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A B S T R A C T

Preeclampsia (PE) is a hypertensive disorder that generally occurs after the first half of pregnancy, at delivery or 
even postpartum; it is associated with maternal organ dysfunction and significantly increases maternal, fetal, and 
newborn morbidity and mortality. During PE, the syncytiotrophoblast and endothelial cells are damaged, and 
molecules from the extracellular matrix, such as heparan sulfate (HS), can be released into the blood. Therefore, 
this study aimed to perform a systematic review and meta-analysis to assess the HS levels in serum from women 
with preeclampsia and normal pregnancy. To perform this systematic review and meta-analysis study, we 
comprehensively searched PubMed, ScienceDirect and LILACS and collected published studies about HS and 
preeclampsia. The risk of bias was assessed using the Newcastle-Ottawa Scale score. Upon search completion, 
568 studies were identified, and 4 studies were retrieved for the present analysis. The forest plot showed an 
increase in serum HS in women with preeclampsia relative to non-preeclamptic women, standardized mean 
diference -SMD-with 95 % CI 1.2 (− 0.41 to 2.81), and this relationship is maintained in early PE group (SMD 
1.05; 95 % CI (0.22–2.32)). In conclusión, we presented here that HS possibly plays a vital role in the patho
genesis of preeclampsia since the results showed an increase in this molecule’s levels in serum from women with 
preeclampsia.

1. Introduction

Preeclampsia (PE) is a maternal multisystemic disorder affecting 2–8 
% of pregnant women worldwide that causes approximately 50,000 
maternal deaths worldwide due to complications such as eclampsia, 
HELLP syndrome, stroke, pulmonary edema, renal failure, or coagula
tion disorders [1]. In addition, it is related to around 500,000 fetal 
deaths associated with intrauterine growth restriction, leading to low 
birth weight or premature birth that increases the likelihood of birth 
complications [1,2]. In the Latin America and Caribbean region, deter
mining the total prevalence of PE has been challenging due to the 
limited studies available. However, the Panamerican Health Association 
(PAHO) estimates a PE prevalence of 6.6 % (IC 95 %: 4.9 %–8.6 %) and 
highlights the heterogeneity of that estimation that reflects the diversity 

in the region [3].
Although the pathophysiological changes of PE occur early in preg

nancy, the signs and symptoms become evident after the 20th week of 
gestation, often close to term, which delays its diagnosis. It is widely 
accepted that those changes are related to an abnormal placentation 
process. PE is part of a group of alterations defined as hypertensive 
disorders of pregnancy. The main diagnostic criteria for PE consist of the 
presence of systolic blood pressure >140 mmHg or diastolic blood 
pressure >90 mmHg, and associated with organ dysfunction such as 
kidney damage, thrombocytopenia, liver damage, pulmonary edema, 
neurological impairment, and endothelial dysfunction [4].

Establishing early markers would allow for appropriate clinical 
management with a focus on preventing the development of the disease 
and its complications. Biomarkers such as angiogenic/antiangiogenic 
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factors have been extensively explored such as vascular endothelial 
growth factor (VEGF), placental growth factor (PlGF), and the splice 
variant of the VEGF receptor, fms-like tyrosin kinase 1 (sFlt1) since both 
clinical and experimental approaches suggested the imbalance among 
those factors [5]. In the case of PlGF, it is known that it is implicated in 
angiogenesis and extravillous trophoblast invasion into maternal spiral 
arteries and it reaches at maximum level around 30 weeks of gestation. 
It could be complexed with SFlt1 during pregnancy and the second and 
third trimester PlGF/SFlt1 ratios determine a detection rate of 87.5 % 
for early prediction of early-onset preeclampsia [6]. Thus, PlGF-based 
biomarker testing has been an adjunct to improve the prediction of 
preeclampsia in the standard clinical assessment in high-income coun
tries. A cost-utility analysis of various biomarkers has not been con
ducted due to the uncertainty surrounding their effects on maternal and 
neonatal outcomes in low- and middle-income countries. This is 
particularly relevant given the high prevalence of hypertensive disor
ders of pregnancy in certain regions, such as Latin America, compared to 
other parts of the world [7].

