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Abstract

Background

Circulating osteoprotegerin (OPG) levels are increased in patients with chronic heart failure

(HF). The diagnostic and prognostic merit of OPG measurement in patients admitted with

acute dyspnoea is unknown.

Objectives

To evaluate the diagnostic and prognostic value of measuring OPG in patients admitted to

hospital with acute dyspnoea.

Methods

OPG was analysed by ELISA in 308 patients admitted due to acute dyspnoea. Investigators

blinded to OPG results adjudicated the diagnosis for the index hospitalization. Clinical out-

comes were obtained from hospital records.

Results

In total, 139 patients (45%) were hospitalized with acute HF. OPG levels on hospital admis-

sion were higher in patients with acute HF vs. no acute HF, 7.8 (5.5–10.4) vs. 5.4 (3.8–7.2)

pmol/L, p<0.001. The area under the receiver operator characteristic curve (ROC AUC) of

OPG to discriminate between HF vs. non-HF was 0.695 [95% CI 0.636–0.754]. OPG did not

provide incremental information to the ED physician’s prediction or N-terminal pro-B-type

natriuretic peptide regarding the diagnosis of acute HF. OPG levels (log transformed) were

associated with mortality in crude analysis (HR (95% CI) 1.87 (1.34 to 2.61), p<0.001), but
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this association was attenuated and no longer significant after including established cardiac

biomarkers into the model.

Conclusion

In patients admitted to hospital with acute dyspnoea, OPG levels are higher in patients with

acute HF than in those with dyspnoea from other causes. However, OPG does not provide

incremental information beyond ED physician assessment for the diagnosis of acute HF or

beyond clinical risk variables and established cardiac biomarkers concerning prognosis.

Introduction
During the past decade, the B-type natriuretic peptides (e.g. BNP and NT-proBNP) have been
recognized as important tools for emergency department physicians to differentiate between
dyspnoea of cardiac origin and dyspnoea from other causes [1]. Although natriuretic peptides
are accurate tools when levels are clearly elevated or low, there is a large grey zone in which the
diagnostic accuracy is relatively modest. Accordingly, the search for additional diagnostic tools
to accurately diagnose HF in patients with acute dyspnoea is still considered a high priority [2].
Inflammation plays an important role in the pathogenesis of heart failure [3], and circulating
markers of inflammation have therefore been proposed as potential biomarkers in heart
failure.

OPG is a cytokine in the tumour necrosis factor receptor superfamily. In bone metabolism
OPG plays an important role as a protector of bone degradation. However, OPG has also been
linked to cardiovascular disease [4] and to the development of heart failure after myocardial
infarction [5]. The OPG/RANKL/RANK system’s ability to stimulate matrix metalloproteinase
(MMP) activity, and thereby influence extracellular matrix degradation, has been proposed as
one mechanism explaining how this system might be linked to heart failure development [6].

In patients with chronic heart failure, OPG levels are associated with mortality in patients
with systolic heart failure of any cause [7], and with the worsening and progression of heart
failure in patients with systolic heart failure of ischemic origin [8]. In a recent systematic review
of biomarkers of heart failure after acute myocardial infarction, OPG was found to be impor-
tant for risk assessment [9]. The diagnostic and prognostic value of measuring OPG in the set-
ting of acute heart failure, however, has been less well studied, and whether OPG is useful as a
diagnostic tool for identifying patients with acute heart failure as the cause of acute dyspnoea is
not known. Accordingly, we hypothesized that OPG provides incremental information to
established risk indices for diagnosis and prognosis in acute HF.

Materials and Methods

Patients—Akershus Cardiac Examination (ACE) 2 Study
The design and methodology of the Akershus Cardiac Examination (ACE) 2 Study have been
described previously [10]. In brief, 314 consecutive patients admitted with acute dyspnoea to
the emergency department at Akershus University Hospital were included. Serum samples
were available from 312 patients for this sub-study, but 4 patients were excluded due to techni-
cal difficulties with the OPG measurements, leaving 308 patients in the final cohort.

