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Purpose: To determine the association between serum osteocalcin and carotid intima media thickness (CIMT) in a group of post-
menopausal females with type 2 diabetes (T2DM).
Patients and Methods: This cross-sectional study enrolled 75 postmenopausal women with T2DM and 40 age matched post-
menopausal healthy females. Age, body mass index, blood pressure were recorded for all subjects. Laboratory tests including fasting
blood glucose (FBG), glycated hemoglobin (HbA1c) and lipid profile were measured. Serum osteocalcin was measured using ELISA.
Bone mineral density (BMD) was measured by DEXA scan. CIMT was assessed with B-mode ultrasonography.
Results: Patients with T2DM had significantly lower serum osteocalcin compared to control (63.73±27.20 vs 136.16±21.96 pg/mL,
P<0.001). Patients with osteoporosis had significantly lower osteocalcin level compared to those with normal BMD. Patients with
T2DM had a significant negative correlation between serum osteocalcin and CIMT (r= −0.332; P=0.003), FBG (r= −0.732; P< 0.001),
HbA1c (r=−0.672; P< 0.001), and HOMA-IR (r= −0.672; P< 0.001). However, multiple linear regression analysis revealed that CIMT
in patients with diabetes was only significantly associated with age (P= 0.001), duration of diabetes (P< 0.001), SBP (P< 0.001),
HOMA-IR (P=0.033), LDL (P=0.005), and HDL (P< 0.001). Furthermore, serum insulin (β= −0.183, P=0.033), FBG (β= −0.604, P<
0.001) and LDL (β= −0.195, P= 0.02) were independently negatively correlated with serum osteocalcin.
Conclusion: In this study, Postmenopausal women with diabetes had significantly lower osteocalcin compared to non-diabetic
women. Although serum osteocalcin was negatively correlated with CIMT, multivariate regression analysis revealed that osteocalcin
level was only independently related to worse glycemic parameters in postmenopausal women with T2DM.
Keywords: osteocalcin, diabetes, atherosclerosis, glycated hemoglobin, lipid

Introduction
Diabetes is a major risk factor for atherosclerosis. Postmenopausal females with diabetes have triple the risk of
developing cardiovascular (CVD) or cerebrovascular disease than healthy women.1 In addition, women with diabetes
have a fourfold rise in the risk of death from acute coronary syndrome than diabetic men.2 The etiology of this excess
cardiovascular morbidity and mortality is not completely clear. Although hyperglycemia has a major role in the
development of atherosclerosis, there are other contributors involved in the pathogenesis of the cardiovascular diseases
in patients with diabetes.3 The population-based studies showed that inflammation, oxidative stress and impaired
antioxidant levels are major factors involved in atherosclerosis development in elderly patients with metabolic syndrome
or any of its component.4

Osteoporosis is the second world wide health problem after CVD, and it is expected to increase as there is increase in
the number of the elderly population.5 Relationship between type 2 diabetes mellitus (T2DM) and bone mineral density
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(BMD) has been debatable. While some studies showed reduced BMD others reported unchanged or increased BMD in
patients with diabetes.6–8 In spite of higher BMD in patients with T2DM, they have increased susceptibility to fracture
caused by increased risk of falls associated with the presence of neurovascular complications and the changes in their
bone quality.9

Many previous studies have demonstrated that patients with osteoporosis are at significantly greater risk of develop-
ing CVD and more severe atherosclerosis and vascular calcification.10 The association between these two diseases could
be related to the common risk factors involved in osteoporosis and vascular diseases, such as dyslipidemia, hypertension,
and diabetes mellitus.11 However, the studies investigated the pathophysiologic relationship between cardiovascular risk
factors and bone metabolism, bone mass have shown inconclusive and contradictory results. Bone is a highly vascular
structure and there is molecular interaction between endothelial cells and bone cells.10,11 Angiogenesis plays a major role
in bone fracture healing and repair and changes in the local vasculature are associated with the progression of
osteoporosis.12,13 Also, there is increasing number of bone secreted osteokines that influence energy balance and glucose
metabolism that could be involved in the pathogenesis of CVD.14

Osteocalcin (OCN) an osteoblast secreted protein is made up of 49 amino acids.15 Previous animal studies found that
there is association between OCN and metabolic functions, including glucose and lipid metabolism via stimulation of
beta cell proliferation and induction of adiponectin secretion.15 However, human studies from different populations
revealed conflicting results. One study of patients with uncontrolled T2DM found that patients with T2DM had
significantly lower levels of OCN compared to age-matched subjects without diabetes.16 However; another study
revealed no association between serum OCN and the risk of development of diabetes among both women and men.17

So, the relationship of serum OCN and glucose homeostasis in patients with T2DM needs further evaluation in different
populations.

Also, The association between serum OCN and atherosclerosis is conflicting and