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Dose dependency between cigarette consumption and
reduced maternal serum PAPP-A levels at 11–13+6 weeks
of gestation
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Objective To examine whether in smokers there is a significant dose dependency between the number
of cigarettes per day and levels of free ß-hCG and pregnancy-associated plasma protein A (PAPP-A) at
11–13+6 weeks of gestation.

Methods This was a retrospective analysis of the maternal serum free ß-hCG and PAPP-A levels in relation
to the maternal smoking status in 109 263 chromosomally normal singleton pregnancies that had undergone
first-trimester screening for Down syndrome by a combination of fetal nuchal translucency thickness and
maternal serum biochemistry.

Results There were 95 287 nonsmokers and 13 976 cigarette smokers. The overall median PAPP-A MoM
among cigarette smokers was 0.827, which was 19.6% lower than the value of 1.029 in nonsmokers (p < 0.0001
for log10 MoM). The respective values for β-hCG MoM were 1.003 for smokers and 1.035 for nonsmokers
(p < 0.0001 for log10 MoM) which corresponds to a reduction of 3.1%. There was a significant inverse
relationship between the number of cigarettes per day and the level of PAPP-A MoM (r = 0.989, p < 0.0001)
but not the level of free β-hCG MoM (r = 0.733; p = 0.098). Using a statistical modeling approach we found
that the screen-positive rate when correcting the PAPP-A MoM by an all or nil smoking factor was reduced
by only 0.1% (3.75 vs 3.85%) when compared to correcting with a factor related to the smoking dose per day.

Conclusion In first-trimester screening for Down syndrome by maternal serum PAPP-A and free β-hCG the
impact of correcting for the dose dependant rather than the all or nil effect of smoking is marginal. However,
a dose dependent correction improves the accuracy of the individual patient-specific risk. Copyright  2007
John Wiley & Sons, Ltd.
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INTRODUCTION

In trisomy, 21 pregnancies at 11–13+6 weeks, the mater-
nal serum concentration of free ß-hCG is higher than
in chromosomally normal fetuses whereas pregnancy-
associated plasma protein A (PAPP-A) is lower (Spencer
et al., 1999; Canick et al., 2006). There is no significant
association between fetal nuchal translucency thickness
(NT) and maternal serum free ß-hCG or PAPP-A in
either trisomy 21 or chromosomally normal pregnan-
cies, and therefore the ultrasonographic and biochemical
markers can be combined to detect about 90% of affected
pregnancies for a false positive rate of 5% (Spencer
et al., 1999; Nicolaides et al., 2005).

In the development of risk algorithms for combined
screening the estimation of accurate patient-specific risks
necessitates adjustments in the measured free ß-hCG and
PAPP-A to take into account their temporal variation
and association with maternal weight, ethnicity, smok-
ing status, and method of conception (Spencer et al.,
1999, 2000a,b, 2002, 2003a,c, 2004; Spencer, 2000; Liao
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et al., 2001). Cigarette smoking in the first trimester is
associated with changes in the maternal serum concen-
tration of both free ß-hCG and PAPP-A. In pregnancies
affected by trisomy 21, free ß-hCG is reduced by 13%
and PAPP-A is increased by about 6% (Spencer et al.,
2000b) and in chromosomally normal pregnancies, both
free ß-hCG and PAPP-A are reduced by 3 and about
18% respectively (Spencer, 1999; Spencer et al., 2004).
In a study of 3779 smokers and 28 951 nonsmokers
with chromosomally normal pregnancies, there was a
nonsignificant trend towards lower PAPP-A values with
increasing cigarette consumption (Spencer et al., 2004).
Compared to nonsmokers the median PAPP-A was lower
by 14.5, 17.6 and 20.1% in those who smoked 3–5,
6–15 and more than 15 cigarettes per day, respectively.