Eligibility criteria for the study were age�18 y, dyspnoea considered as the primary cause
for hospitalization by the physician examining the patient in the Emergency Department (ED),
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and the time from hospital admission to study inclusion<24 h. Exclusion criteria were demen-
tia or other cause precluding informed patient consent; disseminated malignant disease; a his-
tory of acute myocardial infarction (AMI), coronary intervention, or major surgery within the
last 2 weeks; or inadequate blood sampling. Patients were included fromMonday through
Thursday, from 8.00 a.m. to 2 p.m., from June 2009 to November 2010. The study was con-
ducted according to the Declaration of Helsinki, approved by the Norwegian Regional Com-
mittees for Medical and Health Research Ethics (REC) South East (#5.2008.2832) and
Akershus University Hospital, and all patients provided written informed consent before study
commencement.

Data collection
Dedicated personnel collected clinical information by interviewing the emergency department
(ED) physician or directly from the patient. This information was also checked against the
patient’s medical records. An estimate of the probability of acute HF as the primary cause of
dyspnoea on a scale from 0% (highly unlikely) to 100% (very likely) was obtained from the ED
physician. Blood pressure, heart rate, and body temperature on hospital admission were col-
lected from the patient records. We defined history of coronary artery disease (CAD) as previ-
ous myocardial infarction, previous coronary intervention (percutaneous or coronary artery
by-pass grafting) or more than 50% stenosis on coronary angiography. Left ventricular ejection
fraction (LVEF) was determined by echocardiography as part of clinical routine, and was not
available for all the patients.

Adjudication of diagnosis and follow-up data
The final diagnoses of the index hospitalizations were determined by two independent senior
physicians, who reviewed all medical records, including follow-up data, but were blinded to
OPG data. Index hospitalization diagnoses were concordant in 95% of the cases. Discrepancy
was resolved by consensus. HF was based on the criteria proposed by the European Society of
Cardiology requiring typical signs and symptoms of HF and objective evidence of structural or
functional myocardial abnormality [11]. In patients with preserved EF (LVEF�50%), the diag-
nosis of HF was based on echocardiographic indices associated with diastolic dysfunction (e.g.
left atrial enlargement, LV hypertrophy, inverted E/A ratio, etc). Chronic obstructive pulmo-
nary disease (COPD) was diagnosed according to established GOLD criteria [12]. Survival sta-
tus on November 1st, 2012 was obtained from electronic hospital records, which are
synchronized with Statistics Norway on a monthly basis.

Biochemical analysis
After admission to hospital, blood samples were obtained within 24 h. A second set of blood
samples were acquired from patients staying in hospital for 24–48 hours, drawn approximately
24 h after the first set of samples. We also obtained blood samples in a subset of patients on the
day of discharge in patients staying longer than 48 h. OPG levels in serum were measured with
a commercially available sandwich ELISA (BI-20403, Biomedica, Vienna, Austria). The assay
measures both free OPG and complexed OPG-RANKL. According to the manufacturer, the
assay detects both the monomeric and the dimeric form of OPG. The limit of detection for the
assay is 0.07 pmol/L, the intra-assay precision is� 3%, and the inter-assay precision is� 5%.
NT-proBNP and high sensitivity troponin T (hs-cTnT) concentrations were measured in sam-
ples obtained at the same time points as OPG by the proBNP II assay and the STAT hs Tropo-
nin T assay, respectively, on a Cobas Platform (Roche Diagnostics, Penzberg, Germany). CRP
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and creatinine in serum were determined on hospital admission by standard biochemical
methods and creatinine clearance was calculated by the Cockcroft-Gault formula [13].

Statistics
Variables are presented as means (standard deviation) for continuous normally distributed var-
iables and as median (25–75 percentile) for non-normal variables. Categorical variables are
presented as proportions. Normally distributed continuous variables were compared using the
Student’s t-test and non-normally distributed variables compared by the Mann-Whitney-U
test. Proportions were compared using the Chi-square-test. Correlations were assessed by
Spearman rank correlation and variables associated with OPG levels were examined by linear
regression analysis. The association between OPG levels and the diagnosis of heart failure was
examined by logistic regression analysis. Diagnostic accuracy was evaluated by assessing the
receiver-operating characteristics (ROC) curve. Results are presented in a figure, as well as
numerically as area under the ROC curve (AUC) with 95% CI. We assessed the prognostic
value of OPG by Cox proportional hazard regression analyses, and variables that were associ-
ated with mortality by univariable analyses were included in the multivariable models. OPG
levels and other non-normally distributed variables were transformed by the natural logarithm
prior to regression analyses. P-values<0.05 were considered statistically significant. Statistical
analyses were performed with the statistical programming language R (R Development Core
Team, 2008).

