
RESEARCH ARTICLE Open Access

Serum osteoprotegerin in prevalent
hemodialysis patients: associations with
mortality, atherosclerosis and cardiac
function
Sílvia Collado1*†, Elisabeth Coll2†, Carlos Nicolau3, Manel Azqueta4, Mercedes Pons5, Josep M Cruzado6,
Bernat de la Torre7, Ramón Deulofeu8, Sergi Mojal9, Julio Pascual1,10 and Aleix Cases11†

Abstract

Background: To assess whether serum osteoprotegerin (OPG) and/or fetuin-A predict mortality and cardiovascular
(CV) morbidity and mortality in hemodialysis patients.

Methods: Multicenter, observational, prospective study that included 220 hemodialysis patients followed up for up
to 6 years. Serum OPG and fetuin-A levels were measured at baseline and their possible association with clinical
characteristics, CV risk biomarkers, carotid ultrasonographic findings, as well as their association with overall and CV
mortality and CV events were assessed.

Results: During a mean follow-up of 3.22 ± 1.91 years, there were 74 deaths (33.6%) and 86 new cardiovascular
events. In the Kaplan-Meier survival analysis, the highest tertile of OPG levels was associated with higher overall
mortality (p = 0.005), as well as a higher, although non-significant, incidence of CV events and CV mortality. In
contrast, fetuin-A levels did not predict any of these events. OPG levels were directly associated with age, the
Charlson comorbidity index (CCI), prevalent cardiovascular disease, carotid intima-media thickness, adiponectin,
troponin-I and brain natriuretic peptide (BNP). OPG showed a negative correlation with left ventricular ejection
fraction (LVEF) and phosphate levels. In the multivariate Cox proportional hazard analysis, all-cause mortality was
associated with the highest tertile of OPG (HR:1.957, p = 0.018), age (HR:1.031, p = 0.036), smoking history (HR:2.122,
p = 0.005), the CCI (HR:1.254, p = 0.004), troponin-I (HR:3.894, p = 0.042), IL-18 (HR:1.061, p < 0.001) and albumin
levels (HR:0.886, p < 0.001). In the bootstrapping Cox regression analysis, the best cut-off value of OPG associated
with mortality was 17.69 pmol/L (95%CI: 5.1–18.02).

Conclusions: OPG, but not fetuin-A levels, are independently associated with overall mortality, as well as clinical
and subclinical atherosclerosis and cardiac function, in prevalent hemodialysis patients.
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Background
Overall mortality remains exceedingly high in hemodialysis
patients, mainly due to cardiovascular (CV) disease [1].
The higher prevalence of classical CV risk factors do not
fully explain the excess CV risk in this population, and the
Framingham risk score poorly predicts CV events in end-
stage renal disease (ESRD) [2]. In recent years, the possible
contributory role of new and uraemia-related CV risk
factors has been thoroughly investigated in this population.
ESRD results in the accumulation of uremic toxins,
volume overload, electrolyte abnormalities, metabolic
acidosis, inflammation, anaemia, bone-mineral disorders
(BMD), oxidative and carbamyl stress, and neurohumoral
or metabolic abnormalities that can contribute to the
excess mortality in these patients [3]. The role of chronic
kidney disease (CKD)-associated BMD and vascular calcifi-
cation in this increased mortality risk in ESRD is also a
matter of intensive research. Vascular calcification is a
common finding in ESRD, appears earlier and progresses
faster than in the general population, and it is associated
with a higher mortality risk [4]. Several CKD-BMD
biomarkers, such as fetuin-A, osteoprotegerin (OPG),
osteopontin, fibroblast growth factor-23 (FGF-23), recep-
tor activator of nuclear factor-κB ligand (RANKL), klotho
or bone morphogenetic protein 7 (BMP-7) have been asso-
ciated with vascular calcification [5, 6].
OPG is a soluble cytokine of the tumour necrosis factor

