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and to verify severity of preeclampsia would be associated with PAPP-
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A and IGF-I levels. Methods: Case-control study included 60women
with Preeclampsia, and 30normotensive women as control. Three
groups were chosen; preeclampsia group consisted of 30women, mild

preeclampsia (MPE) group, 30 women, severe preeclampsia group (SPE) and control group
30 women. All groups were matched strictly for gestational age at second trimester. Maternal
blood samples for PAPP-A and IGF-I were collected as soon as the patients at second
trimester and compared. The IGF-I was measured with ELISA and The quantitative
determination of PAPP-A in the maternal serum was performed with an Immulite /
Immulite1000 device using solid phase, chemiluminescence immunometric sandwich
method. Results: Mean ages of participants, weights and gestational week were similar.
Mean PAPP-A and IGF-I levels were significantly lower in preeclampsia groupscompared to
control group. However, PAPP-A and IGF-I levels were not different among mild
preeclampsia and severe preeclampsia groups. Conclusion: PAPP-A and IGF-I levels at
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second trimester decrease in all preeclampsia, mild preeclampsia (MPE) group and severe
preeclampsia group (SPE), and may be useful in predicting the risk of preeclampsia.
KEYWORDS: PAPP-A, IGF-I, Preeclampsia, Egyptian Women.
INTRODUCTION
Preeclampsia affects approximately 1 in 15 pregnancies[1] and is characterized by a sudden
rise in blood pressure and proteinuria which resolves after delivery.[2,3] Currently, there is no
effective treatment for preeclampsia other than to induce delivery. However, premature
delivery elevates the risk of neonatal death and health problems later in life.[2,4,5] The etiology
of preeclampsia thought to involve abnormal placental development.[6,7] It is not a simple
complication of pregnancy, but is rather a syndrome of multiple organ failures involving the
liver, kidneys and lungs, in addition to coagulation and neural system difficulties. Since cases
of severe preeclampsia have a considerably poorer prognosis for both the mother and fetus
than uncomplicated pregnancy, it is potentially one of the most devastating pregnancyassociated disorders faced by obstetricians. Pregnancy-associated plasma protein-A (PAPPA) is a large highly glycosylated protein complex which has been shown to be responsible for
the cleavage of insulin-like growth factor (IGF) binding proteins, which are inhibitors of IGF
action in several biological fluids. Since, IGFBPs have a key role in modulating IGF activity
PAPP-A could be important in regulating fetal growth and development and in trophoblastic
invasion of the deciduas.[8] PAPP-A is a well-known first trimester serum marker of
pathological pregnancies. Since serum PAPP-A is reduced in the first trimester of
pregnancies with fetal trisomies, PAPP-A in combination with other markers has been used
for noninvasive early detection of trisomies. It is also reported that maternal serum PAPP-A
is reduced in various complicated pregnancies such as fetal growth restriction and
preeclampsia.[9]
The insulin-like growth factor (IGF) system comprises the IGF peptides (IGF-I, IGF-II), the
cellular IGF receptors (type I, type II), and a family of soluble high affinity IGF binding
proteins (IGFBP-1 to IGFBP-6) modulate the bioavailability and activity of the IGFs[10]
Insulin-like growth factor-1 (IGF-I) is an important metabolic and mitogenic factor involved
in cell growth and differentiation.[11] Most IGF-I is bound to insulin-like growth factor–
binding proteins (IGF-BPs) an important regulators of its biological activity.[12] In normal
pregnancies, maternal serum levels of IGF-I increase from about the 20th week of pregnancy.
This increase is probably induced by placental production of a specific growth hormone (GH)
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variant (placental GH), the effects of placental GH on fetal growth are likely to be mediated
via circulating maternal IGF-I.[13] In the non-pregnant state, IGFBP-1 produced in the liver
and strongly regulated by insulin. In pregnancy, IGFBP-1 also produced in the placenta,
resulting in higher maternal concentrations of this protein. It is unknown whether maternal
IGFs in early pregnancy are associated with subsequent development of preeclampsia.
However, the IGF system is thought to play a role in abnormal placentation, where high
decidual production of IGFBP-1 may block IGF-I activity and reduce trophoblastic
invasion.[14]
There are inconsistent results regarding the role of IGF-I in the prediction of PE, some
researchers reported a lower concentration of IGF-I and a higher concentration of IGFBP-1 in
early pregnancy[15] while some studies show higher concentrations of IGF-I and lower
concentrations of IGFBP-1 in women with later developed preeclampsia.[16-18] In the present
study, we therefore assessed the circulating maternal IGF-I and PAPP-A levels in the second
trimester as a predictor for subsequent development of preeclampsia.
METHODOLOGY
