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Exposition to tobacco smoke during pregnancy is an important risk factor for health of both mother and fetus. Pregnancy-associated plasma protein-A (PAPP-
A) plays role in immunosuppression, where it causes trophoblasts to be not recognized by the mother's organism as a foreign body. It initiates growth and
vitality of fetus through influence on structure and functioning of placenta.

Purpose — to estimate levels of PAPP-A in serum blood of smoking and non-smoking women in the first trimester of pregnancy.

Methods. In total 4473 patients aged 18 to 47 years with singleton pregnancy were examined and performed the non-invasive maternal screening test
in the first trimester. Biochemical measurements were fully automated by means of immunofluorescence method, using Delfia Xpress analyzers (Perkin EImer).
The software «Statistica v.10.0» was used for statistical analysis.

Results. We observed that PAPP-A MoM value of the smoking woman was on average 16.0 % lower in comparison with the results of the non-smoking woman
of the same weight with the standard error of 3.5 %. While 1kg weight gain decreased PAPP-A MoM value in both groups by 1.8 % with the standard error of 0.1 %.
Conclusions. Smoking during pregnancy decreases PAPP-A MoM level by 16.0% on average in comparison with the results of a non-smoking woman
of the same weight. Considering the relations between PAPP-A level and smoking, body weight and gestational age, all these factors should be taken into
account for the correction of PAPP-A level and genetic risk assessment.
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PiseHb acouiioBaHoro 3 BariTHicTio npoTeiHy-A nna3mu (PAPP-A) B cupoBaTLi KpoBi XiHOK
y nepliomy TpUMecTpi BariTHOCTi
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3 J1bBIBCbKUI HaLiOHANIbHIIA MEANYHUI YHiBEpCUTET iMeHi [. fanuubkoro, M. JTbBiB, YKpaiHa

EKCno3nuis Ha TIOTIOHOBWIA WM Mif 4ac BariTHOCTI € BAXNMUBUM (DAKTOPOM PU3NKY Ans 340p0B'A matepi i nnofa. MpoTeid nnasmu, acouinoBaHWi 3 BariTHICTHO
(PAPP-A), Bigirpae ponb B iMyHOCYNpeCii, B peaynbTati opraHiam marepi cnpuitmMae Tpodpo6nact Ak HyopigHe Tino, CTUMYMIOE PIiCT i XXKUTTE3ATHICTb 3apoaKa
4yepes BM/NB Ha CTPYKTYPY | OYHKLiO NnaLleHTu.

MeTa — npoBecTu ouiHKy piBHA PAPP-A B cpoBaTLi KpOBi XIHOK, fIKi NansThb, i XIHOK, AKi He Mal0Tb TaKoi 3BUYKM, Y NepLIOMY TPUMECTPI BariTHOCTI.
Metogu. 06¢TexeHo 4473 BariTHi nauieHTkn Bikom Big 18 [0 47 poKiB 3 OZHOMMIZHOK BAriTHICTIO. 3p06MIEHO NpeHaTanbHUA TECT i3 CMPOBATKN KPOBI,
HEiHBA3WBHWIA TeCT NepLuioro TpumecTpy. [poBeeHO BMMIPIOBAHHA KOHLEHTpauii 6ioXiMiYyHUX MNOKA3HWKIB MOBHICTO AaBTOMATM30BaHUM METOLOM
iMMyHonoopecLeHcii 3a fonomoroto anapaty Delfia Xpress (Perkin Elmer). [ins cTatuctuyHoro aHanisy sukopucrado nporpamy Statistic sepcii 10.0.
Pesynbtatu. 3HayeHHs MoM PAPP-A ans xiHku-kypus B cepefHbomy Ha 16,0% ((1-10-0,076)?100%) Hux4e NOPIBHAHO 3 pe3ynbTatamu XKiHKW, fiKa
He NanuTb, NPU 0JHAKOBI Ba3i i CTaHAAPTHI noxnbui 3,5%. Y Toi 4ac Ak 36inblueHHs Barn Ha 1 Kr 3HWXye piBeHb MoM PAPP-A B 060x rpynax Ha 1,8%
3i CTaHAapPTHO Noxm6koto 0,1%.

