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Abstract
Glycosylated Fibronectin (GFN), a glycoprotein involved in cell adhesion and migration, has been impli-

cated in several physiological and pathological processes. Current literature suggests its altered glycosyl-
ation patterns might be associated with various pregnancy complications with recent studies providing 
new empirical evidence from a cohort study involving more than 2,000 pregnant women. The aim of this 
review, is to summarize the association of GFN levels and its glycosylation patterns with various outcomes 
including preeclampsia, gestational diabetes mellitus (GDM), spontaneous preterm birth, and intrauterine 
growth restriction (IUGR) in order to identify potential patterns of the use of GFN as a biomarker for pre-
dicting a wide range of pregnancy-related complications, and to provide evidence for further investigation 
on new diagnostic tools and therapeutic strategies. 
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Introduction
Glycosylated Fibronectin (GlyfN) is a biomarker 

that has been studied for its potential applications 
in a variety of pathogenic conditions. At the last 
decade, it has been widely studied as a biomarker 
in preeclampsia and gestational diabetes mellitus. 
A biomarker is defined as a measurable factor that 
is evaluated in order to examine normal biological 
processes, pathogenic processes, or pharmacolog-
ic responses to a therapeutic intervention.

Fibronectin (Fn) is a glycoprotein present in plasma 
or serum. It is subdivided into two forms, plasma 
Fibronectin (pFN) and cellular Fibronectin (cFN). 
Plasma Fibronectin (pFN), is mainly secreted by the 
hepatocytes in the liver. Alternatively, cellular Fibro-
nectin (cFN) is formed by fibroblasts, endothelial 
cells, and smooth muscle cells. Moreover, cellular 
Fibronectin is detected in the bloodstream during 
different pathological conditions, such as diabetes 
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mellitus and inflammation. Given the fact that fibro-
nectin is involved in vessel remodeling and inflam-
mation, specifically glysosylated fibronectin variants 
potentiality can be used as informative biomarkers. 

The disrupted remodeling of spiral arteries in the 
first trimester leads to inflammation and endothelial 
dysfunction, which are observed in both gestational 
diabetes mellitus and preeclampsia. The associa-
tion between these conditions and glycosylated 
Fibronectin is due to the shared underlying factors 
of inflammation and endothelial dysfunction seems 
to be the mechanism for the increased levels of a 
specific form of glycosylated fibronectin. Regarding 
the factors that contribute to gestational diabetes 
mellitus are typically established early in pregnancy 
and remain relatively constant. In contrast, the on-
set and progression of preeclampsia are linked to a 
gradually rising level of the circumstances that lead 
to the formation of glycosylated fibronectin.1

Molecular mechanism  
of glycosylated fibronectin
Glycosylated fibronectin is a variant of the fi-

bronectin protein, a large, extracellular matrix gly-
coprotein is essential for cell adhesion, migration, 
proliferation, and differentiation. Glycosylation is a 
post-translational modification in which carbohy-
drate moieties, such as oligosaccharides, are cova-
lently attached to the protein, altering its structure, 
stability, and function. The molecular characteristics 
of glycosylated fibronectin involve the addition of 
these carbohydrate chains to specific amino acid 
residues, mainly asparagine (N-linked glycosylation) 
or serine/threonine (O-linked glycosylation). This 
glycosylation process can impact fibronectin’s abil-
ity to interact with other molecules, such as inte-
grins, growth factors, and proteoglycans, thereby 
modulating cellular processes and influencing tissue 
remodeling. In the context of pregnancy and asso-
ciated complications, glycosylated fibronectin has 

been found to exhibit altered expression patterns, 
which may contribute to the dysregulation of extra-
cellular matrix dynamics, endothelial dysfunction, 
and increased inflammation. Further research into 
the precise molecular characteristics and functional 
implications of glycosylated fibronectin may lead 
to a better understanding of its role in pregnancy 
complications and its potential as a biomarker for 
conditions such as preeclampsia and eclampsia.

