

BC
(1:)

—
—
—
553 141
15
97
3
3
107
3
5
94
3
21
274 899
11
88 —
3
33
2 224
749
5 5342
325 —
17
183 871 1308

ART-adjusted*
Comb. β -hCG PAPP-A
(1:)
(MoM) (MoM)
—
5
2
2
2
31
—
7
19
—
3657

1.39
1.00
3.01
1.62
1.10
0.48
1.14
1.08
1.03
0.37
0.27

0.51
0.64
0.38
0.59
0.83
0.57
0.03
1.14
3.42
0.17
0.97

*Regression equations used to calculate the ART-adjusted MoMs: Regressed PAPP-Aconc = 102.02+0.00937×CRL and regressed
β-hCGconc = 101.83511−0.00026803×CRL . †‡Excluded from study due to incomplete data from NT measurement: †NT not measured exactly,
and described as septate hygroma; ‡CRL too small for NT risk assessment. β-hCG, β-human chorionic gonadotropin; Autosomal struc.,
autosomal structural chromosomal abnormality; BC, biochemistry; Comb., combined; CRL, crown–rump length; MA, maternal age;
MoM, multiples of the median; NT, nuchal translucency thickness; PAPP-A, pregnancy-associated plasma protein-A; SH, septate hygroma.

10.7%, which was significantly higher when compared
with 6.0% in the control group (P < 0.0001, Table 4).
These FPRs were, however, age-biased due to the higher
median maternal age in the ART group. When the
observed FPRs for the ART group and the age distribution
of the control group were used to model the impact of
assisted conception on the FPR, an age-adjusted FPR of
9.0% was obtained, which was also significantly different
when compared with the control group (P < 0.0001).
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When risk was calculated using only the maternal age
and NT, there were no differences in the FPRs. The FER
group differed (though not significantly so) from the IVF
and ICSI groups, having a lower FPR (Table 4).
The odds ratios and 95% CIs of having a ‘positive’ risk
assessment (≥ 1 : 300) according to mode of conception
after adjustment for maternal age are shown in Table 5.
There was a significantly increased risk of having a
positive first-trimester screening assessment when risk
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Table 4 Proportion of women with a trisomy 21 risk ≥ 1 : 300
calculated on the basis of maternal age and biochemistry (BC),
maternal age and nuchal translucency thickness (NT) or maternal
age, BC and NT in the overall assisted reproductive technology
(ART) group, in the different ART subgroups and in controls
n (%)

Group

Age + NT

Age + BC

Age + NT + BC

All ART (n = 992)
IVF (n = 512)
ICSI (n = 396)
FER (n = 84)
Control group
(n = 2532)

69 (7.0)
36 (7.0)
27 (6.8)
6 (7.1)
163 (6.4)

186 (18.8)*
100 (19.5)†
77 (19.4)†
9 (10.7)
280 (11.1)*†

106 (10.7)*
57 (11.1)†
45 (11.4)†
4 (4.8)
151 (6.0)*†

Thirty-eight ART pregnancies and 75 controls were not included
due to incomplete data, and a further eight ART cases and 11
controls due to chromosomal abnormality. *P < 0.0001, all ART
vs. control group, χ2 -test. †P < 0.01, IVF and ICSI vs. control
group, χ2 -test. FER, frozen embryo replacement; ICSI,
intracytoplasmic sperm injection; IVF, in-vitro fertilization.

was based on maternal age and BC or maternal age,
BC and NT for the overall ART group, and for IVF
and ICSI pregnancies. For the overall ART group and
for IVF and ICSI pregnancies, the odds of being screen
positive, when the risk assessment was based only on NT,
were decreased when compared with the controls. For
the pregnancies conceived by FER, the risk of having a
positive risk assessment was not increased.

