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Ethnicity and the need for correction of biochemical and
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Objectives To assess whether there is a need to correct first-trimester biochemical markers (free β-hCG and
pregnancy-associated plasma protein-A (PAPP-A)) or first-trimester fetal nuchal translucency thickness (NT)
in different ethnic groups, when screening for Downs syndrome at 11–14 weeks of gestation.

Methods Free β-hCG, PAPP-A and fetal NT were measured at 11–14 weeks of gestation in a group of
women presenting for first-trimester screening in two OSCAR centres. The group comprised 61 219 sets
of data from Caucasian women (the reference group); 4835 sets of data from South Asian women; 3450
sets of data from Oriental women and 2727 sets of data from Afro-Caribbean women. The Oriental data
set was supplemented with a further 480 cases collected in Hong Kong and the Afro-Caribbean data set
was supplemented with 216 cases collected from Kings College. The difference in marker values between
the reference group and the other ethnic groups was compared before and after weight correction for the
biochemical markers using standard statistical techniques. A correction factor for ethnic origin was applied for
all three markers and the screen-positive rate before and after correction was assessed for the various groups.

Results After maternal weight correction, in Afro-Caribbean women, the median PAPP-A was increased by
55% and the free β-hCG increased by 11%. In south Asian women, the PAPP-A was increased by 8% and the
free β-hCG decreased by 7.5%. In Oriental women, the PAPP-A was increased by 9% and the free β-hCG by
6%. For delta NT in Afro-Caribbean women, the values were 0.064 mm lower on average than in Caucasian
women and for south Asian women 0.045 mm lower. The difference of −0.012 for Oriental women was not
significant. Before correcting for ethnic origin, these changes resulted in the screen-positive rates being lower
in the Afro-Caribbean group (3.7% vs 5.6%), the south Asian group (4.3% vs 5.6%) and Oriental group (4.9%
vs 5.6%). After correction, the screen-positive rates were largely similar in the four groups.

Conclusion Differences in median PAPP-A, free β-hCG and, to a lesser extent, in NT exist in Afro-Caribbean,
South Asian and Oriental women. In populations where the medians and delta NT reference ranges are
established in predominantly Caucasian populations, some correction for ethnicity is appropriate and can
redress differences in screen-positive rates between these different groups. Copyright  2005 John Wiley &
Sons, Ltd.
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INTRODUCTION

In the second trimester of pregnancy, when using mater-
nal serum biochemical markers to screen for trisomy
21, it is well documented that ethnic differences in bio-
chemical marker levels exist for Afro-Caribbean, South
Asian, Oriental and Hispanic women (Johnson, 1985;
Baumgarten, 1986; Wald and Cuckle, 1987; Canick
et al., 1990; Simpson et al., 1990; Muller and Boue,
1990; Bogart et al., 1991; Burton and Nieb, 1991; Kulch
et al., 1993; Watt et al., 1996; O’Brien et al., 1997;
Muller et al., 1994; Onda et al., 1996; Hseih et al.,
1995). Furthermore, the differences, when compared to
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Caucasian women, cannot be explained solely by differ-
ence in maternal weight (Watt et al., 1996; Bryne et al.,
1997; Bryant-Greenwood et al., 1998). An allowance
for such variation between ethnic groups can be made
by either producing specific medians for each ethnic
group (Bryant-Greenwood et al., 1998) or by an indirect
method of adjusting the measured multiple of the median
(MoM) in any one ethnic group back to the equivalent in
a Caucasian population (Watt et al., 1996). Despite these
well-known differences and published methods of cor-
rection, correcting for ethnic origin is rarely applied in
screening algorithms in the United Kingdom [Worthing-
ton DJ, Ellis AE; 2003 UKNEQAS survey, personal
communication], presumably because it has been felt
that correcting for ethnicity brings about only a very
small (0.5%) adjustment to the false-positive rate (Watt
et al., 1996).
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More recently, attention has focussed on moving
screening from the second trimester into the first
trimester, where a combination of maternal serum bio-
chemical markers and the ultrasound marker fetal nuchal
translucency thickness has been shown in retrospec-
tive (Spencer et al., 1999) and prospective studies
(Spencer et al., 2000a; Spencer et al., 2003a; Bindra
et al., 2002) to achieve detection rates of 90% for a
5% screen-positive rate when screening for trisomy
21. Small preliminary studies of biochemical marker
variation with ethnicity have been published (Spencer
et al., 2000b), indicating some potentially greater varia-
tion than observed in the second trimester. Similarly, a
small number of studies have examined the influence of
ethnic origin on nuchal translucency screening (Thila-
ganathan et al., 1998; Chen et al., 2002) and concluded
that, despite some significant differences between eth-
nic groups, these differences were too small to require
correction.

