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Abstract

Background: Syndecan-1 is a major component of the glycocalyx, a carbohydrate-rich layer lining the vascular
endothelium. Endothelial glycocalyx contributes to the permeability of the vascular endothelium and could be
a biomarker of clinical utility in patients with heart failure. We sought to investigate the utility of blood levels of
syndecan-1 in the prognostic assessment of stable heart failure patients.

Methods: Ninety-five patients with stable heart failure (8 with preserved ejection fraction) and 24 matched
controls were included. Blood concentrations of syndecan-1 were measured by ELISA. The end-point of the study
was the combined of cardiovascular death and rehospitalization for heart failure. Syndecan-1 values were log,
transformed to obtain a normal distribution.

Results: The patient group had higher levels of the biomarker: 3.74 (DE 1.53) ng/mL vs. 2.84 (DE 1.7) ng/mL,
p=0.01. Log, (syndecan-1) did not change in patients according to their functional class (p=0.543). Log, (syndecan-1)
was linearly related to some inflammatory cytokines: IL-1B (r=0.47, p=0.009) and IL-6 (r=0.44, p<0.001). After a
follow-up of 544 days (interquartile range 285-688 days), we did not find differences in the end-point (p=0.857) by
segregating patients into two groups (those with log, (syndecan-1) above and below the median value). However,
in a multivariate Cox proportional risk model, blood concentrations of log, (syndecan-1) had a lower risk of mortality

and rehospitalization: HR=0.64 (0.45-0.92), p=0.015.

Conclusion: Higher blood levels of syndecan-1 are independently associated with a lower probability of
cardiovascular death and hospitalization for heart failure in the mid-term follow-up.
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Introduction

Heart failure is a prevalent disease that portends a high mortality and
morbidity rate. The correct evaluation of these patients is of paramount
importance in order to reduce mortality, hospitalizations, and costs
associated with the disease. However, the available information shows
that clinical assessment of heart failure is inaccurate, particularly in
some subsets of patients, such as women, obese patients, and the elderly
[1,2] and, as such, new tools are needed to enhance the appraisal of these
patients.

Circulating cardiac biomarkers in patients with heart failure
can be a valuable diagnostic and prognostic tool for the clinician.
These can be divided into three groups: neurohormonal mediators,
markers of myocyte injury-remodeling (including extracellular matrix
components, mainly proteoglycans), and indicators of systemic
inflammation [3,4]. Glycocalyx is a carbohydrate-rich layer lining
the vascular endothelium. Endothelial glycocalyx is an important
determinant of vascular permeability and could be responsible of the
translation of biomechanical forces into biochemical signals to the
endothelial cells and, as such, could be a consistent biomarker in heart
failure. For example, its role in the regulation of interstitial edema, a
hallmark feature of heart failure, has been described [5]. The thickness
and chemical composition of the glycocalyx is in equilibrium with
the flowing blood, and enzymatic or shear forces can shed it from the
endothelium. Proteoglycans (syndecan-1 to 4) are the most important

components of the endothelial glycocalyx, and the ecto-domain of
syndecan-1, the major syndecan component of epithelial cells, has been
shown to shed into the vascular system and is measurable in plasma [6].
The information provided by this molecule in patients with heart failure
is uncertain. One study reported that syndecan-1 is associated with
fibrotic and remodeling biomarkers and with outcomes in the subset of
patients with heart failure and preserved ejection fraction, but not with
inflammatory markers [7]. Interestingly, a possible protective effect of
syndecan-1 shedding in stable patients has been suggested [7].

For these reasons, we hypothesized that syndecan-1 could be a
useful biomarker to evaluate the outcomes in patients with stable heart
failure.

Methodology
Patients and study design

The trial was conducted as a prospective cohort study. Patients of at

*Corresponding author: Abel Garcia Del Egido, Servicio De Cardiologia, Cardiology
Department, University Hospital of Leon, C/Altos de Nava s/n, 24071, Leon, Spain, Tel:
+34 646 53 80 59; E-mail: abelgarciadelegido@hotmail.com

Received September 03, 2018; Accepted September 29, 2018; Published October
04,2018

Citation: Egido AGD, Iglesias-Garriz |, Rodriguez-Garcia MA, Fernandez-Vazquez
F, Gonzalo-Orden JM (2018) Syndecan-1 and Outcome of Ambulatory Patients with
Stable Heart Failure. J Mol Biomark Diagn 9: 401. doi: 10.4172/2155-9929.1000401

Copyright: © 2018 Egido AGD, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original
author and source are credited.