Possible explanatory variables
There were no associations between gravidity or parity
and the values of the screening markers.
By log-linear or linear regression, as appropriate,
the relation between number of previous spontaneous
miscarriages and serum markers was analyzed and no
association was found. Additionally, we identified a
group of 18 women who had experienced three or
more spontaneous miscarriages and compared their serum
marker levels with the remaining ART pregnancies. In the
group with three or more spontaneous miscarriages, the
median PAPP-A MoM was 0.79 and the median β-hCG
MoM was 1.01. When compared with the remaining ART
pregnancies, there was no difference.

There were no associations between number of previous
ART treatment cycles and the values of the screening
markers. In our cohort, the majority of women had
followed a long treatment protocol, with gonadotropinreleasing hormone agonist down-regulation prior to
ovarian stimulation in 693 (69.9%) women; 162 (16.3%)
had followed a short treatment protocol; in 53 (5.3%)
cases this information was not available; and 84 women
were treated by FER. There was no significant difference
between the median PAPP-A MoM or median βhCG MoM in the long-protocol group compared with
the short-protocol group. The median NT MoM was
significantly lower in the long-protocol group, at 0.92
compared with 0.97 (P = 0.02).
Women pregnant after ART had their blood sample
taken at an earlier GA (Figure 1a,c) and we investigated
whether this had any influence on the serum markers. The
time of blood sampling had no effect on the PAPP-A MoM
levels, but there was a significant relationship between the
GA and β-hCG. For the controls this was not the case
(Figure 1b,d).
None of these possible explanatory variables was found
to have any significant influence on the screening markers
when tested in a linear regression model, except for GA
at blood sampling in relation to β-hCG and the ART
treatment protocol in relation to NT. A full model with
all variables analyzed by multiple linear regression was
therefore not appropriate.
In the returned questionnaire a small group of women
had stated that they were diagnosed with PCO (n = 8)
before fertility treatment or were diagnosed with OHSS
during the pregnancy in question (n = 6). Their serum
screening markers were considerably decreased: median
PAPP-A MoM, 0.50; median β-hCG MoM, 0.72 (PCO:
PAPP-A, 0.50; β-hCG, 0.74 and OHSS: PAPP-A, 0.50;
β-hCG, 0.64). The number of cases was much too small
to make the difference significant.

DISCUSSION
To our knowledge, this is the largest prospective cohort
study on ART pregnancies regarding first-trimester screening to date. We have demonstrated that the first-trimester
serum screening marker PAPP-A is significantly decreased

Table 5 Odds ratios of having a ‘positive’ risk assessment, with risk calculated on the basis of maternal age and biochemistry (BC), maternal
age and nuchal translucency thickness (NT) or maternal age, BC and NT in the overall assisted reproductive technology (ART) group and in
the different ART subgroups (n = 992)
Odds ratio (95% CI)
Group
All ART
IVF
ICSI
FER

Age + NT

Age + BC

Age + NT + BC

0.714 (0.525, 0.972)
0.689 (0.465, 1.021)
0.795 (0.513, 1.231)
0.640 (0.265, 1.545)

1.491 (1.209, 1.838)
1.512 (1.164, 1.962)
1.663 (1.251, 2.210)
0.704 (0.344, 1.441)

1.506 (1.153, 1.968)
1.521 (1.093, 2.118)
1.728 (1.209, 2.470)
0.573 (0.205, 1.604)

Thirty-eight ART pregnancies were not included due to incomplete data, and a further eight cases due to chromosomal abnormality.
FER, frozen embryo replacement; ICSI, intracytoplasmic sperm injection; IVF, in-vitro fertilization.
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Figure 1 (a,b) Distributions of gestational age (GA) at time of blood sampling in the group of pregnancies achieved by assisted reproduction
technology (ART) (a) and in controls (b). (c,d) Scatterplot and regression line (with 95% CI) showing β-human chorionic gonadotropin
(β-hCG) (log10 MoM) as a function of gestational age at time of blood sampling (GABS) in cases (c) and controls (d). Regression line for
ART pregnancies: β-hCG (MoM) = 10−0.20 + 0.00278 × GABS , R2 = 0.0074, P = 0.008 and for controls: β-hCG
(MoM) = 10−0.04 + 0.00054 × GABS , R2 = 0.0007, P = 0.22.

