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Abstract
Background: Uncarboxylated osteocalcin (uOCN) synthesized by
osteoblasts was shown to increase insulin secretion and peripheral
insulin sensitivity in pancreatic islets. The present study evaluated
the uOCN levels and its association with metabolic parameters in
non-diabetic patients with metabolic syndrome (MetS) to test our
hypothesis that uOCN levels may be lower in MetS, which is characterized by insulin resistance.
Methods: The study included 30 patients with MetS aged 18 years
and above (13 male, 17 female, mean age 39.00 ± 5.09 years) and
30 healthy controls (15 male, 15 female, mean age 36.23 ± 6.71
years). Diabetics and post-menopausal women were excluded. The
International Diabetes Federation criteria were used to define MetS.
Groups were compared depending on their uOCN levels, and association of uOCN with metabolic parameters was assessed.
Results: Serum u0CN levels were 5.56 ± 3.36 ng/mL in patients
with MetS whereas they were 6.26 ± 2.65 ng/mL in healthy controls
(P = 0.183). Serum uOCN levels showed a negative correlation with
HbA1c and body mass index (r = -0.308, P = 0.017; r = -0.278, P
= 0.032, respectively) in all patients, and with waist circumference
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(r = -0.190, P = 0.032; r = -0.379, P: 0.047, respectively) in males.
Conclusions: Although the difference in uOCN levels between patients with MetS and control group was not statistically significant,
a negative correlation of uOCN with HbA1c, body mass index and
waist circumference may provide support to our hypothesis that
uOCN levels may be lower in MetS.
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Introduction
Metabolic syndrome (MetS) is a clustering of cardiovascular
risk factors that consists of abdominal obesity, hypertension,
atherogenic dyslipidemia, hyperglycemia, and prothrombotic and proinflammatory conditions [1]. Insulin resistance
has been suggested as an underlying pathogenic factor for
MetS [2]. It has been suggested that there is an association
between insulin resistance and bone metabolism, in which
osteocalcin (OCN) released from osteoblasts in the bone
may be involved [3]. It is reported that uncarboxylated form
of osteocalcin (uOCN) acts on pancreatic beta cells to improve insulin production and secretion, leading to release
of adiponectin from adipocytes, and enhancing glucose use
by increasing insulin sensitivity of the muscle tissue [4, 5].
In insulin resistant states such Type 2 diabetes and obesity,
OCN levels were shown to be lower [6]. While it has been
reported that serum total OCN levels were lower in patients
with MetS [7], no report exists about the uOCN levels. The
present study compared serum uOCN levels in non-diabetic
patients with MetS with healthy volunteers to test the hypothesis that uOCN levels may also be lower in MetS, which
is characterized by insulin resistance, and evaluated the association of serum uOCN levels with metabolic parameters.

Materials and Methods
The study included patients aged 18 years and above, who

82

Articles © The authors | Journal compilation © J Endocrinol Metab and Elmer Press™ | www.jofem.org
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited

Celik et al

J Endocrinol Metab • 2012;2(2):82-87

were monitored at the Internal Medicine Polyclinic of the
Goztepe Training and Research Hospital, and who admitted
to participate in the study. Informed consent from all participants, and approval from the local ethics committee (Decision No 1/A dated 06/04/2010) were obtained. The study was
conducted in compliance with the Helsinki Declaration.
Inclusion criteria
In the MetS group, patients who received a diagnosis of
MetS in accordance with the International Diabetes Federation criteria (IDF); and in the control group, healthy individuals who presented to the hospital for physical check-up,
and found to be healthy as a result of workups.
Exclusion criteria
Postmenopausal women, patients with Type 1 or Type 2
diabetes, those with thyroid (hypo-hyperthyroidism) or paratyhroid (hypo-hyperparathyroidism) dysfunctions, chronic
hepatic, renal or heart failure, those who receive treatments
affecting the insulin resistance (metformin, glitazon, steroid,
etc.), those who used coumadin or any drugs affecting the
metabolism of vitamin D or calcium at least for 3 months
during a period of lifetime, and those with intestinal malabsorption, vitamin D insufficiency, osteoporosis or malignity.
Criteria proposed by IDF were used for the diagnosis
of MetS: waist circumference > 94 cm (male) or > 80 cm
(female) and presence of at least two of the following: blood
pressure ≥ 130/85 mmHg (or use of antihypertensive medication); fasting plasma glucose ≥ 100 mg/dL (or use of antidiabetic medication); fasting triglyceride ≥ 150 mg/dL or
medical treatment for high levels of triglyceride; HDL cholesterol < 40 mg/dL (male) or < 50 mg/dL (female), or medical treatment for low HDL cholesterol levels [8].
Study design
Information on demographics, comorbid diseases, smoking
and alcohol habits and drugs used were obtained for all individuals who met inclusion criteria and gave consent, and
their anthropometric measurements and biochemical data
were recorded. Groups were compared on their demographic, anthropometric, and biochemical data and serum uOCN
levels. The MetS group was subdivided into two groups; normoglycemic (< 100 mg/dL) and dysglycemic (100 - 125 mg/
dL), and they were compared on their serum uOCN levels. A
correlation analysis was conducted to define the association
between uOCN and metabolic parameters.
Anthropometric measurements
Blood pressure was measured on both arms of the patient
in a seated position after at least 10 minutes of a relaxation