By the other hand, Heparan sulfate (HS) is an important extracellular 
matrix (ECM) component. It is a linear polysaccharide that can be 
chemically or enzymatically broken down into disaccharides, each 
consisting of an amino sugar or hexosamine and a uronic acid. The 
amino sugar is glucosamine (GlcN), which can be N-acetylated (GlcNAc) 
or N-sulfated (GlcNS), and the uronic acid can be either glucuronic acid 
(GlcA) or iduronic acid (IdoA), it can also be sulfate [8,9]. HS is bound to 
proteins of the families of glypicans, syndecans, or perlecan, forming the 
molecules known as HS proteoglycans (HSPGs) [10,11]. Interestingly, 
these HSPGs facilitate interactions with a wide range of extracellular 
ligands, such as growth factors, adhesion molecules, chemokines, and 
metalloproteinases, regulating proliferation, morphogenesis, adhesion, 
differentiation, cellular migration, cytoskeleton organization, vascular 
permeability, shear stress mechanosensation and mechanotransduction, 
infiltration and inflammation [12,13], as we illustrated in Fig. 1.

HSPGs can be cleaved by matrix metalloproteinases, leading to the 
release of the protein ectodomain and the HS [14]. On the other hand, 
HS domains can also undergo endoglycosidic cleavage by heparanases, 
thus releasing extracellular HS fragments [15]. In both cases, the protein 
ectodomain attached to HS and HS fragments keeps their biological 
potential, which means the ability to bind to different ligands [14]. In PE 

women have reported increased activity of heparanase [16] and also an 
altered expression of matrix metalloproteinases (MMP) 2 and 9 [17–19], 
which is associated with an inflammatory status observed in these pa
tients. This could impact the amount of HS molecules released into the 
blood and offer a possible marker for this disorder. Therefore, this study 
aimed to perform a systematic review and meta-analysis to determine 
the HS levels in serum from women with PE and healthy pregnancies.

2. Materials and methods

2.1. Search strategy

Searches were conducted of the PubMed, ScienceDirect and LILACS 
(Literatura Latinoamericana y del Caribe en Ciencias de la Salud) da
tabases through January 9, 2025. The search terms included, Pre
eclampsia and ("Heparan sulfate proteoglycans” OR “Heparan sulfate” 
OR “Heparitin sulfate” OR Syndecan OR glypican).

2.2. Inclusion and exclusion criteria

Articles were selected according to the following criteria: i) pre
eclamptic and health pregnancy women were investigated, and ii) the 
levels of HS was examined. Reviews, duplicate studies, case reports, 
abstracts, or studies with insufficient data to investigate the relationship 
between HS and PE were excluded. The study protocol was registered 
with the Prospero International Prospective Register of Systematic Re
views (CRD42023421512).

2.3. Data extraction

Three researchers (Gómez-Gutiérrez, Álvarez Gómez and Cardona 
Maya) independently judged study eligibility while screening the cita
tions and extracting characteristics of eligible studies. Disagreements 
were resolved by consensus. The main relevant information recorded 
included the author’s surname, year of publication, number of patients, 
methodology, and HS levels. To compare studies, the reported mean or 
median, was converted to the same units (ng/mL).

This work was reported following the preferred items for systematic 
reviews and meta-analysis (PRISMA) reporting guidelines [20]. The 
PRISMA protocol for systematic review has four stages: identification, 
screening, eligibility, and inclusion (Fig. 2).

To evaluate the quality of the included studies, Newcastle-Ottawa 
Scale (NOS) criteria was applied (http://www.ohri.ca/programs/clini 

Fig. 1. HS covalently attached to proteins like glypicans, syndecans, or perle
can, and forming proteoglycans (HSPGs), which helps in interaction with 
diverse extracellular ligands, regulating different processes and responses of the 
cell [12,13]. HSPGs are broken down by matrix metalloproteinases, and HS 
domains are also endoglycosidically cleaved by heparanases. The soluble pro
tein ectodomain bound to HS and free HS fragments still have the ability to bind 
to different ligands in other cells [14].

Fig. 2. Flow diagram of the studies selection process. PRISMA flow chart 
summarizing the process of literature search and selection of studies.
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cal_epidemiology/oxford.asp) using a scale for cross-sectional studies 
(adapted version). We further assessed the risk of bias for each study in 
the three main domains: selection of the study groups, comparability, 
and ascertainment of the outcome of interest. Study bias was scaled as 
inferior quality (0–3 stars), medium quality (4–6 stars), and superior 
quality (7–9 stars). Disparities and disagreements were resolved by 
consensus (Table 1).

