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ABSTRACT

Objective The aim of this study was to investigate the association of first trimester screening 
variables NT, PAPP-A and free β-hCG and birth weight, with a focus on the prediction of 
macrosomia.
Methods The database of our Fetal Medicine Unit was searched for all singleton 
pregnancies who underwent first trimester Down syndrome screening. Fetuses with 
chromosomal or structural defects were excluded. Birth weight percentiles were derived 
with correction for gestational age at delivery, parity and gender. 
Results We included 6503 fetuses. NT was enlarged (≥P95) in 315 fetuses (4.8%). PAPP-A 
was low (≤P5) in 6.6%. Median birth weight was significantly lower (P41 vs. P52) in case of 
low PAPP-A. Macrosomia was more common (11% vs. 7%) in case of enlarged NT. 
Conclusions In fetuses with normal outcome first trimester PAPP-A MoM and  NT MoM 
are significantly related to birth weight. Enlarged NT is associated with macrosomia.
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INTRODUCTION

Since first trimester Down syndrome screening was introduced in the 1990’s the 
association between fetal nuchal translucency thickness (NT) and outcome has been 
studied extensively, especially after an enlarged NT 1-4. 
More recently attention has been focused on the relationship between NT, pregnancy 
associated plasma protein A (PAPP-A) and the free beta unit of the human chorionic 
gonadotrophin(free ßhCG) and birth weight. Several studies report that low levels of 
PAPP-A in the first trimester are associated with a relative low birth weight 5-10, whereas 
most studies did not report an association between free β-hCG and birth weight 5, 7-9 with 
exception of one study 10.
Poon et al 11 reported lower delta NT’s in SGA fetuses, but this finding was not confirmed 
in other studies 8-10. Conversely, in fetuses of diabetic mothers, macrosomia seemed to be 
more common when NT is enlarged 12. Thus far only few studies confirm the association 
between enlarged NT and macrosomia in non-diabetic pregnancies 13-15. 
In the Netherlands 15% of newborns have a birth weight above 4000 grams 16. 
Macrosomia is associated with preventable obstetric complications 17, 18, but it remains 
difficult to predict prenatally. It is therefore important to identify risk factors that may 
improve prediction of macrosomia. 
The aim of this study was to investigate the association of NT, PAPP-A and free β-hCG with 
birth weight in a cohort of fetuses after first trimester screening, with a focus on prediction 
of macrosomia. 

METHODS

The prenatal database of our Fetal Medicine Unit was searched for all NT measurements 
between January 2000 and October 2008. Since the introduction of the combined test 
information on PAPP-A and free β-hCG was also recorded. From 2002 the first trimester 
combined test (NT, PAPP-A and free β-hCG) was performed in our centre on parental 
request; but only since 2007 it is offered to all pregnant women, as part of the Dutch 
Down syndrome screening programme 19. 
Only singleton pregnancies with uneventful outcome were included in the analysis. 
The Fetal Medicine Unit of the Academic Medical Centre in Amsterdam acts as a tertiary 
referral centre for a large geographic area. Fetuses at increased risk for Down syndrome 
are referred to our FMU for advanced first trimester sonography, invasive testing and 
further (genetic) counselling. Furthermore, first trimester screening is routinely offered 
to women booking at our hospital. Nuchal translucency measurements were performed 
according to the Fetal Medicine Foundation (FMF) guidelines 20. 
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All NT, PAPP-A and free β-hCG measurements were converted to multiples of the median 
(MoM) for gestational age. Enlarged nuchal translucency is defined as a measurement 
above the 95th centile for the normal range, according to the Fetal Medicine Foundation 20. 
Socio-demographic data which may influence birth weight such as, parity, maternal 
weight and smoking were recorded. Karyotyping was offered to all patients with a Down 
syndrome risk (based on maternal age, NT and first trimester PAPP-A and free β-hCG) 
of 1:200 or higher. Before first trimester serum screening was available in our region, the 
same cut-off was used for a risk assessment based on (maternal age and) NT alone and 
karyotyping was offered to women aged 36 or older. 
Pregnancy outcome was obtained from questionnaires filled in by patients, maternity wards 
or midwifes practices and by reviewing pathology reports and neonatal and pediatric 
notes. When the baby was born without structural defects or dysmorphic features, the 
chromosomes were assumed to be normal.
Adverse pregnancy outcome was defined as chromosomal anomalies, structural 
anomalies, genetic disorders, intra-uterine or neonatal death (IUD, NND) and termination 
of pregnancy (TOP) on parental request. 
Birth weights were corrected for gestational age, parity, and gender using reference 
curves of The Netherlands Perinatal Registry 21. Macrosomia was defined as a birth weight 
equal to or above the 95th percentile. Fetuses with birth weights equal to or below the 5th 
percentile were considered as small for gestational age (SGA). 

