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Abstract

Objectives: Osteocalcin, a bone-derived protein, has recently been reported to affect energy metabolism.
We investigated the relationship between serum osteocalcin and parameters of adiposity, glucose
tolerance, and lipid profile in Chinese subjects.
Methods: Serum osteocalcin was measured by electrochemiluminescence immunoassay in 254 men
(128 with newly diagnosed type 2 diabetes mellitus (T2DM) and 126 with normal glucose tolerance
(NGT)), 66 premenopausal women (33 with T2DM and 33 with NGT) as well as 180 postmenopausal
women (92 with T2DM and 88 with NGT). Their associations with parameters of adiposity, glucose
tolerance, and lipid profile were examined.
Results: Serum osteocalcin concentrations in diabetic patients were significantly lower than those in
NGT subjects after adjusted for age, gender, and body mass index (PZ0.003). Postmenopausal women
had higher osteocalcin concentrations than premenopausal women and men (both P!0.001).
Multiple stepwise regression analysis showed that age, %fat, high-density lipoprotein cholesterol,
fasting plasma glucose, and fasting serum insulin were independently associated with osteocalcin in
men (P!0.05). Age and HbA1c were independently correlated with osteocalcin in postmenopausal
women. Besides age and HbA1c, serum triglyceride was also an independent factor influencing
osteocalcin in premenopausal women. In addition, osteocalcin was also positively associated with
homeostasis model assessment of b-cell function. Furthermore, multiple logistic regression analysis
demonstrated that osteocalcin was independently associated with T2DM.
Conclusions: Serum osteocalcin was closely associated with not only fat and glucose metabolism but
also with lipid metabolism.

European Journal of Endocrinology 161 723–729
Introduction

Recent studies have verified that adipose tissue could
regulate bone remodeling through the adipokine leptin
by acting on osteoblasts (1, 2). In turn, bone modulates
energy metabolism in a feedback loop. The novel
function for the skeleton unraveled its importance as
an endocrine organ. A bone-derived protein, osteocal-
cin, has raised much attention as a hormone regulating
glucose metabolism and fat mass. Osteocalcin is an
osteoblast-specific secreted molecule. It has been
observed as a constituent of the bone extracellular
matrix. It is also secreted in the general circulation and
has some other features of a hormone. Animal
experiments and cell-based assay suggested that
osteocalcin can increase b-cell proliferation, insulin
secretion, and insulin sensitivity by increasing
ndocrinology
adiponectin gene expression (3). Lee et al. showed that
osteocalcin knockout mice (OcnK/K) displayed higher
blood glucose level and lower serum insulin level than
wild-type mice (3). Furthermore, osteocalcin treatment
weakened the development of obesity and diabetes in
wild-type mice (4).

Although these animal-based studies are certainly of
interest, the clinical relevance of osteocalcin has seldom
been explored so far. Recently, Fernandez-Real et al.
demonstrated that serum osteocalcin was associated
with insulin sensitivity and insulin secretion in
nondiabetic subjects (5). Kanazawa et al. showed
correlations of serum osteocalcin with blood glucose
and fat mass in Japanese patients with type 2 diabetes
mellitus (T2DM) (6). However, the associations of serum
osteocalcin with obesity, glucose, and lipid meta-
bolism remained unknown in the Chinese population.
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The purpose of this study was to investigate the role of
osteocalcin in glucose tolerance, lipid profile, insulin
secretion, and sensitivity in Chinese individuals.
Methods

Subjects

This study was part of the epidemiological survey for
diabetes and metabolic syndrome in six communities
from May 2007 to August 2008 in Shanghai, China. All
participants were expected to complete a uniform
questionnaire containing questions about the histories
of present and past illness and medical therapy. In the
present study, we selected 253 patients with newly
diagnosed T2DM (128 men, 33 premenopausal women,
and 92 postmenopausal women), and 247 normal
glucose tolerance (NGT) subjects (126 men, 33
premenopausal women, and 88 postmenopausal
women) matched for age, gender, and body mass
index (BMI). The age range for men, premenopausal
women, and postmenopausal women were 23–76,
23–53, and 44–76 years respectively. Diabetes was
diagnosed according to the 1999 World Health
Organization criteria (7). None of the subjects had
taken any hypoglycemic medications. Complete physical
examinations and routine biochemical analyses of blood
were performed. The study was approved by the ethics
committee of the hospital. Written informed consent
was obtained from all participants.

