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A b s t r a c t

Introduction: The purpose of this study was to evaluate the associations of 
the first, second and third trimester serum pregnancy-associated plasma 
protein A  (PAPP-A) concentrations with neonatal anthropometric parame-
ters. The effect of tobacco smoking during pregnancy on PAPP-A  level was 
also studied. 
Material and methods: One hundred and fifty healthy pregnant women 
were divided into smoking and tobacco-abstinent groups. Serum PAPP-A lev-
el was measured with the KRYPTOR rapid random-access immunoassay an-
alyzer. The relationship between PAPP-A  and newborn related outcome as 
well as markers of estimated intensity of cigarette smoking was evaluated 
by univariate and multivariate linear regression. 
Results: Pregnancy-associated plasma protein A concentration was positive-
ly correlated with birth weight in the first (β = 31.6; p < 0.001), second (β = 
10.6; p < 0.05), and third (β = 4.6; p < 0.001) trimester of gestation. A sig-
nificant association between PAPP-A  and birth body length and head cir-
cumference in the second (β = 0.02; p < 0.05) and third trimester (β = 0.01;  
p < 0.01) was also found. The serum PAPP-A levels were significantly lower in 
the smoking than in the tobacco-abstinent group in each trimester of preg-
nancy (p < 0.001). The largest impact of the number of cigarettes smoked 
per day on PAPP-A level was found in the second (β = –1.2; p = 0.004) and 
third trimester (β = –2.6; p = 0.001). 
Conclusions: Maternal serum PAPP-A  levels during gestation might be sig-
nificant predictors for birth weight. Increased PAPP-A concentrations in the 
second and third trimester appeared to also be predictive for newborn body 
length and head circumference. Smoking alters maternal PAPP-A  levels in 
all trimesters, with the greatest impact related to the number of cigarettes 
smoked per day.

Key words: pregnancy-associated plasma protein A, tobacco smoking, 
pregnancy, birth weight, birth body length, head circumference.
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Introduction

The proteinase pregnancy-associated plasma 
protein A  (PAPP-A) belongs to the metzincin su-
perfamily of metalloproteinases and is original-
ly isolated from the serum of pregnant women. 
While this high molecular weight glycoprotein is 
produced in great amounts by trophoblast and 
deciduas cells, it is also found in other cells (fibro-
blasts, osteoblasts, vascular smooth muscle cells, 
ovarian granulose cells) in different concentrations 
[1–5]. During pregnancy PAPP-A  concentrations 
increase, and it is detectable in maternal blood 
from the 28th day after conception [6]. At present, 
serum level of PAPP-A are widely used in prenatal 
screening as an indicator of certain genetic disor-
ders in the fetus [7–10]. However, recent studies 
documented that pregnancy-associated plasma 
protein A  modulates insulin-like growth factor 
(IGF) bioavailability by specific cleavage of an-
tagonizing IGF-binding protein (IGFBP), especially 
IGFBP-4 and IGFBP-5, and thereby may promote 
fetal growth and development [5, 11, 12]. Low con-
centrations of PAPP-A during gestation may result 
in inadequate expression of insulin-like growth 
factors in the syncytiotrophoblast leading to ute-
ro-placental insufficiency, and can be a  risk fac-
tor for many health complications for the mother 
and child [12–17]. Low levels of this protein were 
associated with preterm delivery, placental abrup-
tion, intrauterine growth restriction, and low birth 
weight [17–19]. The associations between low 
values of first trimester maternal PAPP-A  and 
fetal biometry are well known, but there are not 
many studies concerning the effect of late preg-
nancy PAPP-A on birth weight [20–23]. Cigarette 
smoking during pregnancy has been identified as 
a significant predictor of lower birth weight, but 
the mechanism has not been adequately clarified 
[24–26]. Smoking has been shown to reduce ma-
ternal serum PAPP-A  levels probably due to pla-
cental insufficiency. As a result a reduction of fetal 
growth occurs as a consequence of disorder in the 
insulin-like growth factor axis [13, 21, 27–29].