Gestational diabetes mellitus
Gestational diabetes mellitus is a well-known risk 

factor for the health of both the mother and the fetus 
and its prevalence is increasing worldwide. Accord-
ing to International Diabetes Federation (IDF), 1 in 
6 (16,8%) pregnancies are affected by diabetes. The 
majority of these cases (86,4%) are complicated by 
GDM and the remaining 13,6% of these pregnancies 
are affected by pregestational diabetes. The adverse 
effects of gestational diabetes mellitus are not lim-
ited to the pregnancy but can also have an impact 
on health both mothers and infants.2

 The adoption of the new diagnostic criteria based 
on the recent HAPO study is expected to increase 
the prevalence of gestational diabetes mellitus to 
approximately 18% of all pregnancies. About 5-10% 
of women with gestational diabetes mellitus are 
diagnosed with type 2 diabetes immediately after 
pregnancy, while the presence of obstetrical his-
tory of gestational diabetes mellitus is associated 
with a 10‑fold higher chance of developing diabetes 
within the next 10-20 years. Moreover, the children 
of mothers with gestational diabetes mellitus have 
an 8‑fold higher risk of developing type‑2 diabetes 
mellitus in later life.3

 Thus, several studies have demonstrated that 
glycosylated fibronectin can be measured in serum 
collected in the first trimester and used for the 
prediction of gestational diabetes mellitus with 
high accuracy.
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Nagalla et al. proposed utilizing fibronectin-SNA 
as an indicator of GDM during the first trimester 
of pregnancy. They discovered that the GDM group 
(n=15) had considerably higher levels of glycosyl-
ated fibronectin (fibronectin-SNA) than the control 
group (n=14). Α  noteworthy result is that the mother 
BMI prior to pregnancy did not significantly dif-
fer between the two groups. A single marker test 
with fibronectin‑SNA (AUROC: 0.81) seems to be 
a cost‑effective approach in preventing GDM and 
reducing the increased economic cost associated 
with its complications.3

Camille et al. studied the potential use of glyco-
sylated fibronectin for the screening of gestational 
diabetes mellitus. Specifically, the study included 
182 pregnancies and the researchers measured 
the serum levels of glycosylated fibronectin which 
was mainly collected during the first trimester. The 
authors demonstrated that, with a cut-point of 107 
mg/L, the assessment of glycosylated fibronectin is 
characterized by a sensitivity of 81% and a specificity 
of 90%. Compared to the 50g glucose loading test, 
glycosylated fibronectin can be used as an alterna-
tive option for the screening of gestational diabetes 
mellitus.4

According to Rasanen et al. found a variation of 
glycosylated fibronectin levels between the GDM 
group (90 participants, 132±36 mg/L) and the con-
trol group (92 participants, 80±4.0 mg/L, p<0.001), 
which suggests that glycosylated fibronectin levels 
could be a useful early predictor of gestational dia-
betes mellitus. This correlation remained unchanged 
despite various factors such as maternal age, parity, 
gestational age at sample collection, and other bio-
markers such as adiponectin, high-sensitivity CRP, 
and placental lactogen. Glycosylated fibronectin’s 
specificity and sensitivity performances suggest 
that it could be a potentially useful screening test for 
GDM in the first trimester, with a performance that 
may be better than that of the 50-g, 1-hour OGTT. 

Glycosylated fibronectin also showed a significant 
independent association with GDM (P,.001).

Other biomarkers like adiponectin, high-sensitivity 
CRP, and placental lactogen performed poorly in 
classification, compared to glycosylated fibronec-
tin (with respective AUCs of 0.63, 0.68, and 0.67 in 
comparison to AUC of 0.91 for glycosylated fibro-
nectin). The glycosylated fibronectin levels above a 
threshold of 120 mg/L accurately identified 57 GDM 
cases, with a positive predictive value of 63% (95% 
CI 53–72%) and a negative predictive value of 95% 
(95% CI 94–95%) at a population prevalence of 12%.5

Eclampsia
The early diagnosis of pregnancies with pre-

eclampsia is crucial. The most common neurologic 
complication is eclampsia which is characterized by 
convulsions or unexplained coma. The prevalence 
of eclampsia is reported to be 0.3%. Maternal com-
plications include cerebral hemorrhage, pulmonary 
edema, placenta abruption, hemorrhage, hepatic 
rupture, acute kidney injury and cardiovascular 
disorders. Neonatal complications include neonatal 
mortality and growth neurodevelopment impair-
ment, neutropenia, leucopenia, thrombocytopenia, 
increased red blood cells and reticulocytes. While 
glycosylated fibronectin has been investigated as a 
potential biomarker for various pregnancy-related 
complications, there is limited direct evidence for its 
use in eclampsia prediction specifically. The majority 
of studies focus on its association with preeclampsia, 
which is a precursor to eclampsia in some cases. 
These studies show that glycosylated fibronectin 
may be a promising marker for identifying pregnant 
women at increased risk of developing preeclampsia. 
As the current body of research on glycosylated fibro-
nectin and eclampsia prediction is limited, further 
investigation is needed to establish its role in this 
context. Combining glycosylated fibronectin with 
other known biomarkers and clinical factors may 
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offer a more robust predictive model for eclampsia 
and other pregnancy complications.