J Mol Biomark Diagn, an open access journal
ISSN:2155-9929

Volume 9 - Issue 5 + 1000401



Citation: Egido AGD, Iglesias-Garriz |, Rodriguez-Garcia MA, Fernandez-Vazquez F, Gonzalo-Orden JM (2018) Syndecan-1 and Outcome of
Ambulatory Patients with Stable Heart Failure. J Mol Biomark Diagn 9: 401. doi: 10.4172/2155-9929.1000401

Page 2 of 5

least 18 years of age were diagnosed with heart failure, irrespective of
their left ventricular ejection fraction, if they met the following criteria:

1) Dyspnea on effort (at least class II of the New York Heart
Association),

2) Previous hospitalization for heart failure with high levels of NT-
proBNP (>400 pg/mL), or echocardiographic left ventricular ejection
fraction <40% or echocardiographic left ventricular ejection fraction
> 40% with at least two of the following abnormalities: Left ventricular
hypertrophy, left atrium enlargement (>34 mL/m?), Doppler assessment
with E/€’ ratio >13 (e: mean tissue Doppler diastolic velocity of the
lateral and medial mitral annulus), atrial fibrillation, velocity of the
tricuspid regurgitation >3 m/s, and

3) at least 1 determination of NT-proBNP >125 pg/mL with the
patient in a stable clinical condition.

Exclusion criteria were:

1) Moderate or severe aortic valvulopathy or mitral stenosis.
2) Moderate or severe lung disease.

3) Anemia with hemoglobin concentration below 10 g/dL.
4) Chronic renal disease, stages 4 or 5.

5) Life expectancy of less than 1 year related to associated co-
morbidities.

6) Refusal to sign the informed consent.

We deemed a patient to be in a stable clinical condition if he/she met
all the following criteria:

1) No admission for heart failure for at least 4 months before
inclusion in the study.

2) No change in diuretic medications at least 1 month before the
inclusion.

3) No progression of symptoms reported from the patient.

Ninety-five consecutive patients were selected for the analysis and
twenty-four healthy controls were included to obtain the normal range
blood levels of syndecan-1.

The study complies with the local ethics committee, and all the
included patients provided written informed consent.

Procedures

On the day of the inclusion, patients received a thorough clinical
evaluation, including an electrocardiogram and transthoracic
echocardiogram to evaluate ejection fraction (Simpson’s rule) and left
ventricular diastolic function. The severity of mitral regurgitation was
evaluated by an echocardiographist with a high level of expertise in the
evaluation of valvular abnormalities and categorized into three groups:
mild or absent, moderate, and severe. Left atrium volume was measured
from the four-chamber apical view by means of the area-length method.

A blood sample was drawn on the first day of inclusion to measure
the blood levels of these biomarkers: high-sensitivity troponin T (hsTn),
NT-proBNP, ST2, interleukin-1pB, interleukin-6, high-sensitivity
C-reactive protein (hsCRP), and syndecan-1. With the exception of
hsTn and NT-proBNP, the obtained plasma was frozen at -80°C and
stored until analysis was performed by enzyme-linked immunosorbent
assay (ELISA) (kits provided by Diaclone BioNova Scientific, Madrid,
Spain and Duoset R&D systems, Minneapolis, USA), according to the

manufacturer’s recommendations.
End-point

Patients were followed up in the outpatient clinic every 3
months. The end-point of the study was time to the first-event, either
cardiovascular mortality or hospitalization for heart failure.

Statistical analysis

The normal distribution of the continuous variables was assessed
with the Shapiro-Wilks test. In the event that a variable did not follow
a normal distribution, a log, transformation was performed, re-
checking the normality with the same test. Continuous variables are
shown as mean + standard deviation or median and interquartile range.
Categorical variables are shown as absolute numbers and percentages
with respect to the total. Comparison between continuous variables was
done with the Student’s t-test, and comparison of categorical variables
was done with the chi-squared test without continuity correction. Linear
regression analysis was done with the least squares method (r-Pearson).
A Kaplan-Meier analysis was applied to plot the survival curves, and
the comparison between them was done with the log-rank test. A
multivariate Cox proportional risk model was used to evaluate the
influence of blood levels of syndecan-1 in the outcomes of the patients.
The covariates included were prespecified: age, diabetes, ischemic
etiology, functional class, sinus rhythm, left ventricular ejection
fraction (as continuous), NT-proBNP, and hsTn. In the event that
colinearity was detected or the covariate did not modify the association
between syndecan-1 and the outcome, a variable of the model could
be excluded if no significant modification of -2log likelihood occurred.
The R-statistical software was used to manage the data, and a p-value
<0.05 was considered statistically significant.