period, using an appropriate sphygomanometer based on the
Korotkoff Phase I and Phase V sounds. A second measurement was performed on the arm with higher blood pressure.
A mean value was calculated from these two systolic and
diastolic blood pressure determinations with at least 3 minutes of interval. The waist circumference was measured at
the narrowest point of waist in the midway between spina iliaca anterior superior and lower rib margin in light expirium
when the patient was standing. The body mass index (BMI)
was calculated by dividing the body weight in kilograms by
height in square meters (kg/m²).
Biochemical measurements
The results of measurements for fasting plasma glucose,
urea, creatinine, aspartate aminotransferase, alanine transaminase, LDL cholesterol, HDL cholesterol, total cholesterol, triglycerides, uric acid, alkaline phosphatase, calcium, phosphor, albumin, thyroid stimulating hormone, free
T4, parathormone, 25 (OH) vitamin D3 and HbA1c were
recorded from the patient files. Blood samples were taken
from patients after a fasting period of 12 hours to determine
the serum uOCN levels between 8.30 and 10.00 am. These
samples were centrifuged at 4000 rpm for 15 minutes, followed by separation of serums, and storage at -20 degrees.
A solution of 100 mg/mL barium sulfate (BaSO4) was prepared after serums were appropriately thawed. The 100 μl
BaSO4 solution and 100 μl serum sample were mixed for 30
minutes at 4 oC, followed by centrifugation at 10000 g for 2
minutes at 4 oC. The uOCN was assessed from the resulting
supernatant, which was obtained depending on difference in
affinities to BaSO4, by electrochemiluminescence immunoassay (Elecsys 1010®, Roche, Weinheim, Germany) using
the N-MID osteocalcin kit [9].
Statistical analysis
NCSS (Number Cruncher Statistical System) 2007 and PASS
2008 Statistical Software (Utah, USA) was used for statistical analyses. In addition to descriptive statistical methods
(mean, standard deviation), Oneway Anova test was used for
comparison of quantitative data between groups in comparing parameters with normal distribution, and Tukey’s HDS
test was used for determination of the group that was significantly different than others. Intergroup comparisons of
parameters without normal distribution were made using
the Kruskal Wallis test and determination of the group that
was significantly different than the other was made using the
Mann Whitney U test. Intergroup comparisons of parameters
with normal distribution were made with the Student’s t test.
Qui-square test and Fisher’s exact qui-square test were used
for comparison of qualitative data. Spearman’s rho correlation analysis was used for analysis of associations between
parameters. Results were evaluated at a significance level of
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72.08 ± 11.09
27.94 ± 5.45
93.33 ±1 2.98
90.12 ± 15.85
97.01 ± 7.33

Diastolic blood pressure (mmHg)
Body mass index (kg/m2)

Waist circumference (cm)

Female

Male

93.18 ± 1.91
203.46 ± 36.55
136.75 ± 28.86
51.31 ± 14.58
148.23 ± 94.28
4.66 ± 1.26
5.50 ± 0.38
4.21 ± 1.13
3.38 ± 2.87
150.95 ± 35.61

Fasting blood glucose (mg/dL)

Total-cholesterol (mg/dL)

LDL-cholesterol (mg/dL)

HDL-cholesterol (mg/dL)

Triglyceride (mg/dL)

Uric acid (mg/dL)

HbA1c (%)

Total-cholesterol /HDL-cholesterol

Triglyceride/HDL- cholesterol

Non HDL-cholesterol (mg/dL)

