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Abstract

Background: The purpose of this study was to review systematically all studies 
that assessed the accuracy of maternal plasma fibronectin as a serum marker for 
early prediction of pre-eclampsia.

Methods: We therefore assessed studies that reported on fibronectin as serum 
marker for pre-eclampsia before the 25th gestational week. For the selected studies, 
sensitivity and specificity were calculated and plotted in ROC-space.

Results: We included twelve studies, of which only five studies reported sufficient 
data to calculate accuracy estimates, such as sensitivity and specificity. These five 
studies reported on 573 pregnant women of whom 109 developed pre-eclampsia. At 
a sensitivity of at least 50%, specificities ranged between 72 and 96% for cellular 
fibronectin. For total fibronectin, these numbers were 42 to 94%.

Conclusions: Fibronectin seems to be a promising marker for the prediction of pre-
eclampsia. However, further studies are needed to determine whether the accuracy 
of this test is sufficient to be clinically relevant.
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6.1 Background

Pre-eclampsia is among the largest single causes of maternal and foetal mortality 
and morbidity world wide1-3. It has a long pre-clinical phase before signs become 
clinically manifest during the second half of pregnancy. Good prediction will en-
able to redirect intensified prenatal care from all pregnant women to those women 
and foetuses who are at higher risk, and to more effectively evaluate interventions 
for prevention of pre-eclampsia4-8. Also, women at high risk could benefit from in-
creased surveillance, preventive therapies like aspirin and early diagnosis9,10.

Maternal and perinatal mortality and morbidity result from maternal organ failure, 
foetal growth restriction and premature delivery. Maternal endothelial damage and 
inadequate placental development are both involved in the genesis of pre-eclamp-
sia11. Therefore, a number of products released from the placenta and biochemical 
markers for endothelial damage were tested for their ability to predict the onset of 
pre-eclampsia. One of these possible markers was fibronectin (Fn), a glycoprotein 
that plays a role in a variety of biological functions.

Several subtypes of Fn exist. Inflammation, vascular injury and malignancy are 
generally associated with increased expression of the ED-A (also called ED-1+ or 
oncofoetal Fn) and ED-B (also called ED-2+) forms of Fn, particularly in the blood 
vessel walls12-14. ED-A (oncofoetal) Fn is also released by the placenta and has been 
used as a predictor for preterm birth15,16.

Several studies showed that, on average, women destined to develop pre-eclamp-
sia had higher plasma Fn concentrations than (pregnant) controls. However, these 
studies differ in, for example the type of test that is evaluated, the study population, 
and scientific rigour. Earlier reviews about the prediction of pre-eclampsia that 
also included Fn measurements reported conflicting results or did not differentiate 
between ED-A or ED-B Fn (only 5% of all Fn in plasma) and total Fn (all subtypes 
of Fn)17-26. The most recent review reported low predictive accuracy of the Fn tests18. 
However, this was based on only one study. In addition, this review has been criti-
cized for performing the crucial steps of screening of bibliographies and data-ex-
traction using a single reviewer only and suboptimal statistical methods27.

We conducted a systematic review of the available evidence to obtain valid and reli-
able estimates of predictive accuracy of Fn assays for the early (< 25th gestational 
week) prediction of pre-eclampsia.
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6.2 Methods

6.2.1 Study selection and data extraction procedures
We developed an electronic search strategy for the general databases: MEDLINE (1953-
2004), and EMBASE (1980-2004), and specialist databases: The Cochrane Library 
(2004:3), and MEDION (1974-2004; www.mediondatabase.nl). This search was up-
dated in April, 2006. The search strategy consisted of MeSH and keyword terms 
related to pre-eclampsia combined with methodological filters for identification of 
diagnostic test and aetiological studies28,29. Reference lists of review articles and 
eligible primary studies were checked to identify cited articles not captured by elec-
tronic searches. The electronic search strategy is available from the authors.

