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Abstract 
 

Objective To compare screening performance of the absolute risk method to the first-trimester 

combined test in different maternal age groups screened for Down syndrome.  

 

Methods Retrospective analysis of 32,448 first-trimester combined tests performed during 2005-2011. 

The absolute risk method was defined as final risk divided by maternal age risk. First the best cut-off 

value was determined for the absolute risk method. Then screening performance was determined for 

both methods in the age groups ≤ 25 years, 26-30 years, 31-35 years, 36-40 years and 41-45 years.  

 

Results Overall detection rate (DR) was comparable between both methods in all age groups. Two 

Down syndrome cases in women < 30 years were detected extra with the absolute risk method, but 3 

cases were missed in women ≥ 36 years. With the absolute risk method overall false-positive rate 

(FPR) decreased (4.8% versus 6.8%; P <0.0001) with a decrease in women aged 36-40 years (4.6% 

versus 12.4%; P <0.0001) and 41-45 years (3.9 versus 29.9%; P <0.0001), and an increase in women 

aged ≤ 25 years (6% versus 2.9%; P <0.004). 

 

Conclusions Excluding maternal age risk from the algorithm, results in a significant decrease in the 

overall FPR with a comparable DR. With the absolute risk method less invasive diagnostic tests will be 

performed constituting an important health and economic benefit (less stress of performing diagnostic 

testing and less procedure-related miscarriages). It will simplify pre- and post-test counselling and 

might lead to a higher uptake of first-trimester screening resulting in a more efficient screening policy.  
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Introduction 

 

First-trimester screening for Down syndrome has been available for more than a decade. Risk 

assessment with the first-trimester combined test is based on maternal age, adjusted by the likelihood 

ratios of the nuchal translucency thickness (NT), free β-human chorionic gonadotrophin (fβ-hCG) and 

pregnancy-associated plasma protein-A (PAPP-A). Screening performance has been reported up to 

90-95% detection rate (DR) at a 5-7% false positive rate (FPR)1-6. Improvement of detection can be 

achieved by including other fetal sonographic markers in the risk assessment like nasal bone, tricuspid 

regurgitation or ductus venosus flow7,8. Down syndrome fetuses present the same in both younger and 

older women9,10 with increased NT, higher fβ-hCG and lower PAPP-A values. Although advanced 

maternal age is correlated with the presence of an affected pregnancy, the different screening 

parameters do not correlate with maternal age11. The effect of the background risk by maternal age on 

the risk assessment is substantial. Due to the higher maternal age risk in older women, more women 

have a false positive result6 and the lower maternal age risk in younger women results in an increase 

in the number of false negative cases12-15. It has been suggested that elimination of background 

maternal age risk from the algorithm might improve screening performance16-18. Schmidt et al. 

analyzed the advanced first-trimester screening method, based on a relative risk17. 

Gebb and Dar used the absolute risk method defined as final first-trimester risk divided by maternal 

age risk. A cut-off of absolute risk > 1.2 was shown to result in the best screening performance16. With 

both methods a lowering of the FPR in older women and a tendency for higher DR in younger women 

was shown. The studies were, however, limited by relatively small population sizes. 

 

The aim of this study was to evaluate screening performance of age independent first-trimester 

screening compared to the currently used first-trimester combined test in different maternal age 

groups.  
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Methods 

 

The data of the first-trimester screening program for Down syndrome from a tertiary fetal medicine 

center (VU University Medical Center, Amsterdam, the Netherlands) in the period from January 1st, 

2005 until January 1st, 2011 were analyzed retrospectively. In all cases (singleton pregnancies) serum 

was sampled at 9 – 14 weeks of gestation and the serum markers fβ-hCG and PAPP-A were analyzed 

at the endocrine laboratory of the VU University Medical Center, using the Delfia Xpress (Perkin Elmer 

Turku Finland). The NT was measured at a crown rump length (CRL) between 45 and 79 mm (VU 

University Medical Center NT reference curve)4 and carried out in accordance with the Fetal Medicine 

Foundation protocol19. Gestational age was determined by fetal CRL at the time of NT measurement. 

