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Low serum osteocalcin levels are correlated with left
ventricular systolic dysfunction and cardiac death
in Chinese men
Xue-li Zhang1, Yun Shen1, Xiao-jing Ma1, Zhi-gang Lu2, Yi-ting Xu1, Qin Xiong1 and Yu-qian Bao1

Osteocalcin is a newly identified type of cytokine secreted by osteoblasts, which has an endocrine function, mediates energy
and glycol-lipid metabolism, and is closely related to cardiovascular diseases. In this study, we investigated the value of serum
osteocalcin levels in predicting left ventricular systolic dysfunction and cardiac death. A total of 258 patients in the Department
of Cardiology were included. Two-dimensional echocardiography was performed in all the subjects. The cardiac death of subjects
occurring with a median follow-up of 4.6 years was informed via phone calls or the electronic medical records. The serum
osteocalcin levels were measured using electrochemiluminescent immunoassay. We found that the median left ventricular ejection
fractions (LVEFs) were 62% in men and 63% in women. In the men with a LVEF > 62%, the serum osteocalcin levels were
significantly higher than in those with LVEF ≤ 62% (P= 0.042), whereas this difference was absent in the women. Both the serum
osteocalcin (β= 0.095, P= 0.028) and serum N-terminal pro-brain natriuretic peptide (NT-pro-BNP; β=−0.003, P < 0.01) levels
remained independently significantly correlated with LVEF in the men but not in the women. Receiver operating characteristic
(ROC) analyses of the men revealed that the serum osteocalcin (P= 0.007), serum NT-pro-BNP (P= 0.018) and serum osteocalcin+
NT-pro-BNP (P < 0.01) levels were all significant in identifying left ventricular systolic dysfunction at baseline, but the pairwise
comparisons of the three areas under the curves (AUCs) were all non-significant. The men in the lower osteocalcin level group
at baseline suffered a greater risk of future cardiac death than those in the higher osteocalcin level group, whereas the result
for NT-pro-BNP exhibited the opposite pattern. In conclusion, lower serum osteocalcin levels in the men could identify left
ventricular systolic dysfunction and cardiac death in a manner that was not inferior to high serum NT-pro-BNP levels.
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INTRODUCTION
Previous studies have revealed that bone metabolic diseases are
closely correlated with cardiovascular diseases [1]. Patients with
cardiovascular diseases often have metabolic bone diseases [2]. In
recent years, the incidences of both types of disease mentioned
above have gradually increased with the aging of the population,
which has influenced the longevity and quality of life to a great
extent. Previous studies have demonstrated that bone metabolic
diseases and cardiovascular diseases have some common patho-
physiological mechanism and risk factors, for example, aging,
menopause, smoking, a sedentary lifestyle, and inflammation [3, 4].
Osteocalcin is secreted by osteoblasts and is a newly identified
type of cytokine. Osteocalcin has an endocrine function, mediates
energy and glycol-lipid metabolism, and is closely related to
cardiovascular diseases [5]. Studies have demonstrated that serum
osteocalcin levels are negatively correlated with the extent of
vasculopathy in coronary artery diseases (CAD), i.e., with increases

in lesion vessel numbers, the serum osteocalcin levels decrease
[6]. Serum osteocalcin levels are closely related to the prognosis
of CAD and act as an important hemodynamic parameter for
assessing this prognosis. In chronic heart failure patients with
low left ventricular ejection fractions (LVEFs), the incidence of
fractures significantly increases with decreases in serum osteocal-
cin levels [7]. In our previous study that utilized a mouse model, we
found that an intervention of exogenous osteocalcin significantly
attenuated the status of atherosclerosis [8]. Therefore, this study
aimed to investigate the relationship between serum osteocalcin
levels and the indexes of cardiac function and cardiac death.