in IVF and ICSI pregnancies compared with controls who
conceived spontaneously. This is in agreement with previous findings9 – 11,15,24 . In pregnancies conceived after FER,
this was not the case; however, our cohort contained relatively few FER pregnancies (n = 85). A recent study by
Anckaert et al.25 reported similar findings in a series of 31
FER pregnancies, finding that the median PAPP-A MoM
(1.12 MoM) was not significantly different from that in
naturally conceived pregnancies (1.10 MoM).
In the overall ART group we found the PAPP-A MoM
was 0.8 compared with 0.98 MoM in the control group.
We found no differences in the concentrations of free βhCG, in line with most previous studies10 – 13,15 , although
a few papers reported β-hCG to be increased8,9,24 . The
concentration of free β-hCG in the second trimester has
been investigated in a few studies and seems to be slightly
increased7,26,27 , whereas intact hCG seems to be more
significantly increased6,28 – 30 . We found that there was
a significant positive correlation between increasing GA
and free β-hCG in pregnancies conceived after ART, while
this was not the case in the control group. This indicates
that distribution curves of serum screening markers might
be different in ART pregnancies.

Copyright  2008 ISUOG. Published by John Wiley & Sons, Ltd.

Surprisingly, the NT MoM was significantly smaller
in the ART group when compared with the control
group. The majority of previous studies found no
difference in the size of NT in ART pregnancies compared
with spontaneously conceived pregnancies9,10,13 , but two
studies, although with a limited number of cases, reported
a larger NT in ART pregnancies14,15 . Interestingly, we
found that the thickness of NT was dependent on
treatment method; women treated with the long protocol
had fetuses with thinner NTs compared with women
treated with the short protocol (0.92 MoM vs. 0.97
MoM) and, independently, the same was the case with
IVF treatment compared with ICSI treatment (0.90 MoM
vs. 0.95 MoM). There does not seem to be any obvious
biological explanation for these findings, and indeed, any
significant differences might be due to chance as several
statistical analyses were performed. In a recent study31 ,
we found that GA dating by date of oocyte aspiration and
by CRL differed significantly by 1.5 days, the GA dated
by CRL being higher. The opposite, GA calculated by
date of oocyte aspiration being higher, has been found in
other studies32 – 34 ; however, these were notably smaller
than was ours. The size of NT is believed to be dependent
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on GA calculated by the size of the fetus (CRL), although
only until week 13/14, after which the NT decreases in
size, signifying that not only the size of the fetus but also
the biological GA is associated with the size of the NT.
Our study suggests that fetuses from ART pregnancies
were larger than expected at the NT scan and their real
biological GA was lower; one could speculate that this
could explain the smaller NT MoM values seen in the
ART pregnancies.
As a result of the low PAPP-A, despite the smaller
NT, we found that the FPR in pregnancies achieved by
ART was significantly increased when compared with
pregnancies that were conceived spontaneously (10.7%
vs. 6.0%). After adjustment for maternal age, the FPR in
the ART group (at 9.0%) was still significantly higher.
If we had excluded the FER pregnancies, which did
not differ significantly from controls, the FPR for IVF
and ICSI pregnancies would have been slightly higher.
Consequently, a higher proportion of women pregnant
following ART would have been referred for invasive
diagnostic testing and been exposed to the associated
risk of miscarriage. As the use of ART and ovulation
induction is constantly increasing, this tendency might
have important implications, certainly for the individual
woman. It thus seems necessary to adjust the risk
calculation in order to reduce the FPR.
However, contradictory results from previous published work on screening markers and ART might illustrate a very high complexity among women undergoing
ART, possible confounding factors including different
underlying causes of infertility and different treatment
methods, for example. Thus, it seems very important to
investigate the reason for the difference in serum marker
concentrations in ART pregnancies, which remains
unknown. Multiple corpora lutea, multiple implantation sites or drugs used in the fertility treatments have
been suggested as possible explanatory factors35 . A functional delay in fetal and placental development and/or
some unknown underlying pathology leading to various metabolic disturbances as well as the higher risk
of obstetric complications (e.g. growth restriction and
pre-eclampsia) associated with ART may also cause alterations in serum marker concentrations14,36 .
A recent paper by Tul and Novak-Antolic11 reported an
inverse association between number of aspirated oocytes
and PAPP-A MoM values. The authors hypothesized that
the number of oocytes retrieved reflected the number of
corpora lutea in pregnancies, supported by their other
finding that inhibin A, which is secreted by corpora lutea,
was increased with decreasing PAPP-A. They suggested
that inhibin A inhibits the secretion of PAPP-A. We did
not record information about number of follicles and
aspirated oocytes. As an alternative, we identified a small
group of women who were diagnosed with PCO before
fertility treatment or who were diagnosed with OHSS
during the pregnancy in question. Their serum screening
markers were indeed altered (median PAPP-A MoM, 0.50
and median β-hCG MoM, 0.72). Since PAPP-A plays
an important role in the initial development and later