The cut-off for increased risk was 1:200 at mid-term. Down syndrome risk was calculated with the 

conventional first-trimester combined test algorithm including maternal age as background risk and 

taking into account information on earlier pregnancy with Down syndrome, smoking habits, and 

maternal weight (Elips / Lifecycle 2.2 (Perkin Elmer Turku Finland).  

Recalculation of the absolute risk was defined as final risk result dived by maternal age risk. Test 

performance of the absolute risk method was determined at different cut-offs to estimate at which cut-

off value test performance was best. The best test performance was defined as the highest detection 

rate at a false positive rate of about 5%. For both risk assessment methods we evaluated the FPR, 

DR, odds of being affected given a positive result (OAPR) and the number of false negative cases for 

different age groups (≤ 25 years, 26-30 years, 31-35 years, 36-40 years and 41-45 years). 

Furthermore, receiver operating characteristics (ROC) curves were created for both methods. 

Follow-up on cases involved in prenatal screening with first-trimester combined test was collected with 

self-filled questionnaires and delivery room records. Of all cases that underwent prenatal diagnostic 

testing for increased risk at first-trimester screening fetal karyotype was available and was obtained 

from the database of the cytogenetics laboratory of the VU University Medical Center. Cases with 

abnormal fetal karyotype (except for Down syndrome) were excluded. 

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 VU University Medical Center. 
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Results 
 

Within the 32,583 pregnancies analyzed during the study period, 55 cases with Edwards syndrome, 

25 cases with Patau syndrome, 23 cases with Turner syndrome, 8 triploid cases and 24 cases with 

other chromosomal abnormalities like mosaicism, translocation, deletion, inversion and sex 

chromosomal abnormalities were detected. Finally 32,448 pregnancies were included. Follow-up on 

cases was 80%. Of the 32,448 first-trimester combined test performed, 1608 were performed in 

women aged ≤ 25 years (5.0%), 7,293 in women aged 26-30 years (22.5%), 14,733 in women aged 

31-35 years (45.4%), 8,256 in women aged 36-40 years (25.4%) and 558 in women aged 41-45 years 

(1.7%). In total 23,634 first-trimester combined test were performed in women aged < 36 years 

(72.9%). Overall median maternal age was 33.63 years. Of the recorded number of live births over the 

years 2009-2011 in the Netherlands 77.5% was in women aged <  35 years20. Compared to the 

number of pregnant women in our country the number of women < 36 years who performed the first-

trimester combined test is under represented. 

The study group included 145 cases with Down syndrome (prevalence rate of 0.45%), distributed in 

the respective maternal age groups as follows: 4 (< 25 years), 13 (26-30 years), 52 (31-35 years), 63 

(36-40 years) and 13 (41-45 years). About half (47.6%) of the Down syndrome cases was found in 

women < 36 years of age. 

 

In Figure 1 the ROC curves of the first-trimester combined test and absolute risk method are shown. 

The area under the curve (AUC) for the first-trimester combined test was not significantly different 

from the AUC of the absolute risk method (0.963, 95% CI 0.948 – 0.978 versus 0.951, 95% CI 0.931 – 

0.972).  
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Figure 1. ROC curves of FCT and the AR method. 

 
 

In Table 1 the detection rates and false-positive rates of the absolute risk method are shown at 

different cut-off values. At a cut-off of 1.5 the balance between FPR and DR was most favourable 

(highest DR at a FPR of about 5%).   

 

Table 1. FPR and DR at different cut-off values at the AR method. 

Cut-off absolute 
risk method 0.4 0.6 0.8 1 1.2 1.3 1.4 1.5 1.6 1.8 2 3 4. 