MATERIALS AND METHODS
Subjects
A total of 276 patients from the Department of Cardiology of
Shanghai Jiao Tong University Affiliated Sixth People’s Hospital
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from January 2008 to December 2009 were included in this study.
All of the subjects underwent diagnostic coronary angiography
and echocardiography during hospitalization. This study was
approved by the local Ethics Committee of Shanghai Jiao Tong
University Affiliated Sixth People’s Hospital, and all subjects
provided informed consent. The subjects were followed up from
March 2015 to August 2016 by phone calls or through the
electronic medical records. The primary follow-up outcome was
cardiac death. The exclusion criteria were as follows: (1) severe
valvular heart disease or atrial fibrillation; (2) inflammation,
fracture, malignant tumor, liver or renal failure; (3) treatment with
medicines that may affect bone metabolism such as bispho-
sphonates, corticosteroids or warfarin; and (4) insufficient
laboratory or echocardiographic data. Overall, 258 patients were
included in the final analysis, and the median follow-up duration
was 4.6 years.

Diagnostic criteria
Coronary angiography was conducted using the standard Judkins
technique, and CAD was diagnosed when stenosis of ≥ 50% of
the lumen diameter was detected in a major coronary artery,
including the left main coronary artery, left anterior descending
artery or its first diagonal branch, left circumflex artery or its first
obtuse marginal branch, and the right coronary artery [9].
Diabetes was defined according to the World Health Organiza-

tion (WHO) 1999 criteria as a fasting plasma glucose (FPG) of at
least 7.0 mmol/L and/or a 2-h postprandial plasma glucose (2 hPG)
measurement of at least 11.1 mmol/L or a previous diagnosis of
diabetes [10].
Hypertension was defined according to the WHO/International

Society of Hypertension (ISH) 2003 criteria as a systolic
blood pressure (SBP) ≥ 140 mmHg or a diastolic blood pressure
(DBP) ≥ 90mmHg or having undergone a specific treatment for
hypertension [11].
The subjects were identified as “current smokers” if they

reported regular use of inhaled tobacco products or had smoked
at least one cigarette per day at any time during the previous
6 months [12].
Graded left ventricular dysfunction was defined according to

the recommendations for cardiac chamber quantification by
echocardiography in adults published by the American Society
of Echocardiography and the European Association of Cardiovas-
cular Imaging as a LVEF in the normal range (52–72% for men,
54–74% for women), in the mildly abnormal range (41–51%
for men, 41–53% for women), in the moderately abnormal range
(30–40%) or in the severely abnormal range ( < 30%) [13].

Anthropometric and laboratory measurements
Body mass index (BMI) was calculated as the weight divided
by the squared height. The waist circumference was measured
midway between the lowest rib and the superior border of iliac
crest on the midaxillary line.
Blood samples were taken from all of the study participants

after an overnight fast (≥10 h) and stored at −80 °C until
testing. FPG and 2 hPG were determined by the glucose oxidase
method. Fasting insulin was assayed with a radioimmunoassay
(Linco Research, St Charles, MO, USA). Insulin resistance
was estimated via the homeostasis model assessment index
(HOMA-IR) as follows: HOMA-IR= FPG (mmol/L) × fasting serum
insulin (mU/L)/22.5. The glycated hemoglobin A1c (HbA1c)
concentration was measured via high-pressure liquid chromato-
graphy (Bio-Rad Inc, Hercules, CA, USA). Triglycerides (TG), high-
density lipoprotein cholesterol (HDL-c), and low-density lipopro-
tein cholesterol (LDL-c) were determined by standard enzymatic
procedures on an automated bioanalyzer (7600–020; Hitachi,
Tokyo, Japan). C-reactive protein (CRP) was measured with a
particle-enhanced immunonephelometry assay (Dade Behring
Inc, Newark, NJ, USA).

The serum NT-pro-BNP levels were assayed by chemilumines-
cence (Cobas 6000, Roche Diagnostics GmbH, Mannheim,
Germany), and the inter-assay and intra-assay coefficients
of variation were 4.6% and 4.2%, respectively. The serum
total osteocalcin levels were quantified via electrochemilumines-
cent immunoassay (Roche Diagnostics, GmbH, Mannheim,
Baden-Württemberg, Germany) on a Roche Elecsys 2010 (Elecsys
module) immunoassay analyzer. This total osteocalcin assay
detects the major N-terminal fragment. The inter- and intra-
assay coefficients of variation were 1.7–6.5% and 1.2–4.0%,
respectively.