(TNF) receptor superfamily expressed in osteoblasts, but
also in endothelial cells (EC), vascular smooth muscle cells
(VSMC), or in the heart; and it is modulated by inflamma-
tory cytokines. It acts as a decoy receptor for RANKL,
thus inhibiting osteoclast differentiation and activity;
and also binds TNF-related apoptosis-inducing ligand
(TRAIL), preventing TRAIL-induced apoptosis [7].
Although OPG protects against vascular calcification,
patients with ESRD show increased serum OPG levels
and in different studies, it has been directly associated
with vascular calcification [8], arterial stiffness [9, 10]
and increased mortality risk in this population [11].
Fetuin-A is a circulating glycoprotein secreted by the

hepatocytes, which acts as a potent systemic inhibitor of
calcification and a negative acute phase reactant. It pre-
vents calcium and phosphate precipitation in serum, and
protects from arterial media calcification by inhibiting
VSMC apoptosis and preventing basic calcium particle
nucleation in the extracellular matrix. In hemodialysis
patients, its plasma levels are lower than in healthy con-
trols [12]. Low fetuin-A levels have been associated with
severe and extensive vascular calcification, arterial stiff-
ness [9], as well as with increased all-cause and cardio-
vascular mortality in this population in some studies
[11, 12], but not all [13].
In this study we have evaluated the possible relation-

ship of serum OPG and fetuin-A levels with overall

mortality risk and cardiovascular morbidity and mor-
tality in a prevalent population of hemodialysis pa-
tients, as well as their association with atherosclerosis
and/or vascular calcification, as well as with cardiac
structure and function.

Methods
Design
This was a multicenter, observational, prospective study
that included 220 patients with ESRD on maintenance
hemodialysis for at least 6 months from a University
Hospital and 4 satellite dialysis units. Patients had to be
clinically stable and without evidence of clinical heart
failure at the time of enrolment. No other specific
exclusion criteria were applied. The study was con-
ducted in accordance with the Declaration of Helsinki
and approved by the local Ethics Committee. Patients
agreed to participate in the study and signed an informed
written consent.
All patients were receiving conventional hemodialysis,

3.5 to 4.5 h, three times weekly, with dialyzers of cellu-
lose diacetate or polysulphone membranes, and a bicar-
bonate dialysate. Low molecular weight heparin was
used as standard anticoagulation. Dialysis prescription
was guided to achieve a target Kt/V ≥ 1.3.
In a subgroup of 101 (45.9%) unselected patients, we

performed a carotid Doppler ultrasound study, while in
156 (70.9%) unselected patients an echocardiographic
study was performed.
Demographic, anthropometric, clinical and biochem-

ical data were collected at baseline, including: age, sex,
time on hemodialysis, previous kidney transplants and
aetiology of renal disease; history of cardiovascular risk
factors (hypertension, diabetes, hypercholesterolemia
and smoking); patients’ comorbidities, characteristics of
the hemodialysis sessions, and concomitant treatments
(antihypertensive, lipid-lowering, antiplatelet/anticoagulant
agents, vitamin D analogues, erythropoiesis-stimulating
agents and doses of calcium salts, such as acetate or
carbonate, as daily dose of calcium in g/day; and
intravenous iron).
Attending physicians periodically evaluated the par-

ticipating patients in their dialysis units for up to
6 years. Death and cause, kidney transplantation or
transfers to another dialysis unit were recorded. Clinical
events were also registered, including cardiovascular
events of cardiac origin (defined as coronary heart disease
events, congestive heart failure or cardiac arrhythmias),
cerebrovascular events (stroke or transient ischemic
attack) and peripheral ischemic events (peripheral artery
disease events, mesenteric ischemia, etc.). Patients were
followed until death, loss to follow-up or kidney trans-
plantation. All clinical events recorded were evaluated and
reviewed by SC, EC and AC before being assigned.
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Methods
Blood pressure was measured before each hemodialysis
session during one week and the mean of all three
sessions was considered. Blood samples were obtained
before the second dialysis session of the week after
20–30 min of rest in the supine position. Routine bio-
chemical and haematological parameters were measured
at baseline in the laboratory facilities of our institution
using pertinent autoanalyzers: Blood urea nitrogen
(BUN), creatinine, calcium, phosphate, total cholesterol,
HDL-cholesterol, triglycerides, lipoprotein (a) haemoglobin,
fibrinogen, ferritin, or C reactive protein (CRP). LDL
cholesterol was calculated by the Friedwald’s formula.
Homocysteine was determined by immunoassay in an
Advia-Centaur autoanalyzer (Siemens Spain, Barcelona),
using reagents from the manufacturer. Troponin-I, brain
natriuretic peptide (BNP) and iPTH were measured by
electrochemiluminescence assay in an Advia Centaur
analyzer (Siemens, Tarrytown, USA) using Siemens
reagents. Additional special tests included: OPG, mea-
sured through an ELISA kit (Biomedica Medizinprodukte
GmbH, Vienna, Austria), fetuin-A, by an ELISA kit
supplied by Epitope Diagnostics (Epitope Diagnostics, San
Diego, California, USA), asymmetric dimethylarginine
(ADMA) by HPLC, advanced oxidation protein products
(AOPP), by a photometric Chloramine T method, malon-
dialdehyde (MDA) by HPLC measurement of thiobarbitu-
ric acid reaction products, interleukin 6 (IL-6) and IL-10
by enzyme immunoassay from Diasource (Louvain-la-
Neuve, Belgium), IL-18 by MBL (Nagoya, Japan) and adi-
ponectin by radioimmunoassay (Millipore Corp. Billerica,
MA, USA).
Carotid Doppler ultrasound was performed with a