To our knowledge, minimal data exist concern-
ing the relationship between PAPP-A levels during 
pregnancy, markers of estimated intensity of cig-
arette smoking, and neonatal anthropometric pa-
rameters. The purpose of this study was to evalu-
ate the implications of the first, second and third 
trimester serum PAPP-A concentrations for neona-
tal birth weight, length, and head circumference. 
In addition, the effect of tobacco smoking during 
pregnancy on level of this protein was also studied. 

Material and methods

It was a  study comparing two groups, taken 
from a  prospective observational study for ad-

verse effects of tobacco smoking in pregnant 
women regularly visiting the Department of Ob-
stetrics and Gynecology, Institute of Mother and 
Child and the Warsaw Medical University between 
January 2010 and March 2012. All pregnant vol-
unteers were informed of the study objectives 
and signed a written informed consent form. The 
study was carried out according to the principles 
of the Declaration of Helsinki and was approved 
by the Ethical Committee of the Institute of Moth-
er and Child. 

Healthy pregnant women enrolled in the study 
had structurally normal, uncomplicated single-
ton pregnancies and were in the first trimester of 
pregnancy. Gestational age was determined from 
the last menstrual period and confirmed or cor-
rected by ultrasonographic measurements of the 
crown-rump length. The exclusion criteria were: 
pregnancies with more than one fetus and those 
which showed fetal structural anomalies, pre-
eclampsia, hypertension, diabetes mellitus, active 
hepatitis, renal and cardiovascular diseases, in-
flammatory conditions, and infertility treatment. 
All of the subjects lived in an urban area, none of 
the mothers reported drinking alcohol, and none 
of the fetuses showed abnormalities. 

At the first control visit, a history of smoking 
was obtained by direct questioning of the preg-
nant women. Smokers were defined as those 
women who reported their smoking habit as main-
tained at a rate of at least 5 cigarettes per day and 
at least 2 years before conception. Non-smokers 
were defined as those women who had never 
smoked and were not exposed to environmental 
tobacco smoke during their pregnancy (smoking 
spouse or co-workers). 

The base study population, in which the pres-
ent study was nested, constituted 498 single-
ton pregnancies. In the study group we included  
70 subjects who had hospital visits in the first, 
second and third trimester of pregnancy and con-
tinued smoking during pregnancy. The control co-
hort consisted 80 tobacco-abstinent healthy preg-
nant women similar in age and age of gestation. 
The classification was confirmed by measurement 
in pregnant women of serum cotinine concentra-
tion – the major metabolite of nicotine. A cut-off 
value of ≥ 13.7 µg/l was used to separate smok-
ers from non-smokers, in accordance with others 
studies [22].

After birth clinical information on the infants, 
including weight, body length, and head circum-
ference, was completed. 

Peripheral blood was taken once in each tri-
mester of pregnancy. Blood was collected in the 
usual manner. In order to obtain serum, the blood 
was centrifuged at 2500 x g, at 4°C for 10 min and 
was stored for subsequent biochemical analysis. 
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Cotinine levels in serum were determined by the 
immunoenzymatic method using a  commercially 
available kit (Cotinine one-step ELISA, Calbiotech 
Inc., Spring Valley, CA, USA). Serum concentrations 
of PAPP-A were measured with the KRYPTOR rapid 
random-access immunoassay analyzer (Brahms 
GmbH, Hennigsdorf, Germany) using time-re-
solved amplified cryptate emission technology 
(TRACE).

Statistical analysis

The results were presented as means with 
standard error of the mean (SEM) for normal-
ly distributed data or median with interquartile 
range (10th–90th percentiles) for non-normally dis-
tributed variables. The results of PAPP-A were also 
given as multiples of medians (MoMs) relative to 
values recorded for normal pregnancies at specif-
ic weeks. The normality of data was tested using 
the Kolmogorov-Smirnov test. In the smoking and 
non-smoking groups, the baseline characteristics 
were compared using the t-test for normally dis-
tributed data and the non-parametric Mann-Whit-
ney U test for non-normally distributed variables. 
Spearman’s correlation coefficient was calculated 
to determine the association between the studied 
markers. The relationship between PAPP-A  and 
newborn related outcome as well as markers of 
estimated intensity of cigarette smoking was 
evaluated using both univariate and multivariate 
linear regression. In the multivariate model, the 
forward selection method was used. The results 
of linear regression were presented as the regres-
sion coefficient (β) with 95% confidence interval  
(95% CI), its significance and the R2 goodness-of-fit 
statistic (R2) expressed as a percentage of explained 
variability in the dependent variable. A  p-value  
< 0.05 was considered statistically significant. 
Data analyses were performed using SPSS version 
17.1 (SPSS INC., Chicago, IL., USA).

