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ABSTRACT 

Objective The aim of this study was to determine the impact of fetal gender and 
maternal smoking on the performance of first trimester Down syndrome screening in the 
Netherlands. 
Methods The prenatal database of our Fetal Medicine Unit was searched to identify all 
singleton pregnancies who underwent the first trimester combined test (NT, free β-hCG 
and PAPP-A) for assessment of the risk of Down syndrome between January 2000 and 
October 2008. Differences in screening performance between male and female fetuses 
were determined using Chi-squared and Mann Whitney U tests Smokers and non-smokers 
were compared using likelihood ratios, corrected for a-priori risk. 
Results The study group comprised 4538 fetuses: 2350 males (52%) and 2188 females 
(48%). Women carrying a female fetus had a 22% higher free β-hCG level than women 
carrying male fetuses. NT was 2% larger in male fetuses. Although female fetuses were 
1.2 times more likely to be screen positive, this was not statistically significant (P=0.08). 
Smoking was reported by 249 women (6%). Women who smoked had a 21% lower PAPP-A 
level and they were more likely to become screen positive compared to non-smokers 
(LR1.3, P=0.002).
Conclusions Information on maternal smoking should be taken into account in first 
trimester risk assessment to ensure that smokers are not unnecessarily classified as high 
risk for Down syndrome. Information on fetal gender may be added as further refinement 
of first trimester screening algorithm in a sequential screening setting approach. 
The impact of first trimester screening co-variables may be especially relevant in women 
with an intermediate-high a priori DS risk. They are more vulnerable for changes in risk 
assessment and therefore more likely to become screen positive. 
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INTRODUCTION 

In the past decade more stringent criteria have been set to optimise the performance 
of first trimester Down syndrome screening, by increasing the detection rate (DR) and 
reducing the false positive rate (FPR). In the United Kingdom the target for DR is 90% for a 
FPR of less than 2% 1,2. In this context accurate information on co-variables that may affect 
screening performance is of great importance. Two of the variables for which an effect 
on the performance of first trimester screening has been reported are fetal gender and 
maternal cigarette smoking. 
It is known that free β-human chorionic gonadotrophin (β-hCG) is higher in women 
who carry female fetuses compared to women who carry males (Table 1) 3-7. Pregnancy 
associated plasma protein-A (PAPP-A) is lower in smokers (Table 2) 3,8-18. 

Table 1 Overview of studies concerning effect of fetal gender on first trimester serum markers, NT 
thickness and calculated risk after combined test MedMoM = Median Multiple of the Median

Author Cut-off N NT Free β-hCG PAPP-A Risk

De Graaf ↓ NA 253 euploid Not studied MedMoM 16% 
↓in males

NS Not studied

Spencer 4 1:300 2923 euploid log MoM 3% 
↑ in males

log MoM 15% 
↓in males

log MoM 10% 
↓ in males

Males 1.05 
times likely 

to be screen 
positive, NS.

203 
trisomy 21

log MoM 3% 
↑ in males

log MoM 11% 
↓in males

log MoM 13% 
↓ in males

Lam 19 NA 12189 euploid MedMoM 5% 
↑ in males

Not studied Not studied Not studied

Yaron 5 1:380 1325 euploid NS MedMoM 19% 
↓in males

NS Median risk 
18% 

↓ in males, 
Males LR 

screen+ 0.87 
NS.

Larsen 6 NA 2637 euploid Mean log MoM  
0,009 ↑ in 

males

Mean log MoM 
0,06↓in males

Mean log MoM 
0,03 ↓ in males

Not studied

Ardawi 14 NA 1616 euploid NS MedMoM 23% 
↓ in males

NS Not studied

Cowans 7 1:300 56024 euploid ΔNT 9,4% 
↑ in males

MedMoM 
14,7% 

↓in males

MedMoM 6,3%
↓ in males

Males LR 
screen+ 0,93, 

NS.

