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Association of serum sclerostin 
and osteoprotegerin levels with the presence, 
severity and prognosis in patients with acute 
myocardial infarction
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Abstract 

Background:  Bone-related proteins (such as sclerostin and osteoprotegerin [OPG]) are involved in the development 
of atherosclerosis. However, the relationship between bone-related proteins and acute myocardial infarction (AMI) has 
not been extensively evaluated. The purpose of this study was to assess the association of serum sclerostin and OPG 
with the presence, severity and prognosis in patients with AMI.

Methods:  This study prospectively enrolled 152 patients attacked by acute chest pain. Serum sclerostin and OPG 
were detected within the first 24 h after AMI diagnosis by ELISA kits. The AMI predictive efficacy of sclerostin and OPG 
were analyzed by receiver operating characteristics (ROC) curve. Univariable and multivariable linear regression analy-
ses were performed to determine the association between bone-related proteins and scores indicating the severity 
of coronary artery occlusion. Moreover, prognostic values were assessed by Kaplan–Meier curves and Cox regression 
analysis.

Results:  There were 92 patients in AMI group, 60 in non-AMI group. Serum levels of sclerostin and OPG were signifi-
cantly higher in AMI group than in non-AMI group (all p < 0.001), which showed predictive value for the presence of 
AMI (all p < 0.001). The area under the ROC curve values of sclerostin and OPG were 0.744 and 0.897, respectively. A 
multivariable linear regression analysis demonstrated that Ln-transformed sclerostin (β = 0.288, p = 0.009) and Ln-
transformed OPG (Ln-OPG: β = 0.295, p = 0.019) levels were associated with GENISINI score, independently of conven-
tional clinical parameters. In addition, Ln-OPG levels were still positively associated with GRACE score after adjust-
ments (β = 0.320, p = 0.001). During a 1-year follow-up, patients above the median of sclerostin levels had higher 
incidence of major adverse cardiac events (MACE) than those below the median (p = 0.028). It was also observed that 
the MACE rates were higher in patients above the median of OPG levels, though no statistic importance (p = 0.060). 
After adjusting conventional risk factors by multivariate Cox regression, Ln-OPG was associated with incident MACE 
(hazard ratio = 2.188 [95% confidence intervals 1.102–4.344], p = 0.025).
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Background
Acute myocardial infarction (AMI) is a leading cause of 
death worldwide. Despite of the progress in early reper-
fusion and pharmacological agents, patients remain at 
high risk for morbidity and mortality after discharge [1]. 
Early and reliable identification and risk evaluation of 
AMI, which could prevent progression and improve out-
comes, is still a major challenge. Although serial cardiac 
troponin tests have been considered as essential diagnos-
tic steps to differentiate AMI, several limitations exist [2]. 
Some comorbidities like acute heart failure or chronic 
renal dysfunction are usually accompanied by elevated 
cardiac troponin in clinical practice [3, 4]. Meanwhile, 
the levels of cardiac troponin do not necessarily reflect 
the severity of coronary artery disease (CAD). Therefore, 
the identification of reliable biomarkers remains crucial 
for detecting the early stage and risk stratification of 
AMI.

Recently, a growing body of evidence show a close 
relationship between bone-related proteins and ath-
erosclerosis, corresponding to crosstalk between bones 
and vessels, known as “bone-vessel axis” [5]. Osteopro-
tegerin (OPG), a member of the superfamily of tumor 
necrosis factor receptors, played its role in vascular 
injury, inflammation, and atherosclerosis [6]. Previous 
studies confirmed an association of the serum OPG lev-
els with severity and prognosis of acute coronary syn-
drome (ACS) [7, 8]. Interestingly, another bone-related 
protein sclerostin, a negative regulator of the canonical 
wingless-type mouse mammary virus-integration site 
(Wnt) signaling pathways, has attracted attention. Since 
Wnt signaling pathways exerted a multifunctional role in 
endothelial dysfunction, the proliferation and migration 
of vascular smooth muscle cells (VSMCs), inflammation 
processes and vascular calcification progression, scle-
rostin was inevitably involved in the development of ath-
erosclerosis [9]. Leto, et al. demonstrated sclerostin was 
presented in atherosclerotic plaques, mainly expressed 
by VSMCs compared to macrophages [10]. Neverthe-
less, reports focusing on the role played by sclerostin in 
atherosclerosis were inconclusive. Especially, few stud-
ies were available for elucidating the role of sclerostin in 
patients with AMI. As previous studies shed light on the 
relationship between serum OPG levels and AMI [7, 11], 
we aimed to explore the impact of serum sclerostin levels 
on AMI in present study, meanwhile, OPG was analyzed 
together as a potential positive control.

In action, a prospective study was conducted among 
patients admitted for acute chest pain. Serum levels of 
sclerostin and OPG were detected within the first 24  h 
after AMI diagnosis, and the predictive value of serum 
sclerostin and OPG for identification of AMI were fur-
ther investigated. Meanwhile, correlation between these 
bone-related proteins and scores indicating the extent 
of coronary artery occlusion were evaluated. Finally, we 
analyzed the association between serum bone-related 
proteins levels and prognosis in patients with AMI.

Methods
Study population
A prospective cohort study was performed on patients 
hospitalized with acute chest pain in Chest Pain Center 
of our hospital from July 2018 to November 2019. All 
enrolled patients met the following inclusion criteria: first 
onset for admission; estimated glomerular filtration rate 
(eGFR) > 60  mL/min.1.73m2. Exclusion criteria: age < 18 
or ≥ 80 years, thyroid disease, autoimmune disease, bone 
disease, severe liver dysfunction and malignant tumors, 
or current use of drug that could influence bone metabo-
lism like hormones, bisphosphonates, and calcium sup-
plements. Acute chest pain provoked by trauma, drugs or 
medical intervention was also excluded. This study was in 
line with the medical ethics standards of the 1975 Decla-
ration of Helsinki and approved by the Ethics Committee 
of The Third Affiliated Hospital, Sun Yat-sen Univer-
sity. Written informed consent was obtained from each 
patient.