FPR 17 11.6 8.9 7.1 6 5.6 5.2 4.8 4.6 4.1 3.8 2.4 2.1 

DR 96.6 95.1 93.1 93.1 93.1 92.4 92.4 92.4 91.8 91.8 89.6 84.6 78 

 

 

In Table 2 the test characteristics are presented of the first-trimester combined test with a cut-off value 

of 1:200 and of the absolute risk method with a cut-off value of 1.5 subdivided for different maternal 

age groups. Overall, comparing the absolute risk method with the first-trimester combined test women 

had a significantly decreased likelihood of receiving a false-positive result with the absolute risk 

method (OR 0.82, 95% CI 0.77-0.87; P< 0.0001), but with a comparable likelihood of detection of 

Down syndrome cases (OR 0.95, 95% CI 0.78-1.25; P = 0.904). 
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Table 2. FPR, DR and OAPR of the FCT (cut-off of 1:200) and the AR method (cut-off of 1.5) in the different 

maternal age groups. For the comparison of FPR and DR in the different maternal age groups, the values of the 

FCT were used as reference values (ref). 

                                     FPR   DR OAPR 

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

FCT total 6.8 ref   93.8 ref   17.2 

AR  total 4.8 0.82 0.77-0.87 <0.0001 92.4 0.95 0.78-1.25 0.904 12.7 

FCT < 25 years 2.9 ref   75 ref   16.3 

AR < 25 years 6 2.12 1.52-2.96 0.004 75 1.5 0.25-9.0 0.657 33.3 

FCT 26-30 years 3.0 ref   92.3 ref   19.2 

AR 26-30 years 5 1.88 1.59-2.22 0.062 100 1.08 0.49-2.37 0.923 29.3 

FCT 31-35 years 5.1 ref   90.4 ref   17 

AR 31-35 years 4.8 1.09 0.96-1.17 0.285 88.5 0.98 0.66-1.46 0.919 16.4 

FCT 36-40 years 12.4 ref   96.8 ref   17.8 

AR 36-40 years 4.6 0.45 0.41-0.51 <0.0001 93.6 0.95 0.67-1.29 0.788 7.4 

FCT 41-45 years 29.9 ref   100 ref   13.8 

AR 41-45 years 3.9 0.18 0.13-0.26 <0.0001 100 1 0.44-2.24 1.00 2.7 

FCT < 36 years 4.3 ref   89.9 ref   17.4 

AR < 36 years 5 1.14 1.09-1.18 <0.0001 89.8 1.01 0.54-1.2 0.992 19.9 

FCT ≥ 36 years 13.5 ref   97.4 ref   17.1 

AR ≥ 36 years 4.5 0.65 0.61-0.68 <0.0001 94.7 0.98 0.83-1.15 0.805 6.6 

 
 

Using the absolute risk method invasive diagnostic testing would have been proposed to 1557 women 

with unaffected pregnancies and with the first-trimester combined test to 2206 unaffected pregnancies. 

With an expected procedure-related miscarriage risk of 1:300, 2 extra pregnancies would have ended 

in a miscarriage with the first-trimester combined test compared to the absolute risk method. 

Eight cases were missed by both screening methods. In 5 cases contradictory results were found. 

Details are listed in Table 3. 
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Table 3. The number of DS cases detected only by the FCT or the AR method or not detected by both methods. 

Case 

Risk at FCT 

test 

Risk at AR 

method 

Maternal 

age 

Detected by FCT 

only 

Detected by AR 

method only 

Not 

detected 

1 1/100 0.7 39.9 1   

2 1/150 0.63 35.8 1   

3 1/190 0.47 38.4 1   

4 1/210 3.7 23  1  

5 1/290 0.56 36   1 

6 1/430 0.77 32.5   1 

7 1/490 1.84 27.2  1  

8 1/580 0.15 38.6   1 

9 1/700 1.26 25.5   1 

10 1/710 0.32 35.1   1 

11 1/830 0.14 37.2   1 

12 1/1400 0.15 35.6   1 

13 1/3700 0.09 33.7   1 

 

 

Discussion 
 

This is the first large population-based study that shows that the performance of first-trimester 

screening for Down syndrome improves when maternal age risk is excluded from the risk assessment. 

