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ARTICLEINFO ABSTRACT

Article history: Osteocalcin has been recognized as a bone-derived hormone to regulate energy metabolism
Received 2 November 2010 recently. Little is known about the role of osteocalcin as regards metabolic syndrome (MetS) in
Accepted 5 January 2011 a Chinese population. Components of MetS, osteocalcin, body mass index (BMI), and

prevalence of MetS were assessed in 2344 men aged 20 to 69 years who participated in the
population-based Fangchenggang Area Male Health and Examination Survey, which was
carried out in Guangxi province of China from September 2009 to December 2009. Osteocalcin
had a statistically significant positive correlation with high-density lipoprotein cholesterol
and a negative relationship with blood pressure, glucose, triglycerides, waist circumference,
and BMI after adjustment for age (all P <.001). The strongest correlation was observed between
osteocalcin and BMI (r = -0.26). In a multivariate analysis, decreased odds ratios (ORs) for the
MetS and its components as well were observed from the first to the fourth osteocalcin
quartiles. After adjustment for BMI, the OR decreased substantially. Statistically significant
difference still existed in MetS (OR, 1.77; 95% confidence interval [CI], 1.10-2.85),
hypertriglyceridemia (OR, 1.66; 95% CI, 1.22-2.27), hyperglycemia (OR, 1.42; 95% CI, 1.05-1.92),
and low high-density lipoprotein cholesterol (OR, 1.83; 95% CI, 1.03-3.24) when these risks
were compared in the lowest quartile of osteocalcin levels with those in the highest quartile.
In a Chinese male population, we firstly identified an inverse association of serum osteocalcin
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levels with MetS, independent from the well-known MetS risk factors. This may represent a
further mechanism for the elevated cardiovascular disease or type 2 diabetes mellitus risk.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Metabolic syndrome (MetS) is a cluster of abnormal metabolic
conditions that increases the risk of cardiovascular disease [1]
and type 2 diabetes mellitus [2]. Typically, it includes
abdominal obesity, dyslipidemia, hyperglycemia, and elevat-
ed blood pressure [3]. Individuals with MetS are associated
with approximately 5- and 2-fold increased risk for type 2
diabetes mellitus [4] and cardiovascular disease [5], respec-
tively. In addition, MetS is a considerable public health issue in
both developed and developing countries now [6-8].

On the other hand, osteocalcin has recently been recog-
nized as a bone-derived hormone to regulate energy metab-
olism. In 2007, Lee et al [9] found that, compared with wild-
type mice, osteocalcin”~ knockout mice had an abnormal
amount of fat mass and an increase in serum triglycerides,
and exhibited impaired insulin secretion, insulin resistance,
and glucose intolerance. Expression of insulin target genes in
liver and muscle (Fox a2, Mcad, Nrft, etc) and adiponectin
gene in adipose all decreased. In vitro, insulin expression
was induced when pancreatic p-cells were cocultured with
bacterially produced recombinant osteocalcin (3 ng/mL) [9].
Furthermore, osteocalcin”~ mice had higher insulin and
lower glucose levels when injected with recombinant osteo-
calcin [9]. Similar results also appear in a population-based
study. In humans, significant inverse associations of osteo-
calcin with insulin resistance, blood glucose, adiposity, and
triglycerides have been described [10-13]. One recent study in
blacks and non-Hispanic whites reported a negative rela-
tionship between serum osteocalcin and the presence of
MetS [14]. However, this study was conducted in an older,
predominantly hypertensive cohort, rather than younger and
mainly normotensive adults. Besides, osteocalcin levels
varied depending on ethnic background [15]. All these
prompted us to perform the present study to examine the
association of serum osteocalcin level with MetS in a Chinese
male population.

