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ABSTRACT

Objectives To use multiple regression analysis to define
the contribution of maternal variables that influence the
measured concentration of free beta-human chorionic
gonadotropin (β-hCG) and pregnancy-associated plasma
protein-A (PAPP-A), and the interaction between these
covariates, in first-trimester biochemical screening for
trisomy 21.

Methods This was a multicenter study of prospec-
tive screening for trisomy 21 by a combination
of fetal nuchal translucency thickness, and mater-
nal serum free β-hCG and PAPP-A at 11 + 0 to
13 + 6 weeks of gestation. In the pregnancies subse-
quently found to have trisomy 21 and in those with
no obvious chromosomal abnormality, we used multi-
ple regression analysis to account for pregnancy char-
acteristics that influence the measured concentrations
of free β-hCG and PAPP-A. We fitted Gaussian dis-
tributions to the distribution of log multiples of the
median (MoM) values in trisomy 21 and in unaffected
pregnancies.

Results There were 491 cases of trisomy 21 and 96 803
chromosomally normal pregnancies. Compared with
values in Caucasian women, those who were parous,
non-smokers and those who conceived spontaneously,
PAPP-A was 57% higher in women of Afro-Caribbean
origin, 3% higher in South Asians, 9% higher in East
Asians, 2% higher in nulliparous women, 17% lower in
smokers and 10% lower in those conceiving by in-vitro
fertilization (IVF). Free β-hCG was 12% higher in women
of Afro-Caribbean origin, 9% lower in South Asians, 8%

higher in East Asians, 2% higher in nulliparous women,
4% lower in smokers and 9% higher in those conceiving
by IVF. In screening for trisomy 21 by maternal age and
serum free β-hCG and PAPP-A the estimated detection
rate was 65% for a false-positive rate of 5%.

Conclusions In first-trimester biochemical screening for
trisomy 21 it is essential to adjust the measured values
of free β-hCG and PAPP-A for maternal and pregnancy
characteristics. Copyright  2008 ISUOG. Published by
John Wiley & Sons, Ltd.

INTRODUCTION

Screening for trisomy 21 by fetal nuchal translucency (NT)
thickness and maternal serum free beta-human chorionic
gonadotropin (β-hCG) and pregnancy-associated plasma
protein-A (PAPP-A) at 11 + 0 to 13 + 6 weeks of
gestation detects about 90% of affected pregnancies for a
false-positive rate of 5%1–4.

In trisomy 21 pregnancies maternal serum free β-hCG
is about twice as high and PAPP-A is reduced to about
half compared with values in chromosomally normal
pregnancies. In the development of risk algorithms for
combined screening the estimation of accurate patient-
specific risks necessitates adjustments in the measured free
β-hCG and PAPP-A to take into account their association
with gestational age, maternal weight, ethnicity, smoking
status and method of conception1,5–11. Essentially, each
measured level is first converted to a multiple of the
expected normal median (MoM) specific to a pregnancy
of the same gestational age, maternal weight, smoking
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status, ethnicity and method of conception. The MoM
distribution of each metabolite in unaffected and trisomy
21 pregnancies is assumed to be Gaussian, specified in
terms of means, SD and correlations.

In this study of 491 pregnancies with trisomy 21 and
96 803 unaffected pregnancies we used multiple regression
analysis, instead of a sequential approach, to take into
account the pregnancy characteristics that influence the
measured concentration of free β-hCG and PAPP-A. The
multiple regression model was then used to estimate
likelihood ratios for the biochemical markers that can be
combined with maternal age to produce patient-specific
risks for each case.

METHODS

The data for this study were derived from prospective
assessment of risk for trisomy 21 by a combination
of maternal age, fetal NT thickness, and maternal
serum PAPP-A and free β-hCG at 11 + 0 to 13 +
6 weeks of gestation3. Two groups of UK hospitals
were included. In Group A (Fetal Medicine Centre,
London; King’s College Hospital, London) the ultrasound
and biochemical measurements and assessment of
risk were carried out in the same hospital visit. In
Group B (Harold Wood Hospital, Romford; King George
Hospital, Goodmayes; Canterbury Hospital, Canterbury;
William Harvey Hospital, Ashford; Queen Elizabeth The
Queen Mother’s Hospital, Margate), the biochemical
measurements and assessment of risk were carried out
either in the same hospital visit, on the same day, or 1 day
before or after the ultrasound scan.