colour Doppler ultrasound equipment and software to
measure IMT and evaluation of plaques. Carotid IMT
was measured at 1 cm prebifurcation, explored in a
longitudinal section on the far wall, obtaining 4 measure-
ments at regular intervals. A value of an IMT ≤ 0.9 mm
was considered as normal, according to the criteria of the
European Guidelines for the management of Hypertension
of the ESC-ESH of 2013 [14]. The presence of plaque was
defined as a focal structure that invaded the arterial lumen
of at least 0.5 mm or >50% of the surrounding IMT or
demonstrated a thickening >1.5 mm measured from the
media-adventitia interface to the intima-lumen interface
[15]. Carotid atherosclerotic disease (CAD) was classified
in 4 degrees of severity (Grade 1: IMT <0.9 mm, grade 2:
IMT > 0.9 mm, grade 3: presence of carotid plaques with
stenosis <50% and grade 4: presence of carotid plaques
with stenosis >50%). Grades 3 and 4 were considered
severe degrees.
The echocardiographic studies were performed with a

commercially available system (VIVID 7, General Electrics;
Milwaukee, WI and Sonos 5500 Philips, Andover, MA,

USA). Measurements included left ventricular ejection
fraction (LVEF) and left ventricular wall mass indexed
(LVMI) to body surface area; LV was calculated from
M-mode recording, according to the recommendations of
the American Society of Echocardiography [16].

Statistical analysis
Results are expressed as mean ± standard deviation,
median and interquartile range, or as hazard ratio (HR)
with its corresponding 95% confidence interval (95%CI),
as appropriate. The Kolmogorov-Smirnov test was
applied to continuous variables to check for distribution
normality. The Student’s t-test for independent samples
and the Mann-Whitney U test were used for compara-
tive statistics, where appropriate. The chi square test
was used for qualitative variables. The Spearman rank
correlation coefficient, was used when at least one
variable was not assumed to be normally distributed.
Survival analysis was carried out by using the Kaplan-
Meier test and the multivariate Cox regression analysis.
Intervals and formal test for the proportional hazards
assumption of the OPG risk prediction model was
performed by bootstrapping (95%CI). Significance was
set at p < 0.05. Data were analysed by using the SPSS
software (Statistical Package for Social Sciences, version
22.0, SPSS Inc).

Results
Demographics and baseline assessment
We included 220 patients followed-up between 2004
and 2010; 70 % were male, with a mean age of
61.1 ± 6.1 years, and median time on hemodialysis of
31 months [interquartile range: 9–77.7]. The mean
Charlson comorbidity index was 5.76 ± 2.46 points, and
23.2% of the patients had a previous kidney transplant.
Their demographic parameters and the prevalence of
classical CV risk factors are summarized in Table 1. The
most common causes of ESRD were vascular and glom-
erular (20% and 17.3% respectively), followed by diabetic
nephropathy (16.8%) and unknown aetiology (16.4%).
The prevalence of CV disease at baseline was 54.5%:
47.7% of patients had a history of cardiac disease and
24.1% had a history of vascular disease (cerebrovascular
disease or peripheral artery disease).
The median serum level of OPG was 8.78 pmol/L