Copyright  2008 ISUOG. Published by John Wiley & Sons, Ltd.

15

function of the placenta37 – 40 , this might be an important
finding. As only one corpus luteum is usually present in
pregnancies after FER, this might also explain the ‘normal’
concentration of PAPP-A in these pregnancies.
In the chromosomally normal ART pregnancies, only
41.5% (44/106) of those with a retrospectively calculated
Down syndrome risk ≥ 1 : 300 had an invasive test
performed. Altogether (including the pregnancies with
a chromosomally abnormal fetus), 8.4% (84/1000) of
cases had an invasive diagnostic test. Women who had an
invasive test performed without a positive risk calculation
(i.e. with risk < 1 : 300) did so in most cases due to
advanced maternal age. Despite the fact that the risk
calculation was performed retrospectively and thereby
might differ slightly from that actually performed, which
is a limitation of this study, it is remarkable that all
the prenatally identified chromosomal abnormalities were
found in the screen-positive group. As we have followup on all infants until the age of at least 1 year these
numbers are likely to be valid. The one case that
was not found prenatally was an autosomal structural
abnormality. The target of routine prenatal screening is
to detect the most common chromosomal aberrations
(i.e. trisomies 21, 18 and 13). However, evidence shows
that ART17,21 (perhaps only ICSI) pregnancies have
an increased risk of chromosomal aberrations, mainly
autosomal structural aberrations inherited from the father
or de novo. This underlines that genetic assessment
of couples, especially fathers with oligospermy, prior
to infertility treatment cannot be replaced by prenatal
screening.
In our series of six Down syndrome cases, the
median MoM values, calculated from the concentration
actually measured in ART pregnancies, were 0.51 for
PAPP-A and 1.39 for free β-hCG. A meta-analysis of
first-trimester cases with trisomy 21 in spontaneously
conceived pregnancies found a median PAPP-A MoM
of 0.45 (n = 777) and a median free β-hCG of 1.98
MoM (n = 846)4 . Comparison of MoM values from
Down syndrome pregnancies between studies is difficult
due to the different pattern over time in aneuploidy
pregnancies (‘temporal variation’)41 . However, larger
cohorts of Down syndrome cases among ART pregnancies
are needed to be sure that the FPR is not downsized at the
expense of a lower detection rate.
In conclusion, we found that the FPR was significantly
increased in pregnancies conceived after IVF and ICSI.
Thus, it seems advisable to use a population of ART
pregnancies, preferably divided by type of treatment,
when establishing median curves for the first-trimester
serum screening markers and perhaps also for NT
thickness. However, care must be taken as the etiology
of the infertility and the response to the ART treatment
(e.g. the number of aspirated oocytes and development
of OHSS) may cause different changes in the screening
markers. Another issue is that low PAPP-A might be
used as a marker of obstetric complications later in
pregnancy37,42 and it is unlikely that first-trimester serum
markers in ART pregnancies should be adjusted for this
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purpose. Further studies aimed at detecting the cause(s)
of the altered screening parameters are needed in order to
adjust the first-trimester risk calculation properly.
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