2.4. Statistical analysis

Mean and standard deviation were used when reported in selected 
studies. When median with interquartile range or range were reported, 
we derived the data to mean ± standard deviation from the sample size, 
and median, IQR, minimum, and maximum values according to the 
formula published by Wan et al., [21]. In addition, in two articles [22,
23], using the results in the figure, the mean and SD were calculated. 
Finally, we chose the standardized mean difference (SMD) as the effect 
size for statistical comparison between cases and controls, which allows 
the comparison even between those studies.

3. Results

Literature searches identified 568 documents, after excluding 
duplicate studies, irrelevant literature, and review articles adhering 
strictly to the inclusion and exclusion criteria, 4 articles [22–25] were 
finally included (Fig. 2). The included trials were published between 
2014 and 2022. In total 347 women, including 138 PE women and 160 
health women were involved in those studies; 49 women with other 
complications were evaluated in separate groups. The studies were 
performed in obstetric units from Spain, Netherlands, USA and England. 
Maternal age was among 23–37 years. Table 2 shows general charac
teristics of the selected studies.

Most of the studies analyzed showed a trend towards increased HS in 
the serum of women with PE [22,23,25], (Fig. 3A). In contrast, Palomo 
et al., [24] showed a reduction of HS in the serum of women with both 
early and late PE. Control groups in all studies were normotensive 
pregnant women, but several studies included other comparison groups: 
Al-ofi et al., [22] included a group of non-pregnant women, Weissgerber 
et al., [25] included women who developed gestational diabetes, and 
Palomo et al., [24] included pregnant women with SARS-CoV-2. Studies 
from Al-ofi et al., [22], and Hassani Lahsinoui et al., [23], did not find 
any statistical difference in serum HS levels between women with PE 
and the control group. Palomo et al., [24] showed a statistical difference 
for the severe SARS-CoV-2 and PE groups, while Weissgerber et al., [25] 
achieved a statistical difference for the early PE group. Interestingly, 
Al-ofi et al., [22] and Hassani Lahsinoui et al., [23] reported the age of 
delivery into the group of normotensive women at 32 and 34 weeks 
respectively, gestational age at which a delivery is considered preterm, 
although they did not report any complication among the women 
(Table 2).

As shown in Fig. 3A, the main of the analyzed studies showed an 
increased levels of serum HS in PE women, which allowed to reach a 
summary measure indicating higher HS in PE women compared with 
normal pregnancy women (SMD with 95 % CI 1.2 (− 0.41 to 2.81)). In 
addition, when the groups were analyzed in relation to the onset of PE, it 

was observed that similar results was maintained in early PE group 
(SMD 1.05; 95 % CI 0.22 to 2.32) as show in Fig. 3B. The small number 
of articles that reported data for late PE did not allow the analysis to be 
carried out in this group.

4. Discussion

PE is part of a group of alterations defined as hypertensive disorders 
of pregnancy, including gestational hypertension and chronic hyper
tension with superimposed PE. Currently, diagnosis is based on the 
presence of arterial hypertension associated with maternal organ 
dysfunction [26].

At present, it is known that the origin of PE occurs in two stages: 
stage one or placental, which occurs during the first trimester and is 
characterized by shallow trophoblast invasion, leading to deficient 
remodeling of the spiral arterioles [27]. This event generates abnormally 
narrow vessels of high resistance, followed by high pressure and low 
flow, leading to poor placental perfusion [28], accompanied by an in
crease in the production and release of anti-angiogenic factors, such as 
the placental growth factor (PlGF) soluble receptor (soluble fms-like 
tyrosin kinase-1, sFlt-1) and soluble endoglin (sENG), and also 
pro-inflammatory molecules like tumor necrosis factor-alpha (TNF-α) 
[29]. The combination of those previous events leads to the second stage 
of the disorder. Stage two is the symptomatic stage, where endothelial 
dysfunction and systemic vascular injury occur, leading to multi-organ 
damage and the onset of maternal hypertension [29].

Therefore, it is widely accepted that placental disease precedes 

Table 1 
Newcastle-Ottawa Scale (NOS) score for included studies.

Reference Preeclampsia Selection Comparability Outcome Total x/9

Al-ofi, E et al., 2014 [20] Early **** * *** 8
Weissgerber, T. L. et al., 2019 [21] Early ***** * *** 9

Late ***** * *** 9
Hassani Lahsinoui, H. et al., 2021 [22] Early ***** * *** 9
Palomo, M et al., 2022 [24] Early **** * *** 8

Late **** * *** 8

Table 2 
Summary of the studies included in the meta-analysis.

Study Study 
population - 
Groups

Maternal age 
(years)

Gestational 
age at delivery 
(weeks)

HS levels 
(ng/mL)

Al-ofi, E et al., 
2014 [20].