Study participants
In the present study, 60 patients with Preeclampsia were collected from the gynecological and
Obsteric Department, Mansoura University, Egypt, between August 2015 and September
2016. Three strictly groups were constructed. The first group consisted of 30women who
were diagnosed as mild preeclampsia (MPE) during routine prenatal visits at second
trimester. The second group consisted of30women who were diagnosed as severe
preeclampsia and the third group consisted of30healthy control pregnant whose blood
samples were taken during prenatal visits at second trimester of the gestational week that
matches the other two groups and these women were followed up to delivery. Ages of
women, pregnancy outcomes, blood pressure values, maternal weights and height recorded.
Body-mass indexes were calculated. Participants were excluded if they had a pregnancy
termination, a major anomaly, a twin pregnancy, or if the pregnancy outcome was unknown,
(i.e. if they did not deliver at our hospital). Clinical data and peripheral blood samples were
collected only after explaining the objectives of the study and obtaining a signed informed
consent form.
Methods
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Gestational age was determined from the date of the last menstrual period (LMP) if this
differed from the ultrasound estimate by more than 7 days, the ultrasound estimate was used.
Blood samples of women in the first three groups were taken as soon as they were diagnosed
as preeclampsia. Blood samples of women in the control group were taken at similar
gestational ages with the other groups and pregnant women in this group were followed up to
term. If any perinatal problems developed such as, labor before 37 weeks or becoming
preeclamptic or intrauterine growth restriction or had gestational diabetes, they were
excluded from the control group. Preeclampsia was diagnosed when a blood pressure higher
than or equal 140/90 mmHg and proteinuria higher than 300 mg/24 h were observed on at
least two occasions more than 6 h apart, equal in the presence of any combination of
headache, visual disturbances, upper abdominal pain, oliguria(<30 ml/h),hyperbilirubinemia,
elevated serum creatinine levels (>0.8 mg/dl), thrombocytopenia(<1,50,000/mm3) and
elevated aspartate or alanine aminotransferase levels. If hemolysis or elevated liver enzymes
or a low platelet count was determined, patients were diagnosed as metabolic syndrome.
Blood samples of control group were taken from the outpatient pregnancy clinic of our
hospital at the mean gestational age matching with other groups and all followed up to
delivery. The quantitative determination of PAPP-A in the maternal serum was performed
with an Immulite/ Immulite1000 device using solid phase, chemiluminescenceimmunometric
sandwich method. Blood samples were centrifuged as soon as they were taken; they were not
stored in deep freeze and studied as soon as possible.
The serum samples withdrawn during the second trimester treated according to uniform
standards and stored at – 20 0C until analysis. The concentrations of IGF-I was determined
by ELISA (DSL-10-2800 Non-Extraction IGF-I ELISA; From Diagnostics Systems
Laboratories Inc., Webster, TX, USA) according to the manufacturer’s instructions. The IGFI ELISA has a minimum detection limit of the 2.06 ng/ml (which is the sensitivity according
to the DSL kit insert for the non-extraction assay). The intra-assay coefficient of variation
(CV) for IGF-I was6.3–8.6 %, the corresponding CVs were 1.7–4.6% as reported by the
manufacturer. Samples with concentrations below the detection limits of the respective
hormone assays assigned the minimal detection value. The technicians performing the
hormone analyses blinded to the clinical outcome.
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Statistical analysis
Statistical analysis was performed by SPSS 17.0 package programe. The quantitative data
was presented in the form of mean and standard deviation. One-way ANNOVA t-test was
used for quantitative data of the studied groups followed by benferroni test to compare
between each two groups. Parsons, correlation coeffient was used to study relation between
groups. Significance was considered at p value less than 0.05.
RESULTS
Mean gestational ages of the mild preeclampsia, severe preeclampsia and control groups were
30.03± 5.5, 31.83± 3.69and 29.53± 4.36, respectively, and they were similar (group 1 =
control group; group 2 = mild preeclampsia; group 3 = severe preeclampsia). Demographic
properties and weights were similar (Table 1).
Table. 1: Demographic Characteristics of the Groups.
Mild preeclampsia Severe preeclampsia
(n = 30)
(n = 30)
29.53± 4.36
30.03± 5.5
31.83± 3.69
Age (years)
81.1± 12.73
81.4 ± 12.11
86.53 ± 12.98
weight (Kg)
20.72±
4.66
21.2±
3.57
19.83± 3.93
Gestational age)Weeks)
25.95 ± 3.56
27.30 ± 4.03
28.57 ± 2.92
Body mass index (kg/m2)
76.26 ± 3.37
94.33 ± 3.27
105.6 ± 3.23
Diastolic blood pressure (mmHg)
114.30± 6.2
149.13± 5.5
167.25± 6.3
Systolic blood pressure (mmHg)
104± 33.15
80.09± 21.74
75.77± 27.03
PAPP-A (ng/ml)
p value of multiple comparisons with Bonferroni corrections. NS non-significant
Parameters