The aim of this present study was to extend our pre-
vious study of ethnicity and first-trimester biochemical
markers to include fetal nuchal translucency thickness
in a relatively larger population of women screened.

METHODS

All pregnant women who attend for maternity care at
Harold Wood Hospital are offered screening for chro-
mosomal anomalies by a combination of fetal nuchal
translucency thickness and maternal serum free β-hCG
and pregnancy-associated plasma protein-A (PAPP-A)
in a one-stop (OSCAR) clinic (Spencer, 1998; Spencer
et al., 2000a; Spencer et al., 2003a) using the Kryptor
analyser (Brahms AG, Berlin, Germany) for rapid bio-
chemical measurement (Spencer et al., 1999; Spencer,
2001). Additionally, this centre also provides screening
services to a number of other hospitals with screen-
ing results returned the same day as the blood sam-
ple is received. Demographic data, ultrasound find-
ings and the results of biochemical testing along with
pregnancy outcome are logged onto a networked fetal
database. Fetal nuchal translucency was measured in
all centres using standardised procedures by sonogra-
phers who had obtained The Fetal Medicine Founda-
tion (FMF) Certificate of Competence in the 11- to
14-week scan [www.fetalmedicine.com]. At the Fetal
Medicine Centre (London), a second OSCAR clinic runs
screening of women referred for private screening using
exactly the same procedures. A search was made of
the databases at each site to identify all singleton preg-
nancies that had first-trimester screening and for which
a normal pregnancy outcome unaffected by chromo-
somal anomalies was confirmed and for which ethnic
origin data was known. Ethnicity classification included
Caucasian, south Asian (Indian, Pakistani, Bangladeshi),
Afro-Caribbean, Oriental (Chinese, Korean, Japanese)
and two general classifications of others or ethnicity
not known. The essential data comprised those women
who were screened as part of previously reported out-
come studies (Bindra et al., 2002; Spencer et al., 2003a)

plus those referred to Harold Wood from non-OSCAR
centres.

In Hong Kong, a similar program of ultrasound
measurement of nuchal translucency according to the
FMF protocol was introduced by obstetricians who also
had obtained the FMF Certificate of Competence. At
the same time as the fetal nuchal translucency (NT)
was measured, a blood sample was collected and stored
for analysis of the maternal serum biochemical markers
at a later date. Serum samples were stored at −20 ◦C.
Serum samples from ethnically Oriental women with a
singleton chromosomally normal fetus were retrieved for
shipping frozen to the Harold Wood testing centre where
they were analysed using the same Kryptor analyser
technique.

To supplement the group of Afro-Caribbean women,
samples were collected from women attending the
routine prenatal clinic at Kings College Hospital where
the routine screening procedure was by NT only. At the
same time as the fetal NT was measured, a blood sample
was collected and stored for analysis of the maternal
serum biochemical markers at a later date. Serum
samples were stored at −20 ◦C. Serum samples from
Afro-Caribbean women with a singleton chromosomally
normal fetus were retrieved for shipping frozen to the
Harold Wood testing centre were they were analysed
using the same Kryptor analyser technique.

Statistical analysis

All biochemical markers were converted to MoM values
using the median values derived from a previous study
of unaffected pregnancies with gestations calculated
from crown-rump length (CRL) (Spencer et al., 2000b).
MoM values were calculated with and without correction
for maternal weight. MoM values were corrected for
maternal weight by the log-linear correction procedure
with parameters derived in a predominantly (95%)
Caucasian population from a previous study (Spencer
et al. 2003b). For fetal NT, to take account of gestational
variation in NT, we expressed the measure fetal NT as
the difference from the normal median NT (Snijders
et al., 1999) at the measured CRL, this being the
delta NT. The delta NT approach has been shown
to be more appropriate than the MoM approach for
handling NT data and calculating accurate patient-
specific risks (Spencer et al., 2003c). Patient-specific
risks were calculated using the FMF algorithm and the
a priori maternal age and gestational age-specific risks
of Snijders et al. (1999).

In order to assess the impact of changes in marker
levels on the false-positive rate in different ethnic
groups, we have used standard statistical modelling
techniques (Royston and Thompson, 1992), as used in
our previous study (Spencer et al., 2000b). In summary,
we used the population parameters from a large study of
trisomy 21 cases with associated controls (Spencer et al.,
1999). Using these parameters, a series of 15 000 random
MoM values were selected from within the Gaussian
distribution of affected and unaffected pregnancies.
These values were used to calculate a likelihood ratio,
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which was then used together with the age-related risk of
trisomy 21 in the first trimester (Snijders et al., 1999) to
calculate the expected detection rate and false-positive
rates in a population with the maternal age distribution in
England and Wales (Office for National Statistics, 2004).