[interquartile range: 6.07–12.95] and of fetuin-A
36.88 ng/ml [interquartile range: 26.51–51.46]. The asso-
ciations of OPG and fetuin with qualitative variables
(Man-Whitney U test) and with quantitative variables
(Spearman’s rank correlation coefficient) are described
in Table 2A and B, respectively. OPG levels were associ-
ated with age, prevalent arrhythmia, the Charlson comor-
bidity index, levels of troponin-I, BNP or adiponectin,
beta-blocker treatment, phosphate, Ca x P product, or
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creatinine levels. No association was observed between
OPG levels and fetuin-A or concomitant treatments for
BMD (vitamin-D analogues or dose of calcium salts).
Fetuin-A levels were associated with age, diabetes
mellitus, and a previous kidney transplant, the Charlson
comorbidity index, levels of IL-6, homocysteine, ADMA,
or malondialdehyde and the daily dose of calcium salts.
No correlation was found with calcium, phosphorus,
iPTH or other concomitant treatments, such as vitamin D
analogues (Table 2).
The presence of carotid atherosclerotic disease, de-

fined by a pathological IMT and/or presence of carotid
plaques with stenosis, or calcified atherosclerotic plaques
was associated with higher OPG levels, but not with
fetuin-A levels (Table 2). With respect to cardiac param-
eters, fetuin-A was negatively associated with LVMI,
while OPG levels were negatively associated with LVEF.

Prospective study
During a mean follow-up of 3.2 ± 1.91 years, 74 deaths
(33.6%) were recorded. The causes were of cardiovascular
origin in 35 cases and non-CV in 39 cases. New cardiovas-
cular events were diagnosed in 86 cases (65.1% cardiac
and 34.9% vascular). Kidney transplants occurred in 68
(30.9%) patients and 13 (5.9%) patients were lost to
follow-up. Among the cardiovascular causes of death, the
most frequent were sudden death (37.1%), myocardial
infarction (22.9%), and stroke (11.4%) (Additional file 1:

Table S1). Among the non-cardiovascular causes of
mortality, the most frequent were infectious diseases
(46.2%), followed by cancer (15.4%) and bleeding (12.8%).
In the Kaplan-Meier survival analysis, the highest OPG

tertile (>11.44 pmol/L) was associated with a higher all--
cause mortality (p = 0.005) compared to the first
(<7.03 pmol/L) or second tertiles (7.03–11.44 pmol/L), as
well as when comparing the third tertile vs the two other
tertiles. Higher, although non-significant, incidence of
cardiovascular events and cardiovascular mortality were
also observed among patients in the third OPG tertile
(Fig. 1). Fetuin-A levels distributed in tertiles, were not
associated with any of these events.

Cox regression analysis
In the univariate Cox regression analysis all-cause
mortality, showed a positive relationship with age, left
ventricular hypertrophy (LVH), prevalent cardiovascular
disease, new CV events, the Charlson comorbidity index,
smoking, and the highest tertile of serum OPG,
troponin-I, BNP and CRP. A negative correlation was
observed with a history of a previous kidney transplant,
LVEF, diastolic blood pressure (BP), mean BP, serum
albumin and creatinine. No correlation was found with
calcium, phosphate, iPTH, fetuin-A levels neither its
tertiles, nor with concomitant medications, such as daily
dose of calcium salts or vitamin D analogues (Table 3).

Multivariate analysis
In the multivariate Cox proportional hazards ratio ana-
lysis all-cause mortality, was significantly associated with
the highest tertile of OPG, age, smoking history, the
Charlson comorbidity index, troponin-I, IL-18 and albu-
min levels (Table 3).
In the multivariate linear regression analysis serum

OPG levels were independently associated with age,
BNP levels, adiponectin levels and statin treatment
(Table 4), while fetuin-A was only associated with
malondialdehyde levels.
Regression models with OPG and Fetuin-A levels con-

sidered as continuous variables confirmed the robustness
of the association.
The best OPG cut-off value with bootstrap validation

in the Cox Proportional Hazards Ratio Model to predict
overall mortality in our hemodialysis population was
17.69 pmol/L (95% CI: 5.1–18.02).