Echocardiography
Echocardiography was performed in all subjects using a
Philips IE33 ultrasound system with a 2.5-MHz transducer.
Echocardiographic determination of the left atrial dimension
(LAD), left ventricular end-diastolic dimension (LVDd), left
ventricular end systolic dimension (LVSd), the interventricular
septum dimension (IVST), the left ventricular posterior wall
thickness (PWT), left ventricular ejection fraction (LVEF), and
fractional shortening (FS) were recorded and evaluated by an
experienced echocardiographer. The left ventricular mass (LVM)
was calculated with a formula from Devereux et al. as LVM= 0.8 ×
1.04 × [(LVDd+ IVST+ PWT)3− LVDd3]+ 0.6. The LVM index
(LVMI) was calculated as the LVM divided by the body surface
area [14].

Statistical analysis
All of the statistical analyses were performed with SPSS version
21.0 (SPSS, Chicago, IL, USA). The one-sample Kolmogorov–
Smirnov test was used to explore the normalities of the
distributions of the data. Normally distributed data are expressed
in terms of the means ± the standard deviations, and the
skewed data are expressed in terms of the medians (with the
inter-quartile ranges). The clinical data were compared between
the two groups using unpaired Student’s t tests (for normally
distributed data) or Mann–Whitney U tests (for the skewed
data). The Χ2 test was used to compare the categorical variables.
The serum cutoff values and their corresponding sensitivities
and specificities for osteocalcin, NT-pro-BNP and osteocalcin+
NT-pro-BNP for the identification of left ventricular systolic
dysfunction at baseline were analyzed by receiver operating
characteristic curve (ROC) analyses [15]. The areas under the
curves (AUCs) were compared by pairwise comparison analysis.
Survival curves were analyzed by performing log-rank tests
with Kaplan–Meier figures. Two-tailed P values < 0.05 were
considered statistically significant.

RESULTS
Baseline characteristics
This study included 158 men (65.03 ± 10.46 years old) and 100
women (67.68 ± 9.17 years old). All of the women were
postmenopausal. The serum osteocalcin levels were significantly
higher in the women than in the men [23.80 ng/mL (17.97–32.93)
vs. 17.12 ng/mL (13.29–23.72), respectively, P < 0.01], and the
serum NT-pro-BNP levels were also much higher in the women
than in the men [140.70 ng/L (67.00–318.73) vs. 96.78 ng/L
(39.75–277.03), respectively, P= 0.039]. We further separated
the men and women according to the median LVEF (62% for
men and 63% for women). As presented in Table 1, we found
that in both the men and women, age, BMI, blood pressure,
plasma glucose, lipid profiles and the history of medicines did
not differ significantly between the different LVEF groups, whereas
the HbA1c value did differ significantly [6.2% (5.8–6.9%) vs.
6.0% (5.6–6.5%), P= 0.045]. In the men with a LVEF > 62%, the
serum osteocalcin levels were significantly higher than those in
the men with a LVEF ≤ 62% (P= 0.042), and the serum NT-pro-BNP
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levels were much lower in the former group (P= 0.02).
Regarding the echocardiographic parameters, the LVSd was
much lower in the men with a LVEF > 62% than in those with
a LVEF ≤ 62%, while the FS was much higher in the same
comparison (all P < 0.01). In the women, there were no
significant differences between any of the variables with the
exceptions of the LVSd and FS (all P < 0.01). Considering these
results in the women, we conducted the following analyses only
in the men.

The independent relationship between serum osteocalcin level
and left ventricular systolic function in men
To investigate the independent relationship between serum
osteocalcin level and left ventricular systolic function in men,
we conducted a stepwise regression analysis using LVEF
as the independent variable. As indicated in Table 2, after
including age, BMI, SBP, DBP, HOMA-IR, TG, HDL-c, LDL-c,
CRP, osteocalcin, NT-pro-BNP, current smoking status, CAD,

antiplatelet drugs, antihypertensives, lipid-lowering drugs,
and antidiabetic drugs into a regression model, only osteocalcin
(β= 0.105, P= 0.016) and NT-pro-BNP (β=−0.003, P < 0.01)
remained significant.

