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Background: Osteocalcin has been reported to be relevant to glucose and lipid metabolism, indicating it may stimulate in-
sulin secretion and improve insulin resistance. Yet the difference between male and female patients is still not
clear.

We aimed to investigate the difference in serum osteocalcin, and its association with glucose, lipid metabo-
lism, pancreatic function, insulin sensitivity, and resistance in male and female middle-aged and elderly type 2
diabetic (T2DM) patients.

Material/Methods: 739 T2DM patients were included. After measurement of body mass index (BMI), the levels of fasting plasma
glucose (FPG), insulin (FINS), C peptide (FC-P), 2-h post-OGTT plasma glucose (2h-PG), HbA1C, and osteocalcin
were determined. Homeostasis model assessment of B-cell function (HOMA-%B), homeostasis model assess-
ment of insulin sensitivity (HOMA-%S), and homeostasis model assessment of insulin resistance (HOMA-IR)
were calculated.

Results: Females had higher osteocalcin concentration than males (P<0.05). In males, serum osteocalcin was negative-
ly correlated with HbA1C, FPG, and 2-h PG (P<0.05), but positively with 2-h post-OGTT C peptide (2hC-P), 2-h
post-OGTT serum insulin (2h-INS), and HOMA-%B (P<0.05). In females, serum osteocalcin was negatively corre-
lated with HbA1G, FPG, triglyceride (TG), and HOMA-IR (P<0.05), but positively with 2-h C-P, 2-h INS, HOMA-%B,
HOMA-%S, and high-density lipoprotein (HDL) (P<0.05). In all subjects, serum osteocalcin was inversely corre-
lated with HbA1C, FPG, and 2-h PG (P<0.05), but positively with 2-h C-P, 2-h INS, HDL, and HOMA-%B (P<0.05).

Conclusions: Osteocalcin might improve glucose metabolism through enhancing insulin secretion in males, and through in-
creasing insulin secretion and improving insulin resistance in females with T2DM. Osteocalcin probably also
plays an important role in lipid metabolism.
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Background

Osteocalcin (OC; also known as bone Gla protein, BGP) is a
secreted 5-kDa protein that is the ost prevalent noncollage-
nous protein of 49 amino acids in bone. It is synthesized ex-
clusively in certain cells of the osteoblast lineage: mature os-
teoblasts and osteocytes. Post-translational modification of OC
(gamma-carboxylation at 3 Gla residues) allows it to tightly
bind to the calcium ions in hydroxyapatite (HA). OC is largely
found in the bone, but a small amount of OC circulates in the
blood, and the serum OC level has been considered a mark-
er of bone formation and remodeling. It has been postulated
that OC normally functions in the bone to maintain the nor-
mal calcification and inhibit mineralization, perhaps in order
to prevent osteocytes from becoming completely embedded
in mineral. OC has an important clinical role in osteoporosis
diagnosis and treatment [1,2].

The recent study by Lee et al. [3] showed the Esp, a gene ex-
pressed in osteoblasts, could encode a receptor-like protein ty-
rosine phosphatase termed OST-PTP. It was demonstrated that
mice lacking Esp (Esp—/-) displayed an increase in B-cell prolifer-
ation, insulin secretion, and sensitivity, causing hyperinsulinemia
and hypoglycemia. Mice lacking OC (Ocn/-) showed a decrease in
[3-cell proliferation, insulin secretion and sensitivity, adiponectin
expression and energy expenditure. Ferron et al. also confirmed
that OC had a role in promoting B-cell proliferation, insulin secre-
tion and sensitivity, adiponectin expression, and energy expendi-
ture [4]. They inferred that there was an interaction between bone
and pancreas, especially between osteoblasts and adipocytes.

Recent studies have indicated that the skeleton as an endo-
crine organ plays important roles in the bone and energy me-
tabolism depending on the insulin receptor on the osteoblasts.
The insulin signaling in osteoblasts is necessary for whole-
body glucose homeostasis because it can increase the OC ac-
tivity. Several studies have reported the association between
DM and osteoporosis [5-19].

However, differential patterns for regulating insulin secretion,
insulin resistance, and lipid metabolism by osteocalcin in male
and female T2DM patients are still unknown. We compared
the serum OC concentration between male and female DM
patients, and examined the correlation of serum OC with glu-
cose and lipid metabolism in males and females, respectively.