RESULTS

From the database, a total of 61 219 sets of data from
Caucasian women with singleton pregnancies unaffected
by chromosomal anomalies were available for analysis,
along with 4835 sets of data from south Asian women
(Indian, Pakistani, Bangledeshi), 3450 sets of data from
Oriental women supplemented by a further 480 cases
collected in Hong Kong and 2727 sets of data from
Afro-Caribbean women supplemented by a further 216
cases collected at Kings College Hospital. The general
population description is outlined in Table 1.

The average weight in Afro-Caribbean women can
be seen to be 4.6 kg heavier than Caucasian women.
In Oriental women, the average weight was 9.2 kg
lighter and in Asian women 6.9 kg lighter compared to
Caucasian women. Also of significant note is the ethnic
differences in smoking incidence, with Asian and Afro-
Caribbean women smoking significantly less than the
Caucasian or Oriental groups (p < 0.0001, chi square).
In all other regards, the groups were largely similar.

For the Caucasian group, the median free β-hCG
weight corrected MoM was 1.038 (95% CI 1.033–1.044)
and uncorrected was 1.053 (CI 1.047–1.060). The
median PAPP-A weight corrected MoM was 1.029
(CI 1.024–1.034) and uncorrected was 1.032 (CI
1.024–1.038).

Tables 2 to 4 show for each ethnic group, the median
marker MoMs for PAPP-A and free β-hCG before and
after weight correction, expressed as a ratio to the
median in the Caucasian group. The tables also show
the pre : post correction ratio.

In Afro-Caribbean women, before weight correction,
the median free β-hCG was 8% higher than in Cau-
casians and the PAPP-A 49% higher. In Asian women,
the free β-hCG was the same as in Caucasians, but
the PAPP-A was 19% higher. In Oriental women, the
free β-hCG was 14% higher and the PAPP-A was 23%
higher. After weight correction in the Afro-Caribbean
group, the difference was not significantly altered with
a free β-hCG increase of 11% and a PAPP-A increase
of 55%. In Asian women, maternal correction reduced
the increased PAPP-A from 19 to 8%, but resulted in the
free β-hCG being 8% lower than in Caucasians. In the
Oriental group, weight correction reduced the increased

Table 2—Variation in first-trimester biochemical marker levels
in Afro-Caribbean women compared with Caucasian women

Marker
Non-weight

corrected
Weight

corrected

Ratio of
weight corrected:

non-weight
corrected MoM

Free β-hCG 1.082 1.107 1.02
PAPP-A 1.487 1.553 1.04

Table 3—Variation in first-trimester biochemical marker levels
in Asian women compared to Caucasian women

Marker
Non-weight

corrected
Weight

corrected

Ratio of
weight corrected:

non-weight
corrected MoM

Free β-hCG 1.002 0.925 0.92
PAPP-A 1.187 1.082 0.91

Table 4—Variation in first-trimester biochemical marker levels
in Oriental women compared to Caucasian women

Marker
Non-weight

corrected
Weight

corrected

Ratio of
weight corrected:

non-weight
corrected MoM

Free β-hCG 1.142 1.061 0.93
PAPP-A 1.232 1.093 0.88

PAPP-A from 23 to 9% and reduced the 14% increased
free β-hCG to a 9% increase.

When the maternal weight corrected log MoMs for
each ethnic group were compared with the Caucasian
group using unpaired t-tests of unequal variance, the
differences for both free β-hCG and PAPP-A were
highly significant (p < 0.0001).

In the Afro-Caribbean group, the mean delta NT
was significantly lower by 0.0638 mm than in the
Caucasian group (p < 0.001, z -test), and, in the Asian
group, the mean delta NT was also significantly lower by
0.0453 mm than in the Caucasian group (p < 0.001, z -
test). In the Oriental group, the difference of -0.012 mm
was not significantly different (p = 0.0924, z -test). Such
a combination of reduced Delta NT and increased
levels of PAPP-A would lead to an expected lower
screen-positive rate and a likely lowered detection rate
and false-positive rate when screening non-Caucasian
populations. Using a mathematical modelling approach,
we estimate that in an Afro-Caribbean population the

Table 1—Description of the study population

Ethnic
group Number % Smokers

Mean weight
(median) kg

Mean gestation
(median) days

Mean CRL
(median) mm

Mean age
(median) years

Caucasian 61 219 12.8 67.3 (64.2) 87.4 (87) 62.3 (62) 31.6 (32)
Afro-Caribbean 2943 4.6 71.9 (69.8) 88.8 (89) 65.2 (65) 30.8 (31)
Oriental 3925 13.5 59.1 (56.4) 88.2 (88) 63.6 (63) 30.3 (31)
Asian 4835 2.1 60.4 (59) 88.8 (88) 63.2 (63) 29.6 (30)
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detection rate (at a fixed 5% false-positive rate) will be
some 4% lower than in a Caucasian population, while
in Asian or Oriental populations, this will be some 2%
lower.