Preeclampsia
Preeclampsia is a major hypertensive disorder of 

pregnancy that is associated with severe maternal 
and perinatal complications. Moreover, pre-eclamptic 
women are at increased risk for subsequent cardio-
vascular disease. Specifically, pre-eclampsia compli-
cates 5% of all pregnancies worldwide. Pre-eclampsia 
and pregnancy-related hypertension diseases are the 
second most frequent causes of maternal mortality, 
accounting for over 30.000 maternal deaths annually. 
Also, pre-eclampsia accounts for 25% of stillbirths 
and 25% of neonatal deaths.7,8 Alterations of maternal 
serum glycosylated fibronectin (GlyFn) levels have 
been studied in preeclamptic patients (Table 1).

 Huhn et al demonstrated that the serum levels of 
glycosylated fibronectin appear to be elevated during 
all trimesters of pregnancy in preeclamptic patients. 
Specifically, the levels of GlyFn were reported to be 
predictive of preeclampsia with an AUC of 0,94 in 
the ROC analysis. As a result, this serum test was 
further recommended as a point-of-care biomarker 
to quickly determine the risk for preeclampsia. 
Specifically,151 women with risk factors or clinical 
signs and symptoms of preeclampsia were included 
in this study. Maternal serum samples were col-
lected between 20 and 37 weeks of gestation. The 
clinical diagnosis of preeclapsia was confirmed 21% 
of women within 4 weeks. GlyFn exhibited a good 
classification performance (area under the curve 
(AUROC) = 0.94, 91% sensitivity, 86% specificity).9

In a study of Wang et al, GlyFn levels were also 
found to be higher in the group complicated by pre-
eclampsia. However, this difference was not signifi-
cant and the authors concluded that this statistical 
insignificance may be attributed to the sample size, 
patient recruiting criteria or testing methodology 
compared to previous studies.7

Rasanen et al correlated the levels of GlyFn in 
maternal serum with the disease severity and the 
likelihood of poor maternal and fetal outcomes, includ-
ing higher blood pressure, earlier delivery and lower 
birthweights. This study aimed to assess the potential 
use of glycosylated fibronectin (GlyFn) as a biomarker 
for the prediction and diagnosis of preeclampsia. 
The study enrolled 107 pregnant women, including 
45 normotensive women and 62 with preeclampsia.

The study found that in normotensive women, 
there was no significant change in GlyFn levels over 
the course of pregnancy. In contrast, women with 
preeclampsia had a significant increase in GlyFn 
levels, with a greater increase observed in those 
with severe preeclampsia. The study also found that 
GlyFn levels were associated with various adverse 
pregnancy outcomes, including preterm delivery, 
low birth weight, and higher blood pressure.

Furthermore, the study demonstrated that GlyFn 
levels were a sensitive and specific biomarker for the 
diagnosis of preeclampsia. A threshold of 176.4 mg/
mL was identified, with a positive predictive value 
of 47% and a negative predictive value of 89%. Ad-
ditionally, the study found a significant association 
between high GlyFn levels and small-for-gestational 
age infants in women with preeclampsia.

However, the study did not find a significant as-
sociation between high GlyFn levels and the develop-
ment of HELLP syndrome or placental insufficiency, 
although a notable percentage of women with high 
GlyFn levels did develop these complications.

Overall, these findings suggest that GlyFn levels 
may have clinical utility in predicting and diagnos-
ing preeclampsia, as well as identifying women at 
increased risk for adverse pregnancy outcomes. 
However, further research is needed to validate 
these findings and determine the optimal threshold 
for clinical use.

According to a recent study, glycosylated fibronectin 
can also be found in umbilical cord blood.  DiPrisco et 
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Table 1. Glycosylated Fibronectin as a biomarker.
Author Number of patient(N) Type of marker Outcomes
Rasanen J et al (2014) 107 Preeclampsia The study found that GlyFn serum levels in 

women with preeclampsia during 1st trimes-
ter were significantly higher , and these high-
er levels persisted. Additionally, there was 
a significant association between increased 
levels of glycosylated Fibronectin and sev-
eral adverse pregnancy outcomes, including 
gestational age at delivery, blood pressure, 
and small for gestational age neonates. The 
weekly change in GlyFn levels between 33-38 
weeks was 81.7 mg/mL for participants with 
mild preeclampsia and 195.2 mg/mL for par-
ticipants with severe preeclampsia.