Table 1. Characteristics of the study participants

Parameters Men (n=158) P value Women (n=100) P value

LVEF ≤ 62% (n=91) LVEF > 62% (n=67) LVEF ≤ 63% (n=54) LVEF > 63% (n=46)

Age (years) 66.07 ± 10.92 63.61 ± 9.69 0.145 68.50 ± 9.23 66.72 ± 9.09 0.335

BMI (kg/m2) 24.75 ± 3.27 24.54 ± 2.74 0.674 24.67 ± 3.44 24.11 ± 2.89 0.388

Heart rate (bpm) 72.00 (68.00–78.00) 72.00 (70.00–78.00) 0.806 72.50 (70.00–80.00) 72.00 (70.00–80.50) 0.554

SBP (mmHg) 130.00 (120.00–150.00) 130.00 (120.00–140.00) 0.632 135.00 (125.00–150.00) 137.50 (120.00–150.00) 0.620

DBP (mmHg) 80.00 (70.00–85.00) 80.00 (70.00–83.00) 0.926 80.00 (70.00–85.30) 79.00 (70.00–85.25) 0.399

FPG (mmol/L) 5.50 (5.01–6.60) 5.36 (5.01–5.91) 0.209 5.59 (5.05–6.84) 5.41 (5.01–6.37) 0.437

2hPG (mmol/L) 9.03 (7.06–11.94) 8.40 (6.32–11.49) 0.218 7.60 (6.41–11.46) 8.81 (5.92–10.84) 0.825

HbA1c (%) 6.2 (5.8–6.9) 5.9 (5.6–6.5) 0.045a 6.1 (5.7–7.4) 6.2 (5.9–6.6) 0.686

HOMA-IR 4.24 (2.79–6.20) 3.86 (2.65–5.14) 0.216 4.03 (2.54–6.82) 4.52 (2.81–5.95) 0.841

TG (mmol/L) 1.57 (1.09–2.09) 1.50 (1.07–2.75) 0.738 1.39 (1.05–2.36) 1.64 (1.09–2.58) 0.445

HDL-c (mmol/L) 0.98 (0.86–1.16) 0.96 (0.81–1.12) 0.371 1.22 (1.04–1.35) 1.28 (0.99–1.48) 0.592

LDL-c (mmol/L) 2.88 ± 0.98 2.88 ± 0.89 0.978 3.11 ± 1.05 3.28 ± 0.94 0.411

CRP (mg/L) 1.74 (0.72–5.14) 1.27 (0.50–4.39) 0.363 1.52 (0.56–4.44) 1.25 (0.44–3.07) 0.298

NT-pro-BNP (ng/L) 126.40 (54.39–356.00) 78.94 (36.10–207.90) 0.020a 155.85 (65.01–333.73) 119.45 (74.91–275.18) 0.555

Osteocalcin (ng/mL) 15.86 (11.79–22.77) 18.01 (14.28–24.47) 0.042a 22.33 (17.32–33.49) 25.46 (18.13–31.78) 0.866

CAD, n (%) 76 (83.5) 49 (73.1) 0.113 35 (64.8) 27 (58.7) 0.530

Hypertension, n (%) 62 (68.1) 49 (73.1) 0.497 38 (70.4) 34 (73.9) 0.694

Diabetes, n (%) 33 (36.3) 12 (17.9) 0.012a 16 (29.6) 16 (34.8) 0.582

Current smoker, n (%) 54 (59.3) 52 (77.6) 0.016a 0 1 (2.2) 0.460

Antiplatelet drugs, n (%) 86 (94.5) 62 (92.5) 0.651 47 (87.0) 40 (87.0) 0.990

Antihypertensives, n (%) 88 (96.7) 65 (97.0) 0.912 48 (88.9) 41 (89.1) 0.969

Lipid-lowering drugs, n (%) 84 (92.3) 59 (88.1) 0.368 45 (83.3) 38 (82.6) 0.923

Antidiabetic drugs, n (%) 33 (36.3) 14 (20.9) 0.052 18 (33.3) 16 (34.8) 0.879

LVDd (mm) 48.00 (44.00–50.00) 47.00 (44.00–50.00) 0.897 44.00 (42.00–47.00) 44.00 (43.00–48.25) 0.605

LVSd (mm) 32.00 (30.00–35.00) 30.00 (28.00–32.00) <0.01a 31.00 (28.00–33.00) 28.00 (26.00–30.00) <0.01b