Considering the nearly identical detection rates of both methods, the emphasis should be on reducing 

the FPR. Excluding maternal age risk from the algorithm, will result in a 2% decrease in the overall 

FPR. In women ≤ 30 years of age the FPR increased, but with a maximum value of 6% in women ≤ 25 

years of age. On the other hand the effect on FPR in women ≥ 36 years was more pronounced; FPR 

decreased with almost 8% in women aged 36-40 years and with 26% in women aged 41-45 years. 

The overall OAPR with the absolute risk method was also better. Less invasive diagnostic tests will be 

performed with a decrease in the number of procedure-related miscarriages and less women will 

experience the stress of performing invasive diagnostic testing. This constitutes an important health 

and also an economic benefit.  

With the absolute risk method a trend towards detecting more affected pregnancies in younger women 

can be observed (2 Down syndrome cases detected in women aged 23 and 27 years). Limitation of 

our study was the under representation of the number of pregnant women < 36 years of age (72.9%) 
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in comparison to the general pregnant population (77.5% of women < 35 years). Therefore the trend 

towards more Down syndrome cases detected in younger women with the absolute risk method might 

be less recognizable. On the other hand the absolute risk method might lead to an under detection of 

Down syndrome cases in women aged ≥ 36 years. In this study the detection of Down syndrome was 

influenced by maternal age in 2% of cases (3 Down syndrome cases missed in women aged 35, 38 

and 39 years). In the other Down syndrome cases detection was not affected by the risk method used, 

because the serum marker and NT values were discriminatory enough to detect them. Our results are 

in agreement with other studies16-18. 

The overall uptake of the first-trimester combined test in our country is low at about 30%21,22, but it 

includes a relatively high percentage of pregnancies at risk, because of the unexpected finding of 

increased NT at a dating scan in the first-trimester, explaining the relatively high prevalence rate of 

Down syndrome of 0.45%. 

Our findings are important for several reasons. The absolute risk method might deal with the 

misunderstanding that screening performance of first-trimester screening in younger women would be 

less and that screening in the more older women would not be advisable due to the high background 

risk. Thus screening with the absolute risk method might lead to a significant shift towards more 

uptake of screening, resulting in a more efficient screening policy with a decrease in the uptake of 

invasive diagnostic testing for advanced maternal age. Nowadays advanced maternal age is still the 

main indication for prenatal diagnostic testing in our country21. It was shown that women aged ≥ 35 

years are more prone to opt for diagnostic testing with a low risk result with the first-trimester 

combined test as compared to women < 35 years at the similar risk result23. Although background risk 

is already included in the risk assessment, it seems to be an important determinant in the choice for 

invasive diagnostic testing. It is suggested that background risk may have a similar influence on the 

choice for first-trimester screening. The question to what extent maternal age influences the risk 

assessment with the first-trimester combined test, might be hard to answer for the counselor. With 

implementation of the absolute risk method the information provided in pre- and post-test counselling 

will be less complicated and comparable for all women. This might have a positive effect on the overall 

uptake of first-trimester screening resulting in a more efficient screening policy. 
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Conclusion 

 

Exclusion of maternal age from the risk assessment led to a significant decrease in the overall FPR. 

The effect of applying the absolute risk method on the decrease in FPR was most pronounced in 

women aged ≥ 36 years. DR was comparable between both methods. However a trend towards 

detection of more Down syndrome cases in women aged < 30 years was recognizable as well as a 

trend towards less Down syndrome cases detected in women aged ≥ 36 years. It is suggested that 

background risk may have a significant influence on the choice for first-trimester screening and 

invasive diagnostic testing. Introduction of the absolute risk method would simplify pre- and post-test 

counselling and might lead to a higher uptake of first-trimester screening resulting in a more efficient 

screening policy. 
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