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Association between 
undercarboxylated osteocalcin, 
bone mineral density, and 
metabolic parameters in 
postmenopausal women
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ABSTRACT
Objective: Osteocalcin has been associated with several effects on energy and glucose metabolism. 
However, the physiological role of undercarboxylated osteocalcin (U-osc; the hormonally active 
isoform of osteocalcin) is still controversial. To correlate the serum levels of U-osc with bone mineral 
density (BMD) values and metabolic parameters in postmenopausal women. Subjects and methods: 
Cross-sectional study including 105 postmenopausal women (age 56.5 ± 6.1 years, body mass index 
[BMI] 28.2 ± 4.9 kg/m2) grouped based on the presence of three or less, four, or five criteria of metabolic 
syndrome according to the International Diabetes Federation (IDF). The subjects underwent dual-
energy x-ray absorptiometry (DXA) for the assessment of body composition and BMD and blood tests 
for the measurement of U-osc and bone-specific alkaline phosphatase (BSAP) levels. Results: The 
mean U-osc level was 3.1 ± 3.4 ng/mL (median 2.3 ng/mL, range 0.0-18.4 ng/mL) and the mean BSAP 
level was 12.9 ± 4.0 ng/mL (median 12.1 ng/mL, range 7.3-24.4 ng/mL). There were no associations 
between U-osc and BSAP levels with serum metabolic parameters. Lower fasting glucose levels were 
observed in participants with increased values of U-osc/femoral BMD ratio (3.61 ± 4 ng/mL versus 
10.2 ± 1.6 ng/mL, p = 0.036). When the participants were stratified into tertiles according to the U-osc/
femoral BMD and U-osc/lumbar BMD ratios, lower fasting glucose levels correlated with increased 
ratios (p = 0.029 and p = 0.042, respectively). Conclusion: Based on the ratio of U-osc to BMD, our 
study demonstrated an association between U-osc and glucose metabolism. However, no association 
was observed between U-osc and metabolic parameters. The U-osc/BMD ratio is an innovative way to 
correct the U-osc value for bone mass. Arch Endocrinol Metab. 2018;62(4):446-51
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INTRODUCTION

S ome studies over the past decade have shown that 
bone is associated with important physiologic 

mechanisms involving the control of energy metabolism 
and glucose homeostasis, attracting great interest in 
the understanding of the role of bone as an endocrine 
organ (1-9).

Osteocalcin is a protein produced by osteoblasts 
and present in two forms, carboxylated and 
undercarboxylated (U-osc). The carboxylated form 
is synthesized and stored in the mineral matrix, while 
U-osc is produced from the degradation of bone 
matrix and released into the circulation as a hormonally 
active isoform (2). U-osc has been shown to stimulate 
cell proliferation and increase insulin production.  

In addition, U-osc stimulates adiponectin expression 
in adipose cells, which in turn increases insulin 
sensitivity and energy metabolism (10).Insulin has 
direct participation in the process of decarboxylation 
of osteocalcin, allowing the formation and release of 
metabolically active U-osc (11). These actions together 
reveal a positive feedback mechanism involving 
pancreatic beta cells, adipose tissue, and bone.

Some epidemiological studies have supported 
the hypothesis of a positive effect of osteocalcin on 
glucose and energy metabolism (12-23). However, the 
association of these metabolic parameters with U-osc, 
in particular, remains elusive (24-36). Based on these 
facts, the aim of the present study was to correlate 
serum levels of U-osc and bone mineral density (BMD) 
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with metabolic parameters in a group of healthy, 
postmenopausal women.

SUBJECTS AND METHODS

The recruitment for the study occurred between 
February 2012 and March 2013. The inclusion criteria 
comprised female gender, postmenopausal status 
(amenorrhea for more than 1 year), and age below 
70 years. The exclusion criteria included diabetes 
mellitus; renal, hepatic or cardiac dysfunction; bone 
disease or secondary osteoporosis; cancer; and use of 
hypoglycemic agents, glucocorticoids, anticonvulsants 
or antiresorptive drugs.

A total of 180 women were evaluated. Of these, 
35 were excluded due to a diagnosis of osteoporosis 
based on densitometric values and use of antiresorptive 
medications, 36 due to a diagnosis of diabetes, and 4 
due to a diagnosis of cancer (Figure 1). 

and interassay variations 4.4% and 5.67%, respectively). 
For this measurement, blood was collected in ice-cold 
tubes and immediately centrifuged in a cold centrifuge, 
and the serum was stored in cryotubes at -80°C. Levels 
of bone-specific alkaline phosphatase (BSAP, a specific 
marker of bone formation) were determined with the 
LIAISON® BAP OSTASE® assay (normal range 15-120 
μg/dL, intra-assay variation 4.5%) simultaneously to 
those of U-osc in order to better evaluate the hormonal 
action of osteocalcin on bone metabolism.