Adjudicated final diagnosis
18-leads electrocardiography (ECG) was recorded from 
each patient to detect suspected myocardial infarc-
tion, meanwhile serial serum levels of cardiac troponin 
I (cTNI) (AQT90 FLEX, Copenhagen, Demark) were 
measured, and the normal range was 0.010–0.023 ng/mL 
following the manufacturer’s instructions. Diagnostic cri-
teria of AMI were in accordance with the fourth universal 
definition of myocardial infarction (2018). In brief, AMI 
was diagnosed when there were symptoms of myocardial 
ischemia, or serial ischemic changes of ECG, and with 
detection of a rise and/or fall of cTN values with at least 
one above of the 99th percentile URL [12]. The final diag-
nosis was judged by two independent cardiologists. Once 
AMI was established, an emergent or early percutaneous 
coronary intervention (PCI) indication was decided and 
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performed by two experienced interventional cardiolo-
gists. According to the final diagnosis, patients hospital-
ized with acute chest pain were divided into AMI-group 
and non-AMI group.

Clinical data collection and biochemical analysis
Demographic and clinical data, including age, sex, height, 
weight, systolic and diastolic blood pressure, heart rate 
and comorbidities, were collected at admission. Body 
mass index (BMI) was calculated from weight in kg 
divided by height in m2. Hypertension was diagnosed 
according to ESC/European Society of Hypertension 
guidelines [13]. Diabetes was defined based on the crite-
ria of current guidelines [14]. Smoking status was defined 
as a person who smoked at admission or who had quit 
smoking within the year before admission.

Fasting blood samples were obtained within the first 
24  h after AMI diagnosis and were centrifuged within 
20  min of collection at 4  °C.Serum sclerostin and OPG 
levels were quantified using commercially available sand-
wich-type enzyme-linked immunoassay (ELISA) kits 
(RayBiotech Inc., Georgia, USA) following the manufac-
turer’s instructions. Meanwhile, analyses of biochemi-
cal indicators, including routine blood analysis (Sysmex 
XN-2000, Kobe, Japan), analysis of liver and renal func-
tion, and quantification of the levels of blood lipids pro-
files, blood glucose and uric acid (UA) (Hitachi 7600, 
Tokyo, Japan) were performed in laboratory medicine 
as soon as possible. Non-HDL-C levels were calculated 
from total cholesterol (TC) minus high density lipopro-
tein cholesterol (HDL-C) levels. Serial measurement of 
serum cTNI and N terminal pro B type natriuretic pep-
tide (NT-proBNP) (AQT90 FLEX, Copenhagen, Demark) 
were performed to detect peak values within 3  days 
in AMI group. In brief, serum levels of cTNI and NT-
proBNP were analyzed from samples collected before 
and after PCI, at 24 h, 48 h and 72 h after AMI diagnosis.

Coronary angiography and severity of coronary artery 
occlusion
Selective coronary angiography was performed in 
patients with AMI using the standard Judkin’s technique. 
The severity of coronary artery lesion was determined 
by the GENSINI score system. According to the degree 
of luminal narrowing, severity scores reflecting angio-
graphic stenosis of the coronary artery segment were 1, 
2, 4, 8, 16, and 32 for 0–25%, 26–50%, 51–75%, 76–90%, 
91–99%, and 100%, respectively [15]. The Global Regis-
try of Acute Coronary Event (GRACE) was widely used 
to risk stratification for ACS in acute phase [16]. For 
each AMI patient, GRACE score was calculated using 
online calculator on admission or within 24 h of admis-
sion (http://​www.​outco​mes-​umass​med.​org/​grace) by 

following variables: age, systolic blood pressure, heart 
rate, creatinine value, Killip class, cardiac arrest at admis-
sion, ST-segment deviation in ECG, and abnormal car-
diac markers.

Follow‑up
All patients with AMI were treated with standard second-
ary prevention medication as guideline-recommended, 
unless contraindications. Follow-up was prospectively 
conducted by telephone call or clinic visit of our hospital 
every 3 months after discharge. The occurrence of major 
adverse cardiovascular events (MACE) and the time were 
recorded. MACE was considered as non-fatal ischemic 
or hemorrhagic stroke, non-fatal myocardial infarction, 
hospitalized unstable angina pectoris, unplanned revas-
cularization including PCI and coronary artery bypass 
grafting (CABG), and cardiac death. Patients who died 
of non-cardiovascular diseases were divided into loss to 
follow-up.

Statistical analysis
Statistical analyses were performed using the SPSS 25.0 
software (IBM Corporation, Armonk, NY, USA). Con-
tinuous variables were expressed as mean ± standard 
deviation (SD), or median (interquartile range), as appro-
priate. Categorical variables were expressed as the num-
ber (percentage). Differences of continuous variables 
were assessed by the student’s t-test or Mann–Whitney 
U-test, as appropriate. Differences of categorical vari-
ables were evaluated by Chi-square test. Receiver operat-
ing characteristics (ROC) curve and area under the ROC 
curve (AUC) were used to identify patients with AMI by 
MedCalc 20.0.3 software (MedCalc, Ostend, Belgium). 
Since the distribution of serum sclerostin, OPG, fast-
ing plasma glucose (FPG) and triglyceride (TG) levels 
showed positive skewing, they were logarithmically (Ln) 
transformed and were applied in correlation and regres-
sion analysis. The Spearman’s correlation was used to 
assess the correlation of bone-related proteins (serum 
sclerostin and OPG) with cTNI levels on admission in 
patients enrolled. The Pearson’s correlation was used to 
study the relationships between logarithmically trans-
formed bone-related proteins and scores indicating the 
severity of coronary artery occlusion in patients with 
AMI (GENSINI score and GRACE score). The univari-
ate linear regression was performed to evaluate the non-
adjusted relationships of clinical parameters and severity 
scores. Significant variables in univariate linear regres-
sion (p < 0.15) were included in the multivariable linear 
regression model, and only variables with significance 
were shown in table. The event rate of MACE during a 
1-year follow-up was plotted in Kaplan–Meier curves 
based on serum sclerostin and OPG concentrations 
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(below and above the median), and differences in survival 
curves were evaluated by the log-rank test. The inde-
pendent association between bone-related proteins and 
MACE was investigated by univariate and multivariate 
Cox regression analyses. Variables that were significantly 
associated with MACE in univariate Cox regression 
(p < 0.15) were included in multivariate Cox regression 
analysis with only variables with significance were shown 
in table. The C-index was calculated to compare the 
prognostic value of cTNI on admission with bone-related 
proteins in univariate Cox regression analysis by R Stu-
dio, version 3.5.1. A two-tailed p value < 0.05 was consid-
ered statistically significant.