The aim of this study is to examine again on the
basis of a much larger number of pregnancies whether
there is a significant dose dependency between the
number of cigarettes and levels of free ß-hCG and PAPP-
A at 11–13+6 weeks of gestation in chromosomally
normal pregnancies. Although a dose-dependant rather
than an ‘all or nothing’ correction for smoking would
have little impact at the population level for detection
rates, a further reduction in false-positive rates might be
achieved and the individual patient-specific risk would
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be more accurate if a dose dependant correction was
applied.

METHODS

At Harold Wood Hospital, Essex, and at the Fetal
Medicine Centre, London, screening for Down syn-
drome is carried out by a combination of maternal
age, fetal NT, and maternal serum PAPP-A and free β-
hCG in a one-stop-clinic for first-trimester assessment
of risk (OSCAR) at 11–13+6 weeks of gestation (Avgi-
dou et al., 2005). Transabdominal ultrasound examina-
tion is performed to diagnose any major fetal defects
and for measurement of the crown-rump length (CRL)
and fetal NT (Snijders et al., 1998). The Kryptor system
(Brahms AG, Berlin) is used to measure PAPP-A and
free β-hCG. Maternal demographic characteristics, ultra-
sononographic measurements and biochemical results
are recorded in a computer database. Karyotype results
and details on pregnancy outcomes are added into the
database as soon as they become available.

Cigarette smoking status at the time of conception is
assessed by self-reporting at pretest counselling. In our
hands, self-reporting has been shown to be an accurate
method of assessing smoking status in pregnant women
(Spencer, 1998), while others have shown the same in
nonpregnant populations (Vartiainen et al., 2002). Oth-
ers have suggested there is often a significant underre-
porting of smoking status in pregnant women (Kendrick
et al., 1995; Boyd et al., 1998). This study of 13 976
cigarette smokers and 95 287 nonsmokers is an extension
of our previous study of 3779 smokers and 28 951 non-
smokers (Spencer et al., 2004) analysing the impact of
smoking on first-trimester biochemical markers in chro-
mosomally unaffected singleton pregnancies.

Statistical analysis

In each case, the measured free ß-hCG and PAPP-
A was converted to maternal weight and gestation
corrected MoM using a median regression curve derived
previously (Spencer et al., 2000a, 2003a). Cases were
grouped according to the number of cigarettes smoked
per day into 1–2, 3–5, 6–10, 11–15 and more than 15.
The cases where the number of cigarettes per day was
not recorded and those who reported that they stopped
smoking before conception were analyzed separately.
Significance of differences in PAPP-A and free β-hCG

between the group of smokers and nonsmokers was
analyzed by using a t-test for unequal variance on the log
MoM. Regression analysis was performed to evaluate
the possible dose dependency between the number of
cigarettes and the weight-corrected MoMs for PAPP-A
and free β-hCG. All statistical analysis were performed
using SPSS (SPSS Inc., Chicago, Illinois) and Microsoft
Excel (Microsoft Corp., Redmond, Washington).

RESULTS

The search in the two databases identified a total of
109 263 chromosomally normal singleton pregnancies
(Fetal Medicine Centre: January 2000–January 2006;
Harold Wood Hospital: November 1999–December
2005). At the time of screening the median maternal age
was 32.2 (range 16–53) years and the median gestation
was 12 (11–13+6) weeks. There were 95 287 nonsmok-
ers and 13 976 cigarette smokers, including 139 who
reported that they had stopped smoking shortly before
conception.

The overall median PAPP-A MoM among cigarette
smokers was 0.827, which was 19.6% lower than the
value of 1.029 among the nonsmokers (p < 0.0001 for
log10 MoM). The respective values for β-hCG MoM
were 1.003 for smokers and 1.035 for nonsmokers
(p < 0.0001 for log10 MoM) which corresponds to a
reduction of 3.1% (Table 1). Table 2 shows the median
MoM values of PAPP-A and β-hCG according to the
cigarette consumption per day.