Glucose was measured by a hexokinase/glucose-
6-phosphate dehydrogenase method (normal values 
< 99 mg/dL) and insulin by chemiluminescence 
(normal values 2.5-30 μUI/mL). The homeostasis 
model assessment of insulin resistance (HOMA-IR) 
was used to measure insulin sensitivity using the 
following formula: (fasting glucose in mg/dL X fasting 
insulin in UI/mL) / 405 (38). The methods used to 
measure the remaining variables and their respective 
normal values are as follows: C-reactive protein 
(CRP) – turbidimetry (normal values < 0.5 mg/dL); 
high-density lipoprotein (HDL)-cholesterol – direct, 
homogeneous method (low values ≤ 40 mg/dL and 
high values ≥ 60 mg/dL); triglycerides (TG) – glycerol 
phosphate oxidase (optimal values < 150 mg/dL, 
borderline values 150-200 mg/dL, increased values 
> 200 mg/dL);  creatinine – alkaline picrate method 
(normal values 0.57-1.11 mg/dL); calcium – Arsenazo 
III (normal values 8.6-10.3 mg/dL); phosphorus – 
UV phosphomolybdate (normal values 2.3-4.7 mg/
dL); PTH – chemiluminescence (normal values 11.7-
61.1 pg/mL); 25-hydrox yvitamin D3 – CLIA (normal 
values 30-100 ng/mL); alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) – colorimetric 
method (normal values 0-55 IU/L and 5-34 IU/L, 
respectively).

All patients were evaluated in regards to the 
presence of criteria for metabolic syndrome and 
grouped according to the number of criteria present as 
(A) three or fewer, (B) four, or (C) five. According to 
the IDF 2005 recommendations, the participants were 
deemed as having a normal waist circumference when 
this measurement was below 80 cm, and normal blood 
pressure when the values were below 130/85 mmHg. 
The finding of serum glucose levels below 100 mg/dL, 
TG below 150 mg/dL, and HDL-cholesterol above 50 
mg/dL was also considered normal.

The participants were also evaluated and categorized 
according to parameters of body composition. 

Figure 1. Study Flowchart. 

Enrollment

Analysis 

Assessed for elegibility (n = 180)

Excluded (n = 75)
 Osteoporosis or antiresorptive
 medications (n = 35)
 Diabetes (n = 36)
 Cancer (n = 4)

Signed a free and informed
consent form approved by the
institution's Ethics Committee
on Human Research (n = 105)

All participants signed a consent form approved by 
the institution’s Ethics Committee on Human Research.

The participants underwent a clinical evaluation 
and were classified according to clinical parameters, 
including body mass index (BMI), waist circumference, 
and blood pressure, which followed the 2005 
classification of the International Diabetes Federation 
(IDF 2005) (37). Values of BMI were considered 
normal if between 18.5–24.99 kg/m2, overweight 
if 25–29.99 kg/m2, class I obese if 30-34.99 kg/m2, 
class II obese if 35-39.99 kg/m2, and class III obese if 
greater than 40 kg/m2.

Blood samples were collected between 8:00 and 9:00 
am after an 8-hour overnight fast. Levels of U-osc were 
measured with the Glu-OC EIA Kit (Takara Bio Inc., 
Otsu, Japan; reference values 0.25-8 ng/mL, intra-assay 
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Measurements of lumbar spine (L1 to L4) and total 
femoral BMD, as well as those of body composition 
(percentage total fat), were performed with a properly 
calibrated Lunar Prodigy Advance (GE Healthcare, 
Madison, WI, USA), with a coefficient of variation of 
2% and by the same examiner.

The ratios U-osc/lumbar BMD and U-osc/femoral 
BMD were calculated using absolute U-osc (ng/mL) 
values divided by the BMD observed in the lumbar and 
total femoral regions (g/m2), respectively.

Statistical analysis

Serum U-osc and BSAP levels, as well as the ratios U-osc/
femoral BMD and U-osc/lumbar BMD were compared 
with the following metabolic parameters: BMI, waist 
circumference, systolic and diastolic blood pressure, 
and total fat percentage assessed by dual-energy x-ray 
absorptiometry (DXA; total fat), TG, HDL-cholesterol, 
fasting glucose, insulin, HOMA-IR, and CRP. Levels 
of PTH, 25-hydroxyvitamin D3, calcium, inorganic 
phosphorus, albumin, AST, ALT, and creatinine were 
measured to exclude bone, kidney, and liver disease.

