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Abstract

Introduction: Osteocalcin has been shown to have an inverse relationship with blood glucose, insulin resistance and adiposity. 
Objective: To determine osteocalcin normal serum concentration in Mexican healthy adults and compare it with values report-
ed in other populations. Method: Carboxylated and undercarboxylated osteocalcin serum concentrations were determined in 
100 healthy adults by means of enzyme immunoassay; osteocalcin total concentration was calculated. A descriptive compar-
ison was made with other populations’ values reported in the literature. Results: Carboxylated and undercarboxylated osteo-
calcin median concentrations were 3.22 ng/mL and 1.61 ng/mL, respectively. Mean total osteocalcin was 7.40 ± 5.11 ng/mL. 
There was no significant difference between the osteocalcin values in our population and those of populations where similar 
quantification methods to ours were used. Conclusion: Osteocalcin total serum concentration mean in the analyzed population 
was 7.40 ng/mL. There are subtle variations between populations that are attributable to genetic and population factors; how-
ever, the quantification method was the only variable that was shown to significantly influence on osteocalcin levels in healthy 
populations.
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Introduction

Osteocalcin (OC) is a 49-amino acid peptide encod-
ed in the BGLAP gene and is produced mainly by 
osteoblasts. This peptide is the second most abun-
dant in bone, only after collagen. OC has osteogenic 
and hormonal functions. After its synthesis in the 
rough endoplasmic reticulum, OC is carboxylated at 
its glutamic acid residues in positions 17, 21 and 24, 
respectively, yielding carboxylated osteocalcin (cOC) 
as a result, which comprises 95 % of total body OC.1 
This carboxylation is mediated by a vitamin K-depen-
dent carboxylase and this process confers cOC high 
affinity for hydroxyapatite. Osteocalcin undercarbox-
ylated (ucOC) fraction can be obtained by partial car-
boxylation during its synthesis or cOC de-carboxyl-
ation generated by the acidic microenvironment 
induced by osteoclasts during bone resorption.2

OC functions will depend on the tissue where it acts 
and on the degree of carboxylation. In the bone, OC 
increases bone formation and improves its mechani-
cal properties while stimulating osteoclastic differen-
tiation. The net effect is bone formation, remodeling 
and maintenance.2,3

Initially, OC was considered a hormone that was 
exclusive to bone metabolism; however, thanks to the 
studies carried out by Lee et  al., an association be-
tween energy and bone metabolism was demonstrat-
ed, where ucOC has an inverse relationship with 
blood glucose, insulin resistance and adiposity. In 
addition, OC increases insulin expression and secre-
tion in pancreatic β cells and adiponectin secretion by 
adipocytes.1 In patients with diabetes mellitus there 
are decreased levels of ucOC, and these are nega-
tively correlated with weight, body mass index and 
fasting plasma glucose levels, and for this reason OC 
has been proposed as a predictor and a therapeutic 
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option for this disease.2 On the other hand, OC has 
been implied in fertility, since it is significantly correlat-
ed with testosterone free levels in the male popula-
tion.2 Finally, OC might influence on the development 
of affective and anxiety disorders, since it has been 
shown to inhibit the production of GABA by the stria-
tum and hippocampus, where it increases monoami-
nergic transmitter synthesis, whereby it decreased 
anxiety and depression in a murine model.2,4

The exact mechanism by means of which OC carries 
out this wide range of functions is unknown. However, 
the GPRC6A receptor has been identified as a possi-
ble exclusive mediator of OC functions, since the phe-
notype of GPRC6A-knockout mice is very similar to 
that of osteocalcin-knockout mice. In turn, signaling 
pathways that are stimulated by said receptor have 
been identified to ultimately induce the expression of 
genes that improve the metabolic profile, such as per-
oxisome proliferator-activated receptor gam-
ma (PPAR-γ) and of genes that increase steroidogen-
esis, such as cAMP response element-binding (CREB), 
all this by a G protein-linked mechanism. Neverthe-
less, this receptor’s molecular structure has not been 
described, and neither has its binding mechanism with 
OC and, therefore, it remains merely a possibility.2

Currently, OC is used as a marker of bone formation 
both for research and clinical purposes. Among its 
applications, determination of the risk for fractures, of 
therapeutic response to bisphosphonates and hor-
mone replacement, monitoring of bone metastatic ac-
tivity, monitoring of myeloma multiple and response to 
growth hormone administration in disorders due to its 
deficiency, among others, stand out.5-8