Results

Patient characteristics
In the entire cohort of 308 patients with acute dyspnoea, 139 patients were classified as hospi-
talized due to acute heart failure. Of these, 83 patients (60%) had a previous history of HF,
while 56 patients (40%) were considered to have de novo acute heart failure. The median level
of OPG in the entire cohort (n = 308) was 6.2 (4.6–9.1) pmol/L.

Characteristics of the patients according to presence (n = 139) or absence (n = 169) of acute
HF are show in Table 1. Patients with acute HF were older, more likely to be male, have
decreased kidney function and have a history of CAD, hypertension and diabetes. OPG levels
were 7.8 (5.5–10.4) pmol/L and 5.4 (3.8–7.2) pmol/L in patients with and without acute HF,
respectively (p<0.001).

OPG at baseline correlated with age (ρ = 0.47; p< 0.001), creatinine clearance (ρ = 0.47;
p< 0.001) and with the biomarkers NT-proBNP (ρ = 0.55; p< 0.001), hs-cTnT (ρ = 0.48;
p< 0.001), and CRP (ρ = 0.30; p< 0.001). The factors associated with higher OPG levels by
multivariable analysis were age, NT-proBNP and CRP, whereas a history of COPD was associ-
ated with lower OPG levels (Table 2).

Serial OPG levels during the index hospitalization
In 228 patients, OPG measures were available on day 2 of the hospital stay. For patients staying
longer than 2 days, discharge OPG levels were available in 95 patients. Median (Q1-3) OPG
levels decreased slightly from baseline to day 2 [ΔOPG -0.2 (-0.9–0.5) pmol/L, p = 0.043], but
baseline and discharge levels were not significantly different [ΔOPG -0.2 (-1.3–0.9) pmol/L,
p = 0.188] in the cohort as a whole. OPG levels obtained at baseline and day 2 stratified accord-
ing to diagnosis of acute HF are shown in Fig 1. In patients with acute HF, OPG levels were
higher at baseline (n = 139), at day 2 (n = 103) and at discharge (n = 45) than in patients with
non-HF related dyspnoea [7.8 (5.5–10.4) vs. 5.4 (3.8–7.2) pmol/L, p<0.001; 7.4 (5.3–8.6) vs.
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5.6 (4.3–7.7) pmol/L, p<0.001; 8.7 (6.3–11.3) vs. 3.8 (5.2–6.9) pmol/L, p<0.001]. Throughout
the hospital stay, OPG levels were unchanged in patients with acute HF in whom OPGmea-
surement was available at discharge (n = 45). In the patients with non-HF related acute dys-
pnoea, OPG levels decreased transiently from baseline to day 2 (ΔOPG -0.2 (-0.9–0.4) pmol/L;
p = 0.029), while the change from baseline to discharge was not significant (p = 0.133). In com-
parison, there was a significant decrease in levels of NT-proBNP from baseline to discharge in
the entire cohort (n = 93; ΔNT-proBNP -281 (-1688-1275) pg/mL; p<0.001).

Table 1. Baseline characteristic according to HF diagnoses.

No acute HF Acute HF P

N 169 139

OPG baseline (pmol/L) 5.4 [3.8, 7.2] 7.8 [5.5, 10.4] <0.001

OPG at day 2 (pmol/L) 5.6 [4.3, 7.7] 7.4 [5.3, 10.6] <0.001

OPG at discharge (pmol/L) 5.2 [3.82 6.9] 8.7 [6.3, 11.3] <0.001

Demographics
Age (years) 66 (15) 75 (11) <0.001

Female/male 97/72 (57/43) 53/86 (38/62) 0.001

Body mass index (kg/m2) 26.50 (8.0) 26.55 (5.9) 0.954

Current smoker 55 (32.5) 30 (21.6) 0.044

Creatinine Clearance (mL/min) 79 [63, 103] 59 [41, 82] <0.001

NYHA 4 69 (41) 62 (45) 0.581

LVEF (%) 60 [50, 60] 40 [30, 55] <0.001

HF type

HF, systolic dysfunction (%) - 87 (63)