PWT (mm) 9.00 (8.00–9.00) 9.00 (8.00–10.00) 0.129 9.00 (8.00–9.00) 8.00 (8.00–9.00) 0.533

FS (%) 32.00 (30.00–33.00) 36.00 (35.00–38.00) <0.01a 32.00 (29.00–33.00) 37.00 (36.00–39.00) <0.01b

LVMI (g/m2) 84.92 (76.00–94.25) 86.16 (79.13–95.46) 0.272 85.52 (73.87–98.37) 85.40 (75.67–100.99) 0.538

AO aortic diameter, BMI body mass index, CAD coronary artery disease, CRP C-reactive protein, DBP diastolic blood pressure, FPG fasting plasma glucose,
FS fraction shortening, HbA1c glycated hemoglobin A1c, HDL-c high-density lipoprotein cholesterol, HOMA-IR Homeostasis model assessment-insulin
resistance, IVST interventricular septal thickness, LAD left atrial diameter, LVDd left ventricular end-diastolic dimension, LVEF left ventricular ejection fraction,
LVMI left ventricular mass index, LVSd left ventricular end-systolic dimension, LDL-c low-density lipoprotein cholesterol, NT-pro-BNP N-terminal pro-brain
natriuretic peptide, PWT posterior wall thickness, SBP systolic blood pressure, TG Triglyceride, 2 hPG 2-h post plasma glucose
The data are means ± s.d., median (interquartile range) or n (%)
aP < 0.05 vs. LVEF ≤ 62% in men
bP < 0.01 vs. LVEF ≤ 63% in women

Table 2. Multiple stepwise regression analysis showing variables
independently associated with left ventricular systolic function in men

Independent variables β S.E. Standardized β P value

Osteocalcin 0.105 0.043 0.188 0.016

NT-pro-BNP −0.003 0.001 −0.327 <0.01

Variables included in the original model are age, BMI, SBP, DBP, HOMA-IR, TG,
HDL-c, LDL-c, CRP, osteocalcin, NT-pro-BNP, current smoker, CAD, antiplatelet
drugs, antihypertensives, lipid-lowering drugs, antidiabetic drugs
※Only statistical significant factors are presented in Table 2 after stepwise
regression analysis

Osteocalcin with heart function
XL Zhang et al.

488

Acta Pharmacologica Sinica (2019) 40:486 – 491



The relationships of serum osteocalcin, NT-pro-BNP and
osteocalcin+ NT-pro-BNP with left ventricular systolic dysfunction
at baseline in men
We constructed curves for osteocalcin, NT-pro-BNP and osteocal-
cin+ NT-pro-BNP to identify left ventricular systolic dysfunction in
the men at baseline (defined as a LVEF < 52%) via ROC analyses
(Fig. 1). The optimal cutoff for osteocalcin for identifying left
ventricular systolic dysfunction at baseline was 17.88 ng/mL,
and the corresponding sensitivity and specificity were 71.4%
and 53.6%, respectively. The AUC was 0.733 (95% confidence
interval 0.564–0.902, P= 0.007). The optimal cutoff for NT-pro-BNP
for identifying the left ventricular systolic dysfunction at
baseline was 278.60 ng/L with a corresponding sensitivity of

71.4% and a specificity of 78.1%. The AUC was 0.754 (95%
confidence interval 0.543–0.965, P= 0.020). When osteocalcin
and NT-pro-BNP were combined, the corresponding sensitivity
was still 71.4%, and the specificity increased from 53.6% to
83.4%. The AUC was 0.820 (95% confidence interval 0.671–0.969).
The pairwise comparisons among the three curves were all non-
significant (osteocalcin vs. NT-pro-BNP, P= 0.885; osteocalcin vs.
osteocalcin+ NT-pro-BNP, P= 0.279; NT-pro-BNP vs. osteocalcin+
NT-pro-BNP, P= 0.483).