Transabdominal ultrasound examination was per-
formed to diagnose any major fetal defects and for
measurement of the crown–rump length (CRL) and fetal
NT thickness12. Measurements of PAPP-A and free β-
hCG were carried out by an automated machine that
provides reproducible results within 30 min (Kryptor sys-
tem, Brahms AG, Berlin, Germany; or Delfia Express
system, Perkin Elmer, Waltham, MA, USA). Gestational
age was based on the CRL at the time of the screening, and
was calculated using the formula obtained from Robinson
and Fleming13.

Maternal weight, measured at the time of the scan,
demographic characteristics, ultrasonographic measure-
ments and biochemical results were recorded in computer
databases. Ethnic origin was assessed by self-classification
and included Caucasian, South Asian (Indian, Pak-
istani, Bangladeshi), Afro-Caribbean, East Asian (Chi-
nese, Korean, Japanese), and mixed ethnicity, which
mainly consisted of those of Caucasian and Afro-
Caribbean origin. Smoking status was similarly based
on a self-completed questionnaire, and each woman was
classified as either a non-smoker or smoker irrespective
of the individual cigarette consumption. Women were
grouped as parous if they had previous deliveries beyond
23 weeks and nulliparous if they had no pregnancies
resulting in delivery beyond 23 weeks. Mode of concep-
tion was either spontaneous, including those receiving

ovulation induction drugs, or assisted reproduction by
in-vitro fertilization (IVF). Karyotype results and details
of pregnancy outcomes were added to the databases as
soon as they became available.

A search of the databases was done to identify all
singleton pregnancies in which first-trimester screening by
NT, PAPP-A and free β-hCG was carried out between
June 1999 and December 2006.

Statistical analysis

The statistical analysis was performed on the separate
datasets A and B, and on the combined data. Forest plots
showing point-wise 95% CI for effects from the two
sources and the combined source were produced.

Multiple regression analysis of log-transformed marker
values was carried out to provide estimates of parameters
required to produce log MoM values for PAPP-A and free
β-hCG14. Quadratic terms were used to model the effect
of gestational age and maternal weight. Effects of the
machine used for biochemical analysis, maternal ethnic
origin, smoking status and method of conception were
included as factors in the multiple regression models.
Parity was analyzed separately owing to incomplete
data on this factor. The mean log MoM in trisomy 21
was represented as a linear function of gestational age.
Bivariate Gaussian models were fitted to the distribution
of log MoM PAPP-A and log MoM free β-hCG in trisomy
21. In the analyses observations falling outside the 99.99th

contour were considered as outliers and removed. For the
analysis of the pooled dataset, a term was used to model
the difference between sources.

Likelihood ratios were computed from the fitted
distribution and used with maternal age to produce
patient-specific risks for each case. Crude detection rates
and false-positive rates were calculated by taking the
proportions with risks above a given risk threshold.
Maternal age-specific detection and false-positive rates
were then produced, and adjusted according to the
maternal age distribution of pregnancies in England and
Wales in 2000–200215. These standardized rates were
compared with detection and false-positive rates estimated
using Monte Carlo methods to sample from the modeled
Gaussian distributions.

RESULTS

Data description

In Group A, the search of the databases identified 45 668
singleton pregnancies in which first-trimester combined
screening was carried out, and data on maternal weight,
ethnic origin, smoking status and mode of conception
were available. We excluded 1869 (4.1%) cases from
further analysis because there were no data on fetal
karyotype or pregnancy outcome (n = 1605) or there was
an abnormal karyotype other than trisomy 21 (n = 264).
The remaining data included 43 478 unaffected cases and
321 cases with trisomy 21. In Group B, the search of
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the database identified 55 482 singleton pregnancies in
which first-trimester combined screening was carried out,
and data on maternal weight, ethnic origin, smoking
status and mode of conception were available. We
excluded 1987 (3.6%) cases from further analysis because
there were no data on fetal karyotype or pregnancy
outcome (n = 1866) or there was an abnormal karyotype
other than trisomy 21 (n = 121). The remaining data
included 53 325 unaffected pregnancies and 170 cases
with trisomy 21. In summary, the pooled dataset consisted
of 96 803 unaffected pregnancies and 491 cases with
trisomy 21.