We applied a correction factor to the various eth-
nic groups by either correcting the biochemical marker
MoMs by dividing the measured MoM by the difference
between the median MoM in the group and that for Cau-
casians or by adding the difference in delta NT between
the group and that for Caucasians to the measured delta
NT. The individual adjusted data sets were then used to
calculate a revised patient-specific risk and the screen-
positive rate before and after correction were compared
after adjusting this for age standardisation (Cuckle et al.,
2004), the results are summarised in Table 5. The results
show that correcting for ethnic origin would bring the
screen-positive rates much closer together.

DISCUSSION

We have shown in a previous small study (Spencer et al.,
2000b) that ethnic difference in first-trimester biochemi-
cal marker levels may certainly exist for Afro-Caribbean
women where the PAPP-A level was shown to be some
57% higher and the free β-hCG level was some 21%
higher. In Asian women, we also showed that PAPP-A
levels were possibly also increased by some 17% with
free β-hCG levels being only slightly higher (4%) than
in Caucasian women. A pattern of ethnic differences
in marker levels has also been described in the sec-
ond trimester for Afro-Caribbean, south Asian, Oriental
and Hispanic women (Watt et al., 1996; Bryne et al.,
1997; Bryant-Greenwood et al., 1998), and these differ-
ences could not be explained solely by differences in
maternal weight. In our much larger study of groups of
Asian, Oriental and Afro-Caribbean women, we have
confirmed the previous observation of elevated mater-
nal weight-corrected PAPP-A MoMs in Afro-Caribbean
women. The level of increase is very similar (55% vs
57%) to our previous estimates. The current estimate
for free β-hCG is slightly lower than previously (11%
vs 21%), being similar to that observed in the second
trimester (Watt et al., 1996). For Asian women, our
revised estimate for PAPP-A is slightly lower than the
previous one (8% vs 17%), whilst in this much larger
series, we now find that the free β-hCG levels are some
7.5% lower than in Caucasian women, being similar to
that observed in the second trimester (Watt et al., 1996).
Our previous study did not include Oriental women and

Table 5—Screen-positive rates (%) in different ethnic groups
before and after correction

Ethnic group

Screen-positive
rate (%) before

correction

Screen-positive
rate (%) after

correction

Afro-Caribbean 3.7 5.9
Asian 4.3 5.9
Oriental 4.9 5.3
Caucasian 5.6 5.6

our present estimate of a 6% increase in free β-hCG
levels is similar to a recent report of a 15% increase in
the first trimester (Leung et al., 2004) and 18% in the
second trimester (Hseih et al., 1995). Increased levels
of PAPP-A were also reported by Leung et al. (Leung
et al., 2005), although we observed only a 9% increase
rather than the 23% observed by these workers.

Very little data has been published with respect to
ethnicity and NT. Thilaganathan et al. (1998) reported
small, but significant, differences in NT between ethnic
groups, but concluded that the differences were too
small to require correction. In their study of a few
hundred cases in each ethnic group, they found that in
African and Caribbean women, NT MoM was lower
by some 5 and 3%, whilst in Asian women, they
observed a 3% increase compared to Caucasian women.
In another study of Oriental women and Asian women
(Chen et al., 2002), Oriental women were shown to
have 3% higher NT MoMs than Caucasian women
and Asians had 2% lower NT MoMs, although the
reference Caucasian group was very small (107 cases).
The results of this present study are in agreement with
those of Thilaganathan et al. in that NT measurements
do appear to be smaller in Afro-Caribbean women, but
the difference between Oriental women and Caucasian
women is very small and that for Asians is lower,
but intermediate between Afro-Caribbean and Oriental
women.

The overall impact of these changes in both maternal
serum biochemical markers and that of NT thickness
would lead, on the whole, to a decrease in the screen-
positive rate in these ethnic groups, matched by a
marginal decrease in the detection rate. While the
estimated change in detection rate of 2 to 4% is small,
there is, in this population, a 33% lower screen-positive
rate in Afro-Caribbean women, a 23% lower screen-
positive rate in Asian women and a 12% lower screen-
positive rate in Oriental women compared to Caucasian
women. Correcting for ethnicity would redress this
imbalance in screen-positive rate between the various
groups and, while not necessarily having a dramatic
effect at the population level, would, nevertheless, have
a significant impact on individual patient-specific risk,
which could alter clinical decision making (Spencer
et al., 2000b).
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