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Abstract

Objective: To establish a reference distribution of maternal
serum alpha-fetoprotein (AFP) at 11-13 weeks’ gestation and
define the contribution of maternal variables that influence
the measured concentration of AFP. Methods: Serum con-
centration of AFP at 11-13 weeks was measured in 1,500 sin-
gleton pregnancies which were not complicated by hyper-
tensive disorders or diabetes mellitus and resulted in the live
birth at or after 37 weeks of phenotypically normal neonates
with birth weights above the 5th and below the 95th percen-
tile. Multiple regression analysis was used to account for ma-
ternal characteristics that influence the measured concen-
tration of AFP and a distribution of log multiples of the me-
dian (MoM) values was fitted. Results: Log,q AFP increased
with gestational age, decreased with maternal weight and
was significantly affected by maternal racial origin, smoking
status and method of conception. Compared with values in
Caucasian women who were non-smokers and conceived
spontaneously, AFP MoM was on average 23% higher in Af-
ro-Caribbeans and 8% lower in East Asians, 11% higher in

smokers and 10% higher in those conceiving by in vitro fer-
tilization. Conclusion: In normal pregnancies at 11-13 weeks,
serum AFP increases with gestational age and is affected by
maternal race, weight, smoking status and method of con-

ception. Copyright © 2011 S. Karger AG, Basel

Introduction

Measurement of maternal serum alpha-fetoprotein
(AFP) during the second trimester of pregnancy has
been shown to be useful in screening both for aneuploi-
dies and neural tube defects [1-3]. Additionally, in preg-
nancies with normal fetuses, high serum AFP is associ-
ated with increased risk for adverse pregnancy outcome,
including fetal death, preeclampsia, preterm delivery
and fetal growth restriction [4, 5]. In the last few years,
the introduction of successful second-trimester sono-
graphic diagnosis of neural tube defects [6, 7] and the
improved detection of aneuploidies by a combination of
fetal nuchal translucency (NT) thickness and maternal
serum free 3-hCG and pregancy-associated plasma pro-
tein-A (PAPP-A) at 11-13 weeks’ gestation, compared to
second-trimester biochemical testing, have reduced the
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use of serum AFP [8, 9]. However, recent evidence sug-
gests that in pregnancies resulting in spontaneous early
preterm delivery, the maternal serum AFP at 11-13
weeks’ gestation is increased and this measurement im-
proves the prediction of preterm delivery provided by
maternal characteristics and obstetric history alone [10].
Additionally, there is evidence that in trisomy 21 preg-
nancies, the maternal serum level of AFP is reduced not
only in the second trimester but also in the first trimester
and it is possible that measurement of serum AFP may
improve the performance of the combined test at 11-13
weeks [11].

The aim of this study is to establish a normal range of
maternal serum AFP at 11-13 weeks’ gestation and define
the contribution of maternal variables that influence the
measured concentration of AFP. This will form the basis
for subsequent studies examining the potential value of
serum AFP in the prediction of adverse pregnancy out-
come.

Methods

This study is drawn from a large prospective screening study
for adverse obstetric outcomes in women attending for their rou-
tine first hospital visit in pregnancy at King’s College Hospital,
London, UK. In this visit, which is held at 11+0-13+6 weeks of
gestation, we recorded maternal characteristics and performed an
ultrasound scan to confirm gestational age from the measure-
ment of the fetal crown-rump length, to diagnose any major fetal
abnormalities, and to measure fetal nuchal translucency thick-
ness and maternal serum free 3-hCG and PAPP-A as part of
screening for chromosomal abnormalities [8, 9, 12, 13]. Addition-
ally, blood was collected for research and the separated plasma
and serum were stored at -80°C for subsequent biochemical anal-
ysis. Written informed consent was obtained from the women
agreeing to participate in the study, which was approved by King’s
College Hospital Ethics Committee.

Maternal characteristics recorded were age, racial origin (Cau-
casian, Afro-Caribbean, South Asian, East Asian and mixed),
smoking status during pregnancy (yes or no) and method of con-
ception (spontaneous or assisted conception requiring the use of
ovulation drugs or in vitro fertilization). The maternal weight and
height were measured at the time of screening. Data on pregnan-
cy outcome were collected from the hospital maternity records or
the general medical practitioners of the women.

Study Population

During the study period (March 2006 to July 2010) we exam-
ined 44,982 singleton pregnancies with a live fetus at 11+0-13+6
weeks. We searched the database and selected pregnancies which
were not complicated by hypertensive disorders or diabetes mel-
litus and resulted in the live birth at or after 37 weeks of pheno-
typically normal neonates with birth weight above the 5th and
below the 95th percentile. On the basis of published data from the
second trimester, maternal serum AFP is affected by maternal
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racial origin, smoking status and method of conception. Conse-
quently, we selected pregnancies with the aim of investigating
these effects in the first trimester. We selected at random 1,200
pregnancies that were conceived spontaneously and the women
did not smoke, including 300 from each of the four racial groups
(Caucasian, Afro-Caribbean, South Asian and East Asian). Ad-
ditionally, we selected 300 pregnancies from Caucasian women,
including 100 from each of the following groups: smokers with
spontaneous conceptions, non-smokers who conceived by ovula-
tion induction, and non-smokers who conceived by in vitro fer-
tilization.