Control (n = 30)

* Comparison of group 1 with group 2; ** Comparison of group 1 with group 3 and
*** Comparison of group 2 with group 3
Mean 24 h urinary protein excretion of group 1 was significantly different from group 2 and
group 3. Mean urinary protein excretion of group 2 was similar with group 3. Mean PAPP-A
levels were significantly lower in preeclampsia compared to their matched control. PAPP-A
levels were not different when group with MPE compared with SPE group (Figure 1). The
concentrations of PAPP-A correlated negatively with maternal Wt, BMI, DBP and SBP (r = 0.028) (r = - 0.092) (r = - 0.713) (r = - 0.776) respectively. No statistically significant
correlation observed between BMI and the concentrations of PAPP-A (Table 2).
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Figure. 1: Serum PAPP-A Level in control and groups with preeclampsia.
Table. 2: Correlation between PAPPA and maternal Wt, BMI, DBP and SBP.
Wt
- 0.028
0.796
90

Serum PAPPA
Sig. (2- tailed)
N

BMI
- 0.092
0.386
90

DBP
- 0.713**
< 0.001
90

SBP
- 0.776**
0.001
90

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).
The maternal characteristics of all groups were presented the age, BMI, and gestational age at
sampling (Table 3 and Figure 1). The mean level of the serum IGF-I in case of mild
preeclampsia (221.1.1+ 114.68) was lower than that in the control group (293.1+ 81.82). It
was a statistically significant (P= 0.019). Also, the mean level of the serum IGF-I in case of
severe preeclampsia (194.6+ 99.71) was decreased than that in control group and it was found
a statistically significant(P= 0.001). On the other hand there was no statistically significant
difference in the mean serum IGF-I levels between cases of mild and severe preeclampsia (P=
0.918) (Table 4 and Figure 4).
Table. 3: Demographic Data of the studied groups.
Control (n = 30)
29.53± 4.36
Age (year)
81.1± 12.73
Weight (Kg)
Gestational age at
20.72± 4.66
sampling)Weeks)
25.95 ± 3.56
Body mass index (kg/m2)
Diastolic blood pressure
76.26 ± 3.37
(mmHg)
Systolic blood pressure
114.30± 6.2
(mmHg)
NS, Not statistically significant.
www.wjpps.com

Mild preeclampsia
(n = 30)
30.03± 5.5
81.4 ± 12.11

Severe preeclampsia
(n = 30)
31.83± 3.69
86.53 ± 12.98

NS
NS

21.2 ± 3.57

19.83± 3.93

NS

27.30 ± 4.03

28.57 ± 2.92

0.021

94.33 ± 3.27

105.6 ± 3.23

<0.001

149.13± 5.5

167.2± 6.3

<0.001
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Figure. (2): Bar chart illustrates mean of age, weight, gestational age and MBI among
studied groups.
Table. 4: The mean serum levels IGF-1 of the studied groups.
Groups
Control
Mild precclampsia
Severe precclampsia
Group I versus II
Group I versus III
Group II versus III