Alanen J et al (2020) 79 Gestational diabetes mellitus there was no statistically significant differ-
ence in maternal serum GlyFn levels between 
women with gestational diabetes mellitus 
and control women. The median serum 
GlyFn levels in women with GDM was 447.5 
μg/mL (interquartile range 254.4-540.9 μg/
mL) and in control women was 437.6 μg/mL 
(interquartile range 357.1-569.1 μg/mL).

Nagalla SR et al (2015) 1463 Gestational diabetes mellitus The levels of fibronectin‐SNA were signifi-
cantly elevated in the gestational diabetes 
mellitus group (P = 0.006). 

Rasanen JP et al (2013) 182 Gestational diabetes mellitus increased glycosylated Fibronectin concen-
trations in the 1st trimester of pregnancy 
have been shown to be significantly linked 
with a higher chance of getting gestational 
diabetes.

Wang J et al (2021) 196 Preeclampsia GlyFn was increased, but not significantly 
(P=0,061), in the patient group that devel-
oped preeclampsia.

Nagalla SR et al (2020) 798 Preeclampsia levels of GlyFn were significantly associated 
with preeclampsia (PE) (p<0.01). 

Huhn EA et al (2016) 151 preeclampsia An AUROC of 0.94 suggests that GlyFn is a 
strong predictor of preeclampsia, and the 
sensitivity and specificity values of 91% and 
86%, respectively, suggest that it performs 
well in identifying true positive cases while 
avoiding false positives.

Di Prisco et al (2020) 196 GlyFn  in umbilical blood - 
preeclampsia

The average levels of GlyFn in the umbilical 
cord blood were significantly lower in infants 
born to mothers with preeclampsia com-
pared to those without the condition (119.12 
± 5.9 vs. 155.5 ± 3.9 μg/mL, p<0.001). Even 
after adjusting for maternal and neonatal 
variables, associations remained substantial.
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al, demonstrated that the cord blood levels of glycosyl-
ated fibronectin are found to be decreased in neonates 
born by preeclamptic mothers, in opposition to the 
increased maternal serum levels. The authors focus 
on analyzing GlyFn in the umbilical cord blood on the 
fetal side of the placenta, researchers can gain a better 
understanding of the pathophysiology of preeclampsia 
and gain knowledge about the relationships between 
the condition and its effects on the fetus. The authors 
carried out research on of 196 neonates, with 49 
consecutively enrolled infants born by mothers with 
preeclampsia. In comparison to controls, neonates 
born to moms with preeclampsia had considerably 
lower GlyFn levels (119.12 ± 5.9 vs. 155.5 ± 3.9 µg/
mL, p<0.001). Remarkably, the association between 
Glycosylated Fibronectin (GlyFn) and preeclampsia 
was observed regardless of whether the mother had 
gestational diabetes. Specifically, in the 70% of patients 
there was no correlation between neonatal blood 
glucose levels and GlyFn measurements.10

Conclusions
Preeclampsia has been the subject of extensive 

research, although only a few serum prediction 
markers have been successfully used in clinical 
practice. Glycosylated fibronectin seems to be a ro-
bust biomarker for monitoring of preeclampsia and 
gestational diabetes mellitus, and potentially a wide-
spectrum biomarker for more pathogenic processes. 
However, larger well-designed studies in prospective 
settings are required to further evaluate the utility 
of glycosylated fibronectin as a screening method 
for pregnancy disorders both alone and in combina-
tion with other markers to evaluate its potential as 
a diagnostic or prognostic tool.

References 
1.	 Rasanen J, Quinn MJ, Laurie A, Bean E, Roberts 

CT Jr, Nagalla SR, Gravett MG. Maternal serum 
glycosylated fibronectin as a point-of-care bio-

marker for assessment of preeclampsia. Am J 
Obstet Gynecol. 2015 Jan;212(1):82.e1-9. doi: 
10.1016/j.ajog.2014.07.052. Epub 2014 Jul 31. 
PMID: 25086276.

2.	 Alanen J, Appelblom H, Korpimaki T, Kouru H, 
Sairanen M, Gissler M, Ryynanen M, Nevalainen J. 
Glycosylated fibronectin as a first trimester mark-
er for gestational diabetes. Arch Gynecol Obstet. 
2020 Oct;302(4):853-860. doi: 10.1007/s00404-
020-05670-8. Epub 2020 Jul 11. PMID: 32653948; 
PMCID: PMC7471182.

