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early treatment and possible prevention of life‑threatening 
clinical disease.5

A connection between plasminogen activator inhibitor‑1 
(PAI‑1) and PE has been established where significantly 
increased levels of the protein were found to be 

INTRODUCTION

Preeclampsia (PE) is the second most common cause of 
maternal death in Africa after obstetric hemorrhage.1 In 
Nigeria, the prevalence of PE has been reported to range 
from 5.6% to 7.6%.2‑4 One of the challenges of modern 
obstetric care is to find a way to identify those women 
who are at increased risk of developing PE, permitting 

ABSTRACT
Background: Preeclampsia (PE) is the second most common cause of maternal death 
after obstetric hemorrhage in Africa, a resource‑limited region. This study was designed 
to examine the potential usefulness of a single screening plasma plasminogen activator 
inhibitor‑1 (PAI‑1) and fibronectin (FN) level for the prediction of PE in pregnant women. 
Materials and Methods: In a cohort of 180 pregnant women who were normotensive at 
baseline, venous blood samples were obtained before 20 weeks of gestation for the assay of 
plasma levels of PAI‑1 and FN levels measured by enzyme‑linked immunoassay technique. 
Twenty nonpregnant normotensive women were also evaluated as a control group. Outcomes 
of gestation were evaluated and correlated with the plasma levels of PAI and FN measured 
at mid‑trimester. Mean plasma values of PAI‑1 and FN were also compared between the 
different outcome groups. Results: Plasma PAI‑1 level was significantly higher in the pregnant 
women (8.68 ± 0.56 ng/ml) than in nonpregnant controls (5.55 ± 0.32 ng/ml) (P = 0.01). However, 
plasma FN did not show any significant difference in pregnant women (2.60 ± 0.37 µg/ml) 
and nonpregnant controls (2.60 ± 0.23 µg/ml) (P = 0.9). Mid‑trimester mean plasma PAI‑1 
level measured in women who developed PE (7.08 ± 5.49 ng/ml, n = 12) and gestational 
hypertension (GH) (9.78 ± 6.2 ng/ml, n = 13) was not significantly different in comparison to 
normotensive pregnant women (8.78 ± 5.63 ng/ml, n = 153) (P = 0.75). Likewise, the mean FN 
level in women who developed PE was also not significantly different from nonpreeclamptics; 
however, the FN level in the pregnant women who developed GH was significantly different from 
women who remained normotensive throughout pregnancy (P = 0.02). Conclusion: Single 
mid‑trimester assessment of PAI‑1 and FN levels in maternal plasma was not found to be useful 
in predicting PE as an outcome of pregnancy in the study population.
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associated with thrombotic alterations of the placenta 
in cases of PE.6

Tjoa et al. and7 Gredmark et al.8 reported that longitudinal 
assessment of the change in total fibronectin (FN) levels 
predicted PE. However, in a resource poor country 
like Nigeria with high maternal mortality, it would be 
worthwhile to assess the predictive value of a single 
measurement of the markers of endothelial dysfunction 
in predicting PE.

The present study determines the levels of FN and PAI‑1 at 
mid‑trimester and analyzes the potential of these markers 
of endothelial dysfunction in predicting PE.

MATERIALS AND METHODS

This prospective study of 180 singleton pregnancies was 
carried out at a University Teaching Hospital in Nigeria. 
The research was approved by the Health Research Ethics 
Committee of the hospital with reference number, Ref. 
No. ADM/DCST/221. Only participants who gave written 
informed consent and satisfied the study inclusion criteria 
were consecutively enrolled into the study.

Inclusion criteria included normotensive gestation 
<20 weeks and exclusion criteria were chronic hypertension, 
multiple pregnancy, underlying disease history, drug 
consumption, familial history of hypertension, heart 
disease, and chronic renal disease.

All the women were enrolled between 9th and 20th week 
of gestation to exclude already established preeclamptics. 
Weight, height, and urinalysis were determined at 
enrollment (baseline). In addition, 4.5 ml (9 volumes) of 
venous blood was collected by venepuncture into vacuum 
tubes containing 0.5 ml (1 volume) of 0.129 M trisodium 
citrate and the plasma was separated after 2500 g 
centrifugation for 10 min and stored at − 40°C till analyzed 
for maternal plasma FN9 and PAI‑110 levels by enzyme‑linked 
immunosorbent assay (ELISA) (AssayMax PAI‑1 and FN 
ELISA kit manufactured by Assaypro laboratory company, 
St. Charles, USA). They were then followed up till delivery 
when data on the outcome of delivery were collected for 
analysis. The three main outcome groups of pregnant 
women were normal, pregnancy induced hypertension 
(PIH) with gestational hypertension (GH).

Normal pregnancy was defined as a singleton pregnancy that 
occurred in a normotensive woman without proteinuria, 
who remained normotensive and delivered after 36 weeks 
of pregnancy, whereas gestational hypertension (GH) was 
defined as having a blood pressure higher than 140/90 
measured on two separate occasions after 20 weeks of 
gestation, more than 6 h apart, without the presence of 
protein in the urine. PE was diagnosed with the presence 
of hypertension (two separate readings taken at least 6 h 

apart of 140/90 or more) and proteinuria (≥300 mg in a 
24 h urine collection, or over 30 mg/dl [2+])  by urinary 
dipstick according to  (American college of Obstetricians 
and Gynecologists) ACOG, both occurring after 20 weeks 
gestation.11

Statistical analysis
Data were analyzed using SPSS version 17.0 (Statistical 
Package for Social Sciences Inc., Chicago, Il, USA). The data 
were tested for normal distribution and Student’s t‑test or 
Chi‑square test was used for comparison of two groups where 
appropriate. A P < 0.05 was considered statistically significant.

