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Abstract 
Background: Measuring of maternal serum pregnancy-associated plasma protein-A 
(PAPP-A) in first trimester can be a way for early detection of adverse prenatal 
outcome due to faulty placenta. 
Objective: The aim was to Determination of association between placental 
thickness in second trimester with low level of PAPP-A in first trimester. 
Materials and Methods: In this cohort study, serum PAPP-A of 187 pregnant 
women was measured in the first trimester of pregnancy. Patients who had PAPP-A 
≤0.8 MOM were in exposed and others who had PAPP-A >0.8 defined as unexposed 
group. The criteria of placental thickness in ultrasound study was thickness of 4 cm 
or more than 50% of placental length. 
Results: Of 187 patients, 87 patients had PAPP-A >0.8 and 93 patients had PAPP-A 
≤0.8. Women with low levels of PAPP-A in the first trimester, had an increased 
incidence placental thickness of 34.4%, whereas another group had about 15% 
(p=0.002). Also, PAPP-A levels had acceptable sensitivity and specificity for 
placental thickness detection (71.1% and 54.8%, respectively.  
Conclusion: Our study showed that serum level of PAPP-A generally was low 
(≤0.8) in women with a thick placenta (>4 cm or >50% of placental length). The 
first trimester of pregnancy measurement of PAPP-A will be more predictable for 
healthy placenta. 
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Introduction 

 
regnancy-associated plasma protein-
A (PAPP-A) is synthesized by the 
placenta and fetus and increases 

due to pregnancy (1-3). PAPP-A facilitates the 
actions of the insulin-like growth factor (IGF) 
family to promote placental growth and 
function (3-7). Measurement of maternal 
serum PAPP-A at late in the first trimester of 
pregnancy in conjunction with maternal age, 
maternal serum Human Chorionic 
Gonadotropin (HCG) and fetal nuchal 
translucency is used to determine the risk of 
fetal abnormalities such as trisomy 21, with a 
detection rate of over 90% for a 5% false 
positive rate (8-11).  

Many studies about chromosomal 
abnormalities such as trisomy 21, have 
demonstrated significant correlation between 
low maternal serum PAPP-A and placental 
complications in normal pregnancies. Women 
with PAPP-A below 0.45 MOM (multiples of 
the median) have a significantly increased risk 
of intrauterine growth restriction (IUGR), 
extreme preterm delivery, preeclampsia and 

stillbirth (8, 12-14). Low PAPP-A levels in the 
first trimester were associated strongly with a 
number of adverse pregnancy outcomes (8). 
Relationship between faulty placenta and 
adverse prenatal outcome in one hand and 
observations that suggest measurement of 
specific circulating trophoblast-derived 
proteins in the first trimester of pregnancy in 
other hand may provide a potential screening 
tool to identify women at increased risk of 
subsequent adverse pregnancy outcome (12). 

Two tests based on ultrasound about 
placental function (Uterine Artery Doppler 
(UAD) and measurement of placental size) 
have been evaluated as screening tests for 
placental insufficiency in second trimester (16-
23 wk) among clinically high-risk women. It 
was shown that normal placental function 
profile at 16-23 wk of gestation can reassure 
women with normal test results by identifying 
a smaller subset of women who were at 
reduced risk of prenatal morbidity or death 
from severe IUGR (15). The prenatal results 
of abnormal UAD and abnormal placental 
morphology are similar but performing of UAD 
require an expert operator and advanced 
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ultrasound device that usually are available in 
academic centers only (16).  

Considering the limitation of studies on this 
topic, our study was designed to investigate 
the possible association between PAPP-A 
levels in first trimester with placental thickness 
in pregnant women in order to determine high 
risk pregnancy based on abnormal placenta.  
 

Materials and methods 
 
Study population 

This cohort study was done to evaluate 
association between PAPP-A levels in first 
trimester with placental thickness. Participants 
were recruited between March to December 
2014 from Shahid Beheshti and Shabih Khani 
hospitals in Kashan, Iran. The study received 
ethics approval from the ethical committee of 
Kashan University of Medical Sciences written 
informed consents were obtained from all 
participants. All patients who had singleton 
and low risk pregnancy diagnosed by 
obstetrician and gynecologist (based on first 
sonography in pregnancy and first trimester 
screening test) during this time were included.  