Np - 17 Np 29.3 ±
4.9

Np 32.0 ± 3.7 2090 ±
180a

Early PE - 17 PE 31.4 ±
5.6

PE 32.9 ± 3.7 2450 ±
200a

Weissgerber, T. 
L. et al., 2019 
[21].

Np - 73 Np 29.8 ±
4.5

Np 41 2,07 ±
0,22

Early - 14 Early 29.6 
± 5.7

Early 33 2,91 ±
0,44

Late - 29 Late 28.9 ±
4.8

Late 38 3,11 ±
0,44

Hassani 
Lahsinoui, H. 
et al., 2021 
[22].

Np - 60 Np 29 ± 6 Np 34.1 ± 3.8 1390 ±
750a

Early PE - 65 PE 31 ± 5 PE 33.7 ± 3.8 1700 ±
800a

Palomo, M et al., 
2022 [24].

Np - 10 Np 36.9 
(31.6–38.7)

Np 40.2 
(38.9–41)

2506 ±
544, 18

Early PE - 4 PE 29 
(26–35.9)

PE 39.1 
(35.1–39.6)

1900,35 
± 393,33

Late PE - 9 ​ ​ 1872,48 
±

1056,35

Normal pregnant (Np), Preeclampsia (PE), Heparan sulfate (HS), Early onset 
preeclampsia (early), Late onset preeclampsia (late).

a Data calculated based on article figure.
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maternal endothelial dysfunction in the pathogenesis of PE. Molecules 
released from the placenta (e.g., HS) likely show changes from early 
stages in gestation, even during placental development. Evidence 
showed that HS from the syncytiotrophoblast (STB) and the pro
teoglycans (PGs) to which it is attached binds growth factors (VEGF, 
FGF-2, BMP), and cytokines, consequently regulating processes such as 
cell proliferation, differentiation of cytotrophoblasts (CTB) into STB, 
anticoagulation, and angiogenesis [30]. Since HS is highly expressed in 
the ECM of the STB, it is possible to find soluble fragments of this 
molecule in the plasma due to enzymatic detachment caused by hep
aranases, which are necessary during invasion processes [31]. Given 
their structural diversity and ability to carry information, these macro
molecules are increasingly recognized as valuable tools for identifying 
future biomarkers that can enhance the diagnosis and prognosis of 
specific pathophysiological events. This is particularly relevant for 
easily accessible biological fluids such as blood and urine [32].

HS binds syndecans, a family of PGs that are expressed in the cell 
membrane of different cell types. It has been established that syndecan 1 
(Sdc-1) has a role in the differentiation of CTB cells to STB, since it shows 
the highest positive regulation among all PGs during syncytialization, 
and the placenta is considered to be the primary source of this molecule 

during gestation [33]. That evidence allows us to hypothesize about a 
modulation in HS levels too, with physiological and pathological 
changes involved in placental development. Several studies have shown 
a reduction of Sdc-1 in the serum of women with PE. Gandley et al., 
evaluated soluble Sdc-1 in uncomplicated and PE pregnancies at 
mid-pregnancy (20 weeks). They found that, in uncomplicated preg
nancies, soluble Sdc-1 increased significantly in the first trimester, 
reaching an approximately 50-fold increase at pregnancy term. Soluble 
Sdc-1 was lower in mid-pregnancy in women who later developed PE 
[34]. Kuessel et al., evaluated maternal serum Sdc-1 levels in pregnant 
women throughout gestation and compared the results between women 
who remained healthy and those who later developed PE. Serum Sdc-1 
levels were lower, with a statistically significant difference, from 18 
weeks of gestation onward in women who developed PE compared to 
pregnancies without the disease [35]. Some authors have attributed the 
reduction in the amount of Sdc-1 in the serum of women with PE to an 
increase in the retention of the protein inside the cell as a consequence of 
the alteration of cytoskeletal proteins [36]. Therefore, this reduction in 
Sdc-1 may bring some light on the observed increased levels of HS in PE 
women since a reduction in the Sdc-1 transport to the cell membrane 
may result in the secretion of free HS molecules into the serum.