Total (n = 60)

116.83 ± 15.12

Systolic blood pressure (mmHg)

Table 2. Biochemical Characteristics of Groups

5 (8.3)

Hypertension (n, %)
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161.23 ± 35.49

5.13 ± 3.13

4.88 ± 0.94

5.72 ± 0.40

4.94 ± 1.00

206.26 ± 100.96

42.16 ± 6.12

142.40 ± 29.33

204.00 ± 36.42

100.46 ± 13.64

Metabolic syndrome group (n = 30)

102.00 ± 7.07

101.70 ± 12.45

101.83 ± 10.31

75.16 ± 11.77
31.52 ± 4.88

123.00 ± 16.64

5 (16.7)

3 (10)

17 (56.7)
8 (26.7)

32 (53.3)
16 (26.7)
6 (10)

39 ± 5.09
13 (43.3)/

Metabolic syndrome group (n = 30)

37.61 ± 6.07
28 (46.7)/

Alcohol (n, %)

Smoking (n, %)

Gender (Male/Female) (n, %)

Age (year)

Total (n = 60)

Table 1. Demographic and Anthropometric Characteristics of Groups

140.66 ± 33.20

1.63 ± 0.79

3.54 ± 0.88

5.28 ± 0.20

4.38 ± 1.44

90.20 ± 30.40

60.46 ± 14.90

131.10 ± 27.73

202.93 ± 37.29

85.90 ± 6.59

Control group (n = 30)

92.66 ± 4.18

77.00 ± 5.65

84.83 ± 9.34

69.00 ± 9.59
24.35 ± 3.16

110.66 ± 10.48

0

3 (10)

15 (50)
8 (26.7)

36.23 ± 6.71
15 (50)/

Control group (n = 30)

0.024

0.001

0.001

0.001

0.088

0.001

0.001

0.131

0.911

0.001

P

0.001

0.001

0.001

0.030
0.001

0.001

0.052

1.000

1.000

0.605

0.077

P
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Figure 1. Comparison of serum uOCN levels between the groups.

P < 0.05.

Results
A total of 60 individuals (28 male, 32 female, mean age
37.61 ± 6.07 years) were included in the study. The MetS
group consisted of 30 patients (13 male, 17 female, mean
age 39 ± 5.09 years), while there were 30 individuals (15
male, 15 female, mean age 36.23 ± 6.71 years) in the control
group.
Demographic and anthropometric characteristics of participants are shown in Table 1.
Characteristics of age and sex, and frequency of smoking and alcohol intake were similar between groups (P >
0.05 for all). The mean systolic and diastolic blood pressure,
BMI and waist circumference were higher in MetS group
compared to the control group (P < 0.05 for all).

Biochemical characteristics of groups are shown in Table 2.
Fasting blood glucose (P < 0.01), triglycerides (P <
0.01), HbA1c (P < 0.01), total cholesterol/HDL cholesterol
(P < 0.01), triglycerides/HDL cholesterol (P < 0.01) and nonHDL cholesterol (P < 0.05) levels were higher in the MetS
group, and HDL cholesterol levels were lower compared to
the control group (P < 0.01). There was no significant difference in uric acid levels between the groups (P > 0.05).
Comparison of serum uOCN levels between the groups
is shown in Figure 1. The uOCN levels showed no significant difference between MetS and control groups (5.56
± 3.36 vs. 6.26 ± 2.65, P = 0.183). Comparison of uOCN
levels between patients with normoglycemic or dysglycemic MetS and control group is provided in Figure 2, uOCN
levels showed no significant difference between the patients
with normoglycemic, and dysglycemic MetS and the control
group (5.51 ± 3.32, 5.61 ± 3.53, 6.26 ± 2.65, respectively, P

Figure 2. Comparison of uncarboxylated osteocalcin levels between patients with normoglycemic or dysglycemic metabolic syndrome and control group. MetS: metabolic syndrome.
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= 0.413).
Serum uOCN levels showed a negative correlation with
HbA1c and BMI (r = -0.308, P = 0.017; r = -0.278, P = 0.032,
respectively) in all patients, and with waist circumference
(r = -0.190, P: 0.032; r = -0.379, P = 0.047, respectively) in
males.