Statistical analysis was performed by using SPSS statistics 16.0. Chi-square tests and Mann 
Whitney- U tests were used for intergroup comparison to assess birth weight differences 
between fetuses with normal and abnormal NT, PAPP-A and free β-hCG. 
Multiple linear regression analysis was performed to determine the association of NT 
MoM, PAPP-A MoM and free β-hCG MoM and birth weight. 
Values of P<0.05 were considered statistically significant. 

RESULTS

NT was measured in 8076 singleton fetuses. An adverse outcome was recorded in 659 
fetuses (8.2%, 50.1% in case of enlarged NT and 4.2% in case of normal NT). Four 
hundred-sixty-nine fetuses (5.8%) were born prematurely (22 of those with enlarged NT 
and 447 with normal NT, P=0.98). Information on gender, birth weight, term or parity 
was missing in 406 fetuses (5.0%) and 39 pregnancies (0.5%) were lost to follow up. After 
exclusion of these cases the NT study population consisted of 6503 fetuses born at term 
with uneventful outcome and included sufficient data to calculate birth weight percentiles. 
Of the 6503 fetuses, 3814 had had the combined test. Demographic data for the study 
population are presented in Table 1. 
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Median birth weight was 3610 grams in boys and 3450 grams in girls (P<0.001). There 
were no significant gender differences in corrected birth weight percentile. Macrosomia 
and SGA were equally frequent in both sexes. 
Linear regression analysis showed that both NT MoM and PAPP-A MoM, analysed as 
continuous, instead of dichotomous (normal / abnormal)variables, were significantly 
associated with birth weight percentile (beta 0.05 and 0.11, respectively) (Table 3). Median 
birth weight percentile (corrected for term, parity and gender) was significantly lower 
fetuses with low PAPP-A levels (≤ P5) or increased combined risk (≥ 1:200). Furthermore 
there was a positive correlation between birth weight percentile and maternal body mass 
index (BMI) and an inverse relationship between birth weight and maternal cigarette 
smoking (Table 3). 
Macrosomia (birth weight ≥ P95) was significantly more frequent in infants with enlarged 
NT in the first trimester than when NT was normal (11.1% vs 6.6%, P=0.002). The low 
birth weight rate was not different in infants with normal or enlarged NT (Table 2). 
Although median birth weight percentile was lower in fetuses with low PAPP-A, SGA rate 
was not significantly higher in case of low PAPP-A (≤ P5). 
Free β-hCG MoM was not associated with birth weight (percentile), macrosomia- or SGA 
rate. 
An increased DS risk based on the combined test was associated with a lower median 
birth weight percentile, but not with a higher SGA-rate.

Table 1 . Population characteristics for the total population and for the subgroups with abnormal first 
trimester combined test markers (enlarged nuchal translucency thickness (NT>95th percentile), high free 
beta human gonadotrophin (Free β-hCG ≥95thpercentile) low pregnancy associated plasma protein 
(PAPP-A <5th percentile) and high risk of Down syndrome (Tr21 risk >1:200) respectively). 

All
(6503)

NT ≥ P95
(315)

Free β-hCG 
≥ P95 (71)

PAPP-A 
≤ P5 (250)

DS risk 
≥ 1:200 (243)

CRL (mm) 58 (45 - 84) 63 (45 – 84) * 60 (45 - 80) 58 (45 - 83) 59 (45 - 84)

Age (years) 37.1 34.7 * 37.1 36.7 37.8 ‡

Parity ≥1 (%) 66% 66 % 66% 63% 68%

BMI (kg/m2) 22.8 (16-57) 22.9 (18 - 43) 22.4 (19-33) 24.2 (18-57) † 23.1 (18 - 43)

Smoking (%) 5.7% 12.1 % * 5.6% 8.4% † 13.2% ‡

A priori risk 1:171 1:282 * 1:175 1:190 1:144 ‡

Data are presented as median (range) or percentage
P95 = 95th percentile, DS = Down syndrome
* significant difference between normal and enlarged NT
† significant difference between normal and decreased PAPP-A
‡ significant difference between low and increased risk after the combined test
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DISCUSSION

In healthy fetuses an enlarged NT is significantly associated with macrosomia, whereas low 
first trimester PAPP-A is associated with lower birth weight (corrected for term, gender and 
parity). Multivariable linear regression shows that birth weight is significantly associated 
with  NT MoM, PAPP-A MoM, smoking and maternal BMI. 