Results
Baseline characteristics of the study subjects
As shown in Table  1, there were 92 patients in AMI 
group, 60 in non-AMI group, including 28 cases of 

unstable angina, 25 cases of stable angina, 3 cases of 
myocarditis, 2 cases of hypertrophic cardiomyopa-
thy and 2 cases of myocardial bridge. In patients with 
AMI, the serum levels of cTNI on admission, sclerostin 
and OPG (all p < 0.001) were significantly higher than 
those in non-AMI group. More males (p = 0.012) and 
smokers (p = 0.045) were seen in AMI group when 
compared with non-AMI group. Lower systolic and 
diastolic blood pressure (all p < 0.001) at admission were 
observed in AMI group, which may due to impaired 
heart function. Meanwhile, TC, low density lipoprotein 
cholesterol (LDL-C), Non-HDL-C, lipoprotein(a), FPG 
and white blood cell (WBC) count were significantly 
higher in patients with AMI, as compared with non-
AMI patients. Furthermore, lower HDL-C levels were 
noticed in AMI group. However, there were no signifi-
cant differences in age, BMI, history of hypertension 
and diabetes, heart rate, TG, hemoglobin A1c (HbA1c), 
creatinine, eGFR and UA between two groups.

Table 1  Baseline demographic and clinical characteristics of subjects

AMI acute myocardial infarction, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, cTNI cardiac troponin I, HDL-C high density 
lipoprotein cholesterol, LDL-C low density lipoprotein cholesterol, FPG fasting plasma glucose, HbA1c hemoglobin A1c, eGFR estimated glomerular filtration rate, WBC 
white blood cell, OPG osteoprotegerin

*p < 0.05 was considered statistically significant

Variables AMI (n = 92) Non-AMI (n = 60) p value

Age, years 56.8 ± 10.7 54.2 ± 10.2 0.140

Male, n (%) 75 (81.5) 38 (63.3) 0.012*

BMI, kg/m2 25.1 ± 2.9 25.5 ± 3.8 0.456

Hypertension, n (%) 47 (51.1) 34 (56.7) 0.500

Diabetes, n (%) 24 (26.1) 21 (35.0) 0.239

Smoking status, n (%) 61 (66.3) 30 (50.0) 0.045*

SBP, mmHg 130.1 ± 22.6 143.2 ± 20.3  < 0.001*

DBP, mmHg 80.3 ± 14.1 91.6 ± 15.4  < 0.001*

Heart rate, bpm 81.3 ± 15.0 81.1 ± 10.8 0.939

Laboratory tests
cTNI on admission, ng/mL 0.17 (0.01, 1.28) 0.01 (0.01, 0.01)  < 0.001*

Total cholesterol, mmol/L 4.93 ± 1.29 4.52 ± 1.11 0.048*

Triglyceride, mmol/L 1.63 (1.13, 2.46) 1.82 (0.99, 2.71) 0.865

HDL-C, mmol/L 0.91 ± 0.21 0.99 ± 0.22 0.017*

LDL-C, mmol/L 3.33 ± 1.08 2.93 ± 1.00 0.022*

Non-HDL-C, mmol/L 4.03 ± 1.24 3.53 ± 1.13 0.014*

Lipoprotein(a), mg/L 195.50 (101.50, 356.75) 124.50 (64.00, 266.00) 0.009*

FPG, mmol/L 6.15 (5.37, 8.06) 5.22 (4.65, 5.76)  < 0.001*

HbA1c, % 6.50 ± 1.70 6.03 ± 1.28 0.074

Creatinine, umol/L 73.98 ± 17.03 75.50 ± 19.15 0.609

eGFR, mL/min/1.73m2 93.07 ± 17.16 96.21 ± 17.83 0.282

Uric acid, umol/L 409.04 ± 117.38 428.24 ± 106.25 0.317

WBC count, × 10E9 11.18 ± 3.72 6.91 ± 1.55  < 0.001*

OPG, pg/mL 105.98 (79.79, 166.05) 56.79 (48.77, 69.66)  < 0.001*

Sclerostin, pg/mL 526.31 (355.19,  776.84) 325.39 (237.10, 455.76)  < 0.001*
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Predictive value of serum sclerostin and OPG 
for identifying AMI in patients with acute chest pain
Both of serum levels of Ln-sclerostin (r = 0.347) and 
Ln-OPG (r = 0.518) were positively correlated with 
cTNI levels on admission (all p < 0.001). ROC curve 
was conducted to compare the efficacy of serum scle-
rostin and OPG for differentiating AMI in patients 
with acute chest pain (shown in Fig. 1). Both of serum 
bone-related proteins (sclerostin and OPG) and cTNI 
on admission had predictive value for identifying the 
presence of AMI (all p < 0.001). The AUC values of 
serum sclerostin, OPG and cTNI on admission were 
0.744, 0.897, and 0.855, respectively. The efficiency 
of serum OPG levels for identification of AMI was 
comparable to that of cTNI on admission (p = 0.230). 
However, it was found that AUC​sclerostin was lower than 
AUC​cTNI (p = 0.013).

Associations between serum bone‑related proteins 
and scores indicating the extent of coronary artery 
occlusion
Univariate linear regression analysis indicated that BMI 
(p = 0.039), Ln-sclerostin (p = 0.001), and Ln-OPG 
(p < 0.001) levels were significantly related to values of 
GENSINI score. In multivariable linear regression mod-
els, Ln-sclerostin (p = 0.009) and Ln-OPG (p = 0.019) lev-
els remained positively associated with GENSINI score, 
respectively (shown in Table 2, Table 3, and Fig. 2). The 
GRACE score, which was widely used as a risk prediction 
tool in patients with ACS, was positively correlated with 
diabetes (p = 0.001), age (p < 0.001), Ln-FPG (p = 0.007), 
Ln-sclerostin (p = 0.019), and Ln-OPG (p < 0.001), and 
negatively correlated with BMI (p = 0.018), LDL-C 
(p = 0.003), Ln-TG (p < 0.001) and eGFR (p < 0.001) in 
univariate linear regression analysis. After adjusting 
adopted variables, Ln-OPG levels were still positively 
associated with GRACE score (p = 0.001).