Discussion
Serum OPG levels in the highest tertile were independ-
ently associated with overall mortality in prevalent
hemodialysis patients. In contrast, serum levels of
fetuin-A were not, thus suggesting that OPG may be a
better prognostic biomarker in this population. Our
results provide additional evidence on previous studies

Table 1 Descriptive analysis of the hemodialysis population

Patients (n) 220

Age (years) 61.1 ± 6.1

Sex (male/female) 154 (70%) / 66 (30%)

Charlson Comorbidity Index 5.76 ± 2.46

Body mass index (BMI) (Kg/m2) 24.33 ± 4.39

Time on HD (months) (median) 31 [9, 77.7]

Previous kidney transplant 51 (23.2%)

Smoking (yes/no/former) 35/130/55 (15.9%/59.1%/25%)

Diabetes mellitus (yes/no) 56 (25.5%)/164 (74.5%)

Hypertension (yes/no) 194 (88.2%)/26(11.8%)

Dyslipidaemia (yes/no) 84 (38.2%)/136 (61.8%)

IMT, mean (mm) 0.789 ± 0.282

IMT > 0.9 mm 35 (15.9%)

Presence of Plaques 85 (84.2%)

Calcified Plaques 69 (68.4%)

Presence of Stenosis 40 (72.3%)

LVH (%) 54 (24.5%)

LVMI (g/m2) 96.27 ± 26.07

LV ejection fraction (%) 58.34 ± 10.73

Data are shown as mean ± SD or cases (percentage) unless
otherwise specified
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Table 2 Associations of osteoprotegerin and fetuin-A in the univariate analysis

A) Mann-Whitney U-test

Osteoprotegerin Fetuin-A

Variable Median (interquartile range) P-Value Median (interquartile range) P-Value

Previous Transplant

Yes 9.77 (5.14–14.27) 0.944 44.1 (30.18–58.51) 0.022

No 8.58 (6.21–12.69) 35.24 (25.55–49.83)

Diabetes Mellitus

Yes 9.29 (7.06–11.76) 0.575 31.12 (20.8–43.94) 0.008

No 8.63 (5.72–13.01) 37.46 (28.04–54.02)

Left Ventricular Hypertrophy

Yes 10.02 (7.6–12.88) 0.068 34.92 (26.13–51.19) 0.639

No 8.23 (5.65–12.99) 37.02 (26.93–51.97)

Arrhythmia

Yes 12.1 (6.89–15.1) 0.009 35.17 (26.79–55.41) 0.916

No 8.26 (5.91–11.85) 37.02 (26.50–50.89)

Statin treatment

Yes 7.93 (6.1–10.62) 0.086 35.17 (24.21–54.02) 0.631

No 9.67 (6.05–13.43) 37.02 (26.87–50.75)

ACEI/ ARB treatment

Yes 7.84 (5.03–11.30) 0.059 39.99 (33.68–57.52) 0.078

No 9.08 (6.38–13.04) 35.17 (26.11–50.89)

Beta-blockers treatment

Yes 7.27 (4.99–11.49) 0.038 37.03 (27.35–54.98) 0.920

No 9.08 (6.39–13.04) 36.58 (26.50–50.92)

Carotid Plaques

Yes 8.5 (6.1–12.69) 0.002 31.24 (23.48–44.91) 0.728

No 5.98 (3.41–7.77) 35.34 (22.37–51.71)

Calcified Plaques

Yes 8.22 (6.23–12.66) 0.038 30.14 (23.49–44.34) 0.378

No 6.94 (4.97–10.64) 37.04 (21.54–51.46)

Severe Degrees of CAD

Yes 8.5 (6.1–12.69) 0.002 31.24 (23.48–44.91) 0.728

No 5.98 (3.41–7.77) 35.34 (22.37–51.71)