Results

Table I  summarizes some of the clinical and 
biochemical features of this study population 
and neonatal outcomes broken down by smok-
ing status. There were no significant differences 
between the groups with respect to ethnic origin, 
neonatal gender, mean gestational age at delivery 
or way of delivery. In tobacco-abstinent women, 
an emergency cesarean section was performed in 
2.9% of cases (all cesarean deliveries constituted 
5.8% – 2 performed upon request and 2 due to 
large baby weight), whereas in smoking pregnant 
women the rate of emergency cesarean section 
was 2.5% (all cesarean deliveries constituted 6.2% 
– 3 performed upon request and 2 due to abnor-
mal presentation). Maternal characteristics were 

Table I. Clinical and biochemical characteristics of 
the study population

Characteristics Non-smoking Smoking

Number 70 80

Age [years]1 29.5 ±0.6 30.6 ±0.5

Ethnic origin: Caucasian (%) 100 100

Gestational age [week]1:

Trimester I  12.6 ±0.9 12.4 ±0.9

Trimester II 21.8 ±1.5 21.6 ±1.5

Trimester III 31.4 ±1.4 31.5 ±1.3

Gestational age of birth 
[weeks]

38.9 ±0.1 38.7 ±0.2

Delivery, n (%):

Normal vaginal/
Cesarean

75 (93.8)/ 
5 (6.2)

66 (94.2)/ 
4 (5.8)

Emergency cesarean 2 (2.5) 2 (2.9)

Neonatal gender, 
female/male, n

31/49 29/41

Birth weight [g]1:

Whole group 3529 ±52 3167 ±55***

Female 3453 ±91 3236 ±84

Male 3577 ±62 3119 ±72***

Birth body length [cm]1:

Whole group 55.4 ±0.2 54.4 ±0.3*

Female 54.9 ±0.4 54.2 ±0.4

Male 55.7 ±0.2 54.5 ±0.4**

Head circumference [cm]1:

Whole group 34.5 ±0.1 33.7 ±0.1***

Female 34.3 ±0.2 33.6 ±0.2***

Male 34.7 ±0.1 33.8 ±0.2

Apgar score (5th min) 10 (10–10) 10 (10–10)

Number of cigarettes/day1 0 8.8 ±0.5

Time of smoking before 
conception [year]1

0 8.4 ±0.5

Cotinine [µg/l]2:

Trimester I  0 63.6  
(46.3–126.7)

Trimester II 0 64.3  
(46.2–144.4)

Trimester III 0 62.7  
(44.7–127.3)

PAPP-A [IU/l]1:

Trimester I  2.92 ±0.23 5.34 ±0.28***

Trimester II 28.88 ±1.63 44.63 ±1.89***

Trimester III 56.09 ±3.19 89.15 ±4.13***

PAPP-A (MoM)2:

Trimester I  0.76  
(0.53–2.07) 

1.20  
(0.68–2.31)***

Trimester II 0.75  
(0.58–1.99)

1.21  
(0.92–2.34)***

Trimester III 0.85  
(0.61–2.05)