Participants with the following conditions were
excluded: hepatic or renal dysfunction, nutritional
derangements, anemia, history of malignancy, hyper-
parathyroidism or thyroid dysfunction, pregnancy, and
fracture within 1 year or taking medications known
to influence bone and calcium metabolism, such as
vitamin D, bisphosphonate, calcitonin, estrogen, tamox-
ifen, or corticosteroids.
Anthropometric evaluation

Participants arrived at the community service center
at 0600 h following an overnight fasting of 10 h.
A physical examination, including the measurement
of height, weight, waist circumference, blood pressure
(BP), and body fat, was performed for each subject. BMI
was calculated as weight divided by squared height.
Body fat percentage (%fat) was estimated by the
TBF-410 Tanita Body Composition Analyzer (Tanita,
Tokyo, Japan). Waist circumference was measured
midway between the lowest rib and the superior border
of iliac crest on midaxillary line. Hip circumference was
measured around the buttocks at the level that yielded
the maximum measurement. Waist-to-hip ratio (WHR)
was also calculated as the ratio of the waist
circumference to the hip circumference. BP value was
the average of three time measurements using a
sphygmomanometer with the interval of 2 min.
www.eje-online.org
Biochemical analyses

Blood samples were collected after an overnight fast.
Each participant received a standard 75 g oral glucose
tolerance test (OGTT) (8). Fasting plasma glucose (FPG)
and 2-h post-OGTT plasma glucose (2hPG) were
assayed by glucose oxidase method. Serum insulin
concentration was measured by RIA (Linco Research,
St Charles, Missouri, USA). HbA1c was determined by
HPLC (Bio-Rad Inc). Serum triglyceride (TG), total
cholesterol (TC), high-density lipoprotein cholesterol
(HDL-c), and low-density lipoprotein cholesterol (LDL-c)
were measured by enzymatic procedures using an
autoanalyzer (Hitachi 7600-020, automatic analyzer).
Serum osteocalcin was measured by electrochemilumi-
nescence immunoassay (Roche Diagnostics GmbH)
with intra and interassay coefficients of variation of
1.2–4.0 and 1.7–6.5% respectively.
Homeostasis model assessment

Insulin sensitivity was estimated by homeostasis model
assessment-insulin resistance (HOMA-IR) based on
fasting glucose and insulin measurements as follows:
HOMA-IRZfasting serum insulin (FINS) (mU/l)!FPG
(mmol/l)/22.5. Basal insulin secretion was assessed by
HOMA-%B, which was calculated as (FINS (mU/l)!
6K3.33)/(FPG (mmol/l)K3.5) (9).
Statistical analyses

All analyses were performed with Statistical Package for
Social Sciences version 13.0 (SPSS, Chicago, IL, USA).
Data were expressed as meanGS.D. except for skewed
variables, which were presented as median (interquar-
tile range 25–75%). Clinical characteristics that
followed a normal distribution were compared among
the three groups using one-way ANOVA test, and those
that were not normally distributed were compared with
Kruskal–Wallis test. Unpaired Student’s t test was used
for comparisons between subjects with NGT and T2DM
for normally distributed parameters in each group,
while the Wilcoxon rank-sum test was applied for
variables with a skewed distribution. Serum osteocalcin
concentrations were compared for each group using an
analysis of covariance. The Spearman correlation
coefficients were calculated to assess the strength of
the correlations of osteocalcin and parameters of
adiposity, glucose, and lipid metabolism. Multiple
stepwise regression analysis was performed to
determine the associations between serum osteocalcin
and metabolic parameters after adjusting for potential
confounders. Multivariate logistic regression analysis
was conducted using the existence of T2DM as a
dependent variable. All reported P values were two-
tailed, and P values !0.05 were considered statistically
significant.
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Figure 1 Serum osteocalcin concentrations in subjects with
T2DM and NGT. Median (interquartile range) levels of
serum osteocalcin in men, premenopausal women, and
postmenopausal women are displayed. Black, men; white,
premenopausal women; grey, postmenopausal women.
*P!0.05 versus DM after age and BMI adjustment; #P!0.001
versus postmenopausal women after age and BMI
adjustment.
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Results