Fig. 3. Forest plot comparing HS serum levels. 3A All studies included. 3B Early PE women group studies.
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Several studies have identified an abnormal distribution of HS in the 
placenta of women with preeclampsia. This alteration may be attributed 
to the action of endoglycosidases, such as heparanases [16,37,38]. This 
kind of enzymes plays a crucial role in facilitating the placentation 
process, as it is expressed in the villous trophoblast, STB, and the 
endothelium of fetal capillaries. Increased heparanase activity has been 
observed in women with preeclampsia [39], leading to an elevated 
release of HS into the maternal circulation. Given that HS is known to 
regulate inflammation [40], this modification in HS content and release 
into the plasma could contribute to the pathogenesis of preeclampsia.

Early research by Wrenshall et al. demonstrated that HS released 
from cell surfaces and extracellular matrices during inflammatory states 
influences T cell-mediated cytotoxicity through the function of antigen- 
presenting cells and enhances the production of pro-inflammatory cy
tokines such as IL-1, IL-6, and TNF-α by macrophages. Additionally, 
various immune cells, including macrophages and activated T cells, 
express enzymes that can cleave HS, which may lead to the activation of 
endothelial cells [41]. Furthermore, soluble HS has been shown to bind 
to Toll-like receptors, amplifying the inflammatory response via NF-κB 
signaling. It can also regulate the diffusion and sequestration of che
mokines, thereby participating in the formation and stabilization of 
chemotactic gradients that provide directional cues for migrating leu
kocytes [42].

The available body of evidence allows us to propose that early 
localized inflammatory events in the preeclamptic placenta, leading to 
an early increased release of HS, are linked with the later systemic in
flammatory response observed in women with diagnosed preeclampsia.” 
In this case, the HS released from the placenta can stimulate maternal 
immune cells to release endothelial HS. That release is accompanied by 
endothelial activation and damage from multiple maternal vascular 
beds that lead to organ damages, as pregnancy progresses. To the extent 
that this is the case, we propose that in the late stage of the PE, serum HS 
may originate from sources other than the placenta. In accordance with 
these factors, the research work of Weissgerber TL et al. [25] explored 
the effect of PE on the vascular endothelial glycocalyx. It quantified 
glycocalyx degradation with a sidestream dark field imaging camera 
that makes red blood cells visible while they travel through the micro
vessels beneath the tongue. The glycocalyx degradation enables red 
blood cells to penetrate into its deeper layers, as indicated by an elevated 
perfused boundary region (PBR) value. Besides, the researchers quan
tified some proteoglycans (PGs) like syndecan-1 (Sdc-1), heparan sulfate 
proteoglycan (HSPG), and hyaluronic acid concentrations in the blood 
using ELISA techniques. Though there was no difference in the serum 
Sdc-1 level between the groups, women with late-onset preeclampsia 
had increased HSPG concentration.

The studies analyzed in this review explored another mechanisms 
besides de HS production in PE development. In fact, in some studies, HS 
was not the primary objective. Data presented by Al-ofi et al., [22] 
suggest that HS as a ligand of toll-like receptor 4 might play an impor
tant role in maintaining the exaggerated inflammation of PE, and 
fibrinogen instead of HS might function as a biomarker in women with 
PE. Hassani Lahsinoui et al., [23], attempted to prove that the interac
tion between soluble Sdc-1 and its association with GAGs contributed to 
sFLT1-induced high blood pressure in PE. They reported a similar level 
of HS among PE and normotensive women, while dermatan sulfate (DS) 
was significantly higher in PE and inversely correlated with soluble 
Sdc-1 and blood pressure, suggesting that the association of soluble 
Sdc-1 with BP in preeclampsia could be mediated by DS and not by HS. 
Contrary to these results, Palomo et al., [24] found a reduction of HS in 
the serum of women with PE. In this work, the investigators set out to 
study biomarkers of endothelial damage, coagulation, innate immune 
response and angiogenesis in preeclampsia and COVID-19 in pregnancy. 
They observed that most of the biomarker results in medium severity 
COVID-19 and controls were similar, and also HS was increased in 
women with severe COVID-19 but not in women with PE.

5. Conclusion

This systematic review and meta-analysis investigating the rela
tionship between antepartum levels of soluble HS in pregnant women 
with preeclampsia is pioneering. We found statistically significant dif
ferences in serum HS levels between normotensive women and those 
with PE, suggesting that HS plays a vital role in the pathogenesis of PE, 
given its importance in cellular proliferation, differentiation, and 
migration processes.

These findings open several avenues for elucidating the mechanisms 
behind the elevated HS levels in women with PE. However, this raises 
another question: Do these findings align with the urine excretion rate of 
HS? It would be intriguing to explore the correlation between serum and 
urine levels of HS to investigate the potential of urine as a more acces
sible biological fluid for biomarker identification.
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