Material and Methods

Material

We recruited 1200 patients from the Shanghai Tenth People’s
Hospital during July 2011 to October 2012. The inclusion criteria
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included: 1) patients diagnosed with type 2 diabetes mellitus
(T2DM) and 2) patients with an age range from 50 to 90 years
(all female patients were postmenopausal women). The exclu-
sion criteria included: 1) patients with acute or severe chronic
complications, 2) patients with past or current medications (sex
steroids, corticosteroids, bisphosphonates, calcitonin, SERMs)
known to affect bone metabolism, 3) patients with current
cancer, laboratory evidence of kidney or liver diseases, hyper-
thyroid disease, parathyroid disease, or other diseases relat-
ed to the endocrine system, 4) patients with acute or chronic
infections, and 5) patients with current trauma or operations.
A total of 739 patients who met these criteria were included
in this study: 311 men with a mean age of 66.76+10.24 years
(range: 50 to 90 years) and 428 women with a mean age of
68.93+10.46 years (range: 50 to 90 years). The study protocol
was approved by the local institutional review board, and all
participants provided written informed consent.

Body size measurements

Height (accurate to 0.1 cm) was measured at baseline using a
wall-mounted stadiometer and body weight (accurate to 100
g) was measured using an electronic calibrated scale. Body
mass index (BMI) was calculated as weight/height? (kg/m2).

BMD measurements

Bone mineral density (BMD) was measured by using DEXA
with intra- and inter-assay coefficient of variation (CV) below
1%. The BMD of L1-4, right hip, and femoral neck was mea-
sured. The average BMD was calculated as (L1-4 BMD + right
hip BMD + femoral neck BMD)/3.

Laboratory measurements

Blood samples were collected after 12-h overnight fasting for
the detection of biochemical measurements, and the 75-g
oral glucose tolerance test (OGTT) was performed according
to the standardized clinical procedures. Serum OC was mea-
sured by using radioimmunoassay (RIA) [20]. Hemoglobin A1C
(HbA1C) was determined by high-performance liquid chroma-
tography (HPLC) with the coefficient of variation (CV) of 1.11%
[21]. The plasma glucose was measured with the glucose oxi-
dase method [22,23]. The plasma insulin (Biosource, Nivelles,
Belgium) and C-peptide (Immunotech, Czech Republic) were
determined by immunoradiometric assays with the intra-
and inter-assay CVs of 1.6-2.2% and 6.1-6.5% and 2.3-3.0%
and 3.5-5.1%, respectively [24]. The total cholesterol (TC), tri-
glyceride (TG), high-density lipoprotein (HDL), and low-den-
sity lipoprotein (LDL) were all measured by using the enzy-
mic method [25,26]. The above parameters and the function
of liver and kidney were tested with a routine laboratory bio-
chemistry autoanalyzer.
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Table 1. Baseline characteristics of all the patients.

Parameters Male (n=311) Female (n=428) t P

Age (yr) 66.76+10.24 68.93+£10.46 —2.808 0.005

HOMA-IR 1.84+1.20 1.99+1.11 -1.764 0.078

Data are expressed as means +S.D. BMI — body mass index; BMD — bone mineral density; BGP — bone Gla protein;

FPG — fasting plasma glucose; 2hPG — 2-h post-OGTT plasma glucose; FC-P — fasting C peptide; 2-h C-P — 2-h post-OGTT C peptide;
FINS — fasting serum insulin; 2hINS — 2-h post-OGTT serum insulin; HDL — high-density lipoprotein; LDL — low-density lipoprotein;
TC - total cholesterol; TG — triglyceride; HOMA-%B — homeostasis model assessment of f cell function; HOMA-%S — homeostasis
model assessment of insulin sensitivity; HOMA-IR — homeostasis model assessment of insulin resistance.

Homeostasis model assessment software (from the University of Oxford) was used to calcu-
late the 3 parameters.

Homeostasis model assessment of B-cell function (HOMA-

%B), homeostasis model assessment of insulin sensitivity Statistical analysis

(HOMA-%S), and homeostasis model assessment of insu-

lin resistance (HOMA-IR) were calculated by fasting plasma All analyses were performed with Statistical Package for the

glucose (FPG) and fasting C peptide (FC-P). HOMA calculator Social Sciences version 13.0 (SPSS, Chicago, IL, USA). Data were
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Table 2. Correlations of serum osteocalcin with anthropometric variables, glucose,and lipid metabolic indices.