HF, preserved ejection fraction (%) - 52 (37)

Physician assessment of HF (%) 20 [10, 30] 60 [30, 80] <0.001

History of

Heart failure (%) 14 (8) 83 (60) <0.001

Hypertension (%) 49 (29) 67 (48) 0.001

Coronary artery disease (%) 32 (19) 74 (53) <0.001

Atrial fibrillation (%) 27 (16) 66 (48) <0.001

Diabetes mellitus (%) 24 (14) 41 (30) 0.002

COPD (%) 93 (55) 59 (42) 0.037

Asthma (%) 22 (13) 6 (4) 0.009

Medication

Beta blocker (%) 50 (30) 85 (61) <0.001

ACEI or ARB (%) 51 (30) 83 (60) <0.001

Loop diuretics (%) 46 (27) 93 (67) <0.001

Statin (%) 48 (28) 76 (55) <0.001

Aldosterone antagonist (%) 7 (4) 21 (15) 0.001

Biomarkers

CRP (mg/L) 22 [5, 60] 13 [5, 32] 0.03

hs-cTnT (ng/L) 12.8 [4.2, 25.1] 37.8 [22.1, 74.1] <0.001

NT-proBNP (ng/L) 347.7 [119.1, 1027.6] 3576.0 [1643.5, 8262.9] <0.001

HF heart failure; OPG osteoprotegerin; IQR interquartile range; NYHA New York Heart Association; LVEF left ventricular ejection fraction; COPD chronic

obstructive pulmonary disease; ACEI angiotensin converting enzyme inhibitor; ARB angiotensin receptor blocker; CRP c-reactive protein; hs-cTnT high

sensitive cardiac troponin T; NT-proBNP N-terminal pro b-type natriuretic peptide; Data are presented as median [25–75 percentile], mean (standard

deviation) or number (%).

doi:10.1371/journal.pone.0160182.t001
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Baseline OPG levels and acute HF diagnosis
As mentioned above, unadjusted OPG levels at baseline were significantly higher in patients
classified as acute HF than those with another diagnosis. By multivariable analysis OPG levels
remained associated with the diagnosis of acute HF after adjustment for clinical variables
(Table 3). However, after including the biomarkers NT-proBNP and hs-cTnT in the model,
OPG levels were no longer significantly associated with the acute HF diagnosis.

The overall accuracy of OPG, expressed as ROC-AUC, to discriminate between patients
with acute HF vs. dyspnoea due to other causes (AUC: 0.695 [95% CI 0.636–0.754]) was lower
than the AUC of NT-proBNP (AUC: 0.855 [95% CI 0.814–0.896]). As shown in Fig 2, NT-
proBNP had a similar ability to predict acute HF as the ED physician (AUC: 0.860 [95% CI
0.819–0.900]), while OPG had similar ability to predict acute HF as knowing the patients age
(AUC: 0.691 [95% CI 0.633–0.75]). Adding information about OPG levels to the ED physician
prediction and NT-proBNP (AUC: 0.887 [95% CI 0.851–0.924]) did not significantly improve
the prediction of acute HF (AUC: 0.888 [95% CI 0.852–0.924]; p = 0.21).

To assess the effect of coronary artery disease (CAD) on OPG concentrations, we also strati-
fied patients with acute HF according to the presence (n = 74) or absence (n = 65) of a history
of CAD. No significant difference was observed between patients with and without a history of
CAD (8.5 (5.5–11.8) vs. 7.6 (5.5–9.5) pmol/L, p = 0.45).

OPG and mortality
During a median (Q1-3) follow-up of 817 (492–996) days, 112 patients (36%) died. The associ-
ation between OPG tertiles and mortality is shown in Fig 3A (p = 0.0043 for log-rank test).

Table 2. Variables associated with OPG levels on study inclusion.