Studies were selected in a three-stage process. First, titles and/or abstracts of all 
references (Reference Manager 10.0) were scrutinized by one reviewer for studies 
that reported on any test used in predicting pre-eclampsia (JC, GtR, JvdP and 
BWM). Then, for this particular review, a second reviewer scrutinized all references 
with “fibronectin” as keyword or as word in title or abstract to ensure independent 
duplicate selection (JC). Final in-/ exclusion decisions were made after independ-
ent duplicate examination of the full manuscripts of selected references (JvdP and 
ML). Studies were included if they reported on Fn testing in maternal serum or 
plasma before the 25th gestational week (mean). Language restrictions were not 
applied. Any disagreements were resolved by consensus and, if necessary, by a 
third reviewer (JC). For each included article, data on study characteristics (both 
clinical and methodological) and on test accuracy were extracted independently by 
two reviewers (JvdP and ML) on piloted data extraction forms. Disagreements were 
resolved by consensus. Study characteristics consisted of women’s risk classifica-
tions, characteristics of the index test and the reference standard.

6.2.2 Quality assessment

The methodological quality of the selected primary studies was assessed using pre-
defined criteria based on elements of study design, conduct and analysis which 
are likely to have a direct relationship to bias in a test accuracy study30-32. For this 
purpose, we used the QUADAS list33, a tool for quality assessment of diagnostic accu-
racy studies. This checklist was adapted with respect to timing of the test, patient 
spectrum (some patient characteristics, such as being normotensive and non-pro-
teinuric, are part of the reference standard), partial verification and the index test 
being part of the reference standard. We also assessed the occurrence of a potential 
treatment paradox (mainly the use of antihypertensive drugs; yes or no), because 
this review deals with prediction instead of diagnosis. Patient spectrum was judged 
representative for general pregnant populations when eligible women were consecu-
tively recruited and the incidence of pre-eclampsia did not exceed 4%.
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6.2.3 Data synthesis: main analysis
For each study, we constructed a 2-by-2 table cross-classifying Fn results and the 
occurrence of pre-eclampsia. Sensitivity, specificity and likelihood ratios were cal-
culated. We assessed the heterogeneity of results between studies looking at the 
distribution of sensitivities and specificities in the receiver operating characteristic 
(ROC) plot. Because of the differences in study characteristics, we considered meta-
analysis to generate summary estimates not appropriate.

6.3 Results

6.3.1 Included studies
Figure 6.1 summarizes the selection process for studies on Fn and prediction of 
pre-eclampsia. Twelve studies34-45 met the inclusion criteria, eight cohort studies34-41 
and four nested case control studies42-45 (Table 6.1). All case control studies selected 
incident cases of pre-eclampsia and non pre-eclamptic controls. Three were matched 
case control studies42,44,45, matching occurred on factors such as maternal and ges-
tational age. No studies classified the cases into severe and mild pre-eclampsia. 
The cohort studies were all conducted in hospitals providing secondary or tertiary 

Figure 6.1. Study selection process for this review.
Of the finally included 12 primary studies, five reported sufficient data for 2x2 tables.
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care, except for one study, which was conducted in an unclear reported number 
of hospitals providing primary and secondary care34. Since several definitions of 
pre-eclampsia prevail worldwide, different reference standards were used. Three 
studies39,40,42 included the presence of oedema in their definition of pre-eclampsia 
and one45 included the presence of hyperuricaemia. The incidence of pre-eclampsia 
varied from 2.6% to 19.3% (median 7.7%), but in three studies the incidence in the 
studied population could not be extracted. Mean maternal ages varied from 19 to 31 
years. Treatment with aspirin, other anti-inflammatory or anti-hypertensive drugs 
was only reported when treatment was one of the exclusion criteria. Two studies 
did not report any selection criteria34,43. In general, the reference test was described 
in sufficient detail, whereas the index test was not. Blind assessment of either the 
index test or the reference standard was also poorly reported. Figure 6.2 shows the 
assessed quality items.