Characteristics of subjects

The principal characteristics of the study population
are displayed in Table 1. Age, height, weight, waist
circumference, WHR, % fat, BP, and lipid profile differed
significantly among the three groups (P!0.01). Men
had significantly higher height, weight, waist circum-
ference, WHR, diastolic BP and lower %fat, and HDL-c
level than both premenopausal and postmenopausal
women. There were no differences in the glucose
tolerance status (FPG, 2hPG, HbA1c) among the three
groups.
Table 2 Multiple stepwise regression analysis showing variables ind
respectively.

Independent variables
enter the model b

Men Age K0.003
%fat K0.004
HDL-c K0.250
FPG K0.010
FINS 0.107

Premenopausal
women

Age K0.008
TG 0.167
HbA1c K0.052

Postmenopausal
women

Age K0.003
HbA1c K0.041

Age, BMI, waist circumference, WHR, %fat, TC, TG, LDL-c, HDL-c, FPG, 2hP
serum insulin; FPG, fasting plasma glucose; HbA1c; HDL-c, high-density lipopr

www.eje-online.org
Serum osteocalcin concentrations in NGT and
T2DM subjects

Serum concentrations of osteocalcin ranged from 4.6 to
39.5 ng/ml. We found a decreasing trend in osteocalcin
concentrations with age in all three groups after we
stratified subjects by every 10 years (a median level of
19.6–11.4 ng/ml in men, 13.5–10.7 ng/ml in premeno-
pausal women, and 20.2–16.5 ng/ml in postmenopausal
women, all P!0.05). After adjustment for age, gender,
and BMI, serum osteocalcin concentrations in the subjects
with T2DM (median 15.1 ng/ml (interquartile range
10.8–18.3)) were significantly lower in comparison with
the subjects with NGT (16.8 ng/ml (11.8–20.6);
PZ0.003). Postmenopausal women had significantly
higher serum osteocalcin concentrations than premeno-
pausal women and men after adjustment for age and BMI
in both NGT subjects (19.2 ng/ml (14.6–26.3) versus
12.0 ng/ml (9.0–17.0) and 14.2 ng/ml (11.2–17.7),
P!0.001) and diabetic patients (17.4 ng/ml
(13.0–23.0) versus 12.0 ng/ml (8.7–14.7) and
12.6 ng/ml (10.0–16.3), P!0.001; Fig. 1).
Correlations of serum osteocalcin with
anthropometric parameters, glucose, lipid
profile, insulin secretion, and insulin
sensitivity

In whole participants, the correlation analysis showed
that serum osteocalcin was inversely correlated with
FPG (rZK0.142, PZ0.001), 2hPG (rZK0.089,
PZ0.048), and HbA1c (rZK0.167, P!0.001), and
positively correlated with TG (rZ0.095, PZ0.035),
FINS (rZ0.144, PZ0.001), and HOMA-%B (rZ0.216,
P!0.001). However, no significant correlation was
found between serum osteocalcin and HOMA-IR
(rZ0.031, PZ0.492).

To further determine which variables were indepen-
dently associated with serum osteocalcin, multiple
stepwise regression analysis was performed in men
and women separately (Table 2). As a result, age, %fat,
ependently associated with serum osteocalcin in men and women

S.E.M. Standardized b t P

0.001 K0.248 K4.038 !0.001
0.002 K0.175 K2.638 0.009
0.103 K0.153 K2.421 0.016
0.005 K0.130 K2.086 0.038
0.047 0.144 2.283 0.023
0.003 K0.271 K2.300 0.025
0.081 0.251 2.054 0.044
0.019 K0.330 K2.703 0.009
0.002 K0.152 K2.094 0.038
0.010 K0.296 K4.074 !0.001

G, HbA1c, and FINS were selected as independent variables. FINS, fasting
otein cholesterol; TG, triglyceride.

Downloaded from Bioscientifica.com at 08/23/2022 05:53:09AM
via free access



Table 3 Multiple stepwise regression analysis to assess the relationship between osteocalcin and insulin secretion.

