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Chapter 3 

Co-variables in first trimester maternal serum screening 

Irene M. de Graaf, Howard S. Cuckle, Eva Pajkrt, Nico J. Leschot, Otto P. Bleker and 

Jan M.M. van Lith 

We determined the influence of maternal weight, smoking habits, gravidity, parity and 

fetal gender on the level of maternal serum marker used in first trimester screening for 

Down's syndrome. A total of 2449 singleton unaffected pregnancies from two centres 

were studied. Maternal serum free ß human chorionic gonadotropin (hCG) and a-

fetoprotein (AFP) concentrations had been measured in all pregnancies and pregnancy 

associated plasma protein (PAPP)-A levels had been measured in 924. All results were 

expressed as multiples of the gestation specific median (MOM) values after regression, 

using each centre's own medians. Information on maternal weight was available in 2259 

pregnancies, on self-reported current cigarette smoking in 1364, of whom 117 (8.6%) 

were smokers, on gravidity in 1371, parity in 1303 and fetal gender in 253. Maternal 

weight showed a statistically significant negative association with all three markers 

(PO.OOOS) and in the subsequent analyses MOM values were weight adjusted using 

standard methods. The median PAPP-A level in smokers was 0.81 MOM, a 

significantly significant reduction (PO.005); free ß-hCG was also reduced (median 

0.89 MOM) but not significantly (P=0.17), and AFP was unaltered. The median AFP 

level in primagravidae was highly significantly greater than that in gravid women 

(PO.0005). In PAPP-A the reverse effect was seen but it did not reach statistical 

significance (P=0.15) and there was no effect for free ß-hCG. Results of a similar 

magnitude and direction were found for parity. The median level of free ß-hCG was 

higher, and median AFP lower in female pregnancies. We concluded that maternal 

weight and, for PAPP-A, maternal smoking are important first trimester screening co-

variables. Gravidity, parity and fetal gender also has an influence on one or more first 

trimester marker. 

Submitted for publication. 
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Introduction 

Prenatal screening for Down syndrome based on the analysis of biochemical markers in 

maternal serum during the second trimester of pregnancy is routinely carried out in 

many countries. The combination of multiple markers (e.g. a-fetoprotein (AFP), human 

chorionic gonadotrophin (hCG) or free ß-hCG and unconjugated oestriol (uE3)) can 

achieve detection rates of 60 per cent or more. Various factors are known to influence 

these serum marker concentrations in singleton pregnancies including maternal weight, 

maternal smoking habits, gravidity, parity and fetal gender as well as insulin dependent 

diabetes mellitus, ethnicity, assisted reproduction, vaginal bleeding and maternal serum 

screening result in a previous pregnancy. Most centres correct levels for maternal 

weight which leads to a small increase in the detection rate, or to a reduction in the 

false-positive rate. Some centres allow for additional co-variables. 

Moving Down syndrome screening into the first trimester of pregnancy would appear to 

have many advantages. With mid-trimester serum screening the definitive diagnosis by 

amniocentesis is made relatively late, and this leads to late termination of pregnancy 

when an affected fetus is found. Many retrospective studies have been performed on the 

efficiency of first trimester serum screening and the results have been combined in a 

meta-analysis (Van Lith, 1996; Cuckle and Van Lith, 1999), showing that multiple 

marker combinations including pregnancy associated plasma protein (PAPP)-A and free 

ß-hCG with or without AFP have a similar discriminatory power to second trimester 

combinations. 

However, little is know about co-variables of first trimester maternal serum screening. 

We therefore carried out a study to evaluate maternal weight, smoking habits, gravidity, 

parity and fetal gender as potential co-variables. 

Methods and Results 

Data were amalgamated from two studies with a total of 2449 unaffected pregnancies 

tested at 9-13 weeks gestation. In Amsterdam, the series comprised 258 women tested 

retrospectively for PAPP-A, free ß-hCG and AFP as part of a case-control study on the 

screening effectiveness of combining serum markers with the ultrasound marker nuchal 

translucency. The study methods and results have been described in detail previously 

(de Graaf ei al., 1999). In Leeds, the series comprised 2191 women tested prospectively 

for free ß-hCG and AFP, and for 904 who presented before 13 weeks PAPP-A was also 

tested. 
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The same assay reagents were used in both centres: free ß-hCG and AFP was tested 

using the DELFIA® dual labelled time-resolved fluorescent assay (EG&G Wallac Oy, 

Turku, Finland) and PAPP-A was tested using a DELFIA® research assay (CR61-105) 

supplied by EG&G Wallac. All results were expressed as multiples of the normal 

gestation-specific median (MOMs) derived from regression analysis. A regression was 

performed for the weekly median levels on median days weighed for the number of 

women tested. For this purposes each centre used its own medians. In Amsterdam the 

regression equations were: 

log,0PAPP-A=0.67695+0.044962day-0.00015998day2 

freeß-hCG=14.620+16.624exp(-0.037814(day-100)) 

logioAFP=-1.35626+0.0430949day-0.00017022day2 

and in Leeds: 