6.3.2 Data analysis
Of the 12 studies included in the review, three studies reported the measurement 
of total plasma Fn34,37,38, four measured cellular Fn35,39,42,45 and one study measured 
both44. Although insufficient details were provided by three other studies, the re-
sults indicate that four of them measured total plasma Fn36,39,41,45. The twelve stud-

Figure 6.2. Methodological quality of included studies.
Data presented as 100% stacked bars, figures in the stacks represent number of studies.
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ies all report assays that are based on immunological principles. Seven studies 
reported ELISA assays and five of those reported commercially available test kits. 
Three studies reported other commercially available tests and two reported only the 
immunologic principle.

Because two authors reported explicitly non-Normal distributions of the Fn-values 
and one other used non-parametric statistical analyses, we decided not to recalcu-
late Normal distributions from mean and SDs in order to construct 2x2 tables that 
way. Thus, only five studies reported sufficient details to replicate 2x2 tables and to 
calculate measures of predictive accuracy38,39,41-43. These studies included a total of 
573 pregnant women of whom 109 developed pre-eclampsia. One of those studies, 
Chavarria et al.42, reported ROC-curves separately for Fn values in weeks 18 to 22 
and in weeks 22 to 26. However, only for weeks 22 to 26, the results were also re-
ported in a table. When we compared the values of the ROC curve with the values in 
the table (by labelling the depicted dots with the reported threshold values), the sen-
sitivities reported in the table did not entirely match with the sensitivities reported 
in the figure. Therefore, the thresholds presented here may slightly differ from the 
original results. The results are listed in Table 6.2 and Figure 6.3.

Table 6.2 Measures of accuracy.

First Author Fn fraction
Gest. 
Period

Threshold
(μg/ml)

Sensitivity Specificity LR+ LR-

Lockwood44 ED 1+ 1st trim 2.8 1.00 0.75 4.00 0.00

3 0.67 0.75 2.67 0.44

3.2 0.67 0.75 2.67 0.44

3.4 0.67 0.75 2.67 0.44

3.6 0.50 0.88 4.00 0.57

ED 1+ 2nd trim 3.9 0.85 0.74 3.26 0.20

4.2 0.80 0.78 3.68 0.26

4.6 0.55 0.83 3.16 0.54

5 0.50 0.96 11.50 0.52

Chavarria42 ED-B Fn 2nd trim 3.5 0.74 0.72 2.64 0.36

3.6 0.70 0.75 2.80 0.40

3.7 0.64 0.82 3.56 0.44

3.8 0.63 0.85 4.20 0.44

3.9 0.56 0.88 4.67 0.50

Lockwood44 Total Fn 1st trim 347 0.83 0.63 2.22 0.27

370 0.67 0.63 1.78 0.53

393 0.50 0.75 2.00 0.67

Lockwood44 Total Fn 2nd trim 320 0.70 0.43 1.24 0.69

350 0.55 0.74 2.11 0.61

Soltan39 Total Fn 14-24 wks 293.03 0.65 0.94 11.46 0.37

Paarlberg38 Total Fn 1st trim 240 0.52 0.64 1.47 0.74

2nd trim 230 0.69 0.67 2.09 0.46

Madazli41 Total Fn 21-26 wks 370 0.64 0.86 4.57 0.42
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The sensitivities of all Fn assays vary widely, depending on the chosen threshold 
(Table 6.2). Requiring a sensitivity of at least 50%, the specificity achieved with the 
cellular Fn assays ranged from 72% to 96%. For the total Fn assays these specifi-
cities ranged from 43% to 94%. The positive Likelihood Ratios ranged from 1.64 
to 11.5 for the cellular Fn assays and from 1.24 to 10.8 for the total Fn assays. A 
Likelihood Ratio of 4.67 would increase a pre-test probability to develop pre-ec-
lampsia of 5% to a post-test probability of 20%. The negative Likelihood Ratios var-
ied from 0.0 to 0.57 for the cellular Fn assays and from 0.27 to 0.74 for the total Fn 
assays. This implies that a negative cellular Fn test result may decrease a pre-test 
probability of 5% to a post-test probability that approximates 0. Figure 6.3a and 
6.3b show the ROC plots. Figure 6.3a only shows the results of the cellular Fn as-
says. These seem to allow a summary ROC curve. However, these two studies meas-
ured different types of cellular Fn (ED-A versus ED-B), assessed first and second 
trimester and Lockwood et al. did not report on the type of assay used. Therefore, 
we decided not to draw a summary ROC curve or calculate pooled estimates. Figure 
6.3b shows the sensitivities and specificities of the total Fn assays. These studies 
were also methodologically and clinically heterogeneous; hence we did not calculate 
pooled estimates here either.