The data are described as mean and standard 
deviation values unless otherwise stated. The Mann-
Whitney and Kruskal-Wallis tests were used for 

comparisons between groups. The chi-square test 
was used to estimate the association between U-osc 
categorized into tertiles and parameters of metabolic 
syndrome. Correlations between U-osc and the ratios 
U-osc/lumbar BMD and U-osc/femoral BMD with 
values of metabolic variables and BMD were estimated 
using Spearman’s rank correlation coefficient. A p value 
below 0.05 was considered significant.

RESULTS

The clinical characteristics and results of biochemical 
tests of the study participants are summarized in Table 1. 
A total of 76 women (72.4%) presented three or fewer 
criteria for metabolic syndrome, while 18 (17.1%) had 
four criteria, and 11 (10.5%) had all five criteria for 
the syndrome. Osteopenia was observed in 57 (54%) 
participants, while osteoporosis was observed in 21 
(20%) of them. When the participants were categorized 
according to BMI values, 26 (25%) had normal weight, 
44 (42%) had overweight, 22 (21%) had class I obesity, 
and 13 (12%) had class II or III obesity. There were no 
significant correlations observed between U-osc levels 
and metabolic parameters, percent total fat, or CRP 
levels.

The median values of the ratio U-osc/femoral BMD 
were significantly different in participants with normal 
(< 99 mg/dL) compared with those with increased  
(≥ 100 mg/dL) blood glucose levels (2.6 mg/dL and 
1.4 mg/dL, respectively, p = 0.036), as demonstrated 
in Figure 2.

Figure 2. Relationship between the median values of the ratio 
undercarboxylated osteocalcin (U-osc)/lumbar body mineral density (BMD) 
and U-osc/femoral BMD with glucose levels in postmenopausal women.

Normal glucose values = below 99 mg/dL; high glucose values = equal to 
or above 100 mg/dL.

* Mann-Whitney test; p < 0.05.

Table 1. Clinical characteristics and results of biochemical tests of 105 
postmenopausal women included in the study

Variable Mean Median SD Range

Age (years) 56.5 56.0 6.1 43.0 - 70.0

BMI (kg/m2) 28.2 27.4 4.9 19.7 - 41.1

Waist circumference 
(cm) 91.7 90.0 11.3 66.0 - 122.0

Total body fat (%) 41.2 41.7 6.6 23.7 - 54.9

SBP (mmHg) 127.4 120 11.26 90 - 190

DPB (mmHg) 78.8 80 19.57 60 - 110

Triglycerides (mg/dL) 126.7 107.5 58.0 43.0 - 319.0

HDL-cholesterol (mg/dL) 47.8 46.0 12.3 29.0 - 100.0

Blood glucose (mg/dL) 92.7 91.0 10.6 65.0 - 126.0

Insulin (μUI/mL) 10.5 9.1 5.9 2.9 - 33.0

HOMA-IR 2.5 2.0 1.6 0.6 - 9.0

CRP (mg/dL) 0.53 0.33 0.71 0.33 - 6.73

25-hydroxyvitamin D3 
(ng/mL) 21.1 20.7 7.0 7.5 - 55.0

U-Osc (ng/mL) 3.1 2.3 3.4 0.0 - 18.4

BSAP (μg/dL) 12.9 12.1 4.0 7.3  - 24.4

SD: standard deviation; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic 
blood pressure; HDL-cholesterol: high-density lipoprotein cholesterol; HOMA-IR: homeostasis 
model assessment of insulin resistance; CRP: C-reactive protein; U-Osc: undercarboxylated 
osteocalcin; BDAP: bone-specific alkaline phosphatase.

3.00
2.6

2.2

1.41.4

p = 0.036*

p = 0.078*2.50

2.00

1.50

1.00

0.50

0.00
Undercarboxylated
Osc/Femur BMD

Normal glucose levels High glucose levels

Undercarboxylated
Osc/Lumbar BMD
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When the ratios U-osc/lumbar BMD and 
U-osc/femoral BMD were categorized into tertiles, 
participants in the upper tertiles of both ratios had lower 
fasting glucose levels. Among participants with lumbar 
ratio values above 2.985 (ng.mL)/(g/m2), only 12% 
presented increased glucose levels (p = 0.042) (Figure 
3), while for those with femoral ratio values equal to 
or greater than 3.31 (ng/mL)/(g/m2), only 10% had 
increased glucose levels (p = 0.029) (Figure 4).