Discussion
Based on the results of the present study, it appears that the
negative correlation of uOCN with HbA1c, body mass index
and waist circumference support our hypothesis that uOCN
levels may be lower in MetS although no statistically significant difference was found in uOCN levels between the
patients with MetS and the control group.
While it has been already reported that serum total OCN
levels were lower in patients with MetS [7], which is characterized by insulin resistance, no report has been published
so far about the uOCN levels. The present study tested the
hypothesis that levels of uOCN, the uncarboxylated form of
serum OCN, may be lower in MetS, and compared the serum uOCN levels in non-diabetic patients with MetS with
healthy volunteers, evaluating the association between serum uOCN levels and metabolic parameters. As a result, the
fact that uOCN levels were lower (statistically not significant) in patients with MetS, both normoglycemic and dysglycemic, compared to the control group, and that uOCN
showed a negative correlation with HbA1c, body mass index
and waist circumference can be interpreted in favor of our
hypothesis that uOCN levels may be lower in MetS.
A study by Shea et al [10] reported a negative correlation
between carboxylated OCN and total OCN levels and homeostasis model assessment of insulin resistance (HOMA-IR)
despite lack of any correlation between OCN and HOMAIR. This result further reinforces the significance and interpretation of our findings, that is to say, general opinion on a
potential association between OCN and insulin resistance is
directly related with lack of any assessment of uOCN in the
studies performed. However, OCN exerts its effect on insulin
production and insulin sensitivity through uOCN. Therefore,
assessment of uOCN is more significant in determination of
insulin resistance than assessment of total OCN and carboxylated OCN.
OCN synthesized by osteoblasts undergo vitamin Kdependent carboxylation, and binds to hydroxyapatite, being
stored in the bone matrix. The uncarboxylated form acts like
a hormon, with an action on pancreatic beta cell, adipose tissue and muscle, increasing the insulin sensitivity. The portion not stored is released into the circulation. Carboxylation
of the molecule increases its affinity to hydroxyapatite. Due
to this chemical feature, it was possible to differentiate the
uncarboxylated form from the total OCN in circulation. The
uOCN measurement was described by Price et al with indi-
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rect methods [11]. Although many studies used uOCN measurements from the supernatant by immunoassay technique
following the incubation with hydroxyapatite, this method
raises some concerns as it may non-specifically bind to hydroxyapatite. BaSO4 is an alternative to this procedure. The
BaSO4 technique utilizes differences of binding of carboxylated and uOCN forms in affinity to BaSO4 [9]. An uOCN kit
was also developed to allow measurement of uOCN levels,
which also utilizes differences in affinity to hydroxyapatite.
Therefore, concerns about the indirect method also maintain
their presence in the use of a direct kit. The present study represents the first in the literature, which measured the uOCN
levels in patients with MetS through BaSO4 precipitation.
In a study by Yeap et al [7], OCN level was found to be
lower in male patients with MetS, and OCN level was shown
to be negatively related with waist circumference, level of
glucose, level of triglycerides and HOMA-IR. However, in
a study by Saleem et al [12] with female patients with MetS,
comparing the OCN levels, OCN levels showed a negative
corelation with BMI, fasting blood glucose, fasting insulin,
triglycerides, HOMA-IR and leptin, but a positive correlation with adiponectin. In the present study, uOCN levels
showed a negative correlation with HbA1c and BMI in all
patients, and with waist circumference in male patients.
It has been reported that OCN levels increase with age,
and they are higher in women of all age groups, particularly
during the postmenopausal period [13]. The negative correlation found between advanced age and uOCN in male and
female patients with MetS in the present study provides support to this finding. In a study with men and premenopausal
and postmenopausal women with Type 2 diabetes [14], OCN
levels were higher in postmenopausal women than in men
and premenopausal women. Exclusion of postmenopausal
women in the present study may have resulted in a more accurate assessment of uOCN levels.
The weak aspects of our study included the lack of
HOMA-IR measurements as insulin levels were not assessed
and the small study group. The strong aspects of our study
included exclusion of postmenopausal cases, mean age less
than 40 years, exclusion of patients with Type 2 diabetes, and
use of BaSO4 method.
In conclusion, uOCN levels of patients with MetS
showed a statistically not significant reduction compared to
the control group in relation with insulin resistance. There
was a negative correlation between uOCN levels and HbA1c
and BMI in all patients, and waist circumference in male patients. This finding supports the relationship between uOCN
and insulin resistance. Further large studies are needed to
elucidate the relationship between MetS and uOCN levels.
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