Inclusion criteria were low risk women with 
less than 14 wk gestational age at first visit 
and performing first screening test including 
PAPP-A. Exclusion criteria were presence of 
fetal anomaly in anatomy scan (done in 18-23 
wk), evidence of fetal aneuploidy in first 
trimester screening test and twin or multiple 
pregnancy, abortion and not accompaniment 
of the participants in the study. 
 
Sample size 

Sample size calculated based on similar 
study with considering type1 error 0.05 and 
second type error 20%, PR1R=4.3% and 
PR2R=15.6% using following formula (16). 
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According to the study design and estimate 
of 20% loss to fallow up, the sample size in 
each group of samples obtained 90. Based on 
inclusion criteria and through convenience 
sampling 187 cases were selected, from them 
7 cases were excluded (6 cases due to 
abortion and one due to twin pregnancy).  
 
Measurements 

All subjects that were assessed by first 
trimester screening test (including PAAP-A 

with ELISA), followed until 18-23 wk and 
ultrasound was done by a prenatologist by 
MEDISON V20 device (11). PAPP-A value 
≤0.8 MOM was defined as low level of PAPP-
A (8, 12-14). Based on PAPA-A level, patients 
were divided into two groups: women with 
PAPA-A ≤0.8 MOM were defined as exposed 
group and women with PAPA-A >0.8 MOM 
were defined as unexposed group. 

Placental ultrasound assessment was 
performed between 18-23 wk of gestation, 
including assessment the placental thickness 
(15). Ultrasonic thickness of placental was 
considered when the thickness was 4 cm or 
more, or was 50% of placental length (16). 
Demographic characteristics of woman such 
as age, height and weight to calculate body 
mass index (BMI), nationality, gestational age, 
cigarette smoking during pregnancy, history of 
chronic hypertension and diabetes, parity, 
history of high risk pregnancy (such as 
abortion, preeclampsia, placental abruption, 
preterm labor, intra uterine fetal death (IUFD), 
IUGR) and method of delivery were recorded 
in a check list. 
 
Statistical analysis 

Analysis was done using SPSS Statistics 
for Windows version 17 (release 17.0.0, Aug 
23, 2008) Comparison of outcomes in the two 
groups was performed using the χ

P

2
P test and 

placental thickness of the two groups was 
compared using t-test. Confounding variables 
were assessed by logistic regression analysis. 
Specificity and specificity were determined by 
cut point of 0.8 for PAPP-A value and 
placental thickness after 8 wk. Statistical 
significant was considered for p<0.05. 
 

Results 
 

Mean age of woman was 28.5 (SD:5.7 
years and the mean levels of PAPP-A was 
0.88±0.51 MOM. Mean age, BMI, history of 
hypertension, gravidity, parity, live and dead 
births, abortion and complicated pregnancies 
were not significantly different between groups 
(group with PAPP-A ≤0.8 MOM and a group 
with PAPP-A >0.8) (Table I). Women with 
PAPP-A ≤0.8 MOM had more placental 
thickness compared with the other group 
which was 34.4% in front of 14.9% (p=0.002). 
The risk of thick placenta in women with low 
level of PAPP-A was 2.98 fold of the other 
group (Table II). Moreover the specificity and 
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sensitivity of PAPP-A in placental thickness 
were obtained 54.8% and 71.1%, respectively, 
that the percentage of sensitivity was more 
acceptable (Table III).  

The correlation of PAPP-A with the 
thickness of the placental in pregnant women 
on the basis of adjusted logistic regression 
model are presented in table IV. Sensitivity 

and specificity of PAPP-A at value≤0.8 was 
71.1 (55.7-83.6) and 54.8 (46-63.3) 
respectively. We found Positive predictive 
value and Negative predictive value of PAPP-
A ≤0.8 were 34.4 (24.9-44.9) and 85.1 (75.8-
91.8) respectively. Positive Likelihood Ratio 
with 1.57 was appropriate as a prognostic 
test. 