Parameters

HOMA-IR

Female

expressed as mean + standard deviation (S.D). Clinical charac-
teristics were compared between 2 groups using the indepen-
dent samples t test. Spearman correlation coefficients were
calculated to assess the correlations of OC with anthropomet-
ric variables, glucose, lipid profile, insulin secretion, and insulin
sensitivity and resistance. Multiple stepwise regression anal-
ysis was performed to determine the independent predictors
of HOMA-%B, HOMA-%S, and HOMA-IR after adjustment for
potential confounders. A value of two-tailed P <0.05 was con-
sidered statistically significant.

Results

Baseline characteristics of patients and measurements
between males and females

The baseline characteristics of all the patients are shown in
Table 1. A total of 739 T2DM patients (mean age 68.01+10.41
years [range: 50 to 90 years]; BMI: 24.60+3.51 kg/m?) were
studied. Patients were divided into males (n=311) and females
(n=428) (Table 1). The result showed a significant difference
in the age, height, weight, course of disease, BMD, BGP, Ca,
P, FC-P, 2hC-P, FINS, 2hINS, TC, HDL, and LDL between males
and females (P<0.05), but there were no significant difference
in BMI, HbA1C, FPG, 2-h PG, TG, HOMA-%B, HOMA-%S, and
HOMA-IR between the 2 groups (Table 1).

Correlations of serum OC with anthropometric variables,
glucose, lipid profile, insulin secretion, and insulin
sensitivity and resistance

The correlations of serum OC with glucose and lipid meta-
bolic parameters are shown in Table 2. In males, the serum
OC was negatively correlated with age (r=—-0.187, P<0.001),
HbA1C (r=—0.277, P<0.001), FPG (r=—0.234, P<0.001), and 2-h
PG (r=—0.255, P<0.001), but positively with 2-h C-P (r=0.213,
P<0.001), 2-h INS (r=0.170, P=0.002), and HOMA-%B (r=0.274,
P<0.001). In females, serum OC was inversely correlated with
BMI (r=—0.369, P=0.029), course of disease (r=—0.369, P=0.029),
HbA1C (r=—0.369, P=0.029), FPG (r=—0.369, P=0.029), TG
(r=—0.369, P=0.029), and HOMA-IR (r=—0.354, P=0.037), but
positively with 2-h C-P (r=0.339, P=0.047), 2-h INS (r=0.339,
P=0.047), HDL (r=0.339, P=0.047), HOMA-%B (r=0.339, P=0.047),
and HOMA-%S (r=0.339, P=0.047). In all subjects, serum OC
was negatively correlated with HbA1C (r=-0.165, P=0.001),
FPG (r=—0.151, P=0.002), and 2-h PG (r=-0.107, P=0.028), but
positively with 2-h C-P (r=0.115, P=0.019), 2-h INS (r=0.106,
P=0.030), HDL (r=0.138, P=0.005), and HOMA-%B (r=0.139,
P=0.004) (Figure 1).

To further determine which variables were independently as-
sociated with serum OC, multiple stepwise regression analysis
was performed in men and women independently (Table 3).
Results showed that course of disease, HbA1C, and 2-h PG
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Figure 1. Correlations of serum osteocalcin with
glucose and lipid metabolic indices.
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Table 3. Multiple stepwise regression analysis showing variables independently associated with serum OC in males and females.

Independent variables B Sd. E Standardized t P
Male Course of disease 4 0.047 -0.111 -1.990 0.047

Age, BMI, course of disease, HbAlc, FPG, 2hPG, FC-P, 2hC-P, FINS and 2-h INS, TC, TG, LDL, and HDL served as independent variables.

were independently associated with OC in males. BMI and FPG Multivariate linear regression analysis: independent

were independently correlated with osteocalcin in females. In predictors of HOMA-%B

all subjects, HbA1C, FPG, and HDL were independently asso-

ciated with OC. To further determine which variables were independently
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Table 4. Multivariate linear regression analysis: independent predictors of HOMA-%B.

Independent variables B Sd.E Standardized 3 t P
Male HbA1C -9.806 1.098 -0.462 -8.933 <0.001
CFemale HWoAIC 11843 0893 0554  -13263 - 0001
"""""""""""""" A.e o510 o163 0107 3128 0002
Total Courseofdisease 0689 0218 0108  -3153 0002
CHbAC 11105 0688 0520  -16133 - 0001

Age, BMI, course of disease, HbAlc, BGP, TC, TG, LDL, and HDL served as independent variables.

Table 5. Multivariate linear regression analysis: independent predictors of HOMA-%S.