2. Subjects and methods
2.1. Study population

The Fangchenggang Area Male Health and Examination Survey
was a population-based study conducted among noninstitu-
tionalized Chinese men aging from 17 to 88 years old in
Guangxi, which was designed to investigate the effects of
environmental and genetic factors and their interaction with
the development of age-related chronic diseases. A compre-
hensive demographic and health survey was conducted
among 4303 continuous men who participated in a large-
scale physical examination in the Medical Centre of Fang-
chenggang First People’s Hospital from September 2009 to
December 2009. All participants provided written informed
consents, and the study received local ethics committee

approval. The current cross-sectional study was confined to
men aging from 20 to 69 years old. In addition, participants
were excluded from this study based on the following criteria:
(1) currently diagnosed with diabetes mellitus, coronary heart
disease, stroke, hyperthyroidism, rheumatoid arthritis, and
cancer; (2) taking any kind of medication; (3) with impaired
hepatic function (alanine transaminase >2.0 times upper limit
of normal); or (4) with impaired renal function (serum
creatinine >178 ymol/L). However, participants who had signs
of high fasting blood glucose levels at the time of initial
assessment were included in the study. In the end, 2344
unrelated participants were included.

2.2. Data collection

A face-to-face interview was conducted by trained physicians.
Data on demographic characteristics (age, education, occupa-
tion, etc), lifestyle characteristics (smoking, alcohol consump-
tion, and physical activity), health status, and medical history
were collected using a standardized questionnaire. Smoking
habit was defined as never, current (daily smoking, >6
months), and former (cessation of smoking, >6 months). The
physical activity level was classified as low, moderate, or high
according to the questionnaire scoring protocol [16]. Educa-
tional attainment of the participants was categorized into 3
groups according to the number of years of education (0-6, 7-9,
and >10 years). Family history of chronic diseases was
considered positive if the participants’ parents or siblings
had a history of one of the following diseases: hypertension,
coronary heart disease, stroke, or type 2 diabetes mellitus.
Anthropometric measurements were performed by trained
personnel using a standardized protocol. Body weight and
height were measured without shoes to the nearest 0.1 kg and
0.1 cm, respectively. Body mass index (BMI) was then
calculated as weight (in kilograms)/height (in square meters).
Participants were categorized as normal weight (<24.0 kg/m?),
overweight (24.0-27.9 kg/m?), or obese (>28.0 kg/m?) [17]. Waist
circumference was measured midway between the lowest rib
and the iliac to the nearest 0.1 cm. Blood pressure was
measured by trained nurses with a mercury sphygmoma-
nometer on the right arm of the participants in a comfortable
sitting position after at least 5-minute rest. Participants were
asked to avoid vigorous exercise, drinking, and smoking for at
least 30 minutes before the measurement.

2.3.  Laboratory assay

Overnight fasting venous blood specimens were drawn. Blood
samples were transported frozen to the testing center of
Department of Clinical Laboratory at the First Affiliated Hospital
of Guangxi Medical University in Nanning in 2 hours, which
were centrifuged within 15 to 25 minutes and stored at -80°C
until analysis. Triglycerides, high-density lipoprotein choles-
terol (HDL-C), and serum glucose were measured enzymati-
cally on a Dimension-RxL Chemistry Analyzer (Dade Behring,
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Fig. 1 - Distribution of osteocalcin levels according to the numbers of components of the MetS. The bars represent median, 25th,

and 75th percentile of osteocalcin. P < 001 for trend.

Newark, DE) in the Department of Clinical Laboratory at the
Fangchenggang First People’s Hosptal. Serum osteocalcin was
measured with electrochemiluminescence immunoassay on
COBAS 6000 system E601(Elecsys module) immunoassay
analyzer (Roche Diagnostics, GmbH, Mannheim, Germany)
with the same batch of reagents. The interassay coefficient of
variation was 4.5%.

2.4. Definition of MetS

The MetS was defined based upon the updated National
Cholesterol Education Program Adult Treatment Panel III for
Asian Americans [18] as having 3 or more of the following
components: (1) waist circumference at least 90 cm, (2)
triglycerides at least 1.7 mmol/L, (3) HDL-C less than 1.03
mmol/L, (4) blood pressure at least 130/85 mm Hg or current
use of antihypertensive medications, and (5) fasting glucose at
least 5.6 mmol/1 or previously diagnosed with type 2 diabetes
mellitus or on oral antidiabetic agents or insulin.