Independent
variables enter the model b S.E.M. Standardized b t P

HOMA-%B Age 0.004 0.001 0.145 3.753 !0.001
BMI 0.015 0.004 0.152 3.880 !0.001
HbA1c K0.149 0.012 K0.501 K12.577 !0.001
Osteocalcin 0.289 0.081 0.139 3.551 !0.001

Age, gender, BMI, waist circumference, WHR, %fat, lipid profile, HbA1c, and osteocalcin were selected as independent variables. BMI, body mass index.
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HDL-c, FPG, and FINS were independently associated
with osteocalcin in men. Besides age and HbA1c, which
were also independently correlated with osteocalcin in
postmenopausal women, TG was shown to be an
independent factor influencing osteocalcin in premeno-
pausal women. Moreover, in order to eliminate the
effects of lipid-lowering agents such as statins or
fibrates, we exclude subjects who had ever taken these
drugs (six men, two premenopausal women, and 12
postmenopausal women). Exclusion of this group made
little difference to the regression coefficients of lipid
parameters in the analyses above (bZK0.270,
PZ0.012 for HDL-C in men, and bZ0.170,
PZ0.043 for TG in premenopausal women; data not
shown).

In addition, as shown in Table 3, to assess the
influence of osteocalcin on insulin secretion, multiple
regression model with HOMA-%B as a dependent
variable further revealed that serum osteocalcin was
an independent factor associated with HOMA-%B.
However, when HOMA-IR was the dependent variable,
osteocalcin was not a significant independent determi-
nant, which was excluded in the final model.
Multiple logistic regression analysis

In all subjects, multiple logistic regression analysis was
performed using the presence of T2DM as a dependent
variable (Table 4). The analysis involved age, gender,
BMI, %fat, BP, serum osteocalcin, and lipid profile
(TC, TG, LDL-c, HDL-c). As a result, osteocalcin (odds
ration, ORZ0.136), systolic BP (ORZ1.016), and TG
(ORZ5.203) were found to be independent factors for
diabetes. However, other variables were all excluded in
the final model.
Table 4 Multivariate logistic regression analysis with type 2 diabetes

B S.E.M. Wald

Osteocalcin K1.996 0.579 11.883
Systolic BP 0.016 0.008 3.922
TG 1.649 0.686 5.780

The analysis also included age, gender, BMI, %fat, diastolic blood pressu
BP, blood pressure; TG, triglyceride.
Discussion

Osteocalcin is a 49-amino acid bone matrix noncollagen
protein, which is one of the most mature secretory
products of osteoblasts (10). Serum osteocalcin concen-
tration has been found to represent the de novo synthesis
of osteocalcin by osteoblasts (11), and is a specific
biochemical marker of bone turnover and bone forma-
tion (12, 13). Besides its functions in bone minerali-
zation and calcium homeostasis, recent animal studies
have reported its novel role in the regulation of glucose
metabolism and insulin secretion and sensitivity.
However, relevant evidences are still limited in humans.

In animal studies, as a model of a gain of osteocalcin
bioactivity, EspK/K mice were protected from obesity;
in contrast, OcnK/K mice showed an increase in fat
mass and adipocyte number (3). Consistent with these
studies, we found %fat was negatively correlated with
serum osteocalcin in men. In addition, similarly to
previous clinical studies (14–17), we observed signi-
ficantly lower osteocalcin concentrations in patients
with T2DM compared with NGT subjects. Moreover, we
found FPG was independently correlated with osteo-
calcin in men, and HbA1c was independently correlated
with osteocalcin in both premenopausal and postme-
nopausal women. Studies in vivo or in vitro have
demonstrated that in hyperglycemic states, the osteo-
blast mass and possibly function are decreased, which
suppresses osteocalcin synthesis and secretion (18, 19),
resulting in impaired bone turnover and reduced bone
formation (20). Conversely, osteocalcin also has an
impact on glucose regulation. In line with observations
from animal studies, which showed that recombinant
osteocalcin could increase insulin secretion (3, 4), we
found osteocalcin was positively associated with basal
insulin secretion.
mellitus as a dependent variable.