Mean
293.1
221.1
194.6

SD
81.82
114.68
99.71

P<0.001
P= 0.019
P= 0.001
P= 0.918

The cut off level of serum IGF-1 was 232 ng/ml with high sensitivity 73.3% and high
specificity 70% (Figure 3). The concentrations of IGF-1 correlated negatively with maternal
Wt, BMI, DBP and SBP (r =- 0.028), (r =- 0.214), (r =- 0.376) and (r =-0.335) respectively
(Table 5).
Table. 5: Correlation between serum IGF-1 and maternal Wt, BMI, DBP and SBP.
IGF-1 Pearson
Correlation
Sig. (2- tailed)
N

Wt

BMI

DBP

SBP

-0.028

- 0.214-*

- 0.376**

-0.335-**

0.796
90

0.043
90

< 0.001
90

0.001
90

**Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05
level (2-tailed).
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Fig. 3: ROC curve of IGF-1 for control and versus preeclampsia.

Figure. 4: IGF-1 levels in control and preeclampsia groups.
DISCUSSION
Preeclampsia is a severe complication of human pregnancy that occurs in 3–5% of all
pregnancies and may threaten maternal and fetal survival.[19] It is characterized by
immunological alterations, systemic inflammation, endothelial dysfunction, and metabolic
syndrome.[20,21] Preeclampsia presents with a pattern of typical clinical features (hypertension
and proteinuria) and possible further manifestations (renal failure, metabolic syndrome,
seizures), but the precise pathogenic mechanisms remain to be determined. Endothelial cell
dysfunction is a hallmark of the pathogenesis of the diseased.[22] The clinical syndrome
develops from an altered balance between factors produced by the placenta and maternal
reaction to them. Immune responses to trophoblast invasion in the early stages (maternal
immune adaptation to fetal alloantigens) promote systemic nonspecific inflammation that can
lead to the development of the disease later in pregnancy.[20]
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Some studies reported that there is no correlation of PAPP-A in preeclampsia but PAPP-A2
instead.[23,24] Uncertainty of specificity of the anti-PAPP-A antibodies possibly underlies this
discrepancy. PAPP-A2 was the first protein identified as having a similar structure to PAPPA.[25] Both PAPP-A and -A2 are involved in the IGF pathway. PAPP-A is a protease that
cleaves IGF-binding protein IGFBP4 and IGFBP5, leading to the activation of IGF-II, and I
whereas PAPP-A2 has been reported to cleave only IGFBP5.[26,29] Both enzymes expressed in
a wide-range of tissues, but abundantly in placental syncytiotrophoblasts and the pregnant
uterus. Nishizawa et al.[24] reported that instead of PAPP-A, PAPP-A2 increased in placenta
of preeclamptic women compared to uncomplicated pregnancy by western blot and
quantitative RT-PCR analysis. They also found that, serum PAPP-A2 levels detected at
significantly higher levels in patients with preeclampsia, the pre-eclampsia cut off value of
39.32 ng/l allowed for both high sensitivity (95.0%) and high specificity (85.7%). However,
the serum concentrations of PAPP-A did not correlate well with the presence of
preeclampsia.[27]
More studies have shown that reduced first trimester serum levels of PAPP-A are associated
with subsequent preeclampsia.[28-30] It has been suggested that PAPP-A is useful as a marker
of fetal growth restriction at first trimester[31] but there are not many studies concerning late
pregnancy levels of PAPP-A at preeclampsia. PAPP-A was first shown to be elevated in the
plasma of preeclamptic women nearly 30 years ago. Toop showed elevated levels in severe
preeclampsia within 24 h of admission to hospital but PAPP-A values in mild-preeclampsia
did not differ significantly from the normal value for the corresponding stage of
gestation.[32,33]
Some of the later studies confirmed this postonset elevation of serum PAPP-A.[34-36]
Bersinger et al.[34] have measured the concentrations of PAPP-A in placental extracts to
specifically study the changes in the placenta in preeclampsia as serum levels reflect
cumulative changes in all potential sources. They found that the placental content reflected
the serum pattern for PAPP-A in preeclampsia, suggesting that the placenta is a source of the
elevated circulating proteins in preeclampsia. Maternal serum levels of PAPP-A have long
been known to be depressed in the first trimester of Down’s syndrome pregnancies[37], which
is widely used in prenatal diagnosis. Other chromosomal abnormalities and adverse