Independent variables B Sd.E Standardized t P

BMI -2.712 0.671 -0.224 —4.041 <0.001
CHpbAIC 2343 1079 0123 2172 0031
Mate < s108 2286 0135 2235 0026
‘6 888 1896  -0271 4677 - 0001
"""""""""""""" Agee =711 019 0178  -3619 <0001
w133 055  -0112  -2365 0019
el Cowseofdisease 0733 029 o138 284 0005

TG -8.864 1.832 —-0.242 —4.837 <0.001
WL 16477 6110 0134 2697 0007
oL e001 1998 0147 3004 0003
"""""""""""""" Agee 0573 0152 0142 -3779 <0001
w2067 0432  -0172 -4788 0001
Course ofdisease 0550 0202 0102 2727 0007
rotal ¢ a1 1493 0128 3001 0003
‘6 -sess 145 -025%8 6195 - 0001
WL 12179 5257 009 2317 0021

Age, BMI, course of disease, HbAlc, BGP, TC, TG, LDL, and HDL served as independent variables.

associated with HOMA-%B, multivariate linear regression anal-
ysis was performed (Table 4). Results showed that in males
HbA1C (B=-0.462, P<0.001) was an independent predictor of
HOMA-%B; in females HbA1C (B=—0.554, P<0.001) was an in-
dependent predictor of HOMA-%B; in all subjects age (3=0.107,
P=0.002), course of disease (B =—0.108, P=0.002), and HbA1C (B
=-0.520, P<0.001) were independent predictors of HOMA-%B.

Multivariate linear regression analysis: independent
predictors of HOMA-%S

To further determine which variables were independently as-
sociated with HOMA-%S, multivariate linear regression analy-
sis was performed (Table 5). Results showed that in males BMI
(B=—0.224, P<0.001), HbA1C ($=0.123, P=0.031), TC (=0.135,
P=0.026), and TG (B=—0.271, P<0.001) were independent

predictors of HOMA-%S; in females age (3=—0.178, P<0.001),
BMI (B=-0.112, P=0.019), course of disease (p=0.138, P=0.005),
TG (B=-0.242, P<0.001), HDL ($=0.134, P=0.007), and LDL
(B=0.147, P=0.003) were independent predictors of HOMA-
%S; in all subjects age (3=-0.142, P<0.001), BMI (B=—-0.172,
P<0.001), course of disease (=0.102, P=0.007), TC (B=0.128,
P=0.003), TG (B=—0.258, P<0.001), and HDL (=0.096, P=0.021)
were independent predictors of HOMA-%S.

Multivariate linear regression analysis: independent
predictors of HOMA-IR

To further determine which variables were independently as-
sociated with HOMA-IR, multivariate linear regression anal-
ysis was performed (Table 6). Results showed that in males
age (B=0.144, P=0.008), BMI (B=0.114, P=0.030), course of
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Table 6. Multivariate linear regression analysis: independent predictors of HOMA-IR.

Independent variables B

Male

Female

Total

Sd.E Standardized j t P

Age, BMI, course of disease, HbAlc, BGP, TC, TG, LDL, and HDL served as independent variables.

disease (B=—0.118, P=0.030), TC (B=-0.187, P=0.001), and TG
(B=0.491, P<0.001) were independent predictors of HOMA-IR;
in females age ($=0.103, P=0.033), TG ($=0.221, P<0.001), HDL
(B=—0.174, P=0.001), and LDL ($=-0.134, P=0.008) were inde-
pendent predictors of HOMA-IR; in all subjects, age (8=0.122,
P=0.001), BMI (8=0.100, P=0.005), TC (B=-0.148, P<0.001), TG
(B=0.360, P<0.001), and HDL (B=—0.085, P=0.039) were inde-
pendent predictors of HOMA-IR.

Discussion

This cross-sectional study showed that serum OC level in fe-
males was higher than that in males, which is consistent with
results of a previous report [25]. Because OC is mainly secret-
ed from osteoblasts during bone turnover, this may suggest
that the bone turnover rate in females could be higher than
that in middle-age and elderly male T2DM patients. This is also
supported by the lower BMD in the females than the males
in the present study.