1.28  
(1.05–2.78)***

1Values are means ± SEM, 2values are median and interquartile 
range (IQR 10th–90th percentiles); MoM – multiples of the median, 
PAPP-A  – pregnancy-associated plasma protein A; *p = 0.004;  
**p = 0.009; ***p < 0.001.
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comparable in both groups except for cigarette 
smoking habits. The mean number of cigarettes 
per day for smokers was 8.8, and the mean dura-
tion of smoking before conception was 8.4 years. 
In the group of smoking mothers, serum cotinine 
concentrations were in the range 46.3–144.4 µg/l 
and correlated positively with the daily number 
of cigarettes consumed (r = 0.70; p = 0.009). In 
the tobacco-abstinent group, serum cotinine 
was present only in 2 women in trace amounts  
(1.2 µg/l and 5.9 µg/l). There were no complica-
tions during delivery in either group. Mean birth 
weight, body length, and head circumference of 
the smoking mothers’ infants were significantly 
lower (p < 0.001; p = 0.004; p = 0.009, respec-

tively) compared with the abstinent group. Apgar 
score was similar in the two groups. There was 
a statistically significant difference of PAPP-A val-
ues expressed in IU/l as well as in MoM in the 
studied groups in all trimesters of pregnancy (p < 
0.001) (Table I).

Table II shows the results of univariate and 
multivariate linear regression analyses, regression 
coefficient (β), and p-value. As dependent vari-
ables birth weight, birth body length and head 
circumference were used. In the univariate mod-
el, PAPP-A  levels in the second and third trimes-
ter were significant predictors of all three studied 
factors. PAPP-A concentration in the first trimester 
was a  significant predictor of only birth weight. 

Table II. Univariate and multivariate analysis of neonatal birth weight, body length and head circumference pre-
dictors (n = 150)

Variable Univariate analysis Multivariate analysis

β 95% CI P-value β 95% CI P-value

Neonatal birth weight:

Maternal age [years] –13.5 –31.5/4.3 0.135

Gestational age [weeks] 167.7 110.0/225.5 < 0.001 145.8 89.7/202.0 < 0.001

Fetal gender (female = 0; male = 1) 20.0 –143.3/183.3 0.809

Smoking status (no = 0; yes = 1) –361.5 –510.8/–212.5 < 0.001 –230.3 –89.7/–77.1 0.003

PAPP-A1 [U/l] 31.6 0.19/63.0 0.049

PAPP-A2 [U/l] 10.5 6.2/14.8 < 0.001 5.0 0.5/9.5 0.030

PAPP-A3 [U/l] 4.6 2.6/6.7 < 0.001

Neonatal body length:

Maternal age [years] –0.04 –0.11/0.04 0.332

Gestational age [weeks] 0.69 0.44/0.93 < 0.001 0.69 0.44/0.94 < 0.001

Fetal gender (female = 0; male = 1) 0.55 –0.13/1.25 0.109 0.71 0.08/1.34 0.028

Smoking status (no = 0; yes = 1) –0.99 –1.66/–0.33 0.004 –0.75 –1.38/–0.13 0.018

PAPP-A1 [U/l] –0.12 –0.01/0.26 0.076

PAPP-A2 [U/l] 0.02 0.00/0.04 0.018

PAPP-A3 [U/l] 0.01 0.00/0.02 0.007

Neonatal head circumference:

Maternal age [years] –0.22 –0.06/0.02 0.353

Gestational age [weeks] –0.38 0.22/0.50 < 0.001 0.33 0.19/0.47 < 0.001

Fetal gender (female = 0; male = 1) 0.09 –0.31/0.48 0.656

Smoking status (no = 0; yes = 1) –0.85 –1.21/–0.48 < 0.001 –0.73 –1.08/–0.38 < 0.001