Univariable analysis Multivariable analysisa Multivariable analysisb

Coefficient (β) SE (β) P Coefficient (β) SE (β) P Coefficient (β) SE (β) P

Demografics:

Age 0.017 0.002 <0.001 - - - 0.006 0.002 0.004

Gender 0.102 0.06 0.103 0.120 0.06 0.032 0.034 0.05 0.545

BMI -0.007 0.004 0.104 -0.0003 0.004 0.937

Ln Creatinine -0.513 0.08 <0.001 -0.363 0.07 <0.001 0.121 0.08 0.138

History of:
Diabetes mellitus 0.197 0.08 0.010 0.182 0.07 0.008 0.049 0.06 0.442

Hypertension 0.161 0.06 0.012 0.075 0.06 0.203

Coronary artery disease 0.163 0.07 0.013 0.074 0.06 0.219

Heart failure 0.282 0.07 <0.001 0.157 0.06 0.012 -0.073 0.06 0.259

COPD -0.110 0.06 0.077 -0.177 0.06 0.002 -0.151 0.05 0.005

Atrial fibrillation 0.304 0.07 <0.001 0.159 0.06 0.013 0.003 0.06 0.961

Biomarkers:
Ln CRP 0.094 0.02 <0.001 0.072 0.02 <0.001 0.065 0.01 <0.001

Ln NT-proBNP 0.164 0.01 <0.001 0.134 0.02 <0.001 0.100 0.02 <0.001

Ln hs-cTnT 0.219 0.02 <0.001 0.154 0.03 <0.001 0.052 0.03 0.092

OPG osteoprotegerin; BMI body mass index; COPD chronic obstructive pulmonary disease; prefix ln for variables transformed by natural logarithm; CRP c-

reactive protein; hs-cTnT high sensitive cardiac troponin T; NT-proBNP N-terminal pro b-type natriuretic peptide;
aAdjusted for age
bAdjusted R2 = 0.41;

Model includes all variables significantly associated with OPG when adjusting for age.

doi:10.1371/journal.pone.0160182.t002
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Log-transformed OPG levels were associated with mortality in unadjusted Cox regression anal-
ysis (HR: 1.87 (1.34–2.61); p<0.001) (Table 4). In a multivariable Cox regression analysis that
included age, BMI, blood pressure on admission, history of COPD, and the biomarkers NT-
proBNP, CRP, and hs-cTnT, adding OPG provided no incremental prognostic information
(Table 4).

OPG correlated relatively strongly with age in this cohort (ρ = 0.47; p< 0.001), and the asso-
ciation between OPG and mortality was attenuated after adjusting for age in a multivariable
model. However, in the clinical multivariable model, (i.e. without other cardiac biomarkers) the

Fig 1. Median OPG level at baseline and day 2 for patients with and without heart failure. The bars represent the interquartile
range (25–75 percentile). The whiskers represent the minimum and maximum values that are not outliers. The dots represent outliers,
which are values between 1.5 and 3 times the interquartile range.

doi:10.1371/journal.pone.0160182.g001
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association between OPG and mortality was significant. To assess a potential impact of age on
the prognostic value of OPG, we dichotomized age at the median (72.5y) and found that OPG
levels were associated with mortality in the lower age group (HR: 3.22 (1.66–6.24); p<0.001)
but not in the higher age group (HR: 1.10 (0.74–1.65); p = 0.63). However, no significant inter-
action in the original multivariable model was observed.

In the subgroup of patients with acute heart failure (n = 139), OPG levels were significantly
associated with mortality in crude analyses (HR: 1.70 (1.09–2.66); p = 0.02) (Fig 3B). In con-
trast, in patients with acute dyspnoea of other causes, OPG levels were not associated with mor-
tality (HR: 1.48 (0.82–2.62); p = 0.19). In 84 of these patients the index diagnosis of the hospital
stay was acute exacerbation of COPD and in this subgroup of patients OPG was not associated
with mortality (HR: 1.47 (0.68–3.16); p = 0.33) (Fig 3C).