3.	 Nagalla SR, Snyder CK, Michaels JE, Laughlin 
MJ, Roberts CT, Balaji M, Balaji V, Seshiah V, Rao 
PV. Maternal serum biomarkers for risk assess-
ment in gestational diabetes. A potential univer-
sal screening test to predict GDM status. Indian J 
Endocrinol Metab. 2015 Jan-Feb;19(1):155-9. doi: 
10.4103/2230-8210.140226. PMID: 25593844; 
PMCID: PMC4287761.

4.	 Powe CE. Early Pregnancy Biochemical Predic-
tors of Gestational Diabetes Mellitus. Curr Diab 
Rep. 2017 Feb;17(2):12. doi: 10.1007/s11892-
017-0834-y. PMID: 28229385.

5.	 Rasanen JP, Snyder CK, Rao PV, Mihalache R, Hei-
nonen S, Gravett MG, Roberts CT Jr, Nagalla SR. Gly-
cosylated fibronectin as a first-trimester biomark-
er for prediction of gestational diabetes. Obstet 
Gynecol. 2013 Sep;122(3):586-94. doi: 10.1097/
AOG.0b013e3182a0c88b. PMID: 23921871.

6.	 Huhn EA, Fischer T, Göbl CS, Todesco Bernasconi M, 
Kreft M, Kunze M, Schoetzau A, Dölzlmüller E, Eppel 
W, Husslein P, Ochsenbein-Koelble N, Zimmermann 
R, Bäz E, Prömpeler H, Bruder E, Hahn S, Hoesli I. 
Screening of gestational diabetes mellitus in early 
pregnancy by oral glucose tolerance test and gly-
cosylated fibronectin: study protocol for an inter-
national, prospective, multicentre cohort trial. BMJ 
Open. 2016 Oct 12;6(10):e012115. doi: 10.1136/
bmjopen-2016-012115. PMID: 27733413; PM-
CID: PMC5073542.



101

Glycosylated Fibronectin as a wide-spectrum biomarker in pregnancy

volume 22, issue 3, July - september 2023

7.	 Wang J, Hu H, Liu X, Zhao S, Zheng Y, Jia Z, Chen L, 
Zhang C, Xie X, Zhong J, Dong Y, Liu J, Lu Y, Zhao 
Z, Zhai Y, Zhao J, Cao Z. Predictive values of vari-
ous serum biomarkers in women with suspected 
preeclampsia: A prospective study. J Clin Lab Anal. 
2021 May;35(5):e23740. doi: 10.1002/jcla.23740. 
Epub 2021 Feb 22. PMID: 33616216; PMCID: 
PMC8128315.

8.	 Nagalla SR, Janaki V, Vijayalakshmi AR, Chayadevi 
K, Pratibha D, Rao PV, Sage KM, Nair-Schaef D, 
Bean E, Roberts CT Jr, Gravett MG. Glycosylat-
ed fibronectin point-of-care test for diagnosis of 
pre-eclampsia in a low-resource setting: a pro-
spective Southeast Asian population study. BJOG. 
2020 Dec;127(13):1687-1694. doi: 10.1111/1471-
0528.16323. Epub 2020 Jun 16. PMID: 32426899; 
PMCID: PMC7687275.

9.	 Huhn EA, Hoffmann I, Martinez De Tejada B, Lange 

S, Sage KM, Roberts CT, Gravett MG, Nagalla SR, 
Lapaire O. Maternal serum glycosylated fibronectin 
as a short-term predictor of preeclampsia: a pro-
spective cohort study. BMC Pregnancy Childbirth. 
2020 Feb 24;20(1):128. doi: 10.1186/s12884-020-
2809-2. PMID: 32093623; PMCID: PMC7041257.

10.	 DiPrisco B, Kumar A, Kalra B, Savjani GV, Michael 
Z, Farr O, Papathanasiou AE, Christou H, Mant-
zoros CS. Glycosylated fibronectin and inhibin 
are lower and anti-müllerian hormone is higher 
in umbilical cord blood when mothers have pre-
eclampsia. Endocr Pract. 2020 Mar;26(3):318-
327. doi: 10.4158/EP-2019-0448. Epub 2019 Dec 
20. PMID: 31859547.

Received 30-05-23
Revised 05-06-23

Accepted 08-06-23