2.5. Statistical analyses

The current analysis was restricted to 2344 subjects with
complete data on all features of the MetS and osteocalcin.
Osteocalcin values showed a markedly skewed distribution,
and natural logarithmic (In) transformations were per-
formed to approximate normality. Clinical characteristics
were compared between cases (Mets) and controls (non-
Mets) with Student t test and y*> where appropriate.
Spearman partial correlation coefficients of osteocalcin,
BMI, and elements of MetS were calculated after adjusting
for age. The age was divided into 3 groups: 20 to 44 (youth),
45 to 59 (middle-aged), and 60 to 69 (elderly) years old.
Furthermore, the associations of In(osteocalcin) levels across
age strata or MetS score were evaluated with a 1-way
analysis of variance test followed by post hoc comparisons.
Afterward, a multinomial logistic regression was performed
with the number of MetS components as the outcome
variable and osteocalcin as the predictor. The binary logistic

regression model was used to estimate the odds ratios (ORs)
for the components of MetS or MetS itself. Potential
confounding variables including age (continuous), smoking,
alcohol drinking, physical activity, education, family history
of chronic diseases, and BMI were controlled in the
regression models. The »° statistic was used to obtain the
probability value for the trend in both the logistic regression
models and Fig. 1. Data management and statistical

Table 1-Baseline characteristics of study population
stratified for the absence and presence of MetS

MetS Non-MetS P

No. of subjects 297 2047

Age (y) 423+103  369+108  <.001
Osteocalcin (ng/mL) 20.29+1.35 24.05+1.38 <.001
SBP (mm Hg) 122+ 1 110+ 1 <.001
DBP (mm Hg) 81+1 741 <.001
BMI (kg/m?) 27.1+1.1 222+11 <001
WC (cm) 90.0+1.1 815+11 <.001
Glucose (mmol/L) 6.0+1.2 52+1.1 <.001
Triglyceride (mmol/L) 2.77 + 1.86 1.07+1.72 <001
HDL (mmol/L) 122 +1.32 1.39+1.22 <.001
Smoking status, n (%)

Never 122 (41.1%) 965 (47.1%) .060
Former 23 (7.7%) 67 (3.3%) <.001

Current 152
Alcohol drinking, yes, n (%) 253
Physical activity, n (%)

Low 193 (65.0%)

e =

51.2%) 1015 (49.6%)  .603
85.2%) 1754 (85.7%)  .818

1347 (65.8%)  .783

Moderate 83 (27.9%) 523 (25.5%) .372
High 21 (7.1%) 177 (8.6%) 365
Education (y), n (%)

0-6 8 (2.7%) 68 (3.3%) 569
7-9 63 (21.2%) 369 (18.0%) .180
>10 226 (76.1%) 1610 (78.7%)  .338
Family history of chronic 76 (25.6%) 376 (18.4%) .004

disease, yes, n (%)

Data are mean + standard deviation. The percentage may not sum
to 100 because of rounding. SBP indicates systolic blood pressure;
DBP, diastolic blood pressure; WC, waist circumference.
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Table 2 - Age-adjusted Spearman correlations between

osteocalcin and select variables

Variable R P

SBP -0.068 .001
DBP -0.077 <.001
BMI -0.258 <.001
WwC -0.234 <.001
Glucose -0.086 <.001
Triglycerides -0.159 <.001
HDL-C 0.097 <.001

DBP indicates diastolic blood pressure.

analyses were performed with SPSS 13.0 (SPSS, Chicago, IL).
Statistical tests were 2-sided, and a P value < .05 was
considered statistically significant.

3. Results

The characteristics of the participants were shown in Table 1.
Data were presented for participants divided into MetS (n =
297) and non-MetS (n = 2047). Among all individuals, the
prevalence of MetS was 12.7%. Compared with participants
with non-MetS, men with MetS had lower serum osteocalcin
levels (-3.76, P < .001) (Table 1).