B) Spearman rank correlation test

Osteoprotegerin Fetuin-A

Variable Rho Spearman P-Value Rho Spearman P-Value

Age (years) 0.383 < 0.001 −0.161 0.018

LV mass (gr) 0.126 0.117 −0.19 0.020

LV ejection Fraction (%) −0.206 0.01 −0.056 0.491

Charlson Comorbility Index 0.38 < 0.001 −0.14 0.040

Calcium (mg/dl) 0.115 0.088 −0.015 0.828

Phosphate (mg/dl) −0.245 < 0.001 0.011 0.870

iPTH (pg/ml) −0.118 0.083 −0.083 0.228

Ca-P product −0.2 0.003 0.012 0.861

Dose of calcium salts (gr/day) −0.016 0.816 0.207 0.003
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[17–19] and a recent metaanalysis [20] that reported an
increased mortality risk associated with higher OPG
levels. Furthermore, results from previous studies indicate
that OPG levels could be predictive of fatal [18, 19] and
non-fatal cardiovascular events in hemodialysis patients
[21, 22]. Although elevated OPG levels have been associ-
ated with vascular calcification [8], and its progression
[23], as well as with arterial stiffness [18, 19, 21] in ESRD
patients, its predictive value on mortality is independent
of the presence of arterial stiffness [10] or vascular calcifi-
cation [24], thus suggesting that it may be involved in
other pathways/mechanisms associated with increased
mortality in this population, as discussed below.
OPG is expressed in vivo by EC and VSMC where it

modulates apoptosis and inflammation. It is likely that
OPG could play a role in the development of athero-
sclerosis by inhibiting TRAIL-induced apoptosis of
vascular cells. In addition, circulating OPG may directly
interact with heparan sulphates in the endothelium,
favouring leukocyte adhesion [25]. In fact, the OPG/
RANKL/RANK axis has been implied in several inflam-
matory responses and has also been associated with
atherogenesis and endothelial dysfunction in non-CKD
populations [25, 26]. In addition; OPG has been related
to changes in vessel matrix composition, development of
diabetic macrovascular disease, advanced atherosclerosis
or plaque destabilization [27, 28]. However, it is not clear
whether OPG is causally related to atherosclerosis or is
a marker of the atherosclerotic burden, with high OPG
levels being a compensatory response to subclinical car-
diovascular disease, its progression; or of the transition
of VSMC to an osteoblastic phenotype [11].
In this sense, we found that OPG levels were directly

associated with carotid intima-media thickness, severe

degrees of carotid atherosclerosis and calcified carotid
plaques, as has been reported in the general population,
and in agreement with a previous study [19], but not an-
other [9]. However, despite that higher OPG levels have
also been associated with an increased cardiovascular risk
in the general population [29], therapeutic drugs targeting
the RANK-RANKL-OPG axis have not been associated
with an effect on cardiovascular events in randomized
controlled trials in the general population.
We found intriguing the relationship of OPG with

troponin-I (a marker of cardiac damage), BNP (a marker of
biomechanical stress) and its inverse relationship with LVEF.
Furthermore, BNP remained as an independent predictor of
OPG levels in the multivariate analysis, in agreement with a
previous study [19]. OPG mRNA is widely distributed in
several organs, including the heart [30]. There is evidence of
its intra-cardiac production and release into the coronary
circulation, and it has been hypothesized that it may be in-
volved in the development of LVH [31, 32]. Circulating
OPG levels also reflect the severity of cardiovascular disor-
ders, such as coronary artery disease, cardiac hypertrophy,
and heart failure in the general population [33].
Two recent studies have shown an association of OPG

with global longitudinal strain, a marker of subclinical
LV dysfunction in diabetic hypertensive patients [34]
and diabetic patients with heart failure [35]. Global
longitudinal strain is a well validated and reproducible
technique for the measurement of ventricular longitu-
dinal deformation with predictive value regarding all-
cause mortality, as well as a composite of cardiac death,
malignant arrhythmia, hospitalization due to heart
failure, urgent valve surgery or heart transplantation,
and acute coronary ischemia [36]. Thus, we show for the
first time an association between OPG levels and cardiac

Table 2 Associations of osteoprotegerin and fetuin-A in the univariate analysis (Continued)