Fig. 1  The predictive ability of serum bone-related proteins for AMI among patients with acute chest pain. a Predictive value. AMI: acute myocardial 
infarction, Scl: sclerostin, OPG: osteoprotegerin, cTNI: cardiac troponin I, AUC: area under the curve, CI: confidence intervals. b ROC curve. ROC: 
receiver operating characteristics. *p < 0.05 was considered statistically significant when compared with cTNI on admission
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Cox regression analysis for relationship 
between bone‑related proteins and MACE
During the follow-up period of 12  months, a total of 
17 events occurred in patients with AMI: cardiac death 
(n = 3), non-fatal MI during follow up (n = 3), non-fatal 
stroke (n = 1), unplanned revascularization (PCI/CABG) 
(n = 5) and hospitalized unstable angina pectoris (n = 5). 
The median values of serum sclerostin and OPG levels at 
baseline were 526.31 pg/mL and 105.98 pg/mL. Patients 
with AMI were stratified into two groups according to 
the bone-related proteins above and below the median, 
respectively. The Kaplan–Meier analysis was used to 
assess the cumulative survival rate. As compared with 
patients below the median, the MACE rates were clearly 
higher in patients above the median of sclerostin lev-
els (p = 0.028). It was also observed that patients above 
the median of OPG levels had higher MACE rates than 
those below the median, though no statistic importance 
(p = 0.060). According to the threshold values of cTNI 
on admission, patients with AMI were assigned into the 
cTNI-positive group (cTNI > 0.023 ng/mL) and the cTNI-
negative group (cTNI ≤ 0.023  ng/mL). It was found that 
patients in the cTNI-positive group had higher MACE 
rates than that of the cTNI-negative group (p = 0.042). 
Nevertheless, the peak values of cTNI after reperfusion 

were not significantly associated with the MACE rates 
(p = 0.837) (shown in Fig. 3). In univariate Cox regression 
analysis, Ln-OPG was a significant predictor of incident 
MACE (hazard ratio 2.932 [95% confidence intervals 
1.532–5.610], p = 0.001). However, Ln-sclerostin was not 
significantly associated with MACE (hazard ratio 1.887 
[95% confidence intervals 0.890–4.002], p = 0.098). The 
C-index of cTNI on admission, Ln-sclerostin and Ln-
OPG for predicting prognosis were 0.623, 0.636, and 
0.703, respectively. After adjusting adopted factors by 
multivariate Cox regression, Ln-OPG remained asso-
ciated with incident MACE (hazard ratio 2.188 [95% 
confidence intervals 1.102–4.344], p = 0.025) (shown in 
Table 4).

Discussion
In the present study, our results demonstrated that 
compared with non-AMI subjects, serum levels of scle-
rostin and OPG were higher in patients with AMI. 
Both showed predictive values for identification of AMI 
among patients with acute chest pain. Meanwhile, it was 
observed that serum sclerostin and OPG levels were 
associated with GENSINI score, which could reflect the 
severity of coronary artery occlusion, independently of 
conventional clinical parameters. In addition, serum 

Table 2  Linear regression analyses evaluating the relationships between Ln-sclerostin and scores indicating the severity of coronary 
artery occlusion

Data of sclerostin, triglyceride, and fasting plasma glucose showed skewed distribution and therefore were Ln-transformed before analysis

Significant variables (p < 0.15) in univariate linear regression were further included in the multivariable linear regression, and only variables with significance were 
shown in table. Adopted variables: BMI, Ln-FPG, UA, and Ln-sclerostin for multivariate regression model of GENSINI score; male, diabetes, smoking status, age, BMI, 
Ln-FPG, LDL-C, Ln-TG, eGFR and Ln-sclerostin for multivariate regression model of GRACE score

BMI body mass index, FPG fasting plasma glucose, HDL-C high density lipoprotein cholesterol, LDL-C low density lipoprotein cholesterol, TG triglyceride, UA uric acid, 
eGFR estimated glomerular filtration rate, WBC white blood cell, GRACE the global registry of acute coronary event

*p < 0.05 was considered statistically significant

Variables GENSINI score GRACE score

Univariate Multivariate Univariate Multivariate

β (SE) p value β (SE) p value β (SE) p value β (SE) p value

Male −0.009 (0.104) 0.931 – – −0.193 (0.103) 0.065 – –

Hypertension −0.048 (0.106) 0.651 – – 0.021 (0.105) 0.842 – –

Diabetes 0.116 (0.106) 0.275 – – 0.349 (0.099) 0.001* – –

Smoking status −0.142 (0.105) 0.181 – – −0.174 (0.104) 0.097 – –

Age, years 0.041 (0.106) 0.699 – 0.588 (0.085)  < 0.001* 0.358 (0.106) 0.001*

BMI, kg/m2 −0.216 (0.103) 0.039* −0.252 (0.107) 0.021* −0.246 (0.102) 0.018* – –

Ln-FPG, mmol/L 0.165 (0.105) 0.118 – – 0.280 (0.101) 0.007* – –

HDL-C, mmol/L −0.031 (0.107) 0.773 – – −0.124 (0.105) 0.240 – –

LDL-C, mmol/L −0.023 (0.104) 0.825 – – −0.310 (0.100) 0.003* – –

Ln-TG, mmol/L −0.009 (0.112) 0.936 – −0.386 (0.097)  < 0.001* −0.201 (0.092) 0.032*

UA, umol/L 0.171 (0.108) 0.120 – – 0.027 (0.108) 0.804 – –

eGFR, mL/min/1.73m2 −0.093 (0.106) 0.381 – – −0.485 (0.092)  < 0.001* – –

WBC count, × 10E9 0.052 (0.106) 0.626 – – 0.025 (0.106) 0.814 – –

Ln-sclerostin, pg/mL 0.335 (0.100) 0.001* 0.288 (0.108) 0.009* 0.245 (0.102) 0.019* – –
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OPG levels remained associated with GRACE score 
after adjustments, which could reflect the risk of mor-
tality in hospitalization of patients with ACS. Moreover, 
patients above the median of bone-related proteins were 
accompanied with high incidence of MACE during 1 year 
follow-up. Furthermore, serum OPG levels remained 
associated with incident MACE after adjusting conven-
tional risk factors.