Figure 6.3. ROC plot of the cellular(a) and total(b) Fn assays at various thresholds.
Figure 6.3a. ROC plot of the cellular Fn assays at various thresholds. Depicted are the sensitivities and 
specificities of Lockwood et al. (□, first trimester and ■, second trimester) and Chavarria et al. (▲, 
second trimester). Sensitivities lower than 50% are not depicted. Figure 6.3b. ROC Plot of the total Fn 
assays. Depicted are the sensitivities and specificities of Lockwood et al. (□, first trimester and ■, second 
trimester), Soltan et al. (+, week 14-24), Paarlberg et al. (○, first trimester and ●, second trimester) 
and Madazli et al. (*, week 21-26). The study of Lockwood et al. provided results at various thresholds. 
Sensitivities lower than 50% are not depicted.
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6.4 Discussion

On reviewing 12 studies and analysing five, we found that the accuracy of plasma 
determination of Fn before the 25th (mean) gestational week to predict pre-eclamp-
sia appears to vary widely among the studies. Because a Normal distribution of 
Fn-levels could not be assumed, the conclusions are based on only five studies. The 
exclusion of the other seven studies, that included a total of 791 women, reduced 
the statistical power of this review. Unfortunately, the extent to which its main 
conclusions are affected remains speculative. The included studies differed from 
each other in several aspects, for example, for study design, Fn fraction measured, 
cut-off values used to determine positive results, incidence of pre-eclampsia, and 
country where the study was conducted. Furthermore, reference standards (the 
criteria for pre-eclampsia) varied over the studies as well. None of these five stud-
ies reported about blinding of the reference test, whereas the index test is only well 
described (with manufacturer and inter- and intra-assay variations) by Chavarria 
and co-workers42. These characteristics may artificially inflate or reduce the true 
sensitivities and specificities31,46. We were unable to analyse the effects of these 
biases and variations in this review due to the limited number of primary studies 
yielding usable results. Lockwood et al.’s study44 contains some direct evidence that 
measurement of cellular Fn is more informative than that of total Fn. This study 
does not indicate that measurement of (cellular) Fn in the 2nd trimester is more use-
ful than in the 1st trimester.

Earlier reviews about the prediction of pre-eclampsia that also included Fn meas-
urements17-26 report conflicting results and did not always differentiate between cel-
lular and total Fn. Conde-Agudelo and colleagues reviewed methods for prediction 
and screening of pre-eclampsia twice17,18. The conclusion in the first review was 
based on three studies and in the second review on one study. In addition, this 
review has been criticized for performing the crucial steps of screening of bibliog-
raphies and data-extraction using a single reviewer only and suboptimal statistical 
methods27.

Because the results of the cellular Fn assays on average seem to have a slightly 
better performance than the total Fn assays, we think that further research should 
focus on the use of cellular Fn for the prediction of pre-eclampsia. Such stud-
ies should report according to the STARD recommendations for diagnostic accuracy 
studies47. In particular, more details on blinding, concomitant treatment, entry cri-
teria, and the exact Fn technology used is important to readers and reviewers alike. 
Furthermore, added value of Fn determination given patient information, such as 
history items, available at the time of assay is an important issue and usually re-
quires multivariable analysis50.