 
 
 
Table I. Characteristics of the study according PAPP-A level 

                                                                                 Groups 
Variables PAPP-A >0.8 MOM* PAPP-A ≤0.8 MOM p-value 

Age (years old) ** 28.17 (0.65) 28.91 (0.56) 0.385 
BMI (kg/cm2) ** 26.52 (0.38) 27.67 (0.48) 0.06 
History of HTN *** 5 (5.7) 8 (9.1) 0.399 
Parity ** 1.29 (0.54) 1.21 (0.42) 0.455 
Abortion *** 15 (68.2) 24 (92.3)  
Gravidity *** 1.87 (0.83) 1.77 (0.81) 0.418 
History of complicated  pregnancies ***   0.075 
 Placental Abruption 1 (4.5) 0  

Intra Uterine Fetal Death  4 (18.2) 1 (3.8) 
Intra Uterine Growth Restriction 1 (4.5) 0 
Preterm  labor 1 (4.5) 0 
Preeclampsia 0 1 (3.8) 

*Multiples of the Median  **Data are presented as Mean (SE)  ***Data are presented as Number (%). 
 
 
 
Table II. Comparison of placental thickness based on PAPP-A levels 

RR: Risk Ratio   CI: Confidence interval 
 
 
 
Table IV. Correlation of PAPP-A with the thickness of the placental in pregnant women on the basis of adjusted logistic regression 
models 

 Beta SE WALD OR*** Sig. 
PAPP-A>0.8 1.02 0.38 7.1 2.77 0.008 
Age 0.04 0.03 1.74 1.05 0.186 
BMI 0.049 0.044 1.23 1.05 0.267 
Complications of pregnancy 0.091 0.433 0.044 1.1 0.834 
HTN 0.477 0.746 0.408 1.61 0.523 
constant -5.36 2.36 5.15 - 0.023 

SE: Standard Error   OR: Odds Ratio 

 
Discussion 

 
This study showed that women with PAPP-

A ≤0.8 MoM had more placental thickness 
compared with other group which was 34.4% 
and 14.9%, respectively. On the other hand, 
85.1% of pregnant woman who had PAPP-A 
>0.8, did not have placental thickness, which 
shows having normal level of PAPP-A. 
Moreover, the specificity and sensitivity of 
PAPP-A in placental thickness were obtained 
54.8% and 71.1%, respectively, that the 

percentage of sensitivity was more 
acceptable.  

These findings showed that having normal 
levels of PAPP-A could be associated with 
normal pregnancy with low complications. The 
secretion of PAPP-A in first trimester of 
pregnancy, is correlated with the placental 
thickness in second trimester (18-23 wk). 
PAPP-A is primarily secreted from the 
placental syncytiotrophoblasts and thought to 
be involved in normal implantation and 
placental development (17, 20-22). 

                     Placental thickness  
PAPP-A 

Yes No RR (95%CI) p-value Number % Number % 
≤0.8  32 34.4 61 65.6 1.41 (1.03-1.92) 0.04 
> 0.8 13 14.9 74 85.1 
Total 45 25 135 75 
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In one study, patients were studied four 
times between 6-13 wk of pregnancy; each 
time, uterine artery impedance was measured 
using trans vaginal Color Doppler Ultrasound 
equipment. They observed that the increasing 
secretion of PAPP-A negatively correlated 
with the decreasing uterine artery impedance 
especially from 10 wk and later, possibly 
reflecting the rise in blood flow in spiral 
arteries remodeled by invaded trophoblastic 
cells. They concluded that failure in 
trophoblastic function based on low level of 
PAPP-A can be detected by high flow of UAD 
(23).  

This finding is similar with our results about 
correlation of low level of PAPP-A and faulty 
placenta. In another study, it was shown that 
the secretion of PAPP-A is closely related to 
the placenta size in beginning of pregnancy 
(before 8 wk). The PAPP-A serum 
concentrations was associated directly with 
the placental and gestational sac volumes at 
5-8 wk of pregnancy. The change in placental 
volume between 5-8 wk was correlated with 
the change in the PAPP-A serum 
concentrations at the corresponding time (24).  

However, their study have two differences 
with our study: 1) measurement of placental 
and gestational sac volumes instead of 
placental thickness. 2) evaluating at 5-8 wk of 
pregnancy instead of 18-23 wk gestation. But 
they proved our results while the mentioned 
study showed this correlation (between PAPP-
A and placental size) earlier than our study. 
Another study on pregnant women in first 
trimester, showed that low level of PAPP-A in 
this time is a predictive factor of adverse 
pregnancy outcome (as fetal grows restriction 
(FGR), pregnancy associated hypertension 
and spontaneous abortion) (25). Ranta et al 
showed that the low level of PAPP-A in first 
trimester is related with preeclampsia, preterm 
labor and small for gestational age (SGA) 
(26).  