pregnancy outcomes, e.g., intrauterine growth retardation and preeclampsia, are also
associated with depressed levels of PAPP-A, as is low weight at birth.[38] Our study is
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consistent with Bersinger’s and Deveci’s studies that PAPP-A at the early second trimester
(17 weeks) significantly decreases in preeclampsia even in mild form .It was found that, in
pregnancies with subsequent preeclampsia PAPP-A, SP1, HPL and PLGF were reduced at 17
weeks of gestation whereas at 25 and 33 weeks only PLGF remained below the controls. In
growth-restricted pregnancies PAPP-A, SP1 and HPL were reduced at 17 weeks, and only
HPL continued to be strongly affected thereafter.[39] There is also some evidence that serum
PAPP-A is reduced in the second trimester in pregnancies that develop PE, but the levels are
increased in cases with established disease.[40,41]
The level of blood pressure is only one of the factors representing the severity of
preeclampsia. After the cutoff value of 160/110 mmHg, which discriminates the mild and
severe-preeclampsia, there is not enough, the finding to conclude that more increase in blood
pressure means more severe the disease. That is why, instead of performing correlation
analysis between mean blood pressure and PAPP-A levels, we preferred grouping the women
as mild preeclampsia and severe preeclampsia according to classical worldwide criteria. We
found that PAPP-A at second trimester decreased in both preeclampsia groups and there was
not any difference in PAPP-A levels between these two groups representing that PAPP-A
level related with severity of the disease but not related with mechanism of preeclampsia. We
found that PAPP-A decreased in preeclampsia but level of increment did not differ in
separated groups of preeclampsia.
The present study conducted to study the role of the second trimester maternal serum
concentration of IGF-I as a prediction of preeclampsia. Our results found the mean maternal
serum concentration of IGF-I decreased in both cases of mild and severe preeclampsia, our
results were in agreement with that reported by.[42] Some reported that even both early-PE
and late-PE are associated with a decrease in maternal serum IGFI that may be evident even
late in the first trimester of pregnancy.[43] However, the extent to which this decrease is
mediated by different mechanisms depending on the type of PE and the extent to which IGF-I
is implicated in the pathogenesis of PE remain to be determined.[44,45] There is extensive
evidence that the underlying mechanism for early-PE is impaired trophoblastic invasion of
the maternal spiral arteries, reduced placental perfusion, and fetal growth restriction.[46,47]
There is evidence that IGF-I is involved in the regulation of trophoblast invasion, placental
development and function.[48,49]
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On the other hand there was no statistically significant difference in the mean second
trimester levels of maternal serum concentration of IGF-I between cases of mild and severe
preeclampsia, suggesting that mechanism of development of both types of preeclampsia is a
similar mechanism, and genetic mechanisms may influence the severity of preeclampsia.
In contrast, two different research groups reported no difference between IGF-I values in
preeclamptic women and normotensive controls, the one referred to preeclamptic women
with late-onset disease and the other recruited women with preeclampsia of all subtypes.[50]
It is important to keep in mind that the study was performed in a special group of patients.
These findings dictate further mechanistic studies of IGF-I and the level of PAPP-A in the
pathophysiology of preeclampsia and indicate confirmatory tests for the predictive value of
level of PAPP-A and IGF-I in other populations at different trimesters of pregnancy.
CONCLUSION
The results of this study provide further support to the hypothesis that PAPP-A levels at
second trimester pregnancy decrease in preeclampsia. The level of PAPP-A is strongly
correlated with severity of the disease. Low PAPP-A is a marker for subsequent development
of PE. Also, decreased maternal serum IGFI in the second trimester may be one factor that
can be implicated pathogenesis of PE.
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