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Abstract 
 
Objective  

To evaluate screening performance of first-trimester Down syndrome (DS) screening with serum 

sampling at different gestational weeks. 

 

Methods  

We studied 35.431 singleton pregnancies (2005 – 2011), including 145 DS cases. Screening 

performance was determined at different maternal ages with serum sampled in week 9+0 to 13+6. 

 

Results  

No significant differences were found between the detection rates at different gestational weeks. 

Compared to the false positive rate (FPR) in week 9 (6%), the FPR in week 10 was comparable (6.5%; 

P=0.214) and in week 11 (7.2%; P=0.007), 12 (7.4%; P=0.003) and 13 (8.5%; P<0.001) significantly 

higher. A significantly increased likelihood of receiving a false-positive result was found when serum 

was taken from week 11 (OR 1.32; 95% CI 1.08 – 1.63; P=0.008) for women aged ≥ 36 years and 

from week 12 (OR 1.28; 95% CI 1.01 – 1.61; P=0.04) onwards for women < 36 years. There were no 

differences in mean maternal age, nor in mean log10MoM values of PAPP-A, fβ-hCG or NT between 

both age groups. 

 

Conclusion  

Early serum sampling (< 11 weeks) resulted in higher screening performance. The FPR is highest in 

women aged ≥ 36 years with serum sampled in week 13.   
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Introduction 
 

First-trimester screening for Down syndrome (DS) has become an established part of obstetric care in 

many Western countries. Pregnant women are informed of the possibility of having a screening test for 

DS with the first-trimester combined test (FCT) as policy of choice. This test combines maternal age, 

fetal nuchal translucency (NT) thickness and concentrations of maternal serum free β-human chorionic 

gonadotrophin (fβ-hCG) and pregnancy-associated plasma protein-A (PAPP-A). There is, however, no 

generally accepted policy about the one-step approach where serum sampling and NT measurement 

are done in the same visit or the two-step approach where serum is taken before the NT measurement 

is performed. The reason to choose one of the options is often based on women’s preference to come 

only once or on the fact that women visit the midwife or gynaecologist for the first time at the end of 

the first-trimester and the two-step approach is not possible. Several studies reported on the so-called 

one-stop clinic to assess the risk (OSCAR) where serum sampling, NT measurement and the risk 

assessment are performed in the same visit (Bindraet al., 2002, Spencer et al., 2003; Avigdouet al., 

2005). The detection rate (DR) in these studies ranges from 90 to 92% with a 5% false-positive rate 

(FPR). It is known that the PAPP-A levels in DS casesare lowest early in the first-trimester and thus 

discriminate best early in gestation, whereas fβ-hCG levels are highest later in gestation and predict 

best at the end of the first-trimester (Cuckle and van Lith, 1999; Wald et al., 2003; Malone  et al., 2005; 

Christiansen et al.,2003; Palomaki et al., 2007). Taking blood twice would result in the best test 

performance, but in daily routine this is impractical and more expensive. If blood is taken once, the 

preference is to take it early in gestation because in DS cases the accuracy of PAPP-A values early in 

pregnancy outweighs the accuracy of fβ-hCG later in gestation (Wald  et al., 2003).  

Some studies on the two-step approach demonstrated a significantly higher DR when serum was 

taken early at a constant FPR (Kirkegaard 2008, Borrell 2004), whereas a previous Dutch study found 

a decrease in FPR without an increase in DR (Kuc 2010) upon earlier sampling. 

The purpose of this study was to evaluate screening performance of FCT with serum sampling at 

different gestational ages and in different maternal age groups.  

 
 

Methods 
 

Serum samples of singleton pregnancies were collected as part of the first-trimester screening 

program for Down syndrome (N = 35.431) in the period from January 01, 2005 until January 01, 2012 

in the province North-Holland in the Netherlands. Blood was taken at 9+0 to 13+6 weeks (63 -97 days) 

of gestation and sent to the endocrine laboratory of the VU University Medical Center (VUMC), where 

the samples were analyzed using the Delfia Xpress (PerkinElmer, WallacOy, Turku, Finland).The 

serum values of fβ-hCG and PAPP-A were expressed as the maternal weight-corrected multiple of the 

median (MoM). The NT measurements were performed in all participating centres with a fetal crown 

rump length (CRL) between 45 and 79 mm (VUMCNT reference curve) (Go et al., 2005). NT 
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measurements were performed according to the guidelines of the Fetal Medicine Foundation (Snijders 

et al., 1998). Gestational age (GA) at serum sampling was determined by CRL at the time of NT 

measurement. Risk assessment for DS was done with the risk software programme Elips / Lifecycle 

(PerkinElmer,WallacOy, Turku, Finland). In case of a screen-positive result (risk cut-off ≥ 1:200 at 

midterm) women were counselled concerning the risk for DS and were offered invasive diagnostic 

testing. Fetal chromosomal status was determined by chorionic villus sampling or amniocentesis. 