In the pooled dataset the median maternal age was 32.8
(range, 14–53; mean (SD), 32.1 (5.7)) years, the median
gestational age at screening was 12 + 5 (range, 11 + 0
to 13 + 6) weeks and the median CRL was 62.8 (range,
45.0–84.0) mm (Table 1). The median maternal age of
pregnancies in England and Wales in 2000–2002 was
29.0 years.

Distribution of log MoM in unaffected and trisomy 21
pregnancies

Free β-hCG and PAPP-A values were outside the 99.99th

contours for unaffected and trisomy 21 pregnancies
in 84/96 803 (0.09%) and 1/491 (0.2%) cases,
respectively and these were excluded from further
analysis.

In the unaffected pregnancies (pooled dataset) multiple
regression analysis demonstrated that, compared with
values in Caucasian women who were parous, non-
smokers and conceived spontaneously, PAPP-A MoM
was 57% higher in women of Afro-Caribbean origin, 3%
higher in South Asians, 9% higher in East Asians, 2%

Table 2 Adjustment factors for multiples of the median values of
pregnancy-associated plasma protein-A (PAPP-A) and serum free
beta-human chorionic gonadotropin (β-hCG) derived from the
pooled dataset

Coefficient

Log10 scale Original scale

Parameter Estimate
Standard

error Estimate 95% CI

PAPP-A
Afro-Caribbean 0.195 0.004 1.566 1.540–1.592
South Asian 0.012 0.003 1.028 1.014–1.042
Mixed 0.036 0.010 1.085 1.038–1.135
East Asian 0.039 0.009 1.093 1.048–1.140
Smoker −0.082 0.002 0.828 0.819–0.836
Conception by IVF −0.047 0.005 0.897 0.878–0.918
Nulliparous 0.009 0.002 1.020 1.012–1.028
Delfia Express −0.123 0.003 0.753 0.743–0.763
Group B effect 0.006 0.002 1.015 1.007–1.022

Free β-hCG
Afro-Caribbean 0.049 0.004 1.121 1.099–1.143
South Asian −0.043 0.004 0.905 0.891–0.920
Mixed −0.025 0.011 0.945 0.898–0.994
East Asian 0.032 0.011 1.076 1.024–1.129
Smoker −0.018 0.003 0.959 0.948–0.971
Conception by IVF 0.037 0.006 1.088 1.061–1.116
Nulliparous 0.007 0.002 1.016 1.007–1.026
Delfia Express 0.022 0.003 1.052 1.036–1.068
Group B effect 0.006 0.002 1.013 1.004–1.021

Adjustments were for other races relative to Caucasian, smokers
relative to non-smokers, in-vitro fertilization (IVF) relative to
spontaneous conception, nulliparous relative to parous, Delfia
Express relative to Kryptor system, and Group B relative to
Group A.

Table 1 Characteristics of the study population

Parameter
Group A

(n = 43 799)
Group B

(n = 53 495)

Maternal characteristics
Age (years) 35.4 (16.5–52.1) 30.5 (13.5–53.0)
Weight (kg) 63.6 (34.0–150.0) 65.4 (29.6–192.0)
Spontaneous conception 41 879 (95.6) 53 300 (99.6)
Smoker 2044 (4.7) 9288 (17.4)
Nulliparous 19 419 (44.3) 7596 (14.2)

Ethnicity
Caucasian 39 661 (90.6) 46 803 (87.5)
Afro-Caribbean 1614 (3.7) 2319 (4.3)
East Asian 471 (1.1) 91 (0.2)
South Asian 1538 (3.5) 4282 (8.0)
Mixed 515 (1.2) 0 (0)

Gestational age
11 + 0 to 11 + 6 weeks 4628 (10.6) 6752 (12.6)
12 + 0 to 12 + 6 weeks 24 303 (55.5) 29 098 (54.4)
13 + 0 to 13 + 6 weeks 14 868 (33.9) 17 645 (33.0)

Crown–rump length (mm) 62.9 (45.0–84.0) 62.7 (45.0–84.0)
Karyotype

Normal 43 478 (99.3) 53 325 (99.7)
Trisomy 21 321 (0.7) 170 (0.3)

Values are median (range) or n (%). Group A, Fetal Medicine Centre and King’s College Hospital; Group B, Harold Wood Hospital, King
George Hospital, Canterbury Hospital, William Harvey Hospital and Queen Elizabeth The Queen Mother’s Hospital.
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Figure 1 Estimated effects on free beta-human chorionic gonadotropin (a) and pregnancy-associated plasma protein-A (b) of different ethnic
groups relative to Caucasian, of smokers relative to non-smokers, of in-vitro fertilization (IVF) relative to spontaneous conception, and of
nulliparous relative to parous women. Effects are shown with 95% CI.