Other studies have shown that abnormal 
levels of PAPP-A (low level) during first 
trimester of pregnancy seems to be capable of 
predicting adverse outcomes such as IUGR, 
preeclampsia or preterm delivery taking place 
later in the pregnancy (27-29). This explains 
relationship between abnormal placental 
morphology and adverse prenatal outcomes 
that’s similar to our study. 

According to high rate of negative 
predictive value of PAPP-A, it can be 
concluded that normal PAPP-A (>0.8) is a 
good predictor of health status of placenta in 
later months. In summary, since circulating 
concentrations of PAPP-A had inverse 
correlation with the thickness of the placenta 
and its sensitivity was high, it remains to be 
shown that adverse pregnancy outcomes can 
be predicted by measuring placental thickness 
which had inverse relationship with PAPP-A 
during the first trimester of pregnancy. 

This is a unique study that is trying to get 
placental insufficiency based on placental 
thickness in second trimester with measuring 
of PAPP-A in many time earlier in first 
trimester. This study is the first study to 
evaluate the relationship between the 
placental thickness and the secretion of 
PAPP-A.  
 
Limitation 

Limitations of this study is lack of 
evaluation of adverse pregnancy outcomes in 
samples at the same time. But it is followed a 
way to inform the physician earlier in order to 
alarm about a high risk pregnancy that may be 
caused by a thick or insufficient placenta. 
 

Conclusion 
 

Result of this study showed mean 
thicknesses of placenta in women with low 
level of PAPP-A (≤0.8) is high (>4 cm or >50% 
of placental length). our data also showd that 
the sensitivity of PAPP-A in placental 
thickness was obtained 71.1% that more 
acceptable against specificity 54.8%. In other 
words, normal PAPP-A (>0.8) in first trimester 
showed that there was normal placental 
thickness in 85.1% of cases while low level of 
PAPP-A only in 34.4% showed thick placenta. 
PAPP-A level in first trimester have more 
applications in predicting normal placenta, 
whereas low PAPP-A does not haven great 
value in predicting thick placenta.  
 

Acknowledgments 
 

We would like to thank all of patients who 
made this study possible. This study was 
supported by deputy of research, Kashan 
University of Medical Sciences (Grant no: 
93118).  

Arc
hive

 of
 S

ID

www.SID.ir



PAPP-A and placental thickness 

International Journal of Reproductive BioMedicine Vol. 14. No. 6. pp: 421-426, June 2016                                        425 

Conflict of interest 
 

The authors have no conflict of interest. 
 

References 
 
1. Guibourdenche J, Frendo JL, Pidoux G, Bertin G, 

Luton D, Muller F, et al. Expression of 
pregnancyassociated plasma protein-A (PAPP-A) 
during human villous trophoblast differentiation in 
vitro. Placenta 2003; 24: 532-539. 

2. Overgaard MT, Oxvig C, Christiansen M, Lawrence 
JB, Conover CA, Gleich GJ, et al. Messenger 
ribonucleic acid levels of pregnancy-associated 
plasma protein-A and the proform of eosinophil major 
basic protein: expression in human reproductive and 
nonreproductive tissues. Biol Reprod 1999; 61: 
1083-1089. 

3. Handschuh K, Guibourdenche J, Guesnon M, 
Laurendeau I, Evain-Brion D, Fournier T. Modulation 
of PAPP-A expression by PPARgamma in human 
first trimester trophoblast. Placenta 2006; 27 
(Suppl.): 127-134. 

4. Laursen LS, Kjaer-Sorensen K, Andersen MH, Oxvig 
C. Regulation of insulin-like growth factor (IGF) 
bioactivity by sequential proteolytic cleavage of IGF 
binding protein-4 and -5. Mol Endocrinol 2007; 21: 
1246-1257. 

5. Kniss DA, Shubert PJ, Zimmerman PD, Landon MB, 
Gabbe SG. Insulinlike growth factors. Their 
regulation of glucose and amino acid transport in 
placental trophoblasts isolated from first-trimester 
chorionic villi. J Reprod Med 1994; 39: 249-256. 