The mean concentration of serum osteocalcin was 23.57
ng/mL in the study population, with a standard deviation of
1.38 ng/mL. A trend of decreased osteocalcin associated with
age was observed, as evidenced by the serum osteocalcin level
that was 24.29 ng/mL in participants 20 to 44 years old, 21.33
ng/mL in those 45 to 59 years old, and 20.69 ng/mL in those 60
to 69 years old (P < .001 for trend).

Table 2 provided the Spearman partial correlation coeffi-
cients between osteocalcin and variables of MetS. There was a
statistically significant positive correlation between osteocal-
cin and HDL-C (P < .001) and a significant negative correlation
of osteocalcin with BMI, waist circumference, blood pressure,
glucose, and triglycerides after adjustment for age (all P <.001).
The strongest correlation (r = -0.26) was observed between
osteocalcin and BML

Besides, osteocalcin levels decreased basically with in-
creasing numbers of MetS components (Fig. 1). The mean
concentration of osteocalcin in groups with 0, 1, 2, 3, 4, and 5
features of MetS was 25.79, 22.87, 21.98, 20.49, 19.29, and

21.54 ng/mL, respectively (P < .001 for trend). Except for the
group with all features of MetS, subjects with one or more
components of MetS had lower serum osteocalcin levels
than those with none (P < .001). The dose-response
relationship between MetS score and serum osteocalcin
levels was shown in Table 3. Participants with lower serum
osteocalcin levels might be more prone to suffer from
metabolic disorders. The prevalence of MetS decreased
across osteocalcin quartile, with values of 22.0%, 15.0%,
9.2%, and 5.1%, respectively (P < .001 for trend).

The multivariate analysis results were shown in Table 4.
Decreased ORs for the MetS or its components were
observed from the first to the fourth osteocalcin quartiles.
Compared with the subjects in the highest osteocalcin
quartile, those in the lowest quartile had an OR of 3.75
(95% confidence interval [CI], 2.44-5.76) for the MetS, 3.60
(95% CI, 2.50-5.21) for central obesity, 1.33 (95% CI, 1.01-1.74)
for elevated blood pressure, 2.83 (95% CI, 2.12-3.78) for
hypertriglyceridemia, 2.78 (95% CI, 1.59-4.85) for low HDL-C,
and 1.82 (95% CI, 1.37-2.43) for hyperglycemia, respectively,
after adjustment for age, smoking, alcohol drinking, physical
activity, education, and family history of chronic disease
(model 2). After further adjustment for BMI (model 3), the
ORs decreased substantially. Statistically significant differ-
ence still existed in MetS, hypertriglyceridemia, hyperglyce-
mia, and low HDL-C, but not in central obesity and elevated
blood pressure any longer. This was in accordance with the
strong correlation of BMI and osteocalcin seen in Spearman
partial correlation.

4, Discussion

This is the first large cross-sectional study to highlight the
important relationship between osteocalcin levels and MetS
in a Chinese male population. Consistent with the previous
study[19], osteocalcin levels decreased with age. The preva-
lence of MetS (12.7%) in Fangchenggang area of Guangxi was
similar to the prevalence of MetS in China in 2000-2001
(13.6%) based on the modified Adult Treatment Panel III
criteria [7].

Our study revealed that serum osteocalcin levels were
significantly associated with the individual components of
MetS and with BMI after adjustment for age. The strongest
relationship was found between BMI and osteocalcin. However,
because the MetS represents a cluster of simultaneously

Table 3 — Multinomial logistic regression model examining associations of MetS score and osteocalcin

MetS Quartile of osteocalcin
score

Q4 (>28.97 ng/mlL) Q3 (23.27-28.97 ng/mL) Q2 (18.96-23.26 ng/mL) Q1 (<18.96 ng/mL)

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

1vs 0 1 1.3 (1.03-1.76) 1.65 (1.25-2.17) 2.68 (2.01-3.56)
2vs0 1 1.85 (1.30-2.63) 2.92 (2.07-4.12) 4.03 (2.82-5.75)
3vs0 1 2.33 (1.36-4.02) 4.52 (2.70-7.56) 8.82 (5.32-14.64)
>4vs 0 1 2.03 (0.83-4.98) 4.73 (2.09-10.73) 10.88 (4.96-23.85)