RESULTS

Out of the 180 participants, 178 (98.9%) were followed to 
delivery, whereas 2 (1.1%) were lost to follow‑up. Out of the 
178 pregnant women, 153 (85.9%) had a normal delivery. 
Thirteen (7.3%) developed PE and 12 (6.7%) developed 
GH. An overall incidence of PE of 7.3% was thus reported 
in this study.

The mean ages of the 178 pregnant women who had 
an eventful delivery and 20 age‑matched controls were 
30.6 ± 4.5 years and 30.2 ± 5.5 years, respectively (P = 0.78). 
The overall mean gestation age at enrollment was 
17.6 ± 4.2 weeks.

Table 1 shows the clinical characteristics of the participants. 
Of the 178 pregnancies, 13 developed PE and 12 developed 
GH. No difference was found in the average maternal 
age, and weight at baseline. A higher proportion of 
primigravidae was found in the PE group. The blood 
pressure was significantly higher in the PE group in 
comparison to the normal pregnancy group (P = 0.02).

Mid‑trimester PAI‑1 and FN levels of women who 
subsequently developed PE, GH, and those who remained 
normotensive are shown in Table 2. The mean PAI‑1 
concentration in the normal pregnant participants was 
significantly higher than the nonpregnant controls (P = 0.00) 

Table 1: Clinical characteristics of the patient 
population of pregnant women

Normal 
pregnancy

Preeclampsia Gestational 
hypertension

n 153 13 12
Age (years) 30.43±4.28 30.08±4.29 32.17±4.19
Gestational age at 
sampling (weeks)

17.60±4.18 17.77±0.49 20.00±3.24*

First systolic blood 
pressure (mmHg)

108.30±7.91 113.85±8.69* 112.08±11.96

First diastolic blood 
pressure (mmHg)

67.19±6.46 73.08±7.51* 68.75±11.31

Weight at baseline (kg) 85.02±8.12 80.58±3.78 72.88±2.91
Number of primigravidae 47 5 2
Data are presented as mean±SD. *P<0.05 compared with the normal pregnancy 
group. SD – Standard deviation
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also noteworthy is the fact that the FN level in the pregnant 
women who developed GH was significantly different 
from women who remained normotensive throughout 
pregnancy (P = 0.02). However, there was no other 
significant difference in PAI‑1 level between any of the 
groups that developed PIH and participants that remained 
normotensive throughout pregnancy.

DISCUSSION

Placental hypoperfusion and ischemia, followed by the 
release of a number of vasoactive factors that alter the 
endothelial function are characteristic of PE and serve as 
the basis for examination of endothelial plasma markers 
such as FN and PAI‑1.

In different studies, both total and cellular FN levels were 
found to be elevated before onset of PE.6,12,13 In the present 
study, no significant alteration was found in mid‑trimester 
plasma levels of FN in women who later developed PE and 
those who remained normotensive throughout pregnancy. 
This discrepancy in observation can probably be linked 
to the fact that in these previous studies, longitudinal 
sampling was done at gestational ages >20 weeks, and in 
our study, the mean gestational age was 17 weeks. However, 
our findings were in agreement with those of Tjoa et al. and 
Gredmark et al. who reported that longitudinal assessment 
of the change in total FN levels predicted PE slightly better 
than cross‑sectional analysis of FN at any gestational age.7,8

PAI‑1 plasma levels in our study were found not to be 
significantly different in PE compared to levels of healthy 
controls. Similarly, Djurovic et al. showed no differences 
in plasma concentration of PAI‑1 at the 18th gestational 
week between women who subsequently developed 
PE and matched healthy controls.14 In contrast, Swellan 
et al. and Bodova et al. found PAI‑1 plasma levels to be 
significantly higher in PE at the 24th and 26th gestational 
weeks compared to levels in healthy controls.6,12

An overall incidence of PE of 7.3% was reported in 
this study. This agrees with an earlier study5 in the 
same community in which an incidence rate of 7.6% in 
1803 pregnancies was reported.

Plausible reasons for failure to demonstrate the utility of 
PAI‑1 and FN in predicting PE noted  in this study may 
largely be due to the fact that the present study examined 
a convenience sample, future studies using population‑
based random sample, may provide stronger evidence on 
the associations between PAI‑1, FN, and PE.

In addition, sampling was done before 20 weeks of 
gestation. The point in pregnancy when significant 
alterations in plasma levels of PAI‑1 and FN occurred might 
have been missed. For future studies, sampling done after 
20 weeks of gestation may demonstrate this supposed 
predictive value of PAI‑1 and FN in the development of PE..

CONCLUSION

Although other studies have reported some predictive value 
of FN and PAI‑1 levels, this study did not show that single 
measurement of PAI‑1 and total FN in maternal plasma 
in early or mid‑trimester is useful in predicting PE in the 
obstetric population.
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