Table 3 Parameter estimates and correlation for unaffected and trisomy 21 cases

Parameter Karyotype n Estimate 95% CI

SD of log MoM PAPP-A Normal 96 719 0.2203 0.2190–0.2216
Trisomy 21 490 0.2359 0.2179–0.2570

SD of log MoM free β-hCG Normal 96 719 0.2544 0.2529–0.2559
Trisomy 21 490 0.2699 0.2493–0.2940

Correlation Normal 96 719 0.2143 0.2064–0.2222
Trisomy 21 490 0.0821 −0.0344 to 0.1964

β-hCG, beta-human chorionic gonadotropin; MoM, multiples of the median; PAPP-A, pregnancy-associated plasma protein-A.

higher in nulliparous women, 17% lower in smokers and
10% lower in those conceiving by IVF. Free β-hCG MoM
was 12% higher in women of Afro-Caribbean origin, 9%
lower in South Asians, 8% higher in East Asians, 2%
higher in nulliparous women, 4% lower in smokers and
9% higher in those conceiving by IVF. The results are
shown in Figure 1 and Table 2. Parameter estimates for
the fitted Gaussian distributions are shown in Figure 2
and Table 3.

The fitted equation for estimating median log metabo-
lite values in chromosomally normal pregnancies from

gestation (in days) and weight (in kg) were:

Median log10 free β-hCG

= 1.64931 − 0.0057856 × (gestation − 77)

− 0.00023901 × (gestation − 77)2 − 0.0045501

× (weight − 69) + 0.000028909 × (weight − 69)2

Median log10 PAPP-A

= 0.18992 + 0.026102 × (gestation − 77) − 0.0074642

× (weight − 69) + 0.000030669 × (weight − 69)2.
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Figure 2 Parameter estimated SDs and correlations with 95% CIs for trisomy 21 and unaffected pregnancies. β-hCG, beta-human chorionic
gonadotropin; MoM, multiple of the median; PAPP-A, pregnancy-associated plasma protein-A.

Table 4 Detection rates of trisomy 21 for given false-positive rates (FPR)

Detection rate (%)

Overall (n = 491) 11 weeks (n = 52) 12 weeks (n = 273) 13 weeks (n = 166)

FPR (%) Crude Standardized Modeled Crude Standardized Modeled Crude Standardized Modeled Crude Standardized Modeled

1 40 37 45 37 38 54 43 43 46 34 33 40
2 50 51 55 52 69 64 54 56 56 43 44 49
3 58 57 61 67 79 70 60 61 62 52 49 55
4 63 60 65 73 79 74 65 64 66 54 53 60
5 66 65 68 73 86 77 70 68 69 58 57 62
10 78 79 78 90 98 85 79 80 79 70 79 74

The crude rates are those observed in our population, the standardized rates are rates after adjustments for the maternal age distribution of
pregnancies in England and Wales in 2000–2002, and the modeled rates are the standardized rates predicted from the fitted Gaussian model
in this study.

Table 5 Accuracy of estimated risk for trisomy 21 by a combination of maternal age, and serum free beta-human chorionic gonadotropin
and pregnancy-associated plasma protein-A

Estimated risk
Chromosomally

Range Median Trisomy 21 (n (%)) normal (n (%)) Observed risk

1 in 10 or higher 1 in 5 158 (32.2) 757 (0.8) 1 in 6
1 in 10 to 1 in 100 1 in 52 185 (37.7) 5711 (5.9) 1 in 32
1 in 100 to 1 in 250 1 in 169 68 (13.8) 7105 (7.3) 1 in 105
1 in 250 to 1 in 1000 1 in 555 56 (11.4) 21 589 (22.3) 1 in 387
1 in 1000 to 1 in 5000 1 in 2249 20 (4.1) 35 102 (36.3) 1 in 1756
1 in 5000 or lower 1 in 10 628 4 (0.8) 26 539 (27.4) 1 in 6636
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These apply to non-smoking, parous, Caucasian women
who conceived spontaneously and whose assays were
performed using the Kryptor machine. Adjustment factors
for other groups are given in Table 2. Forest plots for the
effects of ethnicity, smoking, IVF and parity are shown in
Figure 1.