Method

One-hundred clinically healthy adults were recruited 
at the Diabetes and Metabolic Syndrome Detection 
Program of the Biochemistry Laboratory, Centro Uni-
versitario de Ciencias de la Salud, Universidad de 
Guadalajara, in Jalisco, Mexico. The study was ap-
proved by the Ethics, Research and Biosafety Com-
mittee of the center and adhered to the standards and 
ethical principles established in the Declaration of Hel-
sinki, ratified at the 18th World Medical Assembly. After 
the informed consent was signed, medical history was 
obtained and physical examination performed, with 
relevant measurements taken in order to rule out ar-
terial hypertension, overweight, obesity and metabolic 
syndrome, using the criteria and methods stipulated 
by the Joint National Committee on the Prevention, 

Detection, Evaluation and Treatment of High Blood 
Pressure 7th  Report, the World Health Organization 
and the Adult Treatment Panel III, respectively.9-11

After a 12-h fasting period, a blood sample was 
obtained for biochemical determinations. Individuals 
meeting the criteria for type  2 diabetes, metabolic 
syndrome or systolic high blood pressure, or who in-
dicated any pathology that might alter OC levels or 
who consumed medications that might influence on 
OC levels, such as insulin, glucocorticoids, oral con-
traceptives, vitamin D, vitamin K, bisphosphonates, 
calcium, calcitriol, thiazolidinediones or anticoagu-
lants, were excluded.

All obtained blood samples were centrifuged and 
separated to subsequently store the sera at  -20 °C. 
cOC determination was performed by means of sand-
wich-type enzyme immunoassay (EIA), which uses 
monoclonal antibodies directed against fragments 
containing the 17-γ-carboxyglutamic cOC-specific res-
idue (Gla-OC MK-111®, Takara Bio Inc., Japan). This 
test has intra- and inter-assay coefficients of 3.3-4.8 
and 1.0-2.4, respectively. The assay for ucOC uses 
the same technique and targets fragments that con-
tain the glutamic 21 and 24 residues, which are 
ucOC-specific with 5 % of cross-reactivity with cOC 
(Glu-OC MK-118®, Takara Bio Inc., Japan). This test 
has intra- and inter-assay coefficients of 4.6-6.7 and 
5.7-9.9, respectively. For tOC calculation, arithmetic 
sum of the cOC and ucOC values was performed, as 
indicated in different publications.12-15

Statistical analysis was carried out with the SPSS 
version 18.0 and Graphpad Prism version 5 programs. 
A 95 % level of confidence and a p-value < 0.05 was 
considered to be significant. Kolmogorov-Smirnov test 
was used to verify for normal distribution in the deter-
mined variables. Arithmetic mean, standard deviation, 
standard error of the mean and ranges were obtained. 
For inferential analysis, Student’s t-test was used for 
variables with normal distribution, whereas for vari-
ables not normally distributed, chi-square, Krus-
kal-Wallis and Mann-Whitey U tests were used.

Results

cCO and ucCO concentrations were quantified in 
72 women and 22 men that were clinically healthy and 
had an average age of 45.4 ± 5.9 years, and total os-
teocalcin (tOC) levels were calculated. Median cOC and 
ucCO concentrations were 3.22 ng/mL and 1.61 ng/mL, 
respectively; mean serum tOC concentration was 
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7.40 ± 5.11 ng/mL (Fig. 1). Study subjects’ characteristics 
are presented in table 1.

With the purpose to compare healthy Mexican pop-
ulation tOC levels, information about this parameter 
was collected in healthy controls from different popu-
lations (Table 2), both from analytical cross-sectional 
studies and case-control studies. Median tOC con-
centration in Australian population was 6.6 ng/mL;16 in 
Turks, 8.82 ± 4.03  ng/mL and in North Americans, 
4.4  ±  1.4  ng/mL.17,18 In Moroccan population, mean 
tOC serum values was 18.3 ± 5.5 ng/mL, in Brazilians, 
33.2 ± 5.1 ng/mL, and in Austrians, 40.0 ± 21.3 ng/mL, 
which are significantly higher values in comparison 
with those obtained in our population (p < 0.01, 
p < 0.001 and p < 0.0001, respectively).19-21

Discussion

Osteocalcin main clinical utility is as a bone turnover 
marker that can be applied to different pathologies, 
such as osteoporosis, Paget’s disease and bone neo-
plasms.2,3,22,23 In addition, OC can be employed as an 
indicator of cardiovascular risk,24 metabolic risk and 
glycemic control in diabetic patients.25 Consequently, 
we consider highly important for a specific reference 
range in the Mexican population to be available.