Sample size of each group is as follows: MetS score = 0, n = 945; MetS score = 1, n = 691; MetS score = 2, n = 411; MetS score = 3, n = 213; and MetS

score >4, n = 84.
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Table 4 — Odds ratios and 95% CI for MetS and its in

analysis

dual components according to quartile of osteocalcin: a multivariate

Quartile of osteocalcin P value
for trend
Q4 (n = 585) Q3 (n = 587) Q2 (n = 586) Q1 (n = 586)
>28.97 ng/ml 23.27-28.97 ng/ml 18.96-23.26 ng/ml <18.96 ng/ml

MetS

Model 1 1.00 1.69 (1.06-2.68) 2.69 (1.74-4.17) 3.85 (2.50-5.91) <001

Model 2 1.00 1.66 (1.04-2.64) 2.63 (1.69-4.08) 3.75 (2.44-5.76) <001

Model 3 1.00 1.13 (0.68-1.90) 1.46 (0.90-2.39) 1.77 (1.10-2.85) <001
Central obesity

Model 1 1.00 1.85 (1.26-2.72) 2.23 (1.53-3.25) 3.73 (2.59-5.38) <001

Model 2 1.00 1.79 (1.21-2.63) 2.13 (1.46-3.11) 3.60 (2.50-5.21) <001

Model 3 1.00 1.03 (0.59-1.80) 0.74 (0.42-1.30) 1.37 (0.80-2.34) <001
Elevated BP

Model 1 1.00 1.08 (0.82-1.42) 1.23 (0.94-1.61) 1.35 (1.03-1.77) <.001

Model 2 1.00 1.06 (0.80-1.40) 1.20 (0.92-1.58) 1.33 (1.01-1.74) <001

Model 3 1.00 0.90 (0.68-1.20) 0.92 (0.70-1.23) 0.92 (0.69-1.23) NS
Hypertriglyceridemia

Model 1 1.00 1.53 (1.15-2.05) 2.29 (1.72-3.04) 2.88 (2.16-3.85) <.001

Model 2 1.00 1.53 (1.14-2.05) 2.25 (1.69-3.00) 2.83 (2.12-3.78) <001

Model 3 1.00 1.19 (0.87-1.63) 1.54 (1.13-2.09) 1.66 (1.22-2.27) <.001
Low HDL-C

Model 1 1.00 1.84 (1.05-3.24) 3.62 (2.14-6.13) 2.69 (1.54-4.70) <.001

Model 2 1.00 1.87 (1.06-3.30) 3.73 (2.20-6.33) 2.78 (1.59-4.85) <001

Model 3 1.00 1.57 (0.89-2.79) 2.78 (1.62-4.75) 1.83 (1.03-3.24) <001
Hyperglycemia

Model 1 1.00 1.22 (0.91-1.64) 1.49 (1.12-1.99) 1.86 (1.40-2.48) <.001

Model 2 1.00 1.20 (0.89-1.61) 1.48 (1.11-1.97) 1.82 (1.37-2.43) <.001

Model 3 1.00 1.07 (0.79-1.45) 1.24 (0.92-1.66) 1.42 (1.05-1.92) <001

Model 1 was adjusted for age; model 2 was further adjusted for smoking, alcohol drinking, physical activity, education status, and family history
of hypertension, coronary heart disease, type 2 diabetes mellitus, and stroke; model 3 was further adjusted for BMI. NS indicates no significance.