PAPP-A1 [U/l] 0.07 –0.01/0.14 0.082

PAPP-A2 [U/l] 0.02 0.01/0.03 < 0.001

PAPP-A3 [U/l] 0.01 0.00/0.01 0.001

PAPP-A – pregnancy-associated plasma protein A, PAPP-A1 – PAPP-A  level in the first trimester, PAPP-A2 – PAPP-A  level in the second 
trimester, PAPP-A3 – PAPP-A level in the third trimester, 95% CI – confidence interval presented as lower limit/upper limit.
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In the model predicting birth weight, the value of 
β coefficient of the variable PAPP-A  steadily de-
creased (31.6 vs. 10.5 vs. 4.6) for determinants 
in subsequent trimesters, which means that the 
effect obtained in the first trimester had a greater 
impact. In multivariate analysis, independent pre-
dictors of neonatal anthropometric factors were 
identified. Gestational age (coding as a  continu-
ous variable) and tobacco smoking status (dummy 
coding) were qualified in all three models. Serum 
PAPP-A level in the second trimester was found to 
be an important predictor of birth weight, where-
as fetal gender was found to be another predictor 
of neonatal body length. Based on the R2 coeffi-
cient, those three models explained 31.1% of the 
variability in birth weight, 23.3% of the variability 
in body birth length and 24.4% of the variability 
in newborn head circumference, respectively. The 
correlation between PAPP-A  value and the vari-
ables qualified in the final models can explain 
the different results in univariate and multivari-
ate analysis (particularly the strong correlation of 
PAPP-A with tobacco smoking status). Additional-
ly, we used models of linear regression to estimate 
the impact of intensity of cigarette smoking mark-
ers on PAPP-A levels for smoking women only. For 
PAPP-A serum level, the greatest impact of ciga-
rettes smoked per day was found in the second  
(β = –1.19, p = 0.004, R2 = 11.5%) and third tri-
mester (β = – 2.62, p = 0.001, R2 = 10.2%). The 
model of linear regression for concentration of 
this protein in the second trimester also showed 
a significant association with time of smoking be-
fore conception (β = –1.04, p = 0.007, R2 = 10.2%). 

Discussion

The results of this study demonstrate a signif-
icant relationship between serum maternal level 
of pregnancy-associated protein A  and studied 
anthropometric parameters of newborns and 
confirmed the negative effect of tobacco smok-
ing on this protein. Thus, PAPP-A  can be an im-
portant fetal growth regulatory factor through its 
ability to proteolyse insulin growth factor binding 
proteins and thus regulate IGF bioavailability in 
several biological fluids. Recent studies on ma-
ternal PAPP-A and birth weight have had conflict-
ing results. Given its mechanism for inhibition of 
IGF action during pregnancy, a direct relationship 
between maternal PAPP-A  and infant anthropo-
metric parameters may have been expected. In 
some studies, a  positive correlation was found; 
however, other investigators have observed no as-
sociation between maternal protein A  and birth 
weight [10, 12, 20, 21, 30, 31]. Most surprisingly, 
Senses et al. [4] found a significant negative cor-
relation between PAPP-A levels and birth weight, 
but the authors measured this protein level only 

in cord blood and speculated that this protein 
affected the length of newborns more strongly 
than weight. Generally, birth weight prediction 
has been tested by a combination of PAPP-A, free 
β-human chorionic gonadotrophin (β-hCG) and 
nuchal translucency (NT) in the first trimester of 
pregnancy. Some clinical data demonstrate a sig-
nificant contribution of all three markers in a linear 
model of birth weight prediction, while in others 
only PAPP-A  provided a  significant contribution 
[18, 21, 32]. According to our knowledge, there are 
no published data regarding the relationship be-
tween PAPP-A measurement in each trimester and 
birth weight, length, and head circumference. Atis 
et al. [12] observed a strong positive association 
between PAPP-A and birth weight in women with 
preeclampsia and HELLP syndrome in the third tri-
mester of pregnancy. We found that PAPP-A con-
centrations in the second and third trimester were 
significant predictors of all three anthropometric 
parameters, but in the first trimester PAPP-A was 
a  significant predictor for birth weight only. The 
greater impact of PAPP-A obtained in the second 
trimester in multivariate analysis confirms the 
positive influence of this protein on birth weight. 