Results

Ninety-five patients with heart failure and 24 matched healthy
controls were included. Patients had higher levels of syndecan-1 (log
transformed) than controls: 3.74 (SD 1.53) ng/mL vs. 2.84 (SD 1.7) ng/
mL, p=0.01.

The baseline characteristics of patients with heart failure are shown
in Table 1. Thirty-eight patients (40%) had experienced admission for
heart failure in the year before inclusion in the study, with most of
them (94.7%) only having experienced one episode of hospitalization.
Most of the included patients had a left ventricular ejection fraction
below 50% (n=87, 92%), and eight had a preserved ejection fraction.
The mean ejection fraction of the whole group was 32% (SD 12). The
majority of patients were in NYHA functional class II (n=61, 64%),
33 were in functional class III, and 1 was in functional class IV. As
such, we allocated 61 patients (64.2%) into a group labeled “good
functional status” (class IT) and 34 patients (35.8%) into a group labeled
“poor functional status” (class IIT and IV). We did not find significant
differences in blood levels of log, (syndecan-1) between patients with
good and poor functional status: 3.68 (DE 1.72) ng/mL vs. 3.85 (DE
1.12) ng/mL, p=0.543.

Relationship with other biomarkers

We did not find a significant linear relationship between log,
(syndecan-1) and hs-CRP (p=0.886), ST2 (p=0.776), hsTn (p=0.176) or
NT-proBNP (p=0.289). In the group of patients with measurable blood
levels of IL1-B, a modest, although significant, linear relationship was
found (n=30; r=0.47, p=0.009). This relationship was also significant
with the blood levels of IL-6 (n=87; r=0.44, p<0.001) (Figure 1).

Survival analysis
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The median follow-up was 544 days (interquartile range 285-688
days). During this period, 24 patients (25.2%) died or were hospitalized
due to heart failure. Patients were segregated into two groups, those
with a value of log, (syndecan-1) below and above the median (3.78 ng/
mL). We did not find significant differences in the time-event curves
between both groups (p=0.857, Figure 2).

In the prespecified Cox regression model, functional status, sinus
rhythm, and blood levels of NT-proBNP were finally removed due to
colinearity or absence of confounding effect. The final model (Table
2) had a -2log likelihood of 31.45 (p<0.001). Log, (syndecan-1) was
significantly associated with the end-point with HR= 0.64 (0.45-0.92),
p=0.015.

Discussion

The main findings of the study are: 1) blood concentrations of
syndecan-1 are linearly correlated with some markers of systemic
inflammation, such as IL-1p and IL-6, and 2) high levels of
syndecan-1 are independently associated with a lower risk of death
and hospitalization for heart failure in the mid-term follow-up. These
results apply to stable heart failure patients with a broad range of left
ventricular ejection fraction, mainly in functional classes IT and III.

The information on syndecan-1 as a biomarker in patients with
heart failure is scarce. Recently, Tromp et al. [7] reported the results
from a study of 567 patients, 19% of them with preserved ejection
fraction. They found an association between syndecan-1 and some
remodeling biomarkers, but, contrary to our results, not with
inflammatory markers. However, this does not invalidate our findings.

Risk factors Values

Age (years) 70+ 11
Gender (males), n (%) 67 (71)
Arterial hypertension, n (%) 63 (66)

Current smoker, n (%) 9(9)

Diabetes mellitus, n (%) 43 (45)
Previous history
Ischemic etiology, n (%) 37 (40)
Previous PCI, n (%) 14 (16)
Previous CABG, n (%) 15 (17)
Heart rhythm
Sinus rhythm 64 (68)
Echocardiographic data
End-diastolic volume (mL) 175+ 73
End-systolic volume (mL) 125+ 68
Ejection fraction (%) 32+12
Ejection fraction >50%, n (%) 8 (8)
Absent or mild mitral regurgitation, n (%) 59 (63)
Moderate mitral regurgitation, n (%) 21(23)
Severe mitral regurgitation, n (%) 13 (14)
Medications
B-blockers, n (%) 91 (96)
Angiotensin converting enzyme inhibitors, n (%) 66 (69)
Antagonists of angiotensin Il receptors, n (%) 19 (20)
Spironolactone, n (%) 25 (26)
Eplerenone, n (%) 43 (45)
Diuretics, n (%) 93 (98)
Statins, n (%) 54 (57)
Devices
Cardiac resynchronization therapy, n (%) 10 (11)
Implantable cardioverter defibrillator, n (%) 21 (22)

Table 1: Baseline characteristics of heart failure patients.