occurring features, it may not be appropriate to look only at
isolated variables. Indeed, our results showed that the serum
osteocalcin levels declined as the number of manifestations of
MetS increased, except for the group with all features of MetS.
Specifically, the group with all features of MetS involved 11 men
only; and the mean concentration of serum osteocalcin in
participants with 4 and more components of MetS was still
lower than that of participants with less than 3 features of MetS
(data not shown). This phenomenon was later confirmed by the
results of the osteocalcin profile on the overall risk of MetS.
Although BMI was a pivotal mediator for the association of
osteocalcin with the individual features of MetS and MetS itself,
data from the present study showed that the decreased
osteocalcin levels per se were associated with the MetS,
hyperglycemia, hypertriglyceridemia, and low HDL-C, further
conveying a possible serious link with an increased risk of
coronary artery heart disease and type 2 diabetes mellitus.
Furthermore, several studies have previously demonstrated
that serum osteocalcin levels were reduced in patients with
diabetes [20,21].

Our result was in line with the prior report of an inverse
relationship between osteocalcin levels and the presence of
MetS in blacks and non-Hispanic whites [14], extending the
result to Asians. In addition, in a recently published cross-
sectional study of 380 healthy ambulatory adults 65 years
and older [11], serum osteocalcin concentration was in-
versely associated with homeostasis model assessment for
insulin resistance (P = .002). Similar result was also reported

in another population-based study [10]. Because insulin
resistance plays a central role in the pathogenesis of the
MetS, the inverse association of osteocalcin with insulin
resistance might also have important implications in
relation to MetS, which indirectly supported the results of
present study. Besides, the effect of osteocalcin on insulin
sensitivity, insulin secretion, and glucose in animals [9] and
humans [22] was in line with the result of osteocalcin
profile on the risk of hyperglycemia even after adjustment
for the potential confounding factors. Furthermore, a recent
prospective analyses [11] also showed that exposure to
higher osteocalcin levels during follow-up was associated
with a significantly lower rise in fasting plasma glucose at
3 years.

Consistent with the animal model study of obesity in
which mice that received osteocalcin had normal levels of
triglycerides compared with mice that were not given [9], our
study also detected a significantly negative relationship
between osteocalcin and hyperglyceridemia even after ad-
justment for BMI. The prevalence of central obesity was
strongly associated with the osteocalcin levels after adjust-
ment for age and lifestyle factors, which was in line with
results from animal experiments and population researches.
However, the association disappeared after further adjust-
ment for BMI, supporting the high correlation of BMI with
waist circumference. Risk of elevated blood pressure in
categories of osteocalcin did not differ significantly; this effect
was explained by BMI and lifestyle factors.
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The cross-sectional design of our study could not offer
information on the time sequence of events and thus does
not permit identification of causal relationship. However, it
was composed of a large population-based sample, which
limits the selection bias often encountered in clinical
settings. In addition, most confounding factors for the risk
of MetS in this study were carefully taken into consideration
in the regression analyses. Furthermore, the field study was
completed within a relatively short period; thus, the seasonal
variations on the biomarkers and other lifestyle factors are
minimized. Participants who drank the day before examina-
tion were excluded; thus, the impact of alcohol on blood
lipids is mostly restricted.

The circulating measure of total osteocalcin includes both
carboxylated and uncarboxylated forms [23]. Animal and in
vitro data implied that only the uncarboxylated form of
osteocalcin functioned hormonally in the regulation of
glucose homeostasis and energy metabolism [9,24]. The
latest researches based on population showed that elevated
levels of both carboxylated and uncarboxylated forms of
osteocalcin were associated with improved glucose toler-
ance; but the uncarboxylated form was related to insulin
secretion, and the carboxylated form was associated with
insulin resistance [25,26]. Our study measured total osteo-
calcin and did not have measurements of uncarboxylated
osteocalcin; therefore, we could not further verify this
hypothesis. It may be of interest to elucidate this potential
mechanism in the context of the uncarboxylated and
carboxylated forms and determine the direction of causality
in a further longitudinal study.

In conclusion, we found an inverse association between
osteocalcin levels and MetS, independent of well-known
MetS risk factors, in a Chinese male population, which was
in line with the recent findings that bone exerted the
regulation of energy metabolism by osteocalcin. This may
represent a further mechanism for the elevated coronary
heart disease or type 2 diabetes mellitus risk observed in
these subjects.
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