PAPP-A=7669.84-270.995day+2.49259day2 

free ß-hCG=425.377-8.08953day+O.0517226day2-0.0001084day3 

AFP=16.2449-0.671714day+0.00715563day2 

Information on maternal weight, maternal smoking, gravidity and parity was sought at 

the time of sample collection either from the patient or her medical record. In Leeds, 

apart from weight this information was not sought for the entire study period. Overall 

maternal weight was available in 2259 pregnancies, current cigarette smoking in 1364, 

of whom 117 (8.6%) were smokers, on gravidity in 1371 and parity in 1303. Detailed 

outcome information was not available for the Leeds series but in Amsterdam all 

women had chorionic villus sampling and information on fetal gender was available 

except for 5 who miscarried before the karyotype was performed. 

Maternal weight 

Table 1 shows the median marker levels for each of 10 maternal weight groups. For 

each marker there was an inverse relationship between the median MOM level and 

weight which reached statistical significance (P<0.0005). Regression of median value 

against median weight yielded the following equations: 

PAPP-A = -0.246467+79.2916/weight 

free ß-hCG = 0.176187+53.701453/weight 

AFP =0.406382+37.7406/weight. 
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In the subsequent analyses all MOMs were adjusted for maternal weight by dividing the 

observed MOM by that expected for the maternal weight using these equations. The 

median weight was identical in each centre (64 kg) so that the overall medians were 

similar: for PAPP-A 0.98 MOM in Amsterdam and 1.03 MOM in Leeds; for free ß-

hCG 1.01 MOM and 0.99 MOM ; for AFP 1.02 MOM and 0.99 MOM respectively. 

Table 1. Marker levels in MOMs according to maternal weight. 

Maternal PAPP-A Free ß-hCG AFP 

weight (kg) Median (No.) Median (No.) Median (No.) 

<50 1.56 (23) 1.27 (71) 1.14 (71) 

50-54 1.29 (82) 1.22 (208) 1.16 (208) 

55-59 1.05 (168) 1.09 (433) 1.04 (431) 

60-64 1.07 (182) 1.00 (469) 1.04 (469) 

65-69 1.05 (154) 1.09 (394) 0.97 (394) 

70-74 0.74 (98) 0.92 (263) 0.94 (263) 

75-79 0.80 (66) 0.82 (179) 0.90 (179) 

80-84 0.85 (37) 0.92 (90) 0.82 (90) 

85-89 0.70 (17) 0.83 (65) 0.83 (65) 

90+ 0.46 (30) 0.60 (86) 0.79 (86) 

Smoking 

Table 2 shows the median MOM value for each marker in smokers and non-smokers. 

The reduction in PAPP-A levels among women who smoked during pregnancy was 

statistically significant (Wilcoxon Rank Sum Test, 2-tail F<0.005). The median level of 

free ß-hCG was also reduced among smokers but this did not reach significance. There 

was no material difference in AFP levels between smokers and non-smokers. 

Table 2. Marker levels in MOMs according to smoking status during pregnancy. 

Status 
PAPP-A 

Median (No.) 

free ß-hCG 

Median (No.) 

AFP 

Median (No.) 

Smoker 

Non-smoker 

0.81 (52) 

1.07 (703) 

0.89 (117) 

1.00 (1247) 

1.00 (117) 

0.97 (1245) 

P-value 0.0028 0.17 0.67 
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Gravidity and parity 

Table 3 shows the median marker levels according to gravidity. The median AFP level 

in primagravidae was highly significantly greater than that in gravid women (Wilcoxon 

Rank Sum Test 2-tail PO.0005). In PAPP-A the reverse effect was seen, although it did 

not reach statistical significance (P=0.15), but free ß-hCG had no such effect. Results of 

a similar magnitude and direction were seen for parity. 

Table 3. Marker levels in MOMs according to gravidity, parity and previous miscarriages. 

PAPP-A Free f -hCG AFP 

Median (No.) Median (No.) Median (No.) 