All of our patients were in a stable condition, and the fact that the
patients recruited by Tromp et al. were included just before discharge
after an acute heart failure admission could have influenced the results
since, as the authors stated, a complete recovery at the time of sampling
cannot be granted. Moreover, shedding of the glycocalyx is related to
the activation of metalloproteinases [8] which in turn are activated by
some inflammatory cytokines. As such, a positive relationship between
syndecan-1 and inflammatory biomarkers is plausible.

Blood levels of syndecan-1 have been associated with the outcomes
of patients with acute myocardial infarction [9], especially in patients
with cardiogenic shock [9,10]: Patients with higher levels of syndecan-1
had worse prognosis. In patients with heart failure, Neves et al. [11]
reported a positive association between syndecan-1 and cardio-renal
syndrome type 1 and the 6-month mortality rate, and Tromp et al. [7]
reported a high risk of mortality and rehospitalization for heart failure,
especially if the ejection fraction is preserved. The authors hypothesize
that syndecan-1 is a marker of endothelial damage and disruption and,
as such, leads to a more compromised hemodynamic state, which, in
turn, is related to prognosis. In our study, and contrary to the reported
data, we found an inverse and highly significant relationship between
syndecan-1 blood concentrations and outcomes (mortality and
hospitalization for heart failure). Although blood concentrations of
syndecan-1 can be related to the shedding of endothelial glycocalyx in
acute situations, a protective effect in chronic states cannot be discarded.
Lower levels of syndecan-1 are associated with less myocardial fibrosis
and the ecto-domain of this proteoglycan retains binding properties
reducing the bioavailability of syndecan-1 receptor ligands. As such,
our findings should not be interpreted as a contradiction of the previous
reports.

Endothelial glycocalyx has multiple biological functions. Among
them, it reduces vascular permeability, prevents interaction of platelets
and leukocytes, acts as a sodium buffer and is also a mechano-transducer
[12-15]. Oxidative stress, ischemia and reperfusion, inflammation, and
even natriuretic peptides can potentially damage and shed the glycocalyx
[16-18], leading to a diffuse endothelial dysfunction and tissue edema.
Sodium can bind to glycosaminoglycans, a main component of the
interstitium linked to the proteoglycans [19-21], creating a hypertonic
microenvironment and promoting lymphangiogenesis. If this interstitial
glycosaminoglycan network becomes dysfunctional, the compliance
of the interstitium may be diminished and tissue edema can ensue
[5]. Edema is related to organ dysfunction (even in the myocardium)
and tissue fibrosis [22,23]. This process can contribute to heart failure
decompensation and to the progression of chronic heart failure.

Some other glycocalyx shedding makers have been proposed.
Syndecan-4 has been studied in patients with heart failure [24,25].
Although a moderate value to discriminate patients who are
rehospitalized for heart failure has been reported, the results not have
been replicated by other investigators.

This study had some limitations. First, the sample size was small

Factor Hazard ratio Cl1 95% p
Log,-syndecan-1 0.64 0.45-0.92 0.015
Age 1.04 0.99-1.10 0.134
Diabetes 8.04 2.57-25.17 <0.001
Ischemic etiology 0.58 0.22-1.52 0.271
Ejection fraction 0.95 0.91-0.99 0.042
Hs-Troponin T 1.04 1.00-1.08 0.037

Note: Cl: Confidence Interval. Non-significant variables are retained as modifiers.

Table 2: Cox proportional regression model.
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Figure 1: Log-log linear relationships between log, (syndecan-1) and log,-IL-1B and log,-IL-6.
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Figure 2: Survival curves. Dotted line: log, (syndecan-1) above the median.
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and therefore a subgroup analysis was not realized. Second, patient
enrollment was performed from a heart failure unit where most of the
patients evaluated were potential candidates for advanced therapies,
such as cardiac resynchronization, transplantation or ventricular
assists, and that is the reason for patients with preserved ejection
fraction were underrepresented in our study. And third, the results of
this investigation are referenced to patients with a rigorous adjustment
of the treatment, based on current scientific evidence, and may not be
representative for the entire population with heart failure.

Conclusion

In conclusion, in patients with stable heart failure, blood
concentrations of syndecan-1 are correlated to pro-inflammatory
cytokines. Higher levels of syndecan-1 are independently associated
with a lower probability of cardiovascular death and hospitalization
for heart failure in the mid-term follow-up. However, we acknowledge
that our results should be confirmed in larger studies, since previous
reports suggest that high syndecan-1 blood levels are associated with a
worse outcome in patients with acute heart failure or preserved ejection
fraction.
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