BucHOBKM. KypiHHS BariTHUMKM BNMBAE Ha 3HIMKEHHS piBHA PAPP-A B cepeHbOMy Ha 16% npw 0fHaKoBii Badi XiHOK. OCKiNbKY NaniHHA, Bara nawieHTKy i
TepMiH rectauii BnnuearoTh Ha piseHb PAPP-A, T0 BCi Ui (DakTopu MaioTb 6yTW BpaxoBaHi 419 KOpeKLii 3Ha4eHHst PAPP-A i OUiHKN TEHETUYHOTO PU3MKY.
Knto4osi cnosa: PAPP-A, BariTHiCTb, NepLmnit TPUMECTD, KYPiHHS.

YpoBeHb acCOLUUPOBAHHOTO ¢ GEPEMEHHOCTBIO NPOTEUHA-A NNA3Mbl
B CbIBOPOTKE KPOBH KYPALLUX XEHILWH B NEPBOM TPUMECTPE GEPEeMEHHOCTH
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Jkenosnums Ha TabayHbId ObIM BO BpeMs GEPEMEHHOCTU ABSETCA BaXHbIM (PAKTOPOM pucKa Ans 340p0OBbA Matepu W nnoja. lpoTeuH nnasmel,
acCoUNNPOBaHHbIA ¢ 6epemeHHOCTbI0 (PAPP-A), urpaet ponb B WMMYHOCYNpecCWn, B pesynbraTe OpraHudM martepu BOCMPUHWUMAET TPodho6nacT Kak
4yXXePOAHOE TeNno, CTUMYNNPYET POCT U XKN3HECNOCOOGHOCTb 3ap0bILla Yepes BANSHUE HA CTPYKTYPY U (DYHKLMIO NNaLeHTbI.

Llenb — nposecTty oueHky ypoBHs PAPP-A nnasmbl B CbIBOPOTKE KPOBH KyPSALLMX U HEKYPSALLMX B NEPBOM TPUMECTPE 6EPEMEHHOCTH.

MauueHTbl n MeTofbl. 06¢nefoBanbl 4473 6epemMeHHble NaLMeHTKn B Bo3pacTe oT 18 go 47 net ¢ 04HONN0AHON 6epeMeHHOCTbI. CenaH npeHaTanbHbIi TeCT
3 CbIBOPOTKN KPOBM, HEUHBA3MBHbIA TECT MEPBOro TpUMeCTpa. VI3mepeHue KOHLEHTpauuu BGUOXMMUYECKMX NOKasaTenel NpOBEAEHO MOMHOCTHIO
aBTOMaTU3MPOBAHHBLIM METOAOM UMMYHOMIO0PECLEHCY ¢ nomoLbto annapara Delfia Xpress (Perkin Elmer). [ins cratuctuyeckoro aHanusa ucnonb3osaHa
nporpamma Statistic sepcum 10.0.

Pesynbratbl. 3Ha4eHne MoM PAPP-A nns XeHLMHbI-KypunbLumKa B cpeaHeM Ha 16,0% ((1-10-0,076)x100%) Huxe N0 CpaBHEHMIO C Pe3ynbTaTaMil XKEHLLNHBI,
KOTOpast He KypuT, Npu O4UHAKOBOM Bece W CTaHAapTHOW norpewHocTn 3,5%. B To Bpems Kak yBenuyeHue Beca Ha 1 Kr CHxaeT 3HavyeHne MoM PAPP-A
B 06enx rpynnax Ha 1,8% co cTaHfapTHoi norpewHocTbio 0,1%.

BbiBofbl. KypeHue 6epemMeHHbIMY BNUSET HA CHUXeHMe ypoBHs PAPP-A B cpeaHeM Ha 16% npu 0AMHAKOBOM BECE XXEHLLWH. [TOCKONbKY KypeHue, BeC NauneHTKu
11 CPOK rectauun BNUAKT Ha ypoBeHb PAPP-A, T0 BCe 9TU (DakTOpbl AOJKHbI ObITh Y4TEHbI AN KOPPEeKLMu ypoBHs PAPP-A 1 OLEHKW FeHeTUYecKoro pucka.
Kntouesble cnosa: PAPP-A, 6epeMeHHOCTb, NepBbli TPUMECTP, KypeHue.
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Introduction

Exposition to tobacco smoke during pregnancy
is an important risk factor for the health of both
the mother and the fetus. It has a significant effect
on a higher rate of miscarriages, sudden fetal
deaths, lower birth weight, and respiratory insuffi-
ciency after the child's birth [8].