Sclerostin, a soluble glycoprotein, was potent inhibitor 
of Wnt signaling by binding to the co-receptor composed 
of low-density lipoprotein receptor-related proteins 5 
(LRP5) or LRP6 and the Frizzled family proteins [17]. 
Since accumulating evidence showed the important 
roles of the Wnt signaling pathways in pathogenesis of 
atherosclerosis, serum sclerostin was proposed to exert 
an endocrine role in atherosclerosis [18]. Although cir-
culating sclerostin was expressed mainly by osteocytes 
[19], Leto et al. demonstrated the expression of sclerostin 
in VSMCs of atherosclerotic plaques from patients who 
underwent carotid endarterectomy [10]. Afterwards, 
Annelies et  al. also provided evidence for the local vas-
cular action of sclerostin both in human and rat calci-
fied aortas, meanwhile sclerostin levels were increased 
in calcifying VSMCs [20]. As VSMCs were considered as 
major precursors contributing to osteochondrogenesis 

and calcification in atherosclerosis [21], it was speculated 
that serum sclerostin may play an endocrine modula-
tory role in atherosclerosis development. Indeed, a case 
control study was conducted to detect the levels of scle-
rostin in Egyptian female patients with type 2 diabetes 
with and without atherosclerosis, they found a positive 
relationship between sclerostin and atherosclerosis in 
patients with type 2 diabetes [22]. Furthermore, Shalash 
et al. suggested that elevated serum sclerostin levels were 
independently associated with subclinical atheroscle-
rosis in subjects with type 2 diabetes [23]. Interestingly, 
Ghardashi-Afousi et al. indicated 12 weeks of high-inten-
sity interval training decreased serum sclerostin levels 
in patients with type 2 diabetes, meanwhile improved 
carotid intima-media thickness, a surrogate marker of 
atherosclerosis, was observed [24]. However, Krishna 
et  al. assessed the possible role of sclerostin on athero-
sclerosis progression in AngII-infused ApoE−/− mice, 
they found elevated sclerostin could suppress intimal 
plaque formation in the aortic arch, exerting a protective 
role on atherosclerosis progression [25]. Further stud-
ies are required to push forward the role of sclerostin in 
the pathogenesis of atherosclerosis. Until now, few stud-
ies were available for elucidating the impact of serum 
sclerostin on AMI. In present study, we demonstrated 

Table 3  Linear regression analyses assessing the relationships between Ln-OPG and scores indicating the severity of coronary artery 
occlusion

Data of osteoprotegerin, triglyceride, and fasting plasma glucose showed skewed distribution and therefore were Ln-transformed before analysis

Significant variables (p < 0.15) in univariate linear regression were further included in the multivariable linear regression, and only variables with significance were 
shown in table. Adopted variables: BMI, Ln-FPG, UA, and Ln-OPG for multivariate regression model of GENSINI score; male, diabetes, smoking status, age, BMI, Ln-FPG, 
LDL-C, Ln-TG, eGFR and Ln-OPG for multivariate regression model of GRACE score

BMI body mass index, FPG fasting plasma glucose, HDL-C high density lipoprotein cholesterol, LDL-C low density lipoprotein cholesterol, TG triglyceride, UA uric acid, 
eGFR estimated glomerular filtration rate, WBC white blood cell, OPG osteoprotegerin, GRACE the global registry of acute coronary event

*p < 0.05 was considered statistically significant

Variables GENSINI score GRACE score

Univariate Multivariate Univariate Multivariate

β (SE) p value β (SE) p value β (SE) p value β (SE) p value

Male −0.009 (0.104) 0.931 – – −0.193 (0.103) 0.065 – –

Hypertension −0.048 (0.106) 0.651 – – 0.021 (0.105) 0.842 – –

Diabetes 0.116 (0.106) 0.275 – – 0.349 (0.099) 0.001* – –

Smoking status −0.142 (0.105) 0.181 – – −0.174 (0.104) 0.097 – –

Age, years 0.041 (0.106) 0.699 – 0.588 (0.085)  < 0.001* 0.362 (0.100) 0.001*

BMI, kg/m2 −0.216 (0.103) 0.039* −0.246 (0.102) 0.018* – –

Ln-FPG, mmol/L 0.165 (0.105) 0.118 – – 0.280 (0.101) 0.007* – –

HDL-C, mmol/L −0.031 (0.107) 0.773 – – −0.124 (0.105) 0.240 – –

LDL-C, mmol/L −0.023 (0.104) 0.825 – – −0.310 (0.100) 0.003* – –

Ln-TG, mmol/L −0.009 (0.112) 0.936 – −0.386 (0.097)  < 0.001* −0.174 (0.087) 0.049*

UA, umol/L 0.171 (0.108) 0.120 – – 0.027 (0.108) 0.804 – –

eGFR, ml/min/1.73m2 −0.093 (0.106) 0.381 – – −0.485 (0.092)  < 0.001* – –

WBC count, × 10E9 0.052 (0.106) 0.626 – – 0.025 (0.106) 0.814 – –

Ln-OPG, pg/mL 0.379 (0.098)  < 0.001* 0.295 (0.124) 0.019* 0.550 (0.088)  < 0.001* 0.320 (0.095) 0.001*
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that serum sclerostin levels were significantly higher in 
patients with AMI, indicating a statistically predictive 
value for identifying AMI among patients with acute 
chest pain. However, the predictive efficacy of sclerostin 
seemed to be inferior to cTNI on admission. Meanwhile, 
significantly positive association between sclerostin and 
GENSINI score was observed, which could reflect the 
severity of coronary artery occlusion. Moreover, patients 
above the median of serum sclerostin levels presented 
poor prognosis in 1 year follow-up after discharge. Addi-
tionally, we found patients in the cTNI-positive group 
on admission were associated with high MACE rates, 
nevertheless, the peak values of cTNI after PCI were 
not associated with the high incidence of MACE. This 
was in consistence with what has been found in previous 
study by Jose, et  al. They observed that high-sensitivity 
cTNT on admission, rather than post-reperfusion, was 
independently associated with prognosis after an aver-
age 53  months follow-up period in patients with AMI 
undergoing primary PCI [26]. The C-index was per-
formed to preliminarily compare the prognostic value 
of sclerostin and cTNI on admission, the efficacy of scle-
rostin appeared to be comparable to cTNI on admission, 

whereas, further studies are needed to validate this find-
ing. Although the multivariate analysis did not obtain a 
relationship between serum sclerostin and GRACE score, 
we assume that serum sclerostin could be used to com-
plement risk stratification for AMI.