No correlation was observed between U-osc and 
femoral or lumbar BMD values (r = 0.122, p = 0.218 
and r = 0.058, p = 0.560, respectively). Similarly, the 
correlation between fasting glucose levels with femoral 
and lumbar BMD was not significant (r = 0131,  
p = 0.186 and r = 0.033, p = 0.737, respectively).

Levels of BSAP were not significantly associated 
with BMD values or metabolic parameters. 

DISCUSSION

The results of this cross-sectional study show an inverse 
association between the ratio U-osc/femoral BMD 
with blood glucose levels, which was demonstrated 
by greater ratio values in the subgroup of patients 
with normal glucose levels. Similarly, when the ratios 
(lumbar and femoral) were stratified into tertiles, there 
was an inverse association of both ratios with blood 
glucose levels. The U-osc/BMD ratio is an innovative 
way to correct t U-osc values according to the patient’s 
bone mass and was applied in this study in a similar way 
that leptin/fatty tissue ratio was applied in a study by 
Paz-Filho and cols. (39). Since osteocalcin is a specific 
bone protein that is increased in postmenopausal, 
resorptive conditions, we believe that the correction of 
osteocalcin values by the patient’s BMD yields a more 
adjusted parameter of the involvement of bone on 
energy and glucose metabolism.

Similar results were not observed for BSAP, a marker 
exclusively related to bone and without metabolic 
effects. Additionally, no correlation of BMD values 
and U-osc or glucose alone was observed, which allows 
us to infer that these independent variables had no 
influence on osteocalcin values. 

Similarly to our findings, Shea and cols. and Mori 
and cols. found no association between U-osc and 
indices of insulin resistance (30,31). Additionally, 
Kanazawa and cols. evaluated women with diabetes and 
found no association between U-osc and blood glucose 
parameters (25). 

Another group of researchers found no association 
between metabolic syndrome and U-osc (32). 
Schafer and cols. reported that anabolic treatment 
for osteoporosis with PTH(1-84) increased U-osc 
levels, but showed no correlation with increased leptin  
levels (33).

It is important to point out that the studies focused 
on U-osc differ from those assessing total osteocalcin, 
which has been associated with metabolic and 

Figure 3. Percentage of women with ratios of undercarboxylated 
osteocalcin (U-osc)/lumbar body mineral density (BMD), categorized into 
tertiles according to blood glucose levels.

* Chi-square test; p < 0.05.
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Figure 4. Percentage of women with ratios of undercarboxylated 
osteocalcin (U-osc)/femoral body mineral density (BMD) categorized into 
tertiles according to blood glucose levels.

* Chi-square test; p < 0.05.
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atherosclerotic parameters in diabetic and nondiabetic 
populations of both genders (12-23). An important 
limitation of studies with U-osc is a lack of homogeneity 
and specificity of commercially available assays to detect 
this specific osteocalcin isoform (34-36).

In contrast to our findings, Hwang and cols. found 
that tertiles of U-osc values had a significant inverse 
correlation with blood glucose levels and insulin 
sensitivity (24). Other authors have also shown an inverse 
association between U-osc levels and fasting glucose, 
HbA1c, total body, and visceral fat in 180 diabetic men 
(25). Diaz-Lopez and cols. found that lower levels of total 
osteocalcin and U-osc were independently associated 
with a higher risk of diabetes mellitus in individuals 
with increased cardiovascular risk (26). Pollock and cols. 
evaluated 140 children with and without prediabetes and 
observed that children with prediabetes had lower total 
osteocalcin and U-osc levels, along with worst  indices 
of insulin secretion (27,28). Yeap and cols. showed that 
increased U-osc level was both a marker of bone turnover 
and an independent predictor of reduced diabetes risk. 
Additionally, the increased rate of bone remodeling in 
senescence could be associated with a reduced risk of 
diabetes mellitus (29).

The limitations of the present study include the small 
number of women with increased blood glucose levels 
(only 24 of the 105 participants), class II and III obesity 
(only 13 participants), and of those with all criteria for 
metabolic syndrome (11 participants). Physical activity 
(resistive or aerobic), which could influence U-osc 
levels and BMD values (42,43), was not considered in 
the statistical models. The oral glucose tolerance test 
and the hyperinsulinemic-euglycemic clamp, which are 
superior tests in evaluating insulin resistance compared 
with the HOMA-IR index, were not performed. The 
cross-sectional evaluation of this study does not allow 
us to infer a causal relationship between U-osc levels 
and metabolic parameters.

In conclusion, the results of this study show that the 
ratios U-osc/lumbar BMD and U-osc/femoral BMD 
had a significant inverse association with blood glucose 
levels in a group of nondiabetic, postmenopausal 
women. This finding reinforces the link between 
glucose and bone metabolism.
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