At this point, it is not yet possible to advise clinicians on the optimal threshold to 
achieve a particular specificity in their daily practice. However, this review shows 
that when both sensitivity and specificity are not allowed to drop below 50%, the 
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cellular assays can be used to exclude women who are not likely to develop pre-ec-
lampsia from further follow up for the disease (see the low negative Likelihood ratio). 
On the other hand, formal decision analysis is needed to specify the role of Fn tests 
as add-ons to clinical information that may usually be available at the point of Fn 
test ordering decision. For example to answer the question whether it is useful to 
prescribe preventive drugs to a woman that tested positive.

In conclusion, based on the limited evidence available, the determination of plasma 
levels of especially cellular Fn seems to be a promising tool to predict pregnant 
women’s risk of pre-eclampsia. Determination of total Fn appears to give a larger 
variation in results. However, more well-designed and adequately reported studies 
are necessary to populate ultimate decision-analytic models.

Acknowledgements
This research project was funded by the UK NHS Health Technology Assessment 
(HTA) Programme (01/64/04).

Proefschrift Mariska.indd   111 12-05-2008   18:18:33



112

Chapter 6

References
  1. Report of the National High Blood Pressure Education Program Working Group on High 

Blood Pressure in Pregnancy. Am J Obstet Gynecol. 2000; 183(1):S1-S22.
  2. Cooper GM, Lewis G, Neilson J. Confidential enquiries into maternal deaths, 1997-1999. Br 

J Anaesth. 2002; 89(3):369-72.
  3. Montan S, Sjoberg NO, Svenningsen N. Hypertension in Pregnancy - Fetal and Infant 

Outcome - A Cohort Study. Clinical and Experimental Hypertension Part B-Hypertens 
Pregnancy. 1987; 6(2):337-48.

  4. MacGillivray I. Pre-eclampsia. The hypertensive disease of pregnancy.. London: WB Saunders 
Company Ltd., 1983.

  5. Chesley LC. History and epidemiology of pre-eclampsia-eclampsia. Clin Obstet Gynecol. 
1984; 27(4):801-20.

  6. Turnbull AC. Maternal mortality and present trends. In: Sharp F, Symmonds EM, editors. 
Hypertension in pregnancy. Ithaca, New York: Perinatology Press, 1987:135-50.

  7. Broughton PF, Crowther C, de Swiet M, Duley L, Judd A, Lilford RJ et al. Where next for 
prophylaxis against pre-eclampsia? BJOG. 1996; 103(7):603-7.

  8. Coomarasamy A, Papaioannou S, Gee H, Khan KS. Aspirin for the prevention of pre-ec-
lampsia in women with abnormal uterine artery Doppler: a meta-analysis. Obstet Gynecol. 
2001; 98(5 Pt 1):861-6.

  9. Montan S. Drugs used in hypertensive diseases in pregnancy. Curr Opin Obstet Gynecol. 
2004; 16(2):111-5.

10. Duley L, Henderson-Smart DJ, Knight M, King JF. Antiplatelet agents for preventing pre-
eclampsia and its complications. Cochrane Database Syst Rev 2004;(1):CD004659.

11. Roberts JM, Redman CWG. Pre-eclampsia: More than pregnancy-induced hypertension. 
Lancet. 1993; 341(8858):1447-51.

12. Ascarelli MH, Morrison JC. Use of fetal fibronectin in clinical practice. Obstet Gynecol Surv. 
1997; 52(4 Suppl):S1-12.

13. Dunn PA, Feinberg RF. Oncofetal fibronectin: new insight into the physiology of implanta-
tion and labor. J Obstet Gynecol Neonatal Nurs. 1996; 25(9):753-7.

14. Koenn ME. Fetal fibronectin. Clin Lab Sci. 2002; 15(2):96-8.
15. Honest H, Bachmann LM, Gupta JK, Kleijnen J, Khan KS. Accuracy of cervicovaginal fetal 

fibronectin test in predicting risk of spontaneous preterm birth: systematic review. BMJ. 
2002; 325(7359):301.