Despite the fact that in recent years a decrease 
in the number of active smokers has been ob-
served and knowledge of the adverse health ef-
fects of smoking during pregnancy is widespread, 
many adolescents at reproductive age and preg-
nant women in Poland continue to smoke [33]. 
Our study confirmed this observation. Despite the 
educational activation conducted at each hospital 
visit, many women continue smoking in the fol-
lowing trimesters of pregnancy. There is strong 
evidence that smoking during pregnancy is the 
most important risk factor for low birth weight 
[24, 25, 34]. Research on this effect has been 
conducted for many years, but the mechanisms 
by which this occurs still remain unclear. Toxic 
constituents of tobacco smoke alter blood flow 
to the placenta, and change the balance between 
cytotrophoblast proliferation and differentiation. 
Morphological damage of the villous trophoblast 
and in consequence a higher number of placenta 
areas with syncytiotrophoblastic necrosis in smok-
ers could lead to functional interferences of this 
organ [8, 16, 24, 25]. It may result in inadequate 
expression of PAPP-A  and IGF axis disorders, re-
duced active transport of essential nutrients to 
the fetus, and lead to disturbances of embryogen-
esis and in consequence fetal growth [14, 35]. It 
is widely accepted that serum concentrations of 
PAPP-A  in smoking pregnant women in the first 
trimester are 15–25% lower than those observed 
in tobacco-abstinent groups [8, 9, 24, 27, 29, 32, 
36], but only Spencer and Covans [23] have exam-
ined the level of this protein in the second trimes-
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ter of pregnancy. The authors found a  small but 
significant decrease of 10% in the PAPP-A  MoM 
of smokers. In the present study, PAPP-A  con-
centrations expressed in IU/l as well as in MoM 
were significantly lower in the smoking group in 
each trimester of pregnancy. Also a dose-related 
PAPP-A/cigarette smoking relationship has been 
found in a few studies [22, 23, 29, 37]. Some au-
thors have observed a significant negative correla-
tion between maternal PAPP-A  levels in the first 
trimester and the number of cigarettes smoked 
per day [29]. However, in our previous, pilot study, 
similarly to other studies, this association was not 
confirmed, but a  tendency to lower concentra-
tions of this protein with longer smoke exposure 
and more cigarettes smoked was observed [27, 
36, 38]. Yigiter et al. [37] reported that a decrease 
in PAPP-A was only found in women who smoked 
more than five cigarettes a day. Also, Spencer et 
al. [36] previously documented the lowest levels 
of this protein in women who smoked more than 
15 cigarettes per day. A recent analysis, compara-
ble to the new findings of Spencer and Cowans 
[22], showed a significant inverse association be-
tween cigarette dose and PAPP-A concentrations 
and a direct relationship between cigarette dose 
and cotinine levels. Moreover, the strongest im-
pact of the number cigarettes smoked per day on 
serum level of PAPP-A from the second trimester, 
when fetal growth is the most intensive, seems to 
confirm our results concerning the role of this pro-
tein as a  predictor of newborns’ anthropometric 
parameters.

The present study has several limitations. We 
had a relatively small number of participants, es-
pecially in the tobacco smoking pregnant group. 
However, both studied groups were similar for 
age, gestational age, and ethnicity, which are rec-
ognized as important factors for PAPP-A levels [12, 
18, 21]. With the enrolment method we used, we 
did not achieve the percentage of smokers repre-
sentative of a normal pregnant population. How-
ever, we were able to compare groups that did not 
differ in terms of their size and basic characteris-
tics (listed above). The applied research scheme is 
not typical for a case-control study with retrospec-
tive assumptions [39]. This is a prospective com-
parison of cohorts exposed and not exposed to 
the effect of one factor, in this case tobacco smok-
ing. The advantage that offsets the above limita-
tions is the ability to track changes in the level of 
PAPP-A and influence of smoking on this protein 
in all trimesters of pregnancy. Secondly, we did not 
measure serum IGF and IGFBP concentrations par-
allel to PAPP-A measurement in each trimester of 
pregnancy, which would have added information 
for interpreting the PAPP-A/IGFs axis and fetal 
growth. However, on the basis of our preliminary 
study conducted on a smaller than present group 

of women in the first trimester of pregnancy, we 
may suggest the essential function of this protein 
as a protease and regulator in the IGF system [27].

In conclusion, this study shows that maternal 
serum PAPP-A levels in all the studied trimesters of 
pregnancy might be significant predictors for birth 
weight. Increased pregnancy-associated plasma 
protein A  concentration in the second and third 
trimester appeared to also be predictive for new-
born body length and head circumference. In addi-
tion, smoking alters maternal levels of PAPP-A in 
all three trimesters, with the greatest impact re-
lated to the number of cigarettes smoked per day. 
The effect of maternal tobacco exposure on this 
protein during pregnancy could negatively impact 
fetal growth and development.
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