The distributions of log MoM values in unaffected
and trisomy 21 pregnancies were well approximated by
a bivariate Gaussian model with a mean of zero for
unaffected pregnancies. For trisomy 21 pregnancies the
mean log MoM depended on gestation according to the
fitted regression models:

Free β-hCG(log10 MoM) = 0.2468 + 0.004267

× (gestation − 77)

PAPP-A(log10 MoM = −0.4668 + 0.01642

× (gestation − 77)

The fitted regression lines with 95% confidence limits
are shown with the log MoM values in Figure 3. SD
values and correlations for the fitted bivariate Gaussian
distributions are given in Table 3. Gaussian probability
plots for log MoM values of free β-hCG and PAPP-A are
shown in Figure 4.

Empirical and model-based predictions

Table 4 shows the crude, standardized (for the maternal
age distribution in England and Wales in 2000–2002) and
modeled false-positive and detection rates. The observed
prevalence of trisomy 21 according to the predicted risk,
based on maternal age and serum free β-hCG and PAPP-A,
is shown in Table 5.

Effect of maternal weight and fetal crown–rump length
on patient-specific risk

The effect of changes in weight on computed MoM values
and trisomy 21 risk is shown in Figure 5. In the example
it is assumed that the pregnant woman is 35 years old,
Caucasian, parous and a non-smoker who conceived
spontaneously, with a fetal CRL of 65 mm and serum
concentrations of PAPP-A and free β-hCG of 3.7 U/L and
40 U/L respectively measured by the Kryptor system at
12 weeks of gestation. The maternal serum concentrations
of PAPP-A and free β-hCG expressed as MoMs increase
with maternal weight and the patient-specific risk of
trisomy 21 decreases with maternal weight.

The effect of fetal CRL on patient-specific risk for
trisomy 21 is illustrated in Figure 6. The assumptions are
the same as in the example in Figure 5 but, in addition,
the maternal weight is 65 kg. The maternal serum
concentrations of PAPP-A and free β-hCG expressed as
MoMs decrease and increase respectively with fetal CRL,
and the patient-specific risk of trisomy 21 increases with
fetal CRL.
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Figure 3 Multiples of the median (MoM) values of free beta-human
chorionic gonadotropin (β-hCG) (a) and pregnancy-associated
plasma protein-A (PAPP-A) (b) for trisomy 21 pregnancies, with
fitted regression line and 95% CI (shaded area). ♦, Group A;

°, Group B.
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Failure to adjust for maternal characteristics

Table 6 shows the false-positive and detection rates of
screening by maternal serum biochemistry for trisomy 21
if no adjustments are made for maternal characteristics,
other than maternal weight and gestation. At a risk cut-off
of 1 in 100 at 12 weeks of gestation in a reference group of
Caucasian, parous, non-smoking women who conceived
spontaneously, and with measurement of analytes by
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Figure 5 Effect of maternal weight on computed multiples of the
median (MoM) values for pregnancy-associated plasma protein-A
(PAPP-A) ( ) and free beta-human chorionic gonadotropin
(β-hCG) ( ) and on computed risk for trisomy 21 ( ).
These results apply to a pregnancy in a 35-year-old woman, with
fetal crown–rump length 65 mm and with concentrations of
PAPP-A and free β-hCG of 3.7 U/L and 40 U/L, respectively.
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Figure 6 Effect of crown–rump length on computed multiples of
the median (MoM) values for pregnancy-associated plasma
protein-A (PAPP-A) ( ) and free beta-human chorionic
gonadotropin (β-hCG) ( ) and on computed risk for trisomy
21 ( ). These results apply to a pregnancy in a 35-year-old
woman with maternal weight 65 kg and with concentrations of
PAPP-A and free β-hCG of 3.7 U/L and 40 U/L, respectively.

the Kryptor system, the false-positive and detection rates
would be 4.6% and 68%, respectively. If the women were
of Afro-Caribbean origin and the appropriate adjustments
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Table 6 False-positive and detection rates of trisomy 21 at a risk
cut-off of 1 in 100 in screening by a combination of maternal age,
and maternal serum free beta-human chorionic gonadotropin and
pregnancy-associated plasma protein-A at 12 weeks of gestation

Group False-positive rate (%) Detection rate (%)