Table 2b. Birth weight after normal and abnormal combined test markers expressed as median MoM 
and percentage abnormal per birth weight group

Median MoM % (n) abnormal

Birth weight NT PAPP-A β-hCG NT > P95 (315) PAPP-A < P5 (250) β-hCG > P95 
(71)

< 10th percentile 0.87 0.97 * 0.99 10.5% (33) 13.6% (34) 12.7% (9)

10th - 95th percentile 0.87 1.12 1.03 78.4% (247) 80.0% (200) 80.3% (57)

> 95th percentile 0.87 1.21 1.08 11.1% (35) * 6.4% (16) 7.0% (5)

* Significant difference between normal and low / high birth weight
MoM: multiple of the median
NT: nuchal translucency
PAPP-A: pregnancy associated plasma protein
β-hCG: beta human chorionic gonadotrophin

Table 2a. Birth weight after normal and enlarged NT / PAPP-A / free β-hCG in median weight and 
median birth weight percentile

Median birth 
weight (grams)

Median birth 
weight percentile

Overall 3549 52.4

NT

< 95th percentile (6188) 3547 52.3

≥ 95th percentile (315) 3600 54.2

Free β-hCG

< 95th percentile (3743) 3536 51.6

≥ 95th percentile (71) 3550 53.8

PAPP-A

> 5th percentile (3564) 3546 52.6

≤ 5th percentile (250) 3405 † 41.1 †

Risk

< 1:200 (3571) 3542 52.1

≥ 1:200 (243) 3454 ‡ 47.7 ‡

† significant difference between normal and low PAPP-A
‡ significant diference between normal and increased risk
NT: nuchal translucency
PAPP-A: pregnancy associated plasma protein
β-hCG: beta- human chorionic gonadotrophin
risk: calculated Down syndrome risk
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These observations are made in a study population with a high percentage of older 
women, and of screen positive women, reflecting the fact that in the Netherlands especially 
older women choose for DS screening. Moreover, our database included mostly patients 
referred to our FMU in view of an increased DS risk and women booking at our hospital 
because of obstetrical risks. Young and low-risk pregnant women living in the hospital 
surrounding area constitute a minority in the screened population. In spite of this, median  
NT MoM, free β-hCG MoM and PAPP-A MoM are similar to reported average Dutch 
values 22, whereas birth weight is definitely higher in the study population than in the 
average Dutch values, even after correction for gestational age at birth, parity and gender 
(birth weight percentile). 
By using these birth weight percentiles we standardized for parity, gender and gestational 
age at birth. In the multivariate analysis we corrected for maternal BMI and smoking. 
Thereby we corrected for a wide range of co-variables that can influence birth weight.
In the study smoking was self-reported by women. Accuracy of self-reporting is known to 
be poor, with up to 26% under reporting rate 23-25. Moreover smoking habits are known 
to change during pregnancy 26. Interestingly, there were more smokers among mothers of 
fetuses with enlarged NT. One would expect a trend towards lower birth weight in these 
fetuses, but the study showed the opposite with a positive correlation between NT and 
birth weight percentile. 
CRL was significantly larger in fetuses with an enlarged NT but in the multivariable regression 
analysis it did not show a relationship with birth weight. As the majority of enlarged NT 
fetuses were referred to our centre in view of increased first trimester risk after 12 weeks, 
it is likely that the larger CRL was simply the consequence of a predominance of fetuses at 

Table 3. Linear regression for birth weight percentile (univariable and multivariable) in fetuses with 
complete first trimester combined test