Discussion
The most important findings of this study of patients admitted to hospital for acute dyspnoea
are that (1) OPG levels are significantly higher in patients with acute HF than in patients
with acute dyspnoea of other causes, (2) OPG levels are associated with the diagnosis of acute
heart failure independently of age, gender, indices of renal function and comorbidities associ-
ated with increased OPG levels, but not after established cardiac biomarkers are added to the
model, and (3) OPG levels are associated with all cause mortality in patients with acute dys-
pnoea independently of clinical variables but not after including NT-proBNP and hs-cTnT
in the multivariable model. Notably, the association between OPG and mortality was evident
in the subgroup of patients with acute HF, but not in those with dyspnoea caused by

Table 3. Variables associated with the index diagnosis of acute heart failure.

Univariable analysis Multivariable analysisa Multivariable analysisb

Coefficient (β) SE (β) P Coefficient (β) SE (β) P Coefficient (β) SE (β) P

Demografics

Age 0.011 0.002 <0.001 0.003 0.002 0.137 -0.0002 0.002 0.919

Gender 0.191 0.06 0.001 0.065 0.05 0.188 0.027 0.05 0.556

BMI 0.000 0.00 0.954

History of:

Diabetes mellitus 0.227 0.07 0.001 0.027 0.06 0.648 0.017 0.05 0.745

Hypertension 0.203 0.06 <0.001 0.123 0.05 0.011 0.067 0.04 0.119

Heart failure 0.590 0.05 <0.001 0.456 0.06 <0.001 0.342 0.06 <0.001

Coronary artery disease 0.376 0.06 <0.001 0.054 0.06 0.357 -0.018 0.05 0.732

COPD -0.125 0.06 0.028 -0.117 0.05 0.013 -0.115 0.04 0.007

Tests

Ln Creatinine-Clearance -0.308 0.05 <0.001 -0.061 0.06 0.336 0.032 0.06 0.578

Biomarkers
Ln OPG 0.300 0.05 <0.001 0.101 0.05 0.037 0.002 0.05 0.965

Ln NT-proBNP 0.159 0.01 <0.001 0.091 0.02 <0.001

Ln hs-cTnT 0.228 0.02 <0.001 0.103 0.03 <0.001

Ln CRP -0.032 0.02 0.051 -0.053 0.01 <0.001

BMI body mass index; COPD chronic obstructive pulmonary disease; prefix Ln for variables transformed by natural logarithm; OPG osteoprotegerin; CRP c-

reactive protein; hs-cTnT high sensitive cardiac troponin T; NT-proBNP N-terminal pro b-type natriuretic peptide;
aMultivariable model including clinical variables and OPG.
bMultivariable model including clinical variables and biomarkers in addition to OPG.

doi:10.1371/journal.pone.0160182.t003
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non-cardiac causes. Taken together, these findings suggest that OPG is not an unspecific
marker of inflammation and disease in patients with acute dyspnoea, but associated with car-
diac pathophysiology.

Is OPG a clinically useful biomarker in acute heart failure?
To our knowledge this is the first study to address the diagnostic and prognostic properties of
OPG in an unselected population of patients admitted to hospital with acute dyspnoea. In this
moderately large study, OPG levels were associated with mortality in the entire acute dyspnoea
cohort, but this association was not independent of NT-proBNP or hs-cTnT. Recently Ara-
mburu-Bodas et al. found OPG levels in 177 patients with acute heart failure and preserved EF
(EF� 45%), to be independently associated with 1-year mortality from all causes, even after

Fig 2. ROC curves for the prediction of the diagnosis of acute heart failure. The AUC with 95%CI at the right bottom are for each
variable separately.

doi:10.1371/journal.pone.0160182.g002
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adjusting for NT-proBNP [14]. However, in that study OPG levels were not independently
associated with the composite endpoint all-cause mortality and readmission for HF within 1
year. Friões et al. evaluated OPG measured at discharge in 338 patients admitted for acute HF,
and found that OPG was an independent predictor of the composite end point all cause mor-
tality and readmission to hospital within 6 months [15]. They did not evaluate all-cause mor-
tality separately. The results of those two studies are not directly comparable to this study,
since we evaluated OPG in a cohort including both patients with and without acute HF, and
half of the acute HF patient in this study had LVEF<40%. Moreover we did not evaluate the
prognostic value of measuring OPG at discharge. In contrast to this study, Aramburu-Bodas