Reference group 4.6 68
Afro-Caribbean 1.4 51
South Asian 3.3 63
East Asian 4.2 66
Smoker 7.0 74
IVF conception 7.6 75
Nulliparous 4.5 68
Delfia Express 11 80

These are modeled performance measures under the assumption
that no adjustments are made for maternal characteristics. The
reference group comprises Caucasian, parous, non-smoking women
with spontaneous conception and measurement of analytes by the
Kryptor system. IVF, in-vitro fertilization.

were made, at the same risk cut-off of 1 in 100, the
false-positive and detection rates would also be 4.6%
and 68%, but without adjustments the respective values
would be 1.4% and 51%. Similarly, without appropriate
adjustments the false-positive rates for cigarette smokers
and women conceiving by IVF would be 7.0% and 7.6%,
with respective detection rates of 74% and 75%.

Table 7 illustrates the effect of maternal characteristics
on the patient-specific estimated risk of trisomy 21. For
example, an Afro-Caribbean woman with a risk estimate
of 1 in 40 would have been given a risk of 1 in 100 if her
ethnic origin was not taken into account.

The correct estimated patient-specific risk for trisomy
21 for the same measured maternal serum concentrations
of free β-hCG and PAPP-A depends on the maternal
characteristics. This is illustrated in Figure 7, which
shows the patient-specific risk in a reference woman,
an Afro-Caribbean and a cigarette smoker in relation
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Figure 7 Patient-specific risk for trisomy 21 in a reference woman
( ), an Afro-Caribbean woman ( ) and a cigarette
smoker ( ) in relation to the measured maternal serum
concentration of pregnancy-associated plasma protein-A (PAPP-A).
The reference woman is a 35-year-old Caucasian, who is a
non-smoker, parous, weighs 65 kg and conceived spontaneously;
the fetal crown–rump length is 65 mm, and maternal serum free
beta-human chorionic gonadotropin (β-hCG) and PAPP-A were
measured with the Kryptor analyzer. The free β-hCG concentration
was 53 U/L, which corresponds to 1.5 multiples of the median
(MoM) in the reference woman, 1.34 MoM in the Afro-Caribbean
woman and 1.56 MoM in the cigarette smoker. The lower x-axis
shows the PAPP-A MoM values corresponding to the measured
concentration in the reference woman.

to various serum concentrations of PAPP-A and a fixed
concentration of free β-hCG.

DISCUSSION

This study confirms that in trisomy 21 pregnancies
at 11 to 13 + 6 weeks’ gestation the level of free β-
hCG is higher and that of PAPP-A is lower than in
unaffected pregnancies. It has also demonstrated that
assessment of accurate patient-specific risks necessitates
making adjustments in the measured maternal serum

Table 7 Differences in multiples of the median (MoM) values and risks for trisomy 21 in women with different maternal characteristics

Case Characteristics
β-hCG
(MoM)

PAPP-A
(MoM) Risk

1 Caucasian, parous, non-smoker, weight 85 kg, aged 38 years,
spontaneous conception, crown–rump length 65 mm

1.20 0.56 1 in 100

2 Same as Case 1 but crown–rump length 55 mm 1.05 0.77 1 in 347
3 Same as Case 1 but maternal weight 50 kg 0.83 0.31 1 in 48
4 Same as Case 1 but Afro-Caribbean 1.07 0.36 1 in 40
5 Same as Case 1 but East Asian 1.12 0.51 1 in 93
6 Same as Case 1 but South Asian 1.33 0.55 1 in 73
7 Same as Case 1 but smoker 1.25 0.68 1 in 145
8 Same as Case 1 but nulliparous 1.18 0.55 1 in 99
9 Same as Case 1 but conception by IVF 1.10 0.63 1 in 158
10 Same as Case 1 but analytes measured by Delfia Express 1.14 0.75 1 in 224
11 Same as Case 1 but Afro-Caribbean, weight 50 kg, smoker 0.77 0.24 1 in 29

Case 1 is a Caucasian woman, who is 38 years old, parous, a non-smoker, weighs 85 kg and conceived spontaneously, with a maternal
serum free beta-human chorionic gonadotropin (β-hCG) level of 35 U/mL and pregnancy-associated plasma protein-A (PAPP-A) level of 1.5
U/mL measured by the Kryptor system. If the fetal crown–rump length is 65 mm, the free β-hCG and PAPP-A correspond to 1.20 MoM and
0.56 MoM respectively, and the estimated maternal and gestational age-related risk for trisomy 21 is 1 in 136. Cases 2–11 are similar to
Case 1 but with variations in some of the characteristics.
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concentration of free β-hCG and PAPP-A to correct
for gestational age, maternal weight, ethnicity, smoking
status, method of conception and parity, as well as the
machine and reagents used for the assays.