16. Leitich H, Kaider A. Fetal fibronectin--how useful is it in the prediction of preterm birth? 
BJOG. 2003; 110 Suppl 20:66-70.

17. Conde-Agudelo A, Lede R, Belizan J. Evaluation of methods used in the prediction of hy-
pertensive disorders of pregnancy. Obstet Gynecol Surv. 1994; 49(3):210-22.

18. Conde-Agudelo A, Villar J, Lindheimer M. World Health Organization systematic review of 
screening tests for pre-eclampsia. Obstet Gynecol. 2004; 104(6):1367-91.

19. Humpfner A, Hummel S, Heidegger H, Getz B, Deuber HJ, Schulz W. Classes of hyperten-
sion in pregnancy - diagnostic possibilities of prediction and differentiation. Nieren - und 
Hochdruckkrankheiten 1994; 23(1):16-32.

20. Magann EF, Martin Jr JN. The laboratory evaluation of hypertensive gravidas. Obstet Gynecol 
Surv. 1995; 50(2):138-45.

21. Myatt L, Miodovnik M. Prediction of pre-eclampsia. Semin Perinatol. 1999; 23(1):45-57.
22. O’Brien WF. Predicting pre-eclampsia. Obstet Gynecol. 1990; 75(3 Pt 1):445-452.

Proefschrift Mariska.indd   112 12-05-2008   18:18:34



113

Accuracy of fibronectin for the prediction of pre-eclampsia

23. Steinhard J, Klockenbusch W. Pregnancy-induced hypertonia and pre-eclampsia - Risk fac-
tors and prediction possibilities. Gynakologe. 1999; 32(10):753-60.

24. Visser W, Wallenburg HC. Prediction and prevention of pregnancy-induced hypertensive 
disorders. Baillieres Best Pract Res Clin Obstet Gynaecol. 1999; 13(1):131-56.

25. Young PF, Singh P, O’Brien PMS. Screening for pregnancy-induced hypertension. Contemp 
Rev Obstet Gynaecol. 1994; 6(4):189-94.

26. Zygmunt M, Lang U, Munstedt K. Early prediction of pre-eclampsia: A short review. 
Gynakologe. 2002; 35(7):644-51.

27. Cnossen JS. World Health Organization Systematic Review of Screening Tests for Pre-ec-
lampsia. Obstet Gynecol. 2005; 105(5, Part 1):1151-2.

28. Bachmann LM, Coray R, Estermann P, ter Riet G. Identifying diagnostic studies in MEDLINE: 
reducing the number needed to read. J Am Med Inform Assoc. 2002; 9(6):653-8.

29. Haynes RB, Wilczynski NL. Optimal search strategies for retrieving scientifically strong 
studies of diagnosis from MEDLINE: analytical survey. BMJ. 2004; 328(7447):1040.

30. Jaeschke R, Guyatt G, Sackett DL. Users’ guides to the medical literature. III. How to use 
an article about a diagnostic test. A. Are the results of the study valid? Evidence-Based 
Medicine Working Group. JAMA. 1994; 271(5):389-91.

31. Lijmer JG, Mol BW, Heisterkamp S, Bonsel GJ, Prins MH, van der Meulen JH et al. Empirical 
evidence of design-related bias in studies of diagnostic tests. JAMA. 1999; 282(11):1061-
6.

32. Whiting P, Rutjes AW, Reitsma JB, Glas AS, Bossuyt PM, Kleijnen J. Sources of variation 
and bias in studies of diagnostic accuracy: a systematic review. Ann Intern Med. 2004; 
140(3):189-202.

33. Whiting P, Rutjes AW, Reitsma JB, Bossuyt PM, Kleijnen J. The development of QUADAS: a tool 
for the quality assessment of studies of diagnostic accuracy included in systematic reviews. 
BMC Med Res Methodol. 2003; 3(1):25.

34. Halligan A, Bonnar J, Sheppard B, Darling M, Walshe J. Haemostatic, fibrinolytic and en-
dothelial variables in normal pregnancies and pre-eclampsia. BJOG. 1994; 101(6):488-92.