Fig 3. Kaplan Meier curves according to OPG tertile in patients with A) acute dyspnoea (n = 308) B) acute HF (n = 139) and C) acute
exacerbation of COPD (n = 83).OPG T1, T2 and T3 refer to OPG tertile 1 (OPG�5.0 pmol/L], tertile 2 (OPG 5.0–7.8 pmol/L) and tertile 3
(OPG >7.8 pmol/L), respectively. The P values are for the log-rank-test.

doi:10.1371/journal.pone.0160182.g003

Table 4. Coxmodels for mortality in patients with acute dyspnoea (n = 308).

Univariable analysisa Multivariable analysisb Multivariable analysisc

HR 95% CI P HR 95% CI P HR 95% CI P

Ln OPG 1.87 1.34–2.61 <0.001 1.57 1.08–2.28 0.017 1.16 0.77–1.73 0.481

Age,per 1-year increase 1.04 1.03–1.06 <0.001 1.05 1.02–1.07 <0.001 1.03 1.01–1.05 0.003

BMI, per 1-unit increase 0.93 0.90–0.97 <0.001 0.95 0.92–0.98 0.004 0.95 0.91–0.98 0.003

Creatinine clearance, mL/min 0.98 0.98–0.99 <0.001

Systolic BP, mmHg 0.99 0.98–1.00 0.022 0.99 0.98–1.00 0.002 0.99 0.98–1.00 0.002

NYHA IV vs II/III 1.87 1.29–2.71 0.001

History of HF 2.03 1.39–2.95 <0.001

Atrial fibrillation 1.72 1.18–2.51 0.005

History of COPD 2.17 1.46–3.20 <0.001 2.00 1.33–3.00 <0.001 2.02 1.33–3.08 <0.001

Ln NT-proBNP 1.39 1.24–1.56 <0.001 1.18 1.02–1.37 0.023

Ln hs-cTnT 1.65 1.41–1.94 <0.001 1.36 1.09–1.68 0.005

Ln CRP 1.10 0.99–1.22 0.08 0.99 0.88–1.12 0.923

OPG osteoprotegerin; BMI body mass index; BP blood pressure; COPD chronic obstructive pulmonary disease; CRP c-reactive protein; hs-cTnT high

sensitive cardiac troponin T; NT-proBNP N-terminal pro b-type natriuretic peptide; Prefix Ln for variables transformed by natural logarithm.
aTable shows only clinical variables significantly associated with mortality in univariable analysis and biomarkers.
bThe multivariable analysis include clinical variables associated with all-cause mortality in univariable analysis, and that was kept in the model after reduction

with backward selection and p<0.05 as stopping criterion. OPG was not included in the selection process.
cMultivariable analysis including the variables in b and biomarkers.

doi:10.1371/journal.pone.0160182.t004
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et al. excluded patients with a possible increase in acute phase reactants (e.g. infection, active
inflammatory disease) and patient using steroids or other hormones and thereby removing fac-
tors that may influence OPG levels. There are many potential stimuli that could impact on cir-
culating OPG levels in the setting of acute dyspnoea. For instance, the time point of OPG
measurement may be of importance for the prognostic evaluation, although we did not find
that OPG levels changed during hospital stay in the 45 acute HF patients were such measure-
ments were available. Larger studies are needed to explain the apparent discrepancies in results
of these three studies.

In the current study a main goal was to evaluate the usefulness of measuring OPG in an
unselected acute dyspnoea population. In order to evaluate the clinical usefulness of a bio-
marker, it needs to be tested in a close to real life scenario. We did not find that OPG added
diagnostic and prognostic information beyond that already obtained from the established car-
diac biomarkers hs-cTnT and NT-proBNP. Although Aramburu-Bodas et al. found a statisti-
cally independent association between OPG and mortality in a Cox proportional hazards
model [14], reclassification analysis did not show improvement when OPG was added to the
model in that study, which supports our results of a more limited clinical utility for OPG in
patients with acute dyspnoea. Hence, we believe our results are in concordance with previous
results by other groups and that the discrepancy regarding the results of the Cox models may
relate to the more narrow selection of participants for the Aramburu-Bodas study.