Creatinine (mg/dl) −0.224 0.001 0.096 0.161

BUN (mg/dl) −0.156 0.039 0.017 0.824

Troponin I (ng/ml) 0.207 0.003 −0.071 0.312

BNP (pg/ml) 0.305 < 0.001 −0.091 0.182

Systolic Blood Pressure (mmHg) −0.008 0.907 −0.017 0.805

Diastolic Blood Pressure (mmHg) −0.081 0.243 −0.028 0.690

Mean Blood Pressure (mmHg) −0.049 0.479 −0.025 0.727

Adiponectin (μg/ml) 0.237 < 0.001 −0.04 0.558

IL-6 (pg/ml) 0.075 0.291 −0.16 0.027

CRP (mg/dl) 0.062 0.362 −0.013 0.846

Malondialdehyde (mMol/L) 0.086 0.205 0.179 0.009

Homocysteine (μmol/L) −0.021 0.757 −0.137 0.047

ADMA (μmol/L) −0.034 0.625 0.143 0.040

Carotid Intima-media thickness (mm) 0.234 0.034 −0.071 0.529

Significant results (p<0.05) are in bold
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dysfunction in ESRD. It is tempting to speculate that the
relationship between OPG and mortality in hemodialysis
patients may be related, at least in part, to its putative
association with the uremic cardiomyopathy, as has been
proposed for the diabetic cardiomyopathy [34, 35].
OPG was not associated with diabetes or hypertension

in our study. Although it has also been associated with
markers of inflammation-malnutrition, we failed to find
a relationship of OPG with CRP or with albumin, but
the negative correlation observed with serum creatinine,
BUN or phosphate levels might be attributed to its pos-
sible association with malnutrition. Actually, the rela-
tionship of this biomarker with CRP and/or albumin is

not uniform in the literature [9]. OPG levels were not
associated with CKD-BMD biomarkers in the multivari-
ate analysis, in agreement with previous studies [22].
Fetuin-A is a known systemic inhibitor of vascular calci-

fication. Low serum fetuin-A levels have been associated
with all-cause and cardiovascular mortality in ESRD pa-
tients [11, 12, 37, 38], as well as with vascular calcification
and arterial stiffness; although these associations have not
been confirmed by others, both before, and after adjust-
ment for several cardiovascular risk factors, or vascular
calcification [24]. In our study, we failed to find an associ-
ation between fetuin-A levels and all-cause, cardiovascular
mortality or new cardiovascular events, or with carotid

Fig. 1 Event-free survival in patients according to osteoprotegerin (OPG) levels. a Total mortality, cardiovascular mortality and cardiovascular
events comparing the three OPG serum level tertiles. b Total mortality, cardiovascular mortality and cardiovascular events comparing patients in
the highest tertile of OPG levels with patients in the two other tertiles
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atherosclerosis, in agreement with previous studies [9].
Fetuin-A is a negative acute phase reactant, whose levels
may be influenced by the presence of inflammation, as well
as, insulin resistance, glucose intolerance, fatty liver
disease, metabolic syndrome and an atherogenic lipid pro-
file. In our study, we observed its association with diabetes
mellitus, daily dose of calcium salts, left ventricular mass
(but not with markers of cardiac dysfunction), and some
biomarkers of inflammation or oxidative stress, such as
IL-6, MDA or ADMA.
Apart from OPG levels, in our multivariate analysis

overall mortality was also associated with age, the degree
of comorbidity, and smoking, as expected; as well as with
the levels of troponin-I (as a marker of cardiac damage)
and IL-18 and albumin (as markers of inflammation-
malnutrition) showing the complex pathogenesis of the
disease in this population.

Table 3 Univariate and Multivariate Cox proportional hazard analysis of overall mortality

Univariate analysis Multivariate analysis

Variable HR (CI 95%) P-Value HR (CI 95%) P-Value

Age (years) 1.052 (1.032–1.072) <0.001 1.031 (1.002–1.06) 0.036

Charlson Comorbidity Index 1.305 (1.194–1.427) <0.001 1.254 (1.075–1.462) 0.004

Previous cardiovascular disease (yes/no) 2.185 (1.30–3.65) 0.003 -

Incident cardiovascular disease (yes/no) 2.654 (1.646–4.279) <0.001 -

Left Ventricular Hypertrophy (yes/no) 1.764 (1.093–2.845) 0.002 -

Previous Kidney Transplant (yes/no) 0.374 (0.186–0.751) 0.006 -

Interdialytic weight gain (kg) 0.764 (0.579–1.007) 0.056 -

Dyslipidaemia (yes/no) 1.255 (0.793–1.985) 0.332 -

Diabetes Mellitus (yes/no) 1.401 (0.861–2.28) 0.174 -

Hypertension (yes/no) 1.32 (0.606–2.878) 0.485 -

Smoking (yes/no) 2.185 (1.376–3.47) 0.001 2.122 (1.251–3.599) 0.005

Systolic Blood Pressure (mmHg) 0.993 (0.983–1.004) 0.191 -

Diastolic Blood Pressure (mmHg) 0.975 (0.957–0.994) 0.010 -

Mean Blood Pressure (mmHg) 0.983 (0.968–0.999) 0.032 -

Statin treatment (yes/no) 1.516 (0.929–2.473) 0.096 -

Osteoprotegerin (highesttertile) 1.9 (1.203–2.999) 0.006 1.957 (1.123–3.411) 0.018