Regression analysis showed a significant inverse rela-
tionship between the number of cigarettes per day and
the level of PAPP-A MoM (median PAPP-A MoM =
0.769+ (0.152 × 1/number of cigarettes per day), r =
0.989, p < 0.0001; Figure 1). There was no significant
association between the number of cigarettes per day and
the level of free β-hCG MoM (r = 0.733; p = 0.098).

In order to examine the impact on the screen-positive
rate of correcting the PAPP-A MoM by a factor related
to the smoking dose per day rather than by an all
or nil smoking factor, we used a commonly used
statistical modeling approach (Royston and Thompson,
1992). The population parameters for the unaffected and
Down syndrome groups were as previously described
for the biochemical markers (Spencer et al., 1999)
and the likelihood ratios for unaffected and Down
syndrome populations for delta NT were those described
in Spencer et al., 2003b. From within the Gaussian
distributions of log10 free β-hCG and PAPP-A MoMs

Table 1—Differences in free ß-hCG and PAPP-A between nonsmokers and smokers

Nonsmoker
n = 95 287

Cigarette
smoker n = 13 976

Median MoM free β-hCG 1.035 1.003
Mean Log10 MoM free β-hCG 0.015064 0.001329 (p < 0.0001)
Standard deviation Log10 MoM free β-hCG 0.264411 0.282733
Median MoM PAPP-A 1.029 0.827
Mean Log10 MoM PAPP-A 0.012356 −0.08229 (p < 0.0001)
Standard deviation Log10 MoM PAPP-A 0.235943 0.233555
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Table 2—Influence of number of cigarettes smoked per day on median biochemical marker level

Smoker status Median free β-hCG Median PAPP-A

N MoM log10 MoM t-test MoM log10 MoM t-test

Nonsmoker 95 287 1.035 0.015064 — 1.029 0.012356 —
Smoker 1–2 cigarettes/day 547 1.008 0.00335 p = 0.302 0.879 −0.05593 p < 0.0001
Smoker 3–5 cigarettes/day 3820 0.991 −0.00378 p < 0.0001 0.829 −0.08132 p < 0.0001
Smoker 6–10 cigarettes/day 4801 1.004 0.001702 p < 0.0001 0.795 −0.09967 p < 0.0001
Smoker 11–15 cigarettes/day 425 1.013 0.005604 p = 0.463 0.802 −0.09558 p < 0.0001
Smoker more than 15 cigarettes/day 288 0.959 −0.01814 p = 0.033 0.795 −0.09969 p < 0.0001
Smoker–no record of cigarettes/day 3956 1.016 0.007077 p = 0.067 0.861 −0.06489 p < 0.0001
Smoker–stopped before conception 139 0.965 −0.01531 p = 0.167 0.932 −0.03052 p = 0.032

Figure 1—Relationship between maternal cigarette consumption per day and serum level of free β-hCG and PAPP-A

for the unaffected and Down population we created
60 000 random datasets to represent each population. We
then reduced at random 12.8% of the PAPP-A results
in each group by the all or nil smoking factor of 0.8.
We then used each free β-hCG and PAPP-A MoM
along with delta NT to calculate a likelihood ratio for
Down syndrome and using the a priori maternal age risk
of Down syndrome from Cuckle et al., 1987, adjusted
to risk at 12 weeks of gestation and the maternal
age distribution of England and Wales 2000–2002,
we calculated a Down Syndrome risk and hence a
population screen-positive rate at a risk cutoff of 1 : 300
at time of screening.

To compare the effect of correcting for smoking
based on a dose-dependent correction, we took the same
corrected PAPP-A result and rather than correction by
the all or nil smoking factor we randomly assigned a
smoking dose (based on the observed proportion by
dose in this study) and corrected the MoM based on
the formula described. The simulation was repeated and
the screen-positive rate at a risk cutoff of 1 : 300 was
compared.

Overall there was only a very marginal change in
screen-positive rate of 0.1% when the dose-dependant
correction was used (3.75–3.85%).

