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Objectives To evaluate the effect of in vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI)
on total hCG, free ß-hCG, AFP and unconjugated estriol (uE3) used as markers for second-trimester Down
syndrome maternal serum screening.

Methods Second-trimester maternal sera from 1515 singleton pregnancies (970 by IVF, 545 by ICSI) were
compared with control sera (21 014 cases). Free ß-hCG, total hCG, AFP and uE3 were compared between the
control group and the medically assisted reproduction groups. The percentages of at-risk patients (≥1/250)
were also compared.

Results No differences in values of the maternal serum markers were observed between the medically assisted
and control groups. When maternal age was taken into account, the screen-positive rate for Down syndrome
screening did not differ between the two groups.

Conclusion Patients undergoing assisted reproduction techniques can be counseled for maternal serum Down
syndrome screening with the same efficacy as patients with naturally conceived pregnancies. Copyright  2003
John Wiley & Sons, Ltd.
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INTRODUCTION

Maternal serum biochemical markers for Down syn-
drome screening are known to be associated with various
maternal factors. Some factors such as maternal weight
affect the distribution of maternal markers (Cuckle,
1995), others affect the initial risk of Down syndrome
due to maternal age, for example, a previous Down
syndrome-affected child (Arbuzova et al., 2001), and
others such as multiple pregnancy affect both marker
distribution and maternal age risk (Spencer et al., 1994;
Neveux et al., 1996; Meyers et al., 1997; Muller et al.,
2003). As part of the screening process, it is impor-
tant to know whether assisted reproduction techniques
have any effect on the distribution of biochemical mark-
ers that could result in a difference in screen-positive
and/or detection rates. In recent years, several publica-
tions (Ribbert et al., 1996; Heinonen et al., 1996; Frish-
man et al., 1997; Lam et al., 1999; Barkai et al., 1996;
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Wald et al., 1999; Maymon and Shulman, 2001; May-
mon and Shulman, 2002) have indicated that second-
trimester maternal serum marker levels are altered in dif-
ferent forms of assisted conception pregnancies, mainly
IVF (in vitro fertilization) with or without ICSI (intra-
cytoplasmic sperm injection). We therefore undertook a
study of a large number of patients treated by medically
assisted reproduction techniques.

MATERIAL AND METHODS

Data for this retrospective study were provided by 15 of
the 72 ABA laboratories authorized to carry out maternal
serum marker screening in France. A total of 1515
singleton pregnancies in which assisted reproduction
pregnancy was involved were identified during the
period 1996–2002. Cases in which embryo reduction
was performed were excluded. In the 1515 cases of
medically assisted reproduction, IVF was performed in
970 cases, and IVF plus ICSI in 545 cases.
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Information collected for each pregnancy included
maternal age, gestational age at maternal serum sam-
pling, serum marker profile in multiples of the gestation-
specific normal median (MoM), estimated Down syn-
drome risk. Although, the date of embryo transfer was
known, the gestational age was estimated by first-
trimester ultrasonography in all cases. Maternal serum
screening was based on a two-marker test in 1385
(91.4%) cases: alpha-fetoprotein (AFP) and free ß-
human chorionic gonadotrophin (hCG) in 522 (Perkin-
Elmer Life Sciences, Turku, Finland–dual kit); AFP
and total hCG in 863 (Abbott–Axsym; Perkin-Elmer;
Bayer–ACS180). A three-marker test was performed in
130 cases (8.6%): uE3, AFP and free ß-hCG (Perkin-
Elmer). Each laboratory used its own normal medi-
ans, maternal weight correction equations and dis-
tribution parameters to calculate multiple of median
(MoM). Estimated Down syndrome risk at the second
trimester was recalculated in all cases with the same
software (MultiCalc Perkin-Elmer) based on maternal
age and two markers AFP and hCG or free ß-hCG.
A 1/250 cut-off was adopted to define the screen-
positive group.

The control population (n = 21 014) consisted of
three groups defined by the markers tested: 13 332
patients screened by the double test AFP and total
hCG (Abbott; Roche), 6634 by the double test AFP
and free ß-hCG (Perkin-Elmer), and 1048 by the triple-
test AFP, total hCG and unconjugated estriol (Ortho
Clinical Diagnosis).

Log-transformed MoMs were used for comparisons.
Means for each marker were compared in medically
assisted reproduction patients and controls using Stu-
dent’s t-test. In the case of significance, analysis of
variance was completed by multiple comparison tests
using the contrast method. Between-group comparison
of the calculated risk adjusted for maternal age was per-
formed using the Cochran-Mantel-Haenszel Chi square
test. A p value <0.05 was considered statistically sig-
nificant. Statistical analyses were performed using SAS
v 8.2 software (SAS Institute Inc. USA).

RESULTS

Maternal age was statistically different in the medically
assisted reproduction groups and the control group
(Table 1).

The distribution of each marker in the medically
assisted reproduction and control groups was analyzed
and found to follow a normal law.

Medians, 5th and 95th percentiles of the four markers
and for the different groups are presented in Table 2. No
significant differences between the medically assisted
reproduction groups and the control population were
observed for any of the four marker values.

The number of patients included in the at-risk Down
syndrome group (calculated risk ≥1/250) differed signif-
icantly between the two groups (p < 0.0001), but this
difference disappeared when maternal age was taken into
account (Table 3).