The relationships of serum osteocalcin levels and serum
NT-pro-BNP levels with cardiac death
We recorded 6 cases of cardiac death due to heart failure in men
with a median follow-up of 4.6 years. We used the optimal cutoffs
for osteocalcin and NT-pro-BNP calculated above to separate
the patients into a higher osteocalcin level group and a lower
osteocalcin level group as well as a higher NT-pro-BNP level group
and a lower NT-pro-BNP level group. Further Kaplan–Meier
survival analyses were performed. As illustrated in Fig. 2, the
patients in the lower osteocalcin level group at baseline suffered a
greater risk of future cardiac death than those in the higher
osteocalcin level group (P= 0.016, Fig. 2a). The result for NT-pro-
BNP exhibited the opposite pattern. The patients in the higher
NT-pro-BNP level group at baseline suffered a greater risk of
future cardiac death than did those in the lower NT-pro-BNP level
group (P= 0.008, Fig. 2b).

DISCUSSION
The study demonstrates that as serum osteocalcin levels increase,
the left ventricular ejection fraction can be maintained at a
certain level without deteriorating, and the risk of cardiac death
is significantly lower in men with higher serum osteocalcin
levels than in those with lower serum osteocalcin levels. This
study demonstrates that the serum osteocalcin level may
be involved in ventricular remodeling and provides a new
perspective about the pathophysiological mechanism of osteo-
calcin in the diagnosis of cardiovascular diseases. Compared
with NT-pro-BNP, which is the traditional marker for assessing
heart failure, serum osteocalcin levels were not inferior in the
identification of cardiac function and cardiac death. Low serum
osteocalcin levels were able to identify left ventricular systolic
dysfunction at baseline and a high risk of cardiac death
longitudinally.
Clinical evidence has demonstrated that serum osteocalcin

levels are correlated with cardiac function and play a protective
role. A study by Schleithoff et al. included 21 men with New York

Fig. 1 ROC curves for identifying left ventricular systolic dysfunction
and comparisons of the AUCs. Osteocalcin model, AUC= 0.733
(95% confidence interval 0.564–0.902); NT-pro-BNP model, AUC=
0.754 (95% confidence interval 0.543–0.965); Osteocalcin+NT-pro-
BNP model, AUC= 0.820 (95% confidence interval 0.671–0.969).
Comparisons of the AUCs: Osteocalcin model vs. NT-pro-BNP
model, P= 0.885; osteocalcin model vs. osteocalcin+NT-pro-BNP
model, P= 0.279; NT-pro-BNP model vs. osteocalcin+NT-pro-
BNP model, P= 0.483

Fig. 2 Kaplan–Meier survival curves for cardiac death in the patients grouped according to the optimal cutoffs for serum osteocalcin and
serum NT-pro-BNP levels in men. a The dashed line indicates the higher serum osteocalcin level group (> 17.88 ng/mL), and the full line
indicates the lower serum osteocalcin level group ( ≤ 17.88 ng/mL, P= 0.016). b The dashed line indicates the higher serum NT-pro-BNP level
group ( > 278.60 ng/L), and the full line indicates the lower serum NT-pro-BNP level group (≤ 278.60 ng/L, P= 0.008)
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Heart Association over grade II and 21 normal controls. These
authors found that, in the patients with heart failure, the serum
osteocalcin levels were relatively low [7]. Verheyen et al.
found that indicators reflecting bone transformation were
correlated with left ventricular function. After adjustment for
other confounding factors, the serum osteocalcin levels still
presented a positive correlation with mitral annulus velocity [16].
However, the conclusions about the relationship between serum
osteocalcin levels and cardiac function are not consistent. In 73
patients with mild-to-moderate heart failure, Bozic et al. found
that the serum osteocalcin levels were increased compared with
those in normal controls after matching for the BMI [17].
Conversely, Wu et al. found that there was no significant
difference between patients with heart failure and normal controls
[18]. On the basis of a review of the literature, to our knowledge,
we are the first to report the relationship between serum
osteocalcin level and LVEF. In the present study, we found
that lower serum osteocalcin levels were correlated with a
higher risk of left ventricular systolic dysfunction, which provides
novel evidence of a protective role of serum osteocalcin for
cardiac function.
Yeap et al. found that total serum osteocalcin levels could