Several clinical trials have reported that serum OC level was
significantly lower in T2DM patients than in healthy controls
[25,28,29]. A recent study of Aoki et al. showed the serum OC
level was significantly higher in pre-diabetic patients than in
healthy controls [30]. These findings suggest that the OC lev-
el may change with the development of T2DM. In the present
study, after adjustment for confounding factors, serum OC was
found to be negatively correlated with HbA1C, FPG, and 2-h PG
in males, and inversely with HbA1C and FPG in females. Many
prospective studies and case-control studies have demonstrated

that serum OC is inversely correlated with HbA1C, FPG, and 2-h
PG [20,21,28,31-35]. The results of the above reports are con-
sistent with our findings and support the view that OC may
help to regulate glucose metabolism.

The present study also showed that serum OC was positive-
ly correlated with 2-h C-P and 2-h INS in all individuals. In the
study by Akiko et al., OC was found to stimulate Glucagon-
like peptide-1 (GLP-1) secretion, which could stimulate insulin
secretion in response to food intake [36], suggesting that OC
may stimulate postprandial insulin secretion. A recent study
of Bullo et al. revealed that serum OC was positively corre-
lated with FINS [37]. These results suggest that OC may also
stimulate fasting insulin secretion.

In this paper, serum OC was positively correlated with HOMA-
%B in males, females, and all subjects. Some latest experiments
indicated that serum OC was positively correlated with HOMA-
%B [21,24,25,37]. These results were in accordance with our
outcomes manifesting that OC may induce insulin secretion
both in men and women.

This study shows that serum OC was positively correlated
with HOMA-%S and negatively correlated with HOMA-IR in
females, suggesting OC may help to improve insulin sensitiv-
ity and resistance in female patients. However, these associ-
ations were not found in males. These findings indicated that
the correlation between OC and insulin sensitivity and resis-
tance was obvious in females but not so in males. A Chinese
study showed that serum OC was not associated with HOMA-
IR in all participants [25]. A Korean study showed that serum
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OC was inversely correlated with HOMA-IR in postmenopausal
women [27]. However, some other studies in Western countries,
including the USA and Sweden, showed that OC was negative-
ly correlated with HOMA-IR in men [21,22,35,37] and all sub-
jects [24,33,34,38,39], and positively correlated with HOMA-%S
in all subjects [24]. It is speculated that differences in eating
habits, physical features, and body composition (percentage
of total body fat) may help to explain these diverse findings.

Our findings revealed that the serum OC was positively correlat-
ed with HDL in females and all participants, and negatively with
TG in females. Recent clinical studies also uncovered a relation-
ship between OC and TG and HDL in all individuals [20,25,34].
These recent results are consistent with our findings showing
that OC may have relations with lipid metabolism. Some stud-
ies in Japan and Sweden demonstrated that OC was related
to TG and HDL in men [22,35]; however, in our study no rela-
tionship between OC and lipid metabolic indices was found in
males. These results are inconsistent with our findings, show-
ing that it is probably due to differences in region, dietary and
living habit, some medication use, and some other factors in
males. These results suggest that bone may regulate lipid me-
tabolism via OC through mechanisms that need further study.

Recent evidence in animal models suggests that OC, a hor-
mone secreted during bone turnover, exerts regulatory effects
on glucose and lipid metabolism. Consistent with this result,
our results provide empirical evidence for the interactions of
osteocalcin with markers of insulin secretion and sensitivity,
and insulin resistance in humans. This evidence was confirmed
by using 3 parallel statistical analyses based on multiple lin-
ear regression models. Results showed that serum OC was not
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an independent factor influencing HOMA-%B, HOMA-%S, and
HOMA-IR, and that HbA1C was an independent related fac-
tor influencing HOMA-%B in all subjects. In addition, BMI and
several parameters of lipid metabolism were the independent
predictors influencing HOMA-%S and HOMA-IR in all subjects.
These results indicate that the effect of OC on the pancreas
may not be so strong. That is to say, in addition to OC, there
seems to be other factors affecting insulin secretion, sensitiv-
ity, and resistance. Our study also suggests a relationship be-
tween lipid metabolism and insulin sensitivity and resistance.

There are several limitations in this study. First, this was a
cross-sectional study showing only association but not cau-
sality. Second, the influence of differences in gamma-carboxyl-
ation status of OC was not investigated. Third, different medica-
tions, especially treatment with insulin, might affect the results.

Conclusions

In summary, we found higher serum OC levels in female than
male T2DM patients. OC may have an important role in glu-
cose metabolism, probably through enhancing insulin secre-
tion in males and through both increasing insulin secretion
and improving insulin resistance in females. OC maybe also
play an important role in lipid metabolism in T2DM patients.
The coupling mechanisms between bone metabolism and en-
ergy metabolism needs further study in the future.
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