Nevertheless, He et  al. investigated the relationship 
between serum sclerostin levels and adverse outcomes 
in elderly patients with stable CAD who were undergo-
ing PCI [27]. After a 3-year follow-up, they observed the 
higher serum sclerostin levels were associated with better 
outcomes after PCI. Age ≥ 65  years and eGFR ≥ 45  mL/
min.1.73m2 met the inclusion criteria. The SYNTAX 
score was used to assess severity of CAD, however, the 
direct correlation analysis between sclerostin levels 
and SYNTAX score was not available. Another obser-
vational study was also performed to assess the rela-
tion of serum sclerostin with atherosclerosis severity by 
SYNTAX score in patients with stable coronary artery 
disease or ACS, but the results failed to support direct 
relationship between sclerostin and CAD severity [28]. 
Recently, Kern et  al. investigated the impact of baseline 
sclerostin levels on 9-years outcomes in patients without 
significant renal function impairment and undergoing 

Fig. 2  Correlation between serum bone-related proteins and scores indicating the severity of coronary artery occlusion. a Ln-sclerostin and 
GENSINI score b Ln-OPG and GENSINI score c Ln-sclerostin and GRACE score d Ln-OPG and GRACE score. Data of sclerostin and OPG showed 
skewed distribution and therefore were Ln-transformed before Pearson’s correlation analysis. GRACE: the global registry of acute coronary event, 
OPG: osteoprotegerin. p < 0.05 was considered statistically significant
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Fig. 3  Kaplan–Meier estimates of cumulative survival of AMI patients according to serum sclerostin levels (a), OPG levels (b), cTNI levels on 
admission (c) and peak values of cTNI after reperfusion (d). The continuous cTNI values on admission were transformed into the positive and the 
negative group based on the threshold values of 0.023 ng/mL. Bone-related proteins and the peak values of cTNI after reperfusion were divided 
into two groups: below and above the median group. (median sclerostin:526.31 pg/mL, median OPG:105.98 pg/mL, and median cTNI after 
reperfusion:25.07 ng/mL). AMI: acute myocardial infarction, OPG: osteoprotegerin, cTNI cardiac troponin I. p < 0.05 was considered statistically 
significant

Table 4  Cox regression analysis of serum OPG levels for MACE in patients with AMI

Comorbidities indicated hypertension, diabetes

Data of osteoprotegerin showed skewed distribution and therefore was Ln-transformed before analysis

The continuous cTNI levels on admission were transformed into the positive and the negative values based on the threshold value of 0.023 ng/mL. Peak values of 
NT-proBNP were categorized into the positive and negative values according to the threshold value of 300 pg/mL in acute phase

Significant variables (p < 0.15) in univariate Cox regression were further included in the multivariable Cox regression, and only variables with significance were shown 
in table. Adopted factors: BMI, cTNI on admission, peak values of NT-proBNP, and Ln-OPG

OPG osteoprotegerin, MACE major adverse cardiac events, AMI acute myocardial infarction, BMI body mass index, cTNI cardiac troponin I, NT-proBNP N terminal pro B 
type natriuretic peptide, HR hazard ratio, CI confidence intervals

*p < 0.05 was considered statistically significant

Variables Univariate analysis
HR (95% CI)

p value Multivariate analysis
HR (95% CI)

p value

Age, years 1.020 (0.973–1.070) 0.406 – –

Gender 0.692 (0.226–2.124) 0.520 – –

Comorbidities 2.235 (0.728–6.857) 0.160 – –

Smoking status 0.676 (0.257–1.778) 0.428 – –

BMI, kg/m2 0.850 (0.721–1.001) 0.052

cTNI on admission, ng/mL 4.074 (0.931–17.821) 0.062

NT-proBNP, ng/mL 2.727 (0.784–9.492) 0.115

Ln-OPG, pg/mL 2.932 (1.532–5.610) 0.001* 2.188 (1.102–4.344) 0.025*
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coronary angiography [29]. 205 patients with a mean age 
of 62.9 ± 0.6  years were enrolled. They showed that the 
high sclerostin (above median) group presented statisti-
cally significant higher rates of MACE and death, imply-
ing subjects with above median sclerostin levels might 
have a worse prognosis. Afterwards, in subgroup analy-
sis, the chronic coronary syndrome subgroup, rather 
than the ACS subgroup showed statistically significant 
impact of sclerostin levels on MACE and death. Pos-
sible explanations for the discrepancy were the feature 
of subjects enrolled, evaluation tools, baseline kidney 
function, and follow-up times. In our study, follow-up 
subjects comprised of ST-elevated (64.1%) and non-ST-
elevated (35.9%) myocardial infarction undergoing PCI 
with average age 56.8 ± 10.7  years and eGFR ≥ 60  mL/
min.1.73 m2. The severity of CAD was evaluated by tra-
ditional GENSINI score rather than SYNTAX score. 
Notably, AMI may occur when an atherosclerotic plaque 
erosions or ruptures, which was different from stable 
CAD condition [12]. We assumed that the more severe 
the atherosclerotic plaque ruptured, the more sclerostin 
was released from the calcified VSMCs, which might be 
related to the extent of vulnerability of plaque in acute 
phase. Moreover, due to the heterogeneity in enrolled 
subject cohorts, the impact of serum sclerostin on clinical 
outcome in chronic kidney disease remains controver-
sial. However, Zou et al. found that low serum sclerostin 
was related with better overall survival in patients with 
peritoneal dialysis, which was consistent with ours [30]. 
Furthermore, only first 1-year follow-up after discharge 
was observed in present study, which itself was the high 
prevalence period of MACE. As the real contribution of 
sclerostin to the development of atherosclerosis is still 
uncertain, further mechanistic and clinical studies are 
needed to confirm our speculation.

Increasing evidence indicated that OPG levels were 
associated with CAD [6, 31]. In present study, we con-
firmed that serum OPG levels had predictive value of 
AMI, which was comparable to cTNI on admission. 
Meanwhile, serum OPG levels were positively associated 
with GENSINI score and GRACE score, indicating the 
predictive value of severity of AMI, which was consistent 
with previous studies [8]. Moreover, Fuernau et  al. sug-
gested serum OPG levels collected 24 h after infarction 
were independent predictors of MACE in acute STEMI 
patients [11]. In our study, we also validated that serum 
OPG was associated with incident MACE in patients 
with AMI after discharge by adjusting conventional risk 
factors. The C-index was applied to preliminarily com-
pare the prognostic value of serum OPG and cTNI on 
admission, the efficacy of OPG seemed to be superior 
to cTNI on admission. Conversely, insights from the 
PLATO (Platelet Inhibition and Patient Outcomes) trial 

showed plasma OPG was not an independent marker of 
ischemic cardiovascular events in patients with ACS [32]. 
Explanation for the discrepancy may be different reagent 
test kit. Subsequent studies warranted to understand the 
complex interrelations between OPG and atherosclerosis.