predict both all-cause and cardiovascular disease mortality in men
aged 70–89 years, but the osteocalcin levels presented as a
U-shaped curve in this relationship [19]. Another study in Japan
found that serum osteocalcin levels that were lower than the
median value were associated with a higher risk of developing
cardiovascular events in 126 hemodialysis patients after 5 years
follow-up [20]. However, another study reported that serum
osteocalcin levels might not be associated with the future risk of
cardiovascular diseases [21]. Ethnic differences and different
diagnostic criteria may have contributed to the diversity of the
results to some extent. In our study, we found that serum
osteocalcin levels could identify the risk of cardiac death within
the following 4.6 years, which is convincing because this is a
report of the association between serum osteocalcin levels and a
hard end point.
Serum osteocalcin levels are negatively correlated with

cardiovascular risk factors, such as obesity, diabetes, dyslipidemia
and nonalcoholic fatty liver disease [6, 22, 23]. Experimental and
clinical evidence has demonstrated that serum osteocalcin levels
play a protective role in cardiovascular diseases [5]. Perturbed
glycol-lipid metabolism is a well-known risk factor for cardiovas-
cular diseases [24]. Serum osteocalcin may be involved in
regulating energy metabolism and glycol-lipid metabolism
through its binding with the G protein-coupled receptor family
C, group 6, member A (GPRC6A) receptor, which is regarded as a
vascular-protective cytokine [25]. The GPRC6A receptor is a newly
discovered G protein-coupled receptor that is expressed in
myocardial tissues [26]. Serum osteocalcin may play an important
role in protecting myocardial cells by binding with the GPRC6A
receptor. The mechanism of the protection against cardiomyo-
pathy mediated by osteocalcin in mice with type 2 diabetes was
studied by Gamal et al. [27]. These authors found that serum
osteocalcin levels and serum adiponectin levels in the diabetes
group were much lower than the levels in the control group. The
expression of the GPRC6A receptor was also downregulated.
However, in the control group that received a subcutaneous
injection of warfarin, the serum osteocalcin levels and the serum
adiponectin levels increased with the upregulation of the
expression of the GPRC6A receptor. Serum osteocalcin could play
a protective role in myocardial tissues by upregulating the levels
of adiponectin, which could result in the upregulation of the
expression of the GPRC6A receptor. Results from Gamal et al. also
indicated that serum osteocalcin might exhibit a protective
role via an anti-oxidative and anti-apoptotic mechanisms. In our
previous study, we used apolipoprotein E-knockout mice to create
a model of atherosclerosis. We found that an intervention with

exogenous osteocalcin significantly attenuated high fat diet-
induced impairment of endothelium-dependent relaxation
through the phosphatidylinositol 3-kinase (PI3K)/protein kinase B
(Akt)/endothelial nitric oxide synthase (eNOS) signaling pathway
[8]. Jung et al. confirmed that osteocalcin can attenuate the
impairment of human aortic endothelial cells caused by free fatty
acid via the PI3K/Akt pathway [28].
Similarly, in our study, we also found that there was a significant

difference in the serum osteocalcin levels between the men
and women, which accords with previous findings [29]. The
difference in the bone turnover rates between men and women,
especially postmenopausal women, might primarily account for
the gender difference in osteocalcin. Bone turnover rates are
accelerated with increasing age, especially in postmenopausal
women [30]. Among menopausal women, insufficient calcium
and phosphorus may result in a low rate of the formation of
hydroxyapatite crystals, which is regarded as a state of low bone
mineralization. In this state, free osteocalcin may be secreted into
the circulation, which would cause the increased concentration of
osteocalcin in the sera of postmenopausal women, which in turn,
may explain the reason for the gender difference, particularly in
postmenopausal women [31].
There are some limitations to our study. First, this study was a

retrospective study with a relatively small sample size. Second, all
of the patients came from the department of cardiology, so this
population was not generalized. Third, the patients were included
in this study from 2008 to 2009; thus, recruitment began 10 years
ago. Finally, we only measured the baseline serum osteocalcin
levels and did not collect another measurement during the follow-
up, so the dynamic changes in serum osteocalcin levels could not
be observed.

CONCLUSION
We conclude that serum osteocalcin levels are significantly
different between men and women. In men, lower serum
osteocalcin levels are closely correlated with left ventricular
function and can predict future cardiac death.
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