6. Nestler JE. Insulin-like growth factor II is a potent 
inhibitor of the aromatase activity of human placental 
cytotrophoblasts. Endocrinology 1990; 127: 2064-
2070. 

7. Irwin JC, Suen LF, Martina NA, Mark SP, Giudice 
LC. Role of the IGF system in trophoblast invasion 
and pre-eclampsia. Hum Reprod 1999; 14 (Suppl.): 
90-96. 

8. Dugoff L, Hobbins JC, Malone FD, Porter TF, Luthy 
D, Comstock CH, et al. First-trimester maternal 
serum PAPP-A and free-beta subunit human 
chorionic gonadotropin concentrations and nuchal 
translucency are associated with obstetric 
complications: a population-based screening study 
(the FASTER Trial). Am J Obstet Gynecol 2004; 191: 
1446-1451. 

9. Schiott KM, Christiansen M, Petersen OB, Sorensen 
TL, Uldbjerg N. The ‘Consecutive CombinedTest’- 
using double test from week 8+0 and nuchal 
translucency scan, for first trimester screening for 
Down syndrome. Prenat Diagn 2006; 26: 1105-1109. 

10. Malone FD, Canick JA, Ball RH, Nyberg DA, 
Comstock CH, Bukowski R, et al. First-trimester or 
second-trimester screening, or both, for Down’s 
syndrome. N Engl J Med 2005; 353: 2001-2011. 

11. Kagan KO, Wright D, Baker A, Sahota D, Nicolaides 
KH.  Screening for trisomy 21 by maternal age, fetal 
nuchal translucency thickness, free beta-human 
chorionic gonadotropin and pregnancy-associated 
plasma protein-A. Ultrasound Obstet Gynecol 2008; 
31: 618-624. 

12. Smith  GC,  Stenhouse EJ,  Crossley JA,  Aitken DA,  

Cameron AD, Connor JM. Early pregnancy levels of 
pregnancy-associated plasma protein a and the risk 
of intrauterine growth restriction, premature birth, 
preeclampsia, and stillbirth. J Clin Endocrinol Metab 
2002; 87: 1762-1727. 

13. Krantz D, Goetzl L, Simpson JL, Thom E, Zachary J, 
Hallahan TW, et al. Association of extreme first-
trimester free human chorionic gonadotropin-beta, 
pregnancy-associated plasma protein A, and nuchal 
translucency with intrauterine growth restriction and 
other adverse pregnancy outcomes. Am J Obstet 
Gynecol 2004; 191: 1452-1458. 

14. Smith GC, Shah I, Crossley JA, Aitken DA, Pell JP, 
Nelson SM et al. Pregnancy-associated plasma 
protein A and alpha-fetoprotein and prediction of 
adverse perinatal outcome. Obstet Gynecol 2006; 
107: 161-166. 

15. Toal M, Chan C, Fallah S, Alkazaleh F, Chaddha V, 
Windrim RC, et al. Usefulness of a placental profile in 
highrisk pregnancies. Am J Obstet Gynecol 2007; 
196: e1-e7. 

16. Toal M, Chaddha V, Windrim R, Kingdom J. 
Ultrasound detection of placental insufficiency in 
women with elevated second trimester serum alpha-
fetoproteinor human chorionic gonadotropin. J 
Obstet Gynaecol Can 2008; 30: 198-206. 

17. Chafetz I, Kuhnreich I, Sammar M, Tal Y, Gibor Y, 
Meiri H, et al. First-trimester placental protein 13 
screening for preeclampsia and intrauterine growth 
restriction. Am J Obstet Gynecol 2007; 197: e1-e7. 

18. Gilpin BJ, Loechel F, Mattei MG, Engvall E, 
Albrechtsen R, Wewer UM. A novel, secreted form of 
human ADAM 12 (meltrin alpha) provokes 
myogenesis in vivo. J Biol Chem 1998; 273: 157-
166. 

19. Lawrence JB, Oxvig C, Overgaard MT, Sottrup-
Jensen L, Gleich GJ, Hays LG, et al. The insulin-like 
growth factor (IGF)-dependent IGF binding protein-4 
protease secreted by human fibroblasts is 
pregnancy-associated plasma protein-A. Proc Natl 
Acad Sci USA 1999; 96: 3149-3153. 