Nevertheless, there are several limitations in present 
study. First, we are not able to obtain a direct cause-and-
effect relationship between bone-related proteins and 
clinical events due to the observation study design. Sec-
ond, residual confounders are hard to avoid. For example, 
diet, excise, medication compliance, and osteoporosis 
were not monitored during the study. Third, since serum 
sclerostin and OPG were measured only once within 
first 24  h after MI diagnosis, changes in these proteins 
in response of treatment and disease progression could 
not be assessed. Fourth, we noticed the impact of age, 
postmenopausal women, and history of diabetes on the 
serum levels of sclerostin [18, 19]. In present study, there 
were no significant differences in age and history of dia-
betes between AMI and non-AMI groups. Women com-
monly suffered from AMI after postmenopausal period 
due to possibly estrogen protection. In our study, all of 
them were postmenopausal women. Fifth, the study 
population was relatively small, further large prospective 
studies with well-characterized population are required 
to confirm the role played by serum sclerostin and OPG 
in the development and progression of AMI.

Conclusions
Our study suggests that the assessment of serum scle-
rostin and OPG could be useful for the identification 
of AMI in patients with acute chest pain. Meanwhile, 
both could reflect the severity of coronary artery occlu-
sion. In addition, serum OPG could assist in evaluat-
ing risk of mortality in hospitalization of patients with 
AMI. Furthermore, elevated serum sclerostin and OPG 
may be accompanied with a worse prognosis in patient 
with AMI. Therefore, bone-related proteins could exert 
a potential role in early risk stratification and progno-
sis assessment. However, the underlying mechanism 
between serum bone-related proteins and atherosclerosis 
remains uncertain, and further studies are needed to con-
firm our findings.

Abbreviations
AMI: Acute myocardial infarction; CAD: Coronary artery disease; OPG: 
Osteoprotegerin; ACS: Acute coronary syndrome; Wnt: Wingless-type mouse 
mammary virus-integration site; VSMCs: Vascular smooth muscle cells; eGFR: 
Estimated glomerular filtration rate; ECG: Electrocardiography; cTNI: Cardiac 
troponin I; PCI: Percutaneous coronary intervention; BMI: Body mass index; 
HDL-C: High density lipoprotein cholesterol; NT-proBNP: N terminal pro 
B type natriuretic peptide; GRACE: The Global Registry of Acute Coronary 
Event; MACE: Major adverse cardiovascular events; CABG: Coronary artery 
bypass grafting; ROC: Receiver operating characteristics; AUC​: Area under the 
ROC curve; LDL-C: Low density lipoprotein cholesterol; FPG: Fasting plasma 



Page 11 of 12Shui et al. BMC Cardiovascular Disorders          (2022) 22:213 	

glucose; HbA1c: Hemoglobin A1c; TG: Triglyceride; UA: Uric acid; WBC: White 
blood cell; TC: Total cholesterol; HR: Hazard ratio; CI: Confidence intervals; LRP: 
Low-density lipoprotein receptor-related proteins; cTNT: Cardiac troponin T.

Acknowledgements
The authors express sincere thanks to Dr. Zhuoshan Huang for his help in 
statistics.

Author contributions
LC and XJX contributed to the study design and supervision. XS and RMD 
drafted the manuscript and contributed to patient enrolled and follow-up. 
LLT and ZQW were responsible for clinical data acquisition, ZW and ZFC 
participated in data interpretation and statistical analyses. All authors read and 
approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of The Third Affiliated 
Hospital, Sun Yat-sen University ([2019]02-018-01). All methods were carried 
out in accordance with relevant guidelines and regulations. Written informed 
consent was obtained from each patient.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Cardiovascular Medicine, The Third Affiliated Hospital, SunYat-
Sen University, No. 600, Tianhe Road, Guangzhou 510630, China. 2 Department 
of Cardiac Care Unit, The Third Affiliated Hospital, SunYat-Sen University, 
Guangzhou, China. 

Received: 26 October 2021   Accepted: 3 May 2022

References
	1.	 Nielsen SH, Mouton AJ, DeLeon-Pennell KY, Genovese F, Karsdal M, 

Lindsey ML. Understanding cardiac extracellular matrix remodeling 
to develop biomarkers of myocardial infarction outcomes. Matrix Biol. 
2019;75–76:43–57.

	2.	 Muzyk P, Twerenbold R, Morawiec B, Ayala PL, Boeddinghaus J, Nestel-
berger T, et al. Use of cardiac troponin in the early diagnosis of acute 
myocardial infarction. Kardiol Pol. 2020;78(11):1099–106.

	3.	 Kraus D, von Jeinsen B, Tzikas S, Palapies L, Zeller T, Bickel C, et al. Cardiac 
troponins for the diagnosis of acute myocardial infarction in chronic 
kidney disease. J Am Heart Assoc. 2018;7(19): e008032.

	4.	 Pourafkari L, Tajlil A, Nader ND. Biomarkers in diagnosing and treatment 
of acute heart failure. Biomark Med. 2019;13(14):1235–49.

	5.	 Carmona-Fernandes D, Barreira SC, Leonardo N, Casimiro RI, Castro AM, 
Santos PO, et al. Atherosclerosis and bone loss in humans-results from 
deceased donors and from patients submitted to carotid endarterec-
tomy. Front Med. 2021;8: 672496.

	6.	 Rochette L, Meloux A, Rigal E, Zeller M, Cottin Y, Vergely C. The role 
of osteoprotegerin in the crosstalk between vessels and bone: Its 
potential utility as a marker of cardiometabolic diseases. Pharmacol Ther. 
2018;182:115–32.

	7.	 Omland T, Ueland T, Jansson AM, Persson A, Karlsson T, Smith C, et al. 
Circulating osteoprotegerin levels and long-term prognosis in patients 
with acute coronary syndromes. J Am Coll Cardiol. 2008;51(6):627–33.

	8.	 Ghaffari S, Yaghoubi A, Baghernejad R, Sepehrvand N, Sokhanvar S, Hagh-
jou AG. The value of serum osteoprotegerin levels in patients with angina 
like chest pain undergoing diagnostic coronary angiography. Cardiol J. 
2013;20(3):261–7.

	9.	 Catalano A, Bellone F, Morabito N, Corica F. Sclerostin and vascular patho-
physiology. Int J Mol Sci. 2020;21(13):4779.

	10.	 Leto G, D’Onofrio L, Lucantoni F, Zampetti S, Campagna G, Foffi C, et al. 
Sclerostin is expressed in the atherosclerotic plaques of patients who 
undergoing carotid endarterectomy. Diabetes Metab Res Rev. 2019;35(1): 
e3069.

	11.	 Fuernau G, Zaehringer S, Eitel I, de Waha S, Droppa M, Desch S, et al. 
Osteoprotegerin in ST-elevation myocardial infarction: prognostic impact 
and association with markers of myocardial damage by magnetic reso-
nance imaging. Int J Cardiol. 2013;167(5):2134–9.