Gravidity 

0.96 (181) 1.01 (324) 1.04 (324) Gl 0.96 (181) 1.01 (324) 1.04 (324) 

G2 1.03 (272) 0.98 (485) 0.95 (484) 

G3 1.06 (160) 0.99 (293) 1.01 (292) 

G4 1.00 (87) 1.01 (151) 0.89 (151) 

G5 1.18 (43) 0.97 (77) 0.91 (77) 

>G5 1.21 (21) 0.97 (41) 1.00 (41) 

Parity 

0.98 (226) 1.02 (357) 1.05 (356) 0 0.98 (226) 1.02 (357) 1.05 (356) 

1 1.03 (301) 1.00 (543) 0.94 (542) 

2 1.01 (117) 0.94 (225) 0.99 (225) 

>2 1.33 (52) 1.01 (98) 0.88 (98) 

Miscarriages 

0 1.03 (440) 0.98 (774) 0.97 (774) 

1 0.99 (161) 1.01 (297) 0.98 (295) 

2 1.02 (62) 1.01 (102) 0.96 (102) 

>2 1.17 (33) 0.97 (50) 0.98 (50) 

Fetal gender 

Table 4 shows that there was a significant increase in free ß-hCG (Wilcoxon Rank Sum 

Test; P< 0.005) and a not significant reduction in AFP among female fetuses. There was 

no difference in maternal serum PAPP-A levels according to gender. 
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Table 4. Median marker level in MOMs according to fetal gender. 

Gender No. PAPP-A free ß-hCG AFP 

Male 

Female 

127 

126 

0.99 

1.01 

0.88 

1.04 

1.04 

0.96 

Discussion 

We have shown that maternal weight and, for PAPP-A, maternal smoking are important 

first trimester screening co-variables. Gravidity and parity seem to influence AFP, 

where fetal gender has an influence on AFP and free ß-hCG. 

Two other studies have found an inverse association between first trimester markers and 

maternal weight (de Graaf ê  al, 1999; Tsukerman et al, 1999). A simple explanation 

for these findings and similar associations in the second trimester is that the same 

amount of marker is more diluted in heavier women since they have larger blood 

volumes. For AFP and free ß-hCG the magnitude of the association was similar to that 

seen in the second trimester. 

Our study is the first to show that smoking during pregnancy is significantly associated 

with reduced levels of maternal serum PAPP-A. Data on smoking habits were self-

reported, but this has been shown to be an accurate method of assessing smoking status 

(Patrick et al, 1994). PAPP-A is predominantly synthesised by the 

syncytiothrophoblast. The human placental syncytiothrophoblast undergoes apoptosis, 

and smoking during pregnancy inhibits this apoptosis (Marana et al, 1998). 

Throphoblast apoptosis is associated with modifications of the feto-maternal exchange, 

and this can explain the reduced levels of maternal serum PAPP-A. 

No other first trimester studies of free ß-hCG and AFP in relation maternal smoking 

during pregnancy have been published but smoking is known to influence these markers 

in the second trimester. Pregnant women who smoke have slightly higher levels of 

maternal serum AFP (Cuckle et al, 1990; Palomaki et al, 1993; Bartels et al, 1993; 

Spencer, 1998) and much lower levels for both total hCG (Bernstein et al, 1989; 

Cuckle et al, 1990; Bartels et al, 1993; Palomaki et al, 1993; Wheeler et al, 1994; 

Perona et al, 1998) and free ß-hCG (Spencer, 1998). Janiaux and Burton (1992) have 

postulated that morphological changes to the villus barrier and the throphoblasts in the 

placenta of women who smoke may explain these disturbances in the synthetic activity 

of hCG or the increased permeability to AFP. Our first trimester free ß-hCG results and 

AFP results, although not statistically significant are consistent with the second 

trimester reports. 

56 



Co-variables 

In our study a higher gravidity and parity negatively affects AFP, and seems to increase 

PAPP-A but leaves free ß-hCG concentrations unaltered. Several studies have reported 

on AFP, total and free-ß hCG in relation to this in the second trimester (Haddow et al, 

1995; Zimmermann et al, 1995; Spencer, 1995; Wald & Watt, 1996; Barkai et al, 

1996; Westrom et al, 1996). There was no clear pattern for AFP but most studies found 

a negative relationship between hCG and gravidity or parity. Our findings in the first 

trimester are not in accordance with these second trimester results. 

In the second trimester some studies have reported that among pregnancies with a 

female fetus there is a significantly lower maternal serum AFP and higher hCG levels 

than for males (Leporrier et al, 1992; Szabó et al, 1995; Bazzett et al, 1998). In our 

study median marker levels of AFP are lower and of free ß-hCG higher in fetuses that 

were found to be female. These results suggest that the calculated risk for Down 

syndrome for female fetuses is higher than for males, despite the fact that the incidence 

of Down syndrome is similar in both genders. This could mean a higher unnecessary 

invasive testing rate in female fetuses and a sub-optimal detection rate in males. The 

clinical significance of this difference, if any, for fetal sex cannot be reliably determined 

by ultrasound in the first trimester, has not been evaluated thus far. 

In conclusion, maternal weight and smoking significantly influences, where gravidity, 

parity and fetal gender only slightly influences first trimester serum marker 

concentrations. More data on first trimester serum screening needs to be collected to 

determine the extent to which Down syndrome risk calculation should be modified for 

these factors. 
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