Maternal serum AFP was measured using the DELFIA
XPRESS analyzer (PerkinElmer Life and Analytical Sciences,
Waltham, Mass., USA). None of the samples were previously
thawed and refrozen.

Literature Search

We searched MEDLINE and EMBASE from January 1970 to
May 2011 to identify studies reporting on the association between
serum AFP concentration and maternal characteristics.

Statistical Analyses

The distribution of serum AFP was logarithmically trans-
formed to obtain a symmetric distribution of residuals with ap-
proximately constant standard deviation. This was assessed by
inspecting histograms and probability plots. Multiple regression
analysis of log-transformed values was carried out to determine
the maternal characteristics that provide a significant contribu-
tion to the measured concentration of AFP and to derive the esti-
mates of parameters required to produce log multiple of the me-
dian (MoM) AFP [14]. Prior to performing the multiple regression
analysis, maternal weight was centered by subtracting the mean
from each value and in case of gestational age, 77 was subtracted
from each value to allow for assessment of weekly increase in ma-
ternal serum AFP compared to values at 11 weeks. We examined
whether the association with the log-transformed value was linear
or nonlinear and in the case of maternal weight, a quadratic term
was used.

The measured concentrations of serum PAPP-A and free B-
hCG were adjusted for maternal characteristics and MoM values
were derived as previously described [12]. Correlations of log;o
AFP MoM with log;y PAPP-A MoM and logy, free B-hCG MoM
were estimated.

Results

Maternal characteristics of the study population are
summarized in table 1. Maternal serum AFP concentra-
tions increased with gestational age by an estimated 37%
per week (95% confidence interval 27-38%) and de-
creased with maternal weight (fig. 1, 2). Multiple regres-
sion analysis demonstrated that log;, AFP was signifi-
cantly associated with gestational age at sampling, mater-
nal weight, racial origin, smoking status and method of
conception. The regression model for the fitted mean
log,o AFP concentration is summarized in table 2.
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Fig. 1. Relationship of maternal serum AFP concentration with
gestational age.

Table 1. Characteristics of the study population (n = 1,500)

Maternal age, years
Maternal weight, kg

31.7 (27.3-35.5)
62.5 (56.0-71.0)

Gestational age at sampling, days 89 (86-92)
Racial origin
Caucasian 600 (40.0)
Afro-Caribbean 300 (20.0)
South Asian 300 (20.0)
East Asian 300 (20.0)
Cigarette smokers 100 (6.7)
Method of conception
Spontaneous 1,300 (86.6)
Ovulation induction 100 (6.7)
In vitro fertilization 100 (6.7)

Gestational age at delivery, weeks
Birth weight percentile

40.2 (39.3-41.0)
44.6 (26.5-63.0)

Values are medians (IQR) or numbers (%).

Compared with values in Caucasian women who were
non-smokers and conceived spontaneously, AFP MoM
was on average 23% higher in women of Afro-Caribbean
racial origin and 8% lower in East Asians, 11% higher in
smokers and 10% higher in those conceiving by in vitro
fertilization (fig. 3).

In the study population the median free 3-hCG MoM
was 1.02 (IQR 0.69-1.55) and the median PAPP-A MoM
was 1.02 (IQR 0.71-1.43). The distributional characteris-
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Fig. 2. Relationship of maternal serum AFP concentration with
maternal weight.
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Fig. 3. Estimated effects with 95% confidence interval on serum
AFP of different racial origins relative to Caucasians, of smokers
relative to non-smokers and of conception by ovulation induction
and in vitro fertilization relative to spontaneous conception.

tics oflog;o MoM AFP by gestational week and overall are
given in table 3.

The results of the literature search on the association
between serum AFP concentration and maternal race,
smoking status and method of conception are summa-
rized in table 4 [15-39].
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Table 2. Fitted regression model for maternal serum AFP in the study population

Coefficient Log scale MoM scale
estimate 95% confidence interval estimate 95% confidence interval

Constant 0.834515 0.799686 to 0.869344 6.30501 to 7.401909
Gestational age (days) - 77 0.017114 0.014811 to 0.019416 1.03469 to 1.045722
Maternal weight (kg) - 69 -0.003455 -0.004330 to -0.002580 0.99008 to 0.994077
(Maternal weight (kg) - 69)> -0.000015 -0.000056 to 0.000026 0.99987 to 1.000059
Cigarette smoker 0.043371 0.001128 to 0.085615 1.1050 1.0026 to 1.2179
Conception by in vitro fertilization 0.042319 -0.000646 to 0.085285 1.1024 0.9985 to 1.2170
Conception by ovulation drugs -0.025372 -0.067296 to 0.016552 0.9433 0.8565 to 1.0389
Afro-Caribbean racial origin 0.090205 0.060081 to 0.120329 1.2309 1.1484 to 1.3193
South Asian racial origin -0.001443 -0.032512 t0 0.029626 0.9218 0.8569 to 0.9917
East Asian racial origin -0.035355 -0.067068 to —0.003643 0.9967 0.9279 to 1.0706