	12.	 Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al. 
Fourth universal definition of myocardial infarction (2018). J Am Coll 
Cardiol. 2018;72(18):2231–64.

	13.	 Bakris G, Ali W, Parati G. ACC/AHA versus ESC/ESH on hypertension guide-
lines: JACC guideline comparison. J Am Coll Cardiol. 2019;73(23):3018–26.

	14.	 Chamberlain JJ, Rhinehart AS, Shaefer CF Jr, Neuman A. Diagnosis and 
management of diabetes: synopsis of the 2016 american diabetes 
association standards of medical care in diabetes. Ann Intern Med. 
2016;164(8):542–52.

	15.	 Gensini GG. A more meaningful scoring system for determining the 
severity of coronary heart disease. Am J Cardiol. 1983;51(3):606.

	16.	 Tscherny K, Kienbacher C, Fuhrmann V, van Tulder R, Schreiber W, Herkner 
H, et al. Risk stratification in acute coronary syndrome: evaluation of the 
GRACE and CRUSADE scores in the setting of a tertiary care centre. Int J 
Clin Pract. 2020;74(2): e13444.

	17.	 Tanaka S, Matsumoto T. Sclerostin: from bench to bedside. J Bone Miner 
Metab. 2021;39(3):332–40.

	18.	 Lin X, Onda DA, Yang CH, Lewis JR, Levinger I, Loh K. Roles of bone-
derived hormones in type 2 diabetes and cardiovascular pathophysiol-
ogy. Mol Metabol. 2020;40: 101040.

	19.	 Weivoda MM, Youssef SJ, Oursler MJ. Sclerostin expression and functions 
beyond the osteocyte. Bone. 2017;96:45–50.

	20.	 De Maré A, Maudsley S, Azmi A, Hendrickx JO, Opdebeeck B, Neven E, 
et al. Sclerostin as regulatory molecule in vascular media calcification and 
the bone-vascular axis. Toxins. 2019;11(7):428.

	21.	 Lin ME, Chen TM, Wallingford MC, Nguyen NB, Yamada S, Sawangmake C, 
et al. Runx2 deletion in smooth muscle cells inhibits vascular osteochon-
drogenesis and calcification but not atherosclerotic lesion formation. 
Cardiovasc Res. 2016;112(2):606–16.

	22.	 Saadeldin MK, Elshaer SS, Emara IA, Maged M, Abdel-Aziz AK. Serum scle-
rostin and irisin as predictive markers for atherosclerosis in Egyptian type 
II diabetic female patients: a case control study. PLoS ONE. 2018;13(11): 
e0206761.

	23.	 Shalash MAM, Rohoma KH, Kandil NS, Abdel Mohsen MA, Taha AAF. 
Serum sclerostin level and its relation to subclinical atherosclerosis in sub-
jects with type 2 diabetes. J Diabetes Complications. 2019;33(8):592–7.

	24.	 Ghardashi-Afousi A, Davoodi M, Hesamabadi BK, Asvadi-Fard M, Bigi 
MAB, Izadi MR, et al. Improved carotid intima-media thickness-induced 
high-intensity interval training associated with decreased serum levels 
of Dkk-1 and sclerostin in type 2 diabetes. J Diabetes Complications. 
2020;34(1): 107469.

	25.	 Krishna SM, Seto SW, Jose RJ, Li J, Morton SK, Biros E, et al. Wnt 
signaling pathway inhibitor sclerostin inhibits angiotensin II-induced 
aortic aneurysm and atherosclerosis. Arterioscler Thromb Vasc Biol. 
2017;37(3):553–66.

	26.	 Coelho-Lima J, Georgiopoulos G, Ahmed J, Adil SER, Gaskin D, 
Bakogiannis D, et al. Prognostic value of admission high-sensitivity 
troponin in patients with ST-elevation myocardial infarction. Heart. 
2021;107(23):1881–8.

	27.	 He W, Li C, Chen Q, Xiang T, Wang P, Pang J. Serum sclerostin and 
adverse outcomes in elderly patients with stable coronary artery disease 
undergoing percutaneous coronary intervention. Aging Clin Exp Res. 
2020;32(10):2065–72.



Page 12 of 12Shui et al. BMC Cardiovascular Disorders          (2022) 22:213 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	28.	 Kern A, Stompór T, Kiewisz J, Kraziński BE, Kiezun J, Kiezun M, et al. 
Association of serum sclerostin levels with atherosclerosis severity 
in patients referred for invasive coronary angiography. Kardiol Pol. 
2020;78(12):1271–3.

	29.	 Kern A, Stompór T, Kiewisz J, Kraziński BE, Kiezun J, Kiezun M, et al. The 
impact of sclerostin levels on long-term prognosis in patients undergo-
ing coronary angiography: a personalized approach with 9-year follow-
up. J Personal Med. 2021;11(3):186.

	30.	 Zou Y, Yang M, Wang J, Cui L, Jiang Z, Ding J, et al. Association of sclerostin 
with cardiovascular events and mortality in dialysis patients. Ren Fail. 
2020;42(1):282–8.

	31.	 Dutka M, Bobiński R, Wojakowski W, Francuz T, Pająk C, Zimmer K. Osteo-
protegerin and RANKL-RANK-OPG-TRAIL signalling axis in heart failure 
and other cardiovascular diseases. Heart Fail Rev. 2021. https://​doi.​org/​10.​
1007/​s10741-​021-​10153-2.

	32.	 Ueland T, Åkerblom A, Ghukasyan T, Michelsen AE, Aukrust P, Becker RC, 
et al. Osteoprotegerin is associated with major bleeding but not with 
cardiovascular outcomes in patients with acute coronary syndromes: 
insights from the PLATO (platelet inhibition and patient outcomes) trial. J 
Am Heart Assoc. 2018;7(2): e007009.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s10741-021-10153-2
https://doi.org/10.1007/s10741-021-10153-2

	Association of serum sclerostin and osteoprotegerin levels with the presence, severity and prognosis in patients with acute myocardial infarction
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population
	Adjudicated final diagnosis
	Clinical data collection and biochemical analysis
	Coronary angiography and severity of coronary artery occlusion
	Follow-up
	Statistical analysis

	Results
	Baseline characteristics of the study subjects
	Predictive value of serum sclerostin and OPG for identifying AMI in patients with acute chest pain
	Associations between serum bone-related proteins and scores indicating the extent of coronary artery occlusion
	Cox regression analysis for relationship between bone-related proteins and MACE

	Discussion
	Conclusions
	Acknowledgements
	References