From the database of the laboratory for cytogenetics of the VUMC all cases with an abnormal fetal 

karyotype identified prenatally in the same study period were obtained. Cases with abnormal fetal 

karyotype (except for DS) were excluded. Pregnancy outcome was evaluated by questionnaires and 

delivery room records. 

Cases were categorized at different gestational weeks of serum sampling: week 9 (63 – 69 days), 

week 10 (70 – 76 days), week 11 (77 – 83 days), week 12 (84 – 90 days) and week 13 (91 – 97 days).   

Because of skewed distributions the data of fβ-hCG, PAPP-A and NT were log-transformed. The 

statistical significance of differences in FPR and DR were expressed as odds ratios (ORs) with 95% 

confidence intervals (CIs). All statistical analyses were done with SPSS (version 20). Two-sided P < 

0.05 was considered to reflect statistical significance. 

The study was approved by the Ethics Committee of the VUMC. 

 

 

Results 
 

In total 145 DS cases were identified by karyotyping in the period 2005 to 2011; 135 cases were 

detected with the FCT. This yields a DR of 93%. An overview of the 10 missed DS cases at the 

different GA weeks of serum sampling with DS risk, fβ-hCGMoM, PAPP-A MoM, NT MoM values and 

maternal age is shown in Table 1. In all DS cases the NT values were not discriminatory enough to 

detect them. Two cases were probably missed due to the low maternal age risk. In the other 8 cases 

one of the serum parameter values was not suggestive for DS. 
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Table 1. The missed Down syndrome (DS) cases at the different GA weeks of serum sampling, with DS risk, fβ-

hCGMoM, PAPP-A MoM, NT MoM values and mean maternal age. 

Case week DS risk fβ-hCGMoM PAPP-A MoM NT MoM Mean maternal age 
 

1 
 

9 
 

1/260 
 

2.33 
 

0.16 
 

1.55 
 

23 

2 10 1/430 0.7 0.53 1.61 32.5 

3 10 1/940 1.74 1.8 1.09 40.9 

4 11 1/580 1.88 0.18 1.65 27.2 

5 11 1/1400 0.49 0.29 0.93 35.6 

6 11 1/3700 0.68 0.49 0.68 33.7 

7 12 1/290 1.53 1.82 1.5 36 

8 12 1/2800 0.66 2.24 1.3 29.5 

9 13 1/710 1.48 1.42 1.25 35.1 

10 13 1/830 0.32 0.12 1.09 37.2 

 
In Table 2 the mean log10 fβ-hCGMoM, mean log10 PAPP-A MoM, and mean log10 NT MoM values of 

all DS cases are shown at the different GA weeks of serum sampling. It is shown that the decrease in 

log10 PAPP-A MoM values early in the first-trimester was more pronounced than the increase in log10 

fβ-hCGMoM values late in the first-trimester.  

Regression analysis showed that the log10 PAPP-A MoM values increased significantly from 9 to 13 

weeks of gestational age (P = 0.001). Log10 fβ-hCGMoM values showed only a trend towards higher 

values late in the first-trimester, but the increase was not statistically significant (P = 0.943). Mean 

log10 NT MoM values were not  significantly different over the gestational weeks (P = 0.988). 

 
Table 2. The mean log10 fβ-hCGMoM, mean log10 PAPP-A MoM and mean log10 NT MoM values (SD) of the DS 

cases at the different gestational weeks of serum sampling. 