For example, in a 30-year-old woman who smokes 2
cigarettes per day, first-trimester screening demonstrated
a fetal CRL of 60 mm, NT of 2 mm and weight-adjusted
PAPP-A of 0.60 MoMs and free ß-hCG of 1.80 MoMs.

If the maternal serum PAPP-A is adjusted by a factor
of 0.8 (the all-or-nil factor) the estimated risk for Down
syndrome would be 1 in 2708, compared to 1 in 2251
if the adjustment factor was 0.84 to take into account
the number of cigarettes. In effect, for some women, the
all or nil correction factor would overcorrect the median
PAPP-A.

DISCUSSION

The findings of this study that in chromosomally nor-
mal pregnancies at 11–13+6 weeks of gestation cigarette
smoking is associated with a reduction of about 20%
in the maternal serum concentration for PAPP-A and
3% in free β-hCG is consistent with the results of pre-
vious studies (Spencer, 1999; De Graaf et al., 2000;
Niemimaa et al., 2003; Spencer et al., 2004). Addi-
tionally, we found an inverse relationship between the
number of cigarettes smoked per day and the level of
PAPP-A. Even in women who reported that they had
stopped smoking shortly before conception, the serum
concentration of PAPP-A was 10% lower than in non-
smokers. Unfortunately, the time period between ces-
sation of smoking and conception was not recorded
and one has to assume that cessation of smoking was
part of a change in lifestyle in view of planned preg-
nancy.
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Our study and the data interpretation rely upon the
accuracy of self-reporting of smoking status by pregnant
women–something we have found to be quite reliable
in the past in our pregnant population (Spencer 1998).
Despite self-reporting having been show to be an accu-
rate indicator of smoking status in non-pregnant individ-
uals (Vartiainen et al., 2002) others have raised questions
regarding the accuracy of self-reporting amongst preg-
nant women with a significant underreporting of smok-
ing status during pregnancy of around 14% (Boyd et al.,
1998). Other studies have shown significant variation in
smoking intensity across pregnancy and the reporting
of such (Pickett et al., 2003). Thus, simple measures
of smoking status may lead to under-estimation of the
impact of smoking on the fetus or biochemical mark-
ers. Even a simple measure of cotinine at the time of
screening may be unreliable in establishing the extent
of smoking exposure at the time of conception or in the
early stages of pregnancy when the biological effects are
likely to be just getting established.

The underlying mechanism for the observed decrease
in serum concentration of PAPP-A and free β-hCG is
uncertain but these proteins are produced by the syn-
cytiotrophoblast and there is evidence that in cigarette
smokers there is an increase in synctiotrophoblastic
necrosis (Jauniaux and Burton, 1992; Bonno et al., 1994;
Zdravkovic et al., 2005). In the second trimester chro-
mosomally normal pregnancies, the levels of free β-hCG
amongst smokers are reduced by 14% (Spencer, 1998).
The more pronounced reduction in the second trimester
could be either caused by a reduction in release or
decreased production of β-hCG in women who smoke.
However it is interesting that other placentally derived
markers such as inhibin A exhibit markedly increased
levels (by 50%) in women who smoke, so alternative
mechanisms may be working in addition to syncytiotro-
phoblast necrosis.

In terms of screening for Down syndrome by first-
trimester maternal serum PAPP-A and free β-hCG
adjustments should be made to take into account the
maternal smoking status. In the overall performance of
screening there would be little impact by correcting
for the dose-dependant rather than the all or nil effect
of smoking. However, the patient-specific risk can be
more individualized if the biochemical marker levels are
adjusted to the number of cigarettes, which would lead
to more accurate risk calculation for the individual. It
would appear that the bulk of any impact of smoking on
PAPP-A levels is based on relatively light smoking and
it would be interesting to assess if passive smoking had
a similar impact and to relate these changes to cotinine
levels in serum.
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