20. Shi Z, Xu W, Loechel F, Wewer UM, Murphy LJ. 
ADAM 12, a disintegrinmetalloprotease, interacts 
with insulin-like growth factor-binding protein-3. J Biol 
Chem 2000; 275: 18574-18580. 

21. Bischof P, DuBerg S, Herrmann W, Sizonenko PC. 
Pregnancy-associated plasma protein-A (PAPP-A) 
and HCG in early pregnancy. Br J Obstet Gynaecol 
1981; 88: 973-975. 

22. Sinosich MJ, Teisner B, Folkersen J, Saunders DM, 
Grudzinskas JG. Radioimmunoassay for pregnancy-
associated plasma protein A. Clin Chem 1982; 28: 
50-53. 

23. Wortelboer EJ, Koster MP, Kuc S, Eijkemans MJ, 
Bilardo CM, Schielen PC, et al. Longitudinal trends in 
feto-placental biochemical markers, Uterine Artery 
Doppler flow velocities and maternal blood pressure 
during the first-trimester of pregnancy. Ultrasound 
Obstet Gynecol 2011; 38: 383-385. 

24. Sahraravand M, Järvelä IY, Laitinen P, Tekay AH, 
Ryynänen M. The secretion of PAPP-A, ADAM12, 
and PP13 correlates with the size of the placenta for 
the first month ofpregnancy. Placenta 2011; 32: 999-
1003. 

25. Yaron Y, Heifetz S, Ochshorn Y, Lehavi O, Orr-
Urtreger A. Decreased first trimester PAPP-A is a 

Arc
hive

 of
 S

ID

www.SID.ir

http://www.ncbi.nlm.nih.gov/pubmed?term=Toal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18364097
http://www.ncbi.nlm.nih.gov/pubmed?term=Chaddha%20V%5BAuthor%5D&cauthor=true&cauthor_uid=18364097
http://www.ncbi.nlm.nih.gov/pubmed?term=Windrim%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18364097
http://www.ncbi.nlm.nih.gov/pubmed?term=Kingdom%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18364097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ultrasound+Detection+of+Placental+Insufficiency+in+Women+With+Elevated+Second+Trimester+Serum+Alpha-Fetoprotein
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ultrasound+Detection+of+Placental+Insufficiency+in+Women+With+Elevated+Second+Trimester+Serum+Alpha-Fetoprotein
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sahraravand%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22015022
http://www.ncbi.nlm.nih.gov/pubmed/?term=J%C3%A4rvel%C3%A4%20IY%5BAuthor%5D&cauthor=true&cauthor_uid=22015022
http://www.ncbi.nlm.nih.gov/pubmed/?term=Laitinen%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22015022
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tekay%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=22015022
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ryyn%C3%A4nen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22015022
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+secretion+of+PAPP-A%2C+ADAM12%2C+and+PP13+correlates+with+the+size+of+the+placenta+for+the+first+month+of+pregnancy


Mesdaghi-nia et al 

426                                        International Journal of Reproductive BioMedicine Vol. 14. No. 6. pp: 421-426, June 2016 

predictor of adverse pregnancy outcome. Prenat 
Diagn 2002; 22: 778-782. 

26. Ranta JK, Raatikainen K, Romppanen J, Pulkki K, 
Heinonen S. Decreased PAPP-A is associated with 
preeclampsia, premature delivery and small for 
gestational age infants but not with placental 
abruption. Eur J Obstet Gynecol Reprod Biol 2011; 
157: 48-52. 

27. Roberts JM, Cooper DW. Pathogenesis and genetics 
of pre-eclampsia. Lancet 2001; 357: 53-56. 

28. Khong TY, De Wolf F, Robertson WB, Brosens I. 
Inadequate maternal vascular response to 
placentation in pregnancies complicated by pre-
eclampsia and by small-for-gestational age infants. 
Br J Obstet Gynaecol 1986; 93: 1049-1059. 

29. Cowans NJ, Spencer K. First-trimester ADAM12 and 
PAPP-A as markers for intrauterine fetal growth 
restriction through their roles in the insulin-like  
growth factor system. Prenat Diagn 2007; 27: 264-
271. 

 

Arc
hive

 of
 S

ID

www.SID.ir