Table 3. Distributional parameters of logl0 MoM AFP (estimates and 95% confidence intervals)

Week n Standard deviation Correlation with Correlation with

log MoM PAPP-A log MoM free 3-hCG
11 171 0.2103 (0.1902 to 0.2353) -0.1496 (-0.2931 to 0.0005) -0.1122 (-0.2580 to 0.0385)
12 858 0.2023 (0.1931 to 0.2123) -0.0068 (-0.0737 to 0.0601) -0.0121 (-0.0789 to 0.0549)
13 471 0.1810 (0.1700 to 0.1933) 0.1056 (0.0154 to 0.1941) 0.0599 (-0.0306 to 0.1494)
All 1,500 0.1967 (0.1899 to 0.2040) 0.0084 (-0.0422 to 0.0590) -0.0020 (-0.0527 to 0.0486)

Table 4. Summary of second-trimester studies on the median serum AFP MoM in women of Afro-Caribbean racial origin compared
to Caucasians, smokers compared to non-smokers and pregnancies conceived by in vitro fertilization compared to spontaneous con-

ceptions (in the control groups, the median MoM is 1.0)

Author Target Reference AFP Author Target Reference AFP
MoM MoM
Afro-Caribbean race compared to Caucasians In vitro fertilization compared to spontaneous conception
Macri et al., 1976 [15] 46 59 1.07 Barkai et al., 1996 [28] 327 32,623 0.98
Crandal et al., 1983 [16] 288 4,822 1.11* Riddert et al., 1996 [29] 67 4,732 0.89*
Baumgarten, 1986 [17] 773 14,378 1.20* Frishman et al., 1997 [30] 69 - 0.92
Benn et al.,, 1997 [18] 746 7,560 1.10* Wald et al., 1999 [31] 151 755 0.99
O’Brien et al., 1997 [19] 12,155 56,134 1.13* Lam et al., 1999 [32] 42 2,799 0.94
Smok dt P Bar-Hava et al., 2001 [33] 70 70 1.11
mokers compared o non-smokers Maymon and Shulman, 2001 [34] 46 - 1.04*
Thomsen et al., 1983 [20] 120 138 1.22%
Perheentupa et al., 2002 [35] 96 - 0.98
Cuckle et al., 1990 [21] 66 319 1.07* %
Maymon and Shulman, 2002 [36] 71 285 1.06
Bartels et al., 1993 [22] 1,018 4,131 1.05* Rity et al., 2002 [37] 58 6.548 0.95
Spencer, 1998 123] WL 2% 03T Mulleretal, 2003 (3] 970 21014 094
erona et al,, 1998 [24] ’ ’ LO3™ " Rice et al,, 2005 [39] 88 596 099
Hafner et al., 1999 [25] 327 1,147 1.00
Crossley et al., 2002 [26] 671 1,514 1.05
Rudnicka et al., 2002 [27] 1,842 6,937 1.05*
* Significant difference from controls.
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Discussion

This study has established a reference distribution for
maternal serum AFP at 11-13 weeks’ gestation. In normal
singleton pregnancies, serum AFP increases with fetal
gestational age, decreases with maternal weight and is af-
fected by maternal race, smoking status and method of
conception. The serum AFP levels were not significantly
associated with serum PAPP-A or free B-hCG.

In women of Afro-Caribbean racial origin, serum
AFP at 11-13 weeks was on average 23% higher than in
Caucasians. This increase is larger than that suggested in
studies of second-trimester pregnancies in which the re-
ported level of serum AFP in women of Afro-Caribbean
origin was 10-20% higher than in Caucasians [15-19].
Additionally we found that in women of South Asian or-
igin, the levels were similar to those in Caucasians, but in
East Asians, serum AFP was reduced by about 8%. There
is no obvious explanation for such racial differences in
serum AFP, but these have also been reported for oth-
er fetoplacental products. In normal pregnancy, serum
PAPP-A at 11-13 weeks was 57% higher in women of Af-
ro-Caribbean origin, 3% higher in South Asians and 9%
higher in East Asians, compared to Caucasians [12]. Sim-
ilarly, free B-hCG was 12% higher in women of Afro-Ca-
ribbean origin, 9% lower in South Asians and 8% higher
in East Asians [12].

In cigarette smokers at 11-13 weeks, serum AFP was
on average 11% higher than in non-smokers. In most pre-
vious studies of second-trimester pregnancies, the serum
AFP in smokers was 2-6% higher than in nonsmokers
[20-27]. It therefore appears that the effect of smoking
on AFP may decrease with gestational age. Smoking is
known to affect serum levels of several biochemical
markers used in screening for aneuploidies, including in-
crease in serum inhibin-A and decrease in unconjugated
estriol and free B-hCG in the second trimester [27] and
decrease in both serum PAPP-A and free 3-hCG at 11-13
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