The advantages of our study are the large number of
cases examined (491 cases of trisomy 21 and 96 803
unaffected pregnancies) and the use of multiple regression
analysis to define the contribution of maternal variables
that influence the measured concentration of free β-hCG
and PAPP-A, and the interaction between these covari-
ates. The alternative method of sequential adjustment for
each individual parameter fails to take into account the
interaction between the covariates14.

The levels of both PAPP-A and β-hCG were influenced
by the ethnic origin of the women. The most striking
finding was that there was a 57% increase in the levels
of PAPP-A and a 12% increase in β-hCG in women
of Afro-Caribbean origin compared with Caucasians. In
biochemical screening of women of Afro-Caribbean origin
failure to take into account ethnic origin would result in
a substantial underestimate of the true risk of trisomy 21.
As illustrated in Table 7, an Afro-Caribbean woman with
a risk estimate of 1 in 40 would have been given a risk of
1 in 100 if her ethnic origin was not taken into account.
Similarly, erroneous risks would be given to women who
smoke and those conceiving by IVF because the associated
decrease in serum PAPP-A could be misinterpreted as
an increased risk for trisomy 21 and a substantial
increase in false-positive rate. Another important factor
in biochemical screening highlighted by our results is the
need to make adjustments for the reagents and machines
used for the measurement of free β-hCG and PAPP-A.

Likelihood ratios were established from the Gaussian
distributions in trisomy 21 and unaffected pregnancies,
and these were then used together with maternal age to
produce patient-specific risks and to calculate detection
and false-positive rates. The modeled performance of
first-trimester biochemical screening was similar to that
observed and, for a false-positive rate of 5%, the detection
rate of trisomy 21 was 68%.

The overall performance of screening by maternal age
and serum free β-hCG and PAPP-A was better at 11 weeks
than at 13 weeks, with a greater relative contribution from
PAPP-A at 11 weeks and from free β-hCG at 13 weeks.
In trisomy 21 pregnancies the median MoM free β-hCG
increased from 1.80 at 11 weeks to 2.09 at 13 weeks,
and the respective values for PAPP-A were 0.38 and 0.65
MoMs. These values derived from our large prospective
study, in which the biochemical tests were carried out in
all 96 803 cases, are different from those reported in two
previous multicenter studies in the UK and USA16,17. The
Serum, Urine and Ultrasound Screening Study (SURUSS)
recruited 47 053 pregnancies, including 101 with trisomy
21, but measured free β-hCG and PAPP-A retrospectively
in stored samples from 98 trisomy 21 pregnancies and
1090 matched unaffected controls16. Similarly, 38 167
pregnancies were recruited in the First- and Second-
Trimester Evaluation of Risk (FASTER) study, including
117 with trisomy 21, and free β-hCG and PAPP-A

were measured retrospectively in stored samples from
79 trisomy 21 pregnancies and 395 matched unaffected
controls17. Compared with our findings, the difference
between trisomy 21 and unaffected pregnancies in free β-
hCG in the SURUSS was overestimated by 8% at 11 weeks
and by 19% at 13 weeks, and in the FASTER study it
was underestimated by 34% and 19%, respectively16,17.
The difference in PAPP-A in both previous studies was
underestimated by 11% at 11 weeks and overestimated
by 18% at 13 weeks16,17. In our study, the modeled SD of
PAPP-A in unaffected pregnancies was 3–12% lower and
in trisomy 21 cases it was 16–20% lower than in previous
reports16,17. The respective values for free β-hCG in our
study were lower by 4–17% in unaffected pregnancies.
The SD for free β-hCG in the trisomy 21 pregnancies in
our study was 26% lower than in the FASTER study and
similar to that in the SURUSS16,17.

Our findings have two implications. First, in first-
trimester biochemical screening for calculation of accurate
patient-specific risks for trisomy 21, it is essential to take
into account gestational age, maternal weight, ethnicity,
smoking status, method of conception and machine used
for the assays. Second, the performance of the test is
substantially better at 11–12 weeks than at 13 weeks.
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