In our study, cOC, ucOC and tOC serum concen-
tration normality ranges were 3.22 ng/mL, 1.61 ng/mL 
(medians) and 7.40 ± 5.11 ng/mL (mean), respectively. 
OC serum concentration values depend on different 
factors, with genetic variations, ethnicity, age, gender, 
vitamin D and geography standing out. Studies on 
twins have demonstrated that 80 % of variation in 
serum concentration depends on genetic expres-
sion,26 which might explain variations between ethnic 
groups: smaller in Caucasians and larger in Afro-de-
scendants.27 Age also influences on OC level: it is 
higher in children and adolescents, who have more 
osteogenic capacity, than in adults. Women usually 
have lower osteocalcin concentration in the premeno-
pausal period because estrogen has an inhibitory ef-
fect on OC synthesis, and there is an expected OC 
increase in postmenopause. Vitamin D is a stimulator 
of BGLAP gene transcription and, consequently, os-
teocalcin concentrations are lower in populations with 
low intake of it or less exposure to sunlight.28,29 Finally, 
OC is broken down by renal enzymes, and kidney 
function deterioration will therefore increase circulat-
ing levels of this hormone.27

When comparing our values with those of other 
populations of the rest of the world, we didn’t find 

statistical differences with values obtained in 
Australians, Turks and North Americans. However, the 
values that showed to be significantly different were 
those obtained in Moroccan, Brazilian and Austrian 
populations. On the basis of the broad heterogeneity 
between these populations, we could not attribute the 
differences to genetic and environmental factors, 
since these human groups broadly differ in the diet 
they consume, their genetics and the geography of 
the place where they live, in spite of which their nor-
mality ranges do not significantly differ between each 
other, as it would be expected. What seems to mark 
between-groups difference appears to be the method 
to quantify the hormone, since two large groups can 
be established: those that used enzyme immunoas-
say, ELISA and radioimmunoassay versus those that 
used immunoradiometric assay and electrochemilumi-
nescence. There are numerous methods to quantify 
OC levels, all of which use the antigen-antibody inter-
action as the means to identify the molecule of 
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Figure 1. Osteocalcin variants serum concentrations. *Median. **Mean.

Table 1. Clinical and demographic characteristics of 100 healthy 
adults who had osteocalcin variants serum concentration 
quantified

Gender 
Male
Female

n
22
78

Median ± SD

Age (years) 45.4 ± 5.9

Weight (kg) 72.13 ± 14.8

Height (cm) 161.05 ± 7.4

Systolic blood pressure (mmHg) 113.25 ± 10.96

Diastolic blood pressure (mmHg) 74.9 ± 7.51
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interest (OC in our case) and can be divided into 3 
groups: radiation-based, enzyme-based and electro-
chemiluminescence-based. The first group includes 
radioimmunoassay and immunoradiometric assay, 
which employ radiolabeled antibodies that are 
quantifiable when they bind to the antigen (OC).30 En-
zyme-based assays are the enzyme-linked immuno-
sorbent assay (ELISA) and enzyme immunoassay, 
which quantify the antigen using antibodies linked to 
an enzyme; after the antigen-antibody reaction, a sub-
strate for the enzyme is added, which elicits a mea-
surable colorimetric reaction.31 Finally, electrochemi-
luminescence is based on the binding of antibodies 
labeled with a material that after an electric stimulus 
elicits a quantifiable luminescent reaction.32

High correlation has been demonstrated between 
OC values obtained by ELISA, enzyme immunoassay 
and radioimmunoassay.33 However, immunoradiomet-
ric assay-obtained values are often 3 to 4-fold higher. 
We didn’t find trials correlating the electrochemilumi-
nescence method with ELISA, enzyme immunoassay 
and radioimmunoassay; still, ranges up to 5-fold high-
er are reported using this method.34 Possible reasons 
for these discrepancies revolve around the particular 
sensitivity and specificity of each method and of the 
laboratory that produces the kit, as well as on the type 
of antibodies used to identify the molecule.

Since intact OC is an unstable molecule, quantifi-
cation methods use fragment determination, particu-
larly the combination of aminoterminal (aa. 1-19) and 
middle segments (20-43), since this is the part of the 

molecule that contains the carboxylable glutamic acid 
residues, which is another reason that accounts for 
measurement variability.22,33

To our knowledge, this is the first description of 
cOC, ucCO and tOC serum concentrations in healthy 
individuals of a Mexican population. We are aware 
that these values were obtained in a population sub-
group represented by residents of western Mexico; 
however, since there is no national consensus they 
can be used as a reference for subsequent research 
in different regions of the country.

The factors that affect OC concentrations are di-
verse; however, the quantification method appears to 
be the most important, and standardizing the proce-
dure for the measurement of this hormone is therefore 
imperative.
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