Is OPG a cardiac biomarker?
Although our findings do not support OPG as a useful tool for decision-making in the emer-
gency department, our findings suggest that OPG is associated with the pathophysiology of
heart failure. OPG was higher in patients with acute HF and was only related to mortality in
the patients with acute HF as the index diagnosis. In addition, OPG correlated relatively
strongly with NT-proBNP and hs-cTnT. In contrast, in patients with a non-cardiac cause of
dyspnoea, OPG was not associated with mortality. Moreover in the subgroup of patients with
acute exacerbation of COPD, no association between OPG and mortality was observed. This
suggests that systemic OPG is not a biomarker of increased generalised inflammation and is
not a useful tool for risk prediction in patients with acute exacerbation of COPD, although the
OPG/RANKL/RANK system might be regulated in COPD [16].

The balance between circulating levels of RANKL and OPG have been linked to the devel-
opment of osteoporosis in COPD [17]. We found that a history of COPD was independently
associated with lower OPG levels in this cohort. This finding is in accordance with a previous
study by Eagan et al. where OPG levels were lower in 408 patients with stable COPD than in
231 controls after adjusting for confounding factors [18]. OPG levels were higher in sputum of
patients with COPD [16], and recombinant OPG stimulated MMP-9 activity in sputum mac-
rophages in vitro, linking OPG to local inflammation and tissue destruction in the lungs. In
that study however, OPG sputum levels were not correlated with circulating systemic levels of
OPG [16]. Whether lower systemic levels of OPG in patients with COPD is due to treatment
with corticosteroids, other specific treatments of COPD or other factors related or unrelated to
COPD is unclear. However in the study by Eagan et al. OPG levels were higher in COPD
patients with comorbid heart disease, including both heart failure and coronary heart disease
[18], linking circulating systemic OPG levels to heart disease in patients with COPD. More-
over, in patients with other pulmonary diseases including obstructive sleep apnoea (OSA)
OPG levels were higher in patients with than without cardiovascular disease [19].

In early studies, the OPG/RANKL/RANK system was linked to vascular calcification [20]
and the presence and extent of coronary artery disease in patients with stable chest pain [4]. In
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the current study of patients with acute HF, OPG levels did not differ between patients with
and without a history of CAD, suggesting that circulating OPG levels in patients with acute HF
are influenced by factors other than the extent of CAD. Invasive coronary angiography was not
routinely performed in these patients, so we cannot rule out that some patients have been mis-
classified concerning the presence of CAD. However, the present observations are in accor-
dance with our finding in 1,229 patients with chronic HF participating in the GISSI-HF study
[7], where HF of ischemic origin was not independently associated with OPG levels. It is also
in accordance with an early experimental study in rats with post infarction heart failure, where
OPG gene expression was upregulated in rats with heart failure, both in the ischemic and non-
ischemic part of the myocardium [6].

In accordance with many previous studies [8,21,22], OPG levels were strongly correlated
with ageing in this cohort. In a sub-group analysis we found the association between OPG and
prognosis to be significant only in younger patients. Given that OPG levels increase strongly
with age, this observation is compatible with the theory that circulating OPG levels are linked
to heart failure, but that in older individuals other sources may contribute more to circulating
OPG and obscure an association between OPG levels, myocardial function and adverse
prognosis.

Strengths and limitations
This study has both strengths and limitations that merit attention. Strengths include the unse-
lected patient group and that the diagnosis of heart failure was adjudicated by an endpoint
committee. Limitations include lack of echocardiography in some patients and that cardiovas-
cular mortality was not evaluated. Finally, the ACE2 study is a moderately sized, single centre
study and the results must be validated in other cohorts.

Conclusion
We have shown that OPG is elevated in patients with acute dyspnoea due to heart failure com-
pared to dyspnoea of other causes, but OPG failed to add independent prognostic or diagnostic
information to established cardiac biomarkers. Accordingly, despite a statistical association
with outcome OPG does not seem to represent a clinically useful tool for the ED physician
working with acute HF patients. Still, our findings support investigations to further elucidate a
possible pathophysiological involvement of the OPG/RANKL/RANK system in heart failure
development.
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