Week Number Mean log10 fβ-hCGMoM Mean log10 PAPP-A MoM Mean log10 NT MoM 

9 11 0.184 (0.281) -0.552 (0.234) 0.277 (0.233) 

10 42 0.247 (0.258) -0.442 (0.235) 0.379(0.265) 

11 39 0.279 (0.291) -0.385 (0.272) 0.334 (0.235) 

12 39 0.271 (0.318) -0.274 (0.275) 0.455 (0.186) 

13 14 0.333 (0.336) -0.228 (0.289) 0.377 (0.205) 

 

 
In Figure 1 the false-positive rates for different maternal age groups (≤ 25 years, 26-30 years, 31-35 

years, 36-40 years and 41-45 years) at the different gestational weeks are shown. In all age groups an 

increase in the FPR is notable, however the increase is most distinct in women aged 36-40 years and 

41-45 years. 
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Figure 1. The false-positive rates for different maternal age groups at gestational weeks 9 to 13 (%). 
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For the comparison of screening performance at the different gestational weeks, we calculated the 

odds ratio of receiving a false-positive and a true-positive result at gestational weeks 10, 11, 12 and 

13 compared to the FPR and DR at week 9. For the overall screening population the likelihood of 

receiving a true-positive result in comparison to week 9 was not significantly different in week 10-13, 

but the likelihood of receiving a false-positive result was significantly higher in week 11, 12 and 13 

(Table 3).  

In women aged < 36 years the odds of receiving a false-positive result was significantly higher in week 

12 and 13 in comparison to week 9 and in women aged ≥ 36 years the odds of receiving a false-

positive result was significantly higher in week 11, 12 and 13 (Table 4). The likelihood ratio of receiving 

a false-positive result when serum was obtained in week 13 was significantly higher for women aged ≥ 

36 years than for women aged < 36 years. The likelihood of receiving a true-positive result in 

comparison to week 9 was not significantly different in both age groups (data not shown). 
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Table 3. FPR, DR and odds of being affected given a positive results (OAPR) of the first-trimester combined test 

(cut-off 1:200) in the overall screening population with serum sampling at different gestational weeks. For the 

comparison of the false-positive and true-positive results the FPR and DR in gestational week 9 served as 

reference value (ref).  

 FPR DR OAPR 

Week % OR 95% CI P-value % OR 95% CI P-value  

9 5.96 ref   90.9 Ref   24 

10 6.47 1.1 0.94-1.29 0.214 95.1 2.0 0.16-24.33 0.587 16.5 

11 7.21 1.24 1.06-1.45 0.007 92.3 1.17 0.11-12.47 0.899 18.4 

12 7.43 1.27 1.08-1.48 0.003 94.9 1.85 0.15-22.54 0.63 18.6 

13 8.54 1.49 1.25-1.78 <0.001 85.7 0.6 0.05-7.63 0.694 26.8 

 

 
Table 4. Comparison of false-positive results in women aged < 36 years and ≥ 36 years with serum sampling at 

different gestational weeks. The FPR in gestational week 9 served as reference value (ref).  

 FPR 

Week % OR 95% CI P-value % OR 95% CI P-value 

 Women < 36 years Women ≥ 36 years 

9 3.72 ref   11.36 ref   

10 3.86 1.0 0.78-1.27 0.982 12.31 1.16 0.94-1.43 0.166 

11 4.17 1.1 0.86-1.39 0.447 14.32 1.32 1.08-1.63 0.008 

12 4.79 1.28 1.01-1.61 0.04 14.22 1.29 1.05-1.59 0.016 

13 5.13 1.33 1.02-1.74 0.037 17.62 1.77 1.4-2.25 <0.001 

 

 
The mean log10 fβ-hCGMoM values, mean log10 PAPP-A MoM values and mean log10 NT MoM values 

in women aged < 36 were 0.11, 0.06 and 0.02 MoM, and in women aged ≥ 36 years 0.11, 0.05 and 

0.02 MoM respectively. 

To determine whether the differences in FPR between the different gestational weeks of serum 

sampling could be ascribed to differences in mean maternal age we calculated for women aged < 36 

years and ≥ 36 years  mean maternal age in the different weeks of serum sampling (Table 5). In both 

age groups mean maternal age in week 11, 12 and 13 was comparable to or somewhat lower than 

mean maternal age in week 9 and 10. Mean maternal age of the overall screening population was 

33.32 years. Overall the distribution of the number of tests in gestational weeks 9, 10, 11, 12 and 13 

was 11%, 27.7%, 25%, 25.8% and 10.5% respectively.  
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Table 5. Mean maternal age in women < 36 years and ≥ 36 years at different gestational weeks. 

 Week 9 10 11 12 13 

<36 years Mean maternal age (years) 31.16 31.28 31.25 31.13 30.99 

≥ 36 years Mean maternal age (years) 37.77 37.82 37.72 37.63 37.69 

 

 

Discussion 
 

This population-based study shows that early serum sampling results in a better screening 

performance and that this effect is most noteworthy in women of 36 years or older. Furthermore it can 

be concluded that this effect results from the fact that the increasing accuracy of PAPP-A early in 

pregnancy in the prediction of DS outweighs the power of fβ-hCG later in gestation. 