Calcium (mg/dl) 1.136 (0.9–1.434) 0.284 -

Phosphate (mg/dl) 0.868 (0.745–1.013) 0.072 -

iPTH (pg/ml) 0.999 (0.998–1.000) 0.114 -

Fetuin-A (ng/ml) 0.994 (0.984–1.004) 0.230 -

Albumin (g/l) 0.884 (0.844–0.925) <0.001 0.886 (0.837–0.937) < 0.001

C-reactive protein (mg/dl) 1.17 (1.09–1.252) <0.001 -

Adiponectin (μg/ml) 1.003 (0.973–1.033) 0.867 -

IL-18 (pg/ml) 1.0 (1.00–1.001) 0.011 1.061 (1.036–1.087) <0.001

Troponin I (ng/ml) 12.626 (3.795–42.01) <0.001 3.894 (1.048–14.462) 0.042

BNP (pg/ml) 1.0 (1.0–1.001) 0.001 -

LV ejection fraction (%) 0.966 (0.945–0.987) 0.002 -

Significant results (p<0.05) are in bold

Table 4 Osteoprotegerin and Fetuin-A associations in the
multiple linear regression analysis

Variable β (CI 95%) P-Value

Multiple regression analysis OPG

Age (years) 0.113 (0.074–0.152) <0.001

BNP (100 pg/ml) 0.202 (0.103–0.301) <0.001

Adiponectin (μg/ml) 0.126 (0.042–0.210) 0.003

Statin Treatment (yes) −1.977 (−3.386- -0.568) 0.006

Multiple regression analysis Fetuin-A

Age (years) −0.074 (−0.649–256) 0.392

Dose of calcium salts (gr/day) 0.063 (−0.003–0.007) 0.461

Malondialdehyde (mmol/L) 0.322 (0.211–0.699) <0.001

IL-6 (pg/ml) −0.154 (−0.118–0.007) 0.079

Adjusted R2 of model: 0.255
Significant results (p<0.05) are in bold
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The limitations of the present study need to be
addressed, including the relatively limited sample size and
number of events. Thus, a larger patient cohort would be
necessary to confirm our findings and to validate OPG as
a biomarker of mortality in this population. Our analysis
is limited to data obtained at baseline. The lack of
repeated measurements of both OPG and fetuin-A levels
during the follow-up, limited our ability to determine a
causal relationship between OPG and mortality [39].
Furthermore, other markers of bone turnover were not
measured (such as FGF23, sclerostin and Klotho). Another
limitation is that we did not perform a carotid Doppler
ultrasound and an echocardiographic study to the whole
group, but to a subgroup of unselected patients. However,
there are no reasons, to suspect significant bias in inter-
preting the results. Another limitation of the study was
that we included patients with prevalent cardiovascular
disease, which already have a higher cardiovascular risk. It
would be interesting to repeat this study including patients
without cardiovascular disease at baseline. Another poten-
tial limitation is the technical issues with the assay for the
determination of OPG or fetuin-A (e.g. potential fragmen-
tation) which are unexplored at present. In CKD, serum
fetuin-A is mainly present as a fetuin-mineral complex
(composed of fetuin-A, fibrinogen, fibronectin-I and
calcium), and the fraction of total fetuin-A as a complex,
rather than free fetuin-A increases progressively as the
estimated glomerular filtration rate decreases [40].

Conclusion
In conclusion, the present study shows that high levels
of OPG, but not fetuin-A, are associated with increased
mortality in prevalent hemodialysis patients. Higher
levels of OPG are associated with both markers of sub-
clinical atherosclerosis and cardiac function, but not
with CKD-BMD biomarkers. Understanding the possible
relationship between OPG and uremic cardiomyopathy
deserves further studies.
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