Table 1—Maternal age of control and of medically assisted reproduction patients

Maternal age (years)

Median
(25th–75th percentile) Mean (±SD)

Control patients (n = 21 014) 30 (27–33) 29.9 (±4.9)
Medically assisted reproduction (n = 1515) 33 (30–35) 32.5 (±3.8)∗∗

IVF (n = 970) 33 (30–36) 32.7 (±4.1)∗∗
IVF + ICSI (n = 545) 32 (30–35) 32.2 (±3.7)∗∗

Comparison with control patients.
∗∗ p < 0.0001.

Table 2—Maternal serum marker values expressed in multiple of median (MoM) in patients with medically assisted reproduction

AFP
MoM

hCG
MoM

free ß-hCG
MoM

uE3
MoM

Control patients
n 21 014 13 332 6634 1048
Median (5th–95th percentile) 1.03 (0.61–1.90) 1.03 (0.38–2.32) 1.02 (0.41–3.02) 1.02 (0.63–1.58)

Medically assisted reproduction
n 1515 863 652 130
Median (5th–95th percentile) 0.96 (0.55–1.92) 1.06 (0.40–2.65) 1.08 (0.40–3.25) 0.95 (0.56–1.54)

IVF
n 970 480 490 88
Median (5th–95th percentile) 0.97 (0.55–2.06) 1.10 (0.41–2.74) 1.05 (0.39–3.36) 0.90 (0.55–1.42)

IVF + ICSI
n 545 383 162 42
Median (5th–95th percentile) 0.95 (0.53–1.78) 1.01 (0.38–2.40) 1.11 (0.39–3.18) 1.0 (0.56–1.90)

IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection.
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Table 3—Percentage of patients with calculated risk of trisomy 21 ≥ 1/250

MAR patients (n = 1515) Control patients (n = 21 014)

Percentage At risk ≥ 1/250 Percentage At risk ≥ 1/250

Total 100% 12.7% 100% 8.8%
<30 years 22.5% 3.1% 47.2% 3.0%
30–34 years 45.8% 9.1% 34.3% 7.9%
35–37 years 22.2% 18.7% 12.4% 17.7%
≥38 years 9.5% 39.3% 6.1% 40.2%

MAR = medically assisted reproduction.

Table 4—AFP and hCG MoM in assisted reproduction as reported in the literature

AFP hCG Free-ßhCG uE3

Studies IVF (n) Controls IVF Controls IVF Controls IVF Controls

Ribbert et al., 1996 0.89 (67) 1.00 1.28 (67) 1.00
Barkai et al., 1996 0.98 (327) 1.00 0.93 (298) 1.00 0.92 (261) 1.00
Heinonen et al., 1996 1.02 (41) 1.00 1.52 (41) 1.00
Frishman et al., 1997 0.95 (69) 1.03 1.22 (69) 0.99 0.90 (69) 0.98
Lam et al., 1999 0.88 (42) 0.94 1.15 (42) 0.94
Wald et al., 1999 0.99 (151) 1.00 1.14 (151) 1.00 1.09 (151) 1.00 0.94 (151) 1.00
Maymon and Shulman, 2001 1.04 (46) 1.00 1.38 (46) 0.99 1.11 (46) 1.01
Bar-Hava et al., 2001 1.13 (70) 1.02 1.31 (70) 0.95 0.98 (70) 1.01
Perheentupa et al., 2002 0.98 (96) — 1.20 (96) —
Raty et al., 2002 0.95 (58) 1.00 1.19 (58) 1.00
Overall 0.98 (967) 1.00 1.21 (939) 0.99 1.14 (209) 1.00 0.93 (597) 1.00
Present study 0.97 (970) 1.03 1.10 (480) 1.03 1.05 (490) 1.02 0.90 (88) 1.02

DISCUSSION

In this study, the differences observed (6% lower in
AFP, 7% higher in hCG, 12% lower in uE3) between
the medically assisted reproduction and control groups
in the four markers of second-trimester Down syndrome
maternal serum screening were not statistically signifi-
cant. However, they tended to be in the same direction
as in many previously published studies (see Table 4).
The number of IVF patients included in these studies
(41 to 69) was probably too small, because in one study
with more patients (Barkai et al., 1996) median values
of AFP and hCG were not statistically different from
controls, as in the present study.

The same discrepancies were noted in the number of
at-risk patients. Frishman et al. (1997) and Wald et al.
(1999) observed a higher percentage than in control
groups (30.4% vs. 14.4% and 27.8% vs. 16.6%, respec-
tively) in age-matched comparisons, and Heinonen et al.
(1996) reported percentages of 26.8% versus 6.6% in
a nonage-matched population. The small study popu-
lations are sufficient to explain these differences and
when a standardized maternal age distribution was used,
Wojdemann et al. (2001) observed no difference (4.7%
vs. 4.9%). The values observed for IVF plus ICSI are
not discussed here due to the small (23 to 48) study
populations (Lam et al., 1999; Perheentupa et al., 2002;
Raty et al., 2002).

The same discrepancies between studies were
observed during the first trimester, as Orlandi et al.
(2002) observed no difference in free ß-hCG and a

21% difference in PAPP-A, and Wojdemann et al.
(2001) observed no difference with the same markers.
Studies based on first-trimester nuchal translucency
measurement also presented discrepancies, probably
because of small study populations (Maymon et al.,
1999; Orlandi et al., 2002).

In conclusion, second-trimester Down syndrome
maternal serum screening can be used in medically
assisted reproduction patients (IVF or IVF plus ICSI)
with the same efficiency as in controls.
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