Univariable regression Multivariable regression

Beta P Beta P

 NT MoM 0.033 0.04 0.049 0.03

PAPP-A MoM 0.073 < 0.001 0.106 < 0.001

Free β-hCG MoM 0.014 ns 0.022 ns

CRL 0.035 0.032 0.039 ns

Fetal gender -0.018 ns - 0.039 ns

Parity 0.032 0.05 - 0.029 ns

GA at delivery 0.026 ns 0.011 ns

Smoking -0.060 < 0.001 - 0.073 <0.001

Maternal BMI 0.122 < 0.001 0.135 < 0.001

NT: nuchal translucency; MoM: multiple of the median; PAPP-A: pregnancy associated plasma protein; 
β-hCG: beta- human chorionic gonadotrophin; CRL: crown rump length; GA: gestational age; BMI: 
body mass index
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older gestational ages. According to Hackmon 27 CRL at 11-14 weeks is significantly larger 
in fetuses that will be born macrosomic. In the Netherlands pregnancies are usually dated 
on the basis of a CRL measured at 11-14 weeks. It is therefore impossible to assess if the 
predominance of larger CRLs in this study can be an early sign of macrosomia or not. 
Several authors reported an association between first trimester PAPP-A and fetal growth 
restriction 5-10. In our population there was a positive correlation between PAPP-A MoM and 
birth weight and there was a significant correlation between low PAPP-A and median birth 
weight. However, we were unable to confirm the increased SGA-rate in case of low PAPP-A, 
probably due to lack of power (RR 1.4, P=0.20). One study reported an association between 
low free β-hCG and FGR 10, but this was not confirmed by most studies 5, 7-9. Thus far two 
studies found a relation between NT and SGA 11, 28, not confirmed by others 8-10. In this study 
we were also unable to show a relation between NT and SGA, whereas we found a positive 
association between NT MoM and birth weight and between macrosomia and enlarged NT. 
Fetal growth is highly dependent on insulin and insulin-like growth factors (IGF) 29,30. 
Higher PAPP-A levels cause break-down of IGF-binding proteins, resulting in higher free 
IGF levels 31. This is known to lead to more pronounced fetal growth, as confirmed by the 
positive association between first trimester PAPP-A and birth weight, found by Canini 5 and 
in the present study. 
Some authors found lower PAPP-A levels in case of maternal (gestational) diabetes 32,33, 
but no association between NT and gestational diabetes 34,35. Kelekci 12 found enlarged 
NT to be predictive for macrosomia in women with gestational diabetes, whereas two 
other studies did not 36,37. The association between enlarged NT and macrosomia in 
non-diabetic pregnancies is thus far described by one large study 13 and confirmed by two 
smaller ones 14,15. Poon 13 found a linear association between delta NT and birth weight 
and delta NT was significantly larger in fetuses that were macrosomic at birth. In this 
study we confirm this association, but the study size is too small to demonstrate a possible 
relation between NT thickness and diabetes. We speculate that macrosomia in fetuses 
with enlarged NT is not caused by increased glucose supply to the fetus (as in maternal 
diabetes), but by reduced fetal insulin resistance. When fetal insulin resistance is low, a 
larger amount of the available glucose can be used by the fetus, thus resulting in increased 
growth. Several genetic and environmental mechanisms are known to cause individual 
differences in fetal insulin resistance, resulting in different glucose uptake and subsequent 
individual growth patterns 29,38-40. Furthermore a genome wide study identified a locus 
on the X chromosome that appears to be linked to glucose intolerance 41. Female fetuses 
have higher PAPP-A levels 42-44 resulting in higher free IGF. However female fetuses are 
more insulin resistant 45 and (therefore) they have lower birth weights than male fetuses. 
As fetal growth is highly dependent on insulin and IGF, we speculate that individual 
and gender differences in insulin resistance may play a role in the aetiology of nuchal 
translucency. In that case (very) low fetal insulin resistance can cause both enlarged nuchal 
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translucency and macrosomia. This possible association is supported by the fact that male 
fetuses, who are less insulin resistant, have slightly larger NT’s 46 and higher birth weights. 
In this scenario the larger NT can simply be an early manifestation of a healthy large male 
fetus (fat boy). When there are no other anomalies at the first trimester ultrasound scan, we 
can use this information in counselling the parents in their choice for invasive testing. Fetal 
growth should be monitored carefully to confirm the finding of a large fetus. 
In our population one in nine fetuses with an enlarged NT was macrosomic at term 
and therefore potentially at risk of birth complications 18, such as shoulder dystocia 17. 
Macrosomia can be associated with rare (genetic) syndromes, such as Beckwith-Wiedemann 
syndrome (IGF-II over expression), and several metabolic disorders. Further investigation 
is therefore needed to follow-up the development of children born macrosomic. This 
study also suggests that after an increased NT fetal growth should be strictly monitored 
throughout pregnancy to screen for macrosomia.
In conclusion, normal fetuses after enlarged NT have a higher chance to be macrosomic 
at birth compared to fetuses with normal NT. Furthermore birth weight is significantly 
lower in case of low PAPP-A. As fetal growth is highly dependent on insulin and IGF, 
we speculate that individual differences in insulin resistance may be also involved in the 
aetiology of an enlarged nuchal translucency. In this scenario the larger NT can be an 
early manifestation of a healthy large fetus.
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