P Exp(B) 95% CI

0.001 0.136 0.044 0.423
0.048 1.016 1.000 1.033
0.016 5.203 1.356 19.964

re, TC, LDL-c, and HDL-c, which were all excluded in the final model.
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A novel observation of this study was the relationship
of serum osteocalcin with lipid profile in both genders:
negatively for HDL-c in men and positively for TG in
premenopausal women. Although recent animal-based
studies suggested osteocalcin might have a beneficial
effect on blood TG levels (3, 4), the clinical relevance of
osteocalcin with lipid profile remained poorly charac-
terized. Fernandez-Real et al. studied 19 obese non-
diabetic women in Spain, aged 40–60 years. Their
baseline serum osteocalcin was not associated with TG.
After diet or diet plus resistance training intervention,
the postintervention serum osteocalcin was negatively
associated with TG (rZK0.54, PZ0.01). However,
they did not observe the relationship between the
change in osteocalcin and the change in TG (5).
Another study reported that no correlations between
osteocalcin and lipid profile were found in 339
postmenopausal women from Korea (21), which was
in line with our findings. The discrepancy from the
above studies raised the possibility that the effect of
osteocalcin on lipid metabolism in humans might be
different from that in animals. The pathophysiologic
mechanisms underlying this association are unknown.
Although relevant data about the relationship between
osteocalcin and lipid profile are scanty, there is
increasing evidence showing a connection between
lipids and bone metabolism in recent years. A number of
studies focusing on the association between lipid profile
and bone mass density (BMD) suggested that TG was
positively associated with BMD and inversely associated
with the presence of vertebral fractures (22–24). Adami
et al. also found reduced bone mass to be associated with
a favorable lipid profile in healthy men (25). However,
the literature concerning relationships between HDL-c
levels and BMD was inconsistent. Studies in both men
and postmenopausal women found an inverse relation-
ship between fasting HDL-c level and BMD (26, 27),
while a study in older Japanese women reported a
positive relationship (24). These observations did imply
that there might be some common mechanism
underlying both lipid and bone metabolism. Kha et al.
demonstrated that certain oxysterols displayed osteo-
genic activities by regulating the differentiation of
mesenchymal cells into osteogenic cells (28). We
speculate that as a marker of bone turnover and bone
formation, osteocalcin might be the possible link
between dyslipidemia and BMD. However, we did not
measure BMD, which might have provided more insight
into the association between osteocalcin and lipid
metabolism. Clearly, more studies are warranted to
clarify the pathophysiologic relationship between
osteocalcin and lipid profile.

In this study, we did not find the correlations between
serum osteocalcin and insulin resistance as several
studies reported (5, 21, 29). Previous multiethnic
cohort studies have reported the ethnic differences in
insulin sensitivity and b-cell function (30). In the
present study, the BMI of the subjects was relatively
www.eje-online.org
low in comparison with those in above studies, which
may contribute to insignificant correlation between
osteocalcin and HOMA-IR. Besides that, more precise
evaluations of insulin resistance like glucose clamp are
still warranted to investigate the association between
osteocalcin and insulin resistance.

There are several limitations in this study. First, the
sample size was not large enough, especially premeno-
pausal women. Secondly, due to a design to compare
serum osteocalcin concentrations between subjects
with NGT and T2DM, we did not include patients with
impaired glucose regulation, i.e. impaired fasting
glucose (IFG) and/or impaired glucose tolerance (IGT).
However, as IFG and IGT are two important categories of
prediabetes, which represent an intermediate stage
between NGT and DM, further studies are needed in
this population. Furthermore, because of its cross-
sectional nature, we are not able to clarify the cause–
effect between osteocalcin and lipid metabolism, and
relevant prospective researches are warranted in future.

In conclusion, we investigated the association
between osteocalcin and factors related to adiposity,
glucose, and lipid metabolism in Chinese individuals.
Serum osteocalcin concentrations were positively
associated with insulin secretion and inversely corre-
lated with glucose levels and adiposity. Moreover, for the
first time, we found an association between serum
osteocalcin and lipid metabolism in the Chinese
population. These conclusions supported the recent
concept that as an endocrine organ bone has close
crosstalks with energy metabolism and might contrib-
ute to the onset and severity of metabolic disorders.
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