722 trisomy 21 ΔNT 9,0 % 
 ↑ in males

MedMoM 
20,3% 

↓in males

NS

Timmerman 20 NA 7072 normal 
NT

0,05 mm 
 ↑ in males

Not studied Not studied Not studied

Δ = delta
↓= significantly lower, ↑= significantly higher, NA= Not Applicable, LR likelihood ratio
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NT is slightly larger in males 4,6,7,19,20 and probably in case of maternal smoking 10,14-17. It is 
very likely that co-variables that are associated with NT, PAPP-A or free β-hCG affect the 
screening performances (DR and FPR) as well. 
The impact of fetal gender on first trimester risk assessment is not yet clear 4,5,7. In smokers 
screen positive rates are slightly higher 10,11,17. Data on effect of smoking on DR show 
conflicting results 11,17. When corrected dose-dependent for smoking, only 0.1% increase 
in screen positive rate in smokers remained, according to Kagan 13. Based on these results 
serum MoM values are corrected for smoking in the UK and since January 2012 in the 
Netherlands. Thus far the influence of smoking on the screening performances in the 
Netherlands has not been reported. The aim of this study is to determine the impact of 
fetal gender and maternal smoking on the performance of first trimester Down syndrome 
screening in the Netherlands. 

Table 2 Results of NT, PAPP-A, free β-hCG and first trimester risk assessment in smokers compared to 
non-smokers

Author Cut-off N NT 
(Median 
MoM)

free β-hCG 
(Median 
MoM)

PAPP-A 
(Median 
MoM)

Risk assessment

Spencer 8 1:300 3111 Euploid Not studied NS 15% ↓ DR 5-6% lower

De Graaf 3 NA 755 Euploid ‡ Not studied NS 26% ↓ Not studied

Spencer 4 1:300? 2887 * Euploid NS Not studied Not studied Not studied

204 Trisomy 21 NS 13% ↓ 6% ↑

Niemimaa 10 1:250 4436 † 8% ↑ NS 22% ↓ Screen positive rate 
1,7% ↑ in smokers

Spencer 11 1:300? 32 730 Euploid NS 3% ↓ 18% ↓ FPR 0.72% ↑ in 
smokers and DR 9.5% 

↓ in smokers

124 Trisomy 21 NS NS NS

Yigiter 12 1275 NS NS 21% ↓$ Not studied

Ardawi 14 1920 10% ↑ 15% ↓ 19% ↓ Not studied

Ardawi 15 2337 16% ↑ 13% ↓ 19% ↓ Not studied

Miron 16 1:210 – 
1:266

53 114 7% ↑ 13% ↓ 17% ↓ Median risk 1:4459 in 
smokers vs 1:4428 in 
non-smokers, p=0.09

Kagan 13 1:300 109 263 Not studied 3% ↓ 20% ↓ Screen positive 
rate 0.1% ↑ if dose 

dependent corrected 
for smoking

Bestwick 17 1:250 12 517 3% ↑ 4% ↓ 20% ↓ Adjust for smoking à 
0.5% ↑ in DR, 0.3% ↑ 

in FPR

Zhang 18 1:230 15751 NS 20%↓ 11%↓ Influence of smoking 
not significant

* number of NT measurements. †  number of serum samples. ‡  number of PAPP-A measurements. $ in 
smokers > 5 cigarettes
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METHODS

The Fetal Medicine Unit of the Academic Medical Centre in Amsterdam is a tertiary referral 
centre for a large geographic area in the North-west of the Netherlands. The prenatal 
database of our FMU contains pregnancies that get their routine antenatal care at the 
hospital and pregnancies referred by primary and secondary care facilities for further 
assessment. 
The prenatal database was searched for women who underwent the first trimester 
combined test (NT, free β-hCG and PAPP-A) between January 2000 and October 2008. 
Only singleton pregnancies with known fetal gender, smoking status, karyotype and 
outcome were included for analysis. Blood samples for analysis of PAPP-A and free β-hCG 
were taken between 9 and 13+6 weeks gestation. From January 2000 until October 2007 
blood samples were analysed at the Dutch National Institute for Public Health and the 
Environment using Auto DELFIA analyser (Perkin Elmer, Turku, Finland). From October 
2007 onwards maternal serum samples are analysed with Ellipse Delfia Xpress equipment 
(Perkin Elmer, Turku, Finland) at the Laboratories of Clinical Chemistry of the Academic 
Medical Centre. NT measurements were performed between 11 and 14 weeks of gestation 
according to the Fetal Medicine Foundation (FMF) guidelines 21.