35. Islami D, Shoukir Y, Dupont P, Campana A, Bischof P. Is cellular fibronectin a biological 
marker for pre-eclampsia? Eur J Obstet Gynecol Reprod Biol. 2001; 97(1):40-5.

36. Jones I, Cowley D, Andersen M, Vacca A, Voroteliak V. Fibronectin as a predictor of pre-
eclampsia: a pilot study. Aust N Z J Obstet Gynaecol. 1996; 36(1):1-3.

37. Ostlund E, Hansson LO, Bremme K. Fibronectin is a marker for organ involvement and may 
reflect the severity of pre-eclampsia. Hypertens Pregnancy. 2001; 20(1):79-87.

38. Paarlberg KM, de Jong CL, van Geijn HP, van Kamp GJ, Heinen AG, Dekker GA. Total plasma 
fibronectin as a marker of pregnancy-induced hypertensive disorders: a longitudinal study. 
Obstet Gynecol. 1998; 91(3):383-8.

39. Soltan MH, Ismail ZA, Kafafi SM, Abdulla KA, Sammour MB. Values of certain clinical and 
biochemical tests for prediction of pre-eclampsia. Ann Saudi Med. 1996; 16(3):280 4.

40. Sud SS, Gupta I, Dhaliwal LK, Kaur B, Ganguly NK. Serial plasma fibronectin levels in pre-
eclamptic and normotensive women. Int J Gynaecol Obstet. 1999; 66(2):123-8.

41. Madazli R, Kuseyrioglu B, Uzun H, Uludag S, Ocak V. Prediction of preeclampsia with mater-
nal mid-trimester placental growth factor, activin A, fibronectin and uterine artery Doppler 
velocimetry. Int J Gynaecol Obstet. 2005; 89(3):251-7.

42. Chavarria ME, Lara-Gonzalez L, Gonzalez-Gleason A, Sojo I, Reyes A. Maternal plasma 
cellular fibronectin concentrations in normal and preeclamptic pregnancies: a longitudinal 
study for early prediction of pre-eclampsia. Am J Obstet Gynecol. 2002; 187(3):595-601.

Proefschrift Mariska.indd   113 12-05-2008   18:18:34



114

Chapter 6

43. Friedman SA, de Groot CJ, Taylor RN, Roberts JM. Circulating concentrations of fetal fi-
bronectin do not reflect reduced trophoblastic invasion in preeclamptic pregnancies. Am J 
Obstet Gynecol. 1992; 167(2):496-7.

44. Lockwood CJ, Peters JH. Increased plasma levels of ED1+ cellular fibronectin precede the 
clinical signs of pre-eclampsia. Am J Obstet Gynecol. 1990; 162(2):358-62.

45. Taylor RN, Crombleholme WR, Friedman SA, Jones LA, Casal DC, Roberts JM. High plasma 
cellular fibronectin levels correlate with biochemical and clinical features of pre-eclamp-
sia but cannot be attributed to hypertension alone. Am J Obstet Gynecol. 1991; 165(4 Pt 
1):895-901.

46. Zhang J, Schisterman EF. Maternal plasma cellular fibronectin for early prediction of pre-
eclampsia. Am J Obstet Gynecol. 2003; 189(4):1212.

47. Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP, Irwig LM et al. Towards com-
plete and accurate reporting of studies of diagnostic accuracy: the STARD initiative. BMJ. 
2003; 326(7379):41-4.

48. Bachmann LM, Ter Riet G, Clark TJ, Gupta JK, Khan KS. Probability analysis for diagnosis 
of endometrial hyperplasia and cancer in postmenopausal bleeding: an approach for a ra-
tional diagnostic workup. Acta Obstet Gynecol Scand. 2003; 82(6):564-9.

Proefschrift Mariska.indd   114 12-05-2008   18:18:34



115

Accuracy of fibronectin for the prediction of pre-eclampsia

Proefschrift Mariska.indd   115 12-05-2008   18:18:34