The significantly higher FPR observed when serum was taken late in the first trimester cannot be 

explained by differences in detection rates between early and late serum sampling, nor in differences 

in mean maternal age. Our results are consistent with those of a previous study (N = 27.068) 

demonstrating a significant decrease in FPR before 11 weeks (3.6%; 95% CI: 3.1 – 4.1) compared to 

the FPR when serum was sampled from 11 weeks (4.6%; 95% CI 4.3 – 4.9). DR was 84% (95% CI 75 

– 93) and 73% (95% CI 66 – 80) respectively (Kuc 2010). Other studies reported on an improvement 

in screening performance but with a higher DR at a constant FPR. Kirkegaard et al. (2008) compared 

screening performance with serum sampled < 10 and  ≥ 10 weeks of gestation. A significantly higher 

DR was found when serum was taken before 10 weeks (100%; CI 0.91-1.00 versus 77%; CI 0.65-

0.90) and FPR was slightly lower before 10 weeks but not significantly different (3.5% versus 4.2%). 

The SURUSS trial however showed similar screening performance for the FCT with serum sampling at 

weeks 10 – 13 (Wald 2003). These reported differences in either an increased DR, a decreased FPR 

or a constant screening performance might be explained by differences in the sample sizes of the 

screening populations, the number of DS cases included, the chosen cut-off for serum sampling (10 

versus 11 weeks) and the cut-off used for increased risk. In our study the DR was not significantly 

different, because the PAPP-A, fβ-hCG and NT values of the DS cases were discriminatory enough to 

detect them, irrespective of the timing of serum sampling. 

The fact that women aged < 36 years have a significantly increased likelihood of receiving a false-

positive result at a serum cut-off of 12 weeks and women aged ≥ 36 years already at a cut-off of 11 

weeks can probably be explained by the difference in maternal age risk. When comparing 2 affected 

pregnancies with the same values for PAPP-A, fβ-hCG and NT, the probability of an increased risk (≥ 

1:200)is higher in the older woman. Apparently at 11 weeks the multiplication of the likelihood ratios 

for PAPP-A, fβ-hCG and NT yields such values that in younger women it results in a risk for DS just 

under the cut-off where in women aged 36 years or older an increased risk result is obtained. There 

were no differences in the mean log10 PAPP-A, mean log10 fβ-hCG or mean log10  NT MoM values 

between women aged < 36 years and ≥ 36 years. 
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Bias in the analysis of PAPP-A and fβ-hCG values is not to be expected because all analyses were 

performed by a single laboratory. The mean log10 PAPP-A MoM of the DS cases are comparable to 

the expected values from the SURUSS study (Wald 2003). However the mean log10 fβ-hCGMoM 

values are considerably lower than the values of SURUSS study, but are comparable to those of 

Kirkegaardet al. (2008). In case of a general negative bias of the biochemical measurement of fβ-hCG, 

it would result in overall lower values of the log10 fβ-hCGMoM. However, in the overall screening 

population the mean log10 fβ-hCGMoM value in our study population was 0.11, showing a slight 

positive bias. 

A selection bias might exist of missed DS cases with a false-negative result at first-trimester screening 

and of whom no feedback on the outcome was reported after birth. Due to the implementation of the 

FCT as population screening in our country since 2007, we believe that the number of non-reported 

DS cases is limited. However in case of a selection bias the distribution of missed cases with early and 

late serum sampling will probably be comparable and thus would not affect the detection rates 

between early and late serum sampling. Moreover it would not have affected the significant decrease 

in FPR with early serum sampling.  

Our results are important in the counselling of women who opt for first-trimester screening. Early 

serum sampling should be advocated. With the introduction of population screening in our country 

timely informing pregnant women about the first-trimester screening options and an early dating scan 

is already part of the screening policy. Although  the one-step approach is offered in some sparsely 

populated areas because of practical issues, it should be emphasized that the two-step approach will 

result in a better screening performance. 

 

 

Conclusion  
 

Early serum sampling (< 11 weeks) resulted in higher screening performance in women of all ages. 

The impact of late serum sampling on the risk assessment is most pronounced in women aged ≥ 36 

years with serum sampled in week 13. The importance of early serum sampling has to be mentioned 

in the pre-test counselling. Early serum sampling should be implemented as a screening policy. 
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