Maternal characteristics including maternal age, maternal weight, gestational age and 
trisomy in a previous pregnancy were recorded and taken into account in the Down 
syndrome risk assessment. Current and recent cigarette smoking status were assessed 
by self-reporting at the time of NT measurement. During the study period MoM values 
of PAPP-A and free β-hCG were not corrected for maternal smoking. PAPP-A and free 
β-hCG values were converted to Multiple of Median (MoM) for gestational age and 
maternal weight. Down syndrome risk was calculated based on maternal age, crown rump 
length (CRL), PAPP-A MoM, free β-hCG MoM and fetal NT thickness. Increased Down 
syndrome risk was defined as risk ≥ 1:200, which is the standard cut off value in the 
Netherlands. Karyotyping was offered if the CT Down syndrome risk was ≥ 1:200 or if 
maternal age was 36 years or more. 
Pregnancy outcome was obtained from patients, maternity wards or midwifery practices 
and by reviewing notes from neonatal period or pathology department. When the baby 
was born without structural defects or dysmorphic features, the chromosomes were 
assumed to be normal. 
The pregnancy outcome was classified to be adverse if there was a chromosomal anomaly, 
structural anomaly, genetic disorder, intra-uterine or neonatal death (IUD, NND) or 
termination of pregnancy (TOP) in case of very large NT associated with hydrops fetalis. 
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Statistical analysis was performed with SPSS statistics 16.0 (SPSS Inc., Chicago Ill). 
Chi-square tests and Mann Whitney U tests were used for intergroup comparison of MoM 
values to assess gender differences and differences associated with maternal smoking 
status. Likelihood ratios were converted to log values and linear regression and t-tests 
were used to assess differences in gender and smoking status. 
Values of P<0.05 were considered statistically significant. 

RESULTS

The study group comprised 4547 fetuses from singleton pregnancies that underwent first 
trimester DS screening. Pregnancy outcome and fetal gender were known in 4538 fetuses 
(99.8%). There were 2350 male (51.8%) and 2188 female (48.2%) fetuses (Figure 1). 
Smoking was reported by 249 women (5.5%).

 

2214 non -smokers  
 

4547 singleton fetuses  

4538 singleton fetuses, known outcome  

3 lost to FU  
6 TOP/miscariages without  

karyotyping  

 2350 males  2188 females  

136 (5.8%)  smokers  
 

 

2075 non -smokers  
 

113 (5.2%)  smokers  
 

2060  
risk<1:200  

154 (7.0%)  
risk ≥1:200 

108  
risk<1:200  

28 (20.6%)  
risk ≥1:200 

1893  
risk<1:200  

 

182 (8.8%)  
risk ≥1:200 

97  
risk<1:200  

 

16 (14.2%)  
risk ≥1:200 

5 Tri 21  
 

19 Tri 21  0 Tri 21  
 

3 Tri 21  4 Tri 21  
 

25 Tri 21  0 Tri 21  
 

3 Tri 21  

Figure 1. Flowchart: number of trisomy 21 fetuses according to fetal gender, maternal smoking and first 
trimester DS risk

Maternal characteristics
Pregnancies with female and male fetuses did not differ with respect to maternal age, body 
mass index (BMI) or parity (Table 3). Maternal smoking was associated with a significantly 
higher maternal age. Smoking was more frequent in the subgroup with DS risk ≥ 1:200, 
especially in women carrying a male fetus. Demographic data according to maternal 
smoking and fetal gender are reported in Table 3.
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Outcome
The overall rate of adverse pregnancy outcome was 5.1%. Chromosomal anomalies 
were diagnosed in 88 fetuses, of which 61 had Down syndrome. Structural anomalies 
were diagnosed in 78 fetuses (1.7%) and genetic syndromes in 7 (0.2%). There were 59 
pregnancy losses (1.3%). There was no significant difference between the prevalence of 
adverse outcome in pregnancies with female and male fetuses (P=0.63). Smoking did 
not significantly influence the chance of having a DS baby or other adverse pregnancy 
outcomes either. Maternal smoking was recorded in 6 of the 59 (10%) DS cases compared 
to 6% of the non-DS (P=0.11). Adverse outcome rate was 6.4% in smokers and 5.0% in 
non-smokers (P=0.33). 

Risk assessment 
Median  NT MoM was 2% higher in male fetuses than in females (0.90 vs. 0.88, P=0.02). 
In females whose mother smoked  NT MoM was not significantly higher than NT MoM in 
female fetuses from non-smoking mothers. In contrast males fetuses from mothers who 
smoked had a significantly higher median  NT MoM than male fetuses from non-smoking 
mothers (0.95 in smokers vs. 0.90 in non-smokers, P=0.03). 
Female gender was associated with a 22% increased median MoM free β-hCG compared 
to males (1.14 MoM in females vs. 0.92 MoM in males, P<0.001).
Smoking was associated with significantly reduced PAPP-A MoM levels (0.91 MoM in 
smokers vs. 1.10 MoM in non-smokers, P<0.001). There were no gender differences in 

Table 3. Demographic data of total population and of population at increased risk after the combined 
test, expressed as Median / percentages

N Maternal 
age (yrs)

BMI 
(kg/m2)

Parity ≥ 1 
(%)

Smoking 
(%)

M : F ratio A priori risk

Total

all 4538 37.0 22.9 64% 9.8% 1.07 177

males 2350 36.9 22.8 64% 10.3% - 178

females 2188 37.0 23.0 64% 9.2% - 175

non-smoking 4289 36.9 22.9 64% - 1.07 180

smoking 249 37.7 † 23.4 66% - 1.20 147 †

Risk ≥ 1:200

all 380 37.6 ‡ 23.3 66% 13.5 ‡ 0.92 148 ‡

males 182 37.4 23.1 68% 17.7 - 150

females 198 37.8 23.3 65% 9.5 * - 147

non-smoking 336 37.7 23.1 67% - 0.85 148

smoking 44 37.1 23.8 66% - 1.75 † 150

* significant gender difference
† significant difference between smoking and non-smoking
‡ significant difference between total population en subgroup with DS risk ≥ 1:200
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median PAPP-A MoM levels and there was no difference in β-hCG MoM levels between 
smokers en non-smokers. (Table 4). 

Median calculated Down syndrome risk after the combined test in male fetuses was not 
significantly different from that in female fetuses (1:1526 vs 1:1436, P=0.07).
An increased calculated DS risk (≥1:200) was recorded in 380 fetuses (8.4%). Although 
female fetuses were 1.2 times more likely to be screen positive (Table 4), this was not 
statistically significant (OR 1.19, 95% CI 0.96-1.46, P=0.08). 
The effect of maternal smoking on the risk assessment was much larger, with a median 
calculated Down syndrome risk of 1:1510 in non-smokers and 1:1089 in smokers 
(P<0.001) (Table 4). Of the women who smoked 17.7% had an increased DS risk 
(≥1:200), compared to 7.8% of the non-smokers (Table 4 & 5). After correction for the 
higher a priori risk of smoking women, the likelihood to become screen positive was 1.3 
times higher for smokers than in non-smokers (P=0.002). 

Smoking was recorded in 11.6% of pregnancy with increased first trimester risk, compared 
to 5.5% in the total population (P<0,001). Smoking was recorded in 15.4% of women 
with increased first trimester risk assessment carrying a male fetus and in 8.1% of those 
carrying a female fetus (P=0.026). Smoking mothers with an increased DS risk were more 
likely to carry a boy (63.6% males) than non-smokers (45.8% males) (p<0.001). 

Table 4. Parameters of the first trimester risk assessment, expressed in median MoM’s resp. median 
calculated risk, according to fetal gender and smoking status 

N CRL NT MoM Free β-hCG
MoM

PAPP- A
MoM

Risk after
Combined 
test (1: xx)

Risk ≥ 1:200
n (%)

Total population

all 4538 58 0.89 1.02 1.09 1481 380 (8,4%)

males 2350 59 0.90 0.92 1.08 1526 182 (7.7%)

females 2188 58 * 0.88 * 1.14 * 1.11 1436 198 (9.0%)

Non-smoking

all 4289 58 0.89 1.03 1.10 1510 336 (7.8%)

males 2214 59 0.90 0.92 1.09 1557 154 (7.0%)

females 2075 58 * 0.88 * 1.14 * 1.12 1462 182 (8.8%) *

Smoking

all 249 59 0.89 0.93 0.91 † 1089 † 44 (17.7%) †

males 136 58 0.95 † 0.86 0.93 † 1094 † 28 (20.6%) †

females 113 60 * & † 0.86 * 1.02 * 0.91 † 1077 † 16 (14.2%)

* significant gender difference (Chi squared test, P< 0.05)
†  significant difference between smoking and non-smoking (Chi squared test, P< 0.05)
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DR and FPR
Overall DS detection rate (DR) at the combined test was 83.6%. DR and false positive rate 
(FPR) were similar for fetuses of both sexes (Table 5, P=0.85). 
Among smokers there were only 6 DS cases (DR 100%). FPR was significantly higher in 
smokers (15.6%), compared to non-smokers (6.9%, OR 2.5 95%CI 1.7-3.6 P<0.001). 
(Table 5). 
When using different cut-offs (≥1:100 and ≥1:300) the effect on FPR between smokers 
and non-smokers remained the same (Table 6). 

Table 5 Numbers (N) of fetuses at increased risk after the combined test at different cut off values and 
corresponding Down syndrome detection rates (DR) and false positive rates (FPR), according to fetal 
gender and smoking status

Risk cut off N DR FPR

≥ 1:200 (N=380)

male 182 82% (22/27) 6.9%

female 198 85% (28/32) 7.9%

non-smoking 336 83% (44/53) 6.9%

smoking 44 100% (6/6) 15.6% *

≥ 1:100 (N=237)

male 116 71% (19/27) 4.2%

female 121 82% (27/32) 4.4%

non-smoking 211 77% (41/53) 4.0%

smoking 26 83% (5/6) 8.6% *

≥ 1:300 (N=504)

male 253 89% (24/27) 9,90%

female 251 91% (30/32) 10,30%

non-smoking 450 91% (48/53) 9,50%

smoking 54 100% (6/6) 19,8% *

* significant difference between smokers and non-smokers (Chi squared test, P< 0.001)

Table 6. False Positive Rate (risk ≥ 1:200) according to fetal gender and maternal smoking combined

Smoking Non-smoking All

Male 18.8% 6.2% * 6.9% 

Female 11.8% 7.7% 7.9%

All 15.6% 6.9% *

* significant difference between smokers and non-smokers

-
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DISCUSSION

This study shows that first trimester free β-hCG MoM is 22% higher in female fetuses 
compared to males and PAPP-A MoM is 21% lower in case of maternal smoking.  NT 
MoM is slightly larger in males. Female fetuses have a slightly higher median calculated 
DS risk and tend to have a higher chance to get a screen positive result (risk ≥1:200). 
Smokers were even more likely to get a screen positive result (LR 1.3). 
Our results are consisting with several authors who found larger NT’s in male fetuses 

4,6,7,19,20. As for maternal serum markers, free β-hCG is lower in male fetuses 3-7,14, whereas 
PAPP-A is not uniformly affected by fetal gender 3-7,14 (Table 1). To date the impact of fetal 
gender on first trimester risk assessment has been scarcely studied 4,5,7 (Table 1). 
In keeping with all previous studies PAPP-A was lower in our population in smoking 
mothers 3,8-17. NT might be slightly larger en free β-hCG slightly lower in smoking women, 
but both findings were not confirmed by all authors 3,4,8,10-12,14-17. Furthermore, reports on 
the impact of smoking on first trimester risk assessment show conflicting results (Table 2) 
10,11,13,16,17,22. 
Smoking was self-reported by pregnant women. It is known that accuracy of self-reporting 
is not high with under reporting as high as 26% 23-25 and known irregular smoking habits 
during pregnancy 26. 
Our study population is not a general one. Maternal age, a priori DS risk and screen 
positive rate are high due to the fact that in the Netherlands especially older women 
choose for DS screening. Moreover, our database includes mostly patients referred to 
our FMU in view of an increased DS risk and women booking at our hospital because of 
obstetrical risks. Only a minority consists of young and low-risk pregnant women living in 
the hospital area. In spite of this, median  NT MoM, free β-hCG MoM and PAPP-A MoM 
are similar to average Dutch values 27. Furthermore, male: female ratio in our population 
was in agreement with the normal Dutch sex birth ratio 28. 
The impact of first trimester screening co-variables may be especially relevant in women 
with an intermediate-high a priori DS risk, as most women in our study. When co-variables 
negatively influence NT, PAPP-A or free β-hCG, they are very likely to become screen 
positive. This explains the observed large impact of fetal gender and smoking in our 
population. Furthermore, this can explain why cigarette smoking women had higher a 
priori risks. Especially women with higher a priori risks are more vulnerable for changes in 
risk assessment and therefore more likely to be referred to our FMU. 

This study illustrates that gender (20% higher free β-hCG in females) has less impact on 
the risk estimates than smoking (20% lower PAPP-A). The relative large impact of PAPP-A 
is associated with the smaller standard deviation in both general and DS populations 22. 
A deviation of the PAPP-A level has a more pronounced effect on the likelihood ratio (and 
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ultimate risk) than a deviation of free β-hCG. This larger impact of PAPP-A is illustrated 
by the finding that smoking women carrying a male fetus have higher risk calculations 
compared to non-smoking women carrying a female fetus. Smoking women carrying a 
female fetus get the highest risk calculation (Table 4). 
There is no unequivocal explanation for the gender differences observed in first trimester 
screening markers. A minimal degree of NT enlargement in male fetuses without genetic or 
structural anomalies may be interpreted as a feature of accelerated growth or, alternatively, 
as a maturational delay of the cardiovascular system more common in males, leading to 
moderately increased nuchal fluid accumulation 20,29. 
Gender differences in β-hCG levels have been observed for decades 30-34 and contribute 
to higher FPR’s in females in second trimester DS screening 34,35. It is hypothised that 
placental gonadotrophine production is regulated by fetal gonads 36,37 or by fetal steroid 
milieu 31, leading to suppression of hCG production by androgens of male fetuses 38. 
Tobacco toxins dysregulate biological functions of fetal cells and maternal smoking is 
associated with alterations in protein metabolism and enzyme activity in the fetus 39. It is 
likely that these metabolic alterations influence nuchal fluid accumulation, although this 
needs to be proven. Furthermore syncytiotrophoblastic necrosis is increased in smokers 40, 
probably causing a decrease in the syncytiotrophoblastic derived proteins PAPP-A and free 
β-hCG. When a dose-dependent correction for smoking is applied, screen positive rate in 
smokers only increases by 0.1% 13. Although the number of cigarettes smoked per day was 
not recorded in our population, we agree that a dose-dependent correction is necessary 
to optimize screening performances. 
Clinical implications of gender differences in first trimester DS screening need to be 
elaborated. According to Cowans correction for fetal gender only slightly influenced DR, 
but almost equalized FPR between the sexes 7. We agree with Cowans that a cost benefit 
analysis needs to be carried out to determine the feasibility of gender correction in first 
trimester screening programs 7. Moreover, correction may not always be readily applicable 
at the time of screening, as ultrasound determination of fetal gender becomes more 
accurate after 12 weeks’ gestation 41,42 and it may not be that easy in a routine setting. 
Other ways of fetal sexing, as in maternal blood (PCR targeted at the SRY gene) do not 
(yet) seem cost-effective. 
Beyond 12 weeks information on fetal gender could be added in a strategy of individual 
risk-oriented two-stage first trimester screening approach, as suggested in fetuses at 
high-intermediate risk after the combined test 43. In a previous report 20 we found that 
male fetuses with an enlarged NT had an almost two-fold greater chance of favourable 
outcome. Information on fetal gender may therefore also be helpful in counselling parents 
in case of enlarged NT and normal karyotype 20,44. 
This study supports the fact that fetal gender and maternal cigarette smoking has impact 
on first-trimester risk assessment. We confirmed that female fetuses tend to have slightly 
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(6%) higher risks at the first trimester risk assessment. The effect of maternal smoking is 
much larger with a 28% higher median calculated DS risk and doubled FPR. 
Algorithms for first-trimester screening need continuous auditing and improvement 45. 
Considering that the goal of a good screening program is to optimize detection rates 
and to minimize false-positive rates, the question is not if, but how information on 
maternal smoking and fetal gender should be included in first trimester DS risk assessment 
protocols. It is clear that correction for smoking is needed to overcome high FPR in first 
trimester risk assessment in smoking women. At present for fetal gender correction can be 
used for further refinement of first-trimester risk assessment algorithms only in a sequential 
screening approach setting. 
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