Correlation between smoking by mothers
and chilognathopalatoshisis occurrence in chil-
dren has also been proven. Substances contained
in tobacco smoke, such as nicotine, carbon oxide
and cyanides, have toxic properties. Their pres-
ence in an organism can influence immunological
mechanisms which compose an important element
determining equilibrium between the bodies of the
mother and the fetus [6].

Pregnancy Associated Plasma Protein A (PAPP-A)
is a multicellular glycoprotein, containing zinc,
built from heterodimer with molecular weight
of 500 kDa. This protein is created in syncytiotro-
phoblasts and plays a role in immunosuppression,
causing trophoblasts to be not recognized
by the mother's organism as a foreign body [9, 10].
It stimulates growth and development of the fetus'
cells through IGF (insulin-like growth factor),
released from a complex created with IGFBP
(insulin-like growth factor binding protein).
In early pregnancy, IGF-I1 (insulin-like growth
Jfactor II) stimulates growth and vitality of the
fetus, while IGF-1 (insulin-like growth factor I)
regulates flow of nutrients in the maternal-fetal
unit. Impaired expression of IGF in placenta in
initial stages of pregnancy may be a cause of pla-
cental insufficiency, which in turn may lead
to impaired fetal growth [9, 10].

Purpose — to estimate levels of pregnancy-
associated plasma protein-A (PAPP-A) in blood
serum of smoking and non-smoking women in the
first trimester of pregnancy, taking into account
pregnancy duration, and also age and body weight
of pregnant women.

http://med-expert.com.ua

Materials and methods

Study group consisted of 4473 women aged
18 to 47 with unifetal pregnancy who underwent
first trimester non-invasive screening through
blood serum tests referred to Prenatal Genetic
Clinic of University Hospital in Bydgoszcz.
General characteristics of the group are shown in
Table 1. Average age was 33.1 with standard devi-
ation of 5.3 years. Gestational age, obtained from
CRL (crown rump length) measurements conduct-
ed by ultrasonography screening, was between
72 to 97 days with the mean of 89 days.

Biochemical parameter levels measurement
was conducted through a fully automated
immunofluorescence method used in Delfia
Xpress (Perkin Elmer) analyzer in Center
of Medical Diagnostics «Lipowa» in Bydgoszcz.
The blood serum was obtained between 11th and
13.6th week of pregnancy.

Statistical analysis was conducted using pro-
gram Statistica v.10.0. For comparison of distribu-
tion of continuous variables Kruskal—Wallis test
was used, together with a multiple comparison
test. Since PAPP-A variable has an approximately
log-normal distribution, we analyze differences
in distribution of logioPAPP-A. Prior to conducting
correlation and regression analysis, outliers
for logiwPAPP-A were removed by making use
of the Grubbs test. In order to adjust difference
of logioPAPP-A values for smoking and non-smok-
ing women for potential confounding factors mul-
tiple regression. Differences were considered
as significant for p value lower than 0.05 [2].

Results

In the analyzed group there were 4119 (92.1%)
non-smoking patients, 288 (6.4%) smokers and 66
(1.5%) patients who quit smoking during preg-
nancy. There were no significant differences
between these groups in distribution of age,

Table 1
Characteristics of the study group (n=4473)

Average Standard deviation Median Range
Age at the time of delivery (years) 33.1 53 341 (18-47)
Gestational age (days) 89 4 89 (72-97)
Weight (kg) 66.0 12.4 64.0 (40.0-145.0)
PAPP-A 2961 1946 2484 (1-18121)
logio PAPP-A 3.381 0.297 3.395 (-0.009-4.260)
MoM PAPP-A 1.175 0.727 1.000 (0.006-7.600)
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Table 2
Comparison of smoking, non-smoking, and the group that stopped smoking during pregnancy*
. . Stopped smokin value
No(r:l-_smglg(;ng S(:1_<)2Igr8|)g durir:\% pregnancg for KrF:JskaI-WaIIis

- B (n=66) test
Age at the time of delivery (years) 34.0 (24.0-40.6) 34.6 (20.8-42.0) 33.5 (24.7-40.9) 0.77
Gestational age (days) 89 (81-96) 89 (81-96) 88 (81-95) 0.35
Weight (kg) 64.0 (50.0-90.0) 63.0 (50.5-92.0) 63.0 (52.7-92.8) 0.84
PAPP-A 2518 (812-6683) 2069 (684-5718) 2383 (677-5609) <0.001
logio PAPP-A 3.401 (2.910-3.825) | 3.316 (2.835-3.757) 3377 (2 831-3 749) <0.001
MoM PAPP-A 1.013 (0.352-2.580) | 0.823 (0.280-2.343) 0.878 (0.321-2.020) <0.001

* — table contains median and percentile values (P5-P95)

weight, and gestational age. Results are presented
in Table 2. Nevertheless, we observed significant
differences for PAPP-A levels, logioPAPP-A, and
MoM PAPP-A. Multiple comparison test proved
the results of smoking and non-smoking groups to
be substantially different. Median values for vari-
ables were substantially lower in the group
of smoking women (p<0.001).

It was found that log10 PAPP-A variable was
significantly  correlated with  gestational
age (R=0.38, p<0.001), patient's weight (R=-0.33,
p<0.001), and age at the moment of delivery
(R=-0.07, p<0.001). A positive correlation
between log10 PAPP-A and gestational age means
that when gestational age increases, logio PAPP-A
value tents to increase. A negative correlation
between log10 PAPP-A and weight indicates that
the women who had higher weight had a tendency
to obtain low logio PAPP-A value, and vice versa.
Correlation of log10 PAPP-A with age was very
low, it was however still statistically significant.

Differences between average logio PAPP-A val-
ues for groups of smoking and non-smoking
women with adjustment for gestation age, weight,
and patients' age were studied using multiple
regression. Smoking was considered as a dichoto-
mous variable, with 0 value being assigned to non-
smokers and 1 to smokers. Results of multiple

regression are shown in Table 3. The simultaneous
adjustment for weight and age was not allowed,
since the correlation between age of patients and
weight was much higher than the correlation
between age of patients and log10 PAPP-A. Not to
compromise the assumptions of a multiple regres-
sion, two models were considered. In both models
log10 PAPP-A difference between smoking and
non-smoking women were statistically significant
and higher than original difference. Partial corre-
lations were higher than correlations in models
with one variable. Coefficient of determination
allows to assess the goodness of fit of the regres-
sion equations. It indicates that the model which
with body weight, gestational age, and smoking
gives better fit than the model with patients' age,
gestational age and smoking. The first model
explains 28% of the total variation in log10 PAPP-
A, while the second one explains only 17%.

The results shown that PAPP-A level
was on average 16.0% ((1-10-0.076)x100%) lower
in smoking group than in non-smoking group
with same values for body mass and gestational
age with the standard error of 3.5%. Moreover,
we observed that 1 kg difference of weight with
the same level of the other variables gave on aver-
age 1.8% ((1-10-0008)x100%) lower PAPP-A
level with the standard error of 0.1%. We also

Table 3
Multiple regression analysis for log10 PAPP-A and selected independent variables (n=4401)
Model 1 Model 2

Regression Partial Regression Partial

cogfficients correlations | P value cogfficients correlations p value
Age at the time of delivery (years) -0.004 -0.08 <0.001
Gestational age (days) 0.026 0.41 <0.001 0026 0.39 <0.001
Smoking (0-smoking 1-not smoking) -0.078 -0.08 <0.001 -0.080 -0.07 <0.001
Weight (kg) -0.008 -0.37 <0.001
Intercept 1.611 <0.001 1.237 <0.001
Coefficient of determination R2 0.27 0.16
p value for model <0.001 <0.001
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Multiple regression analysis for log10 PAPP-A MoM and selected variables (n = 4400) fuble 1
Costicients | ertor correlations P value
Smoking (1-smoking 0-not smoking) -0.076 0.015 -0.37 <0.001
Weight (kg) -0.008 0.0003 -0.07 <0.001
Intercept 0.518 0.02 <0.001
Coefficient of determination R2 0.14
p value for the model <0.001

verified that PAPP-A level rise on average 6.3%
((100.027-1)x100%) in every day of preg-
nancy. In this case the standard deviation
was 0.2%. It should be stressed that cited esti-
mates can only be referred to the studied range
of variable values.

Evaluation of the influence of smoking on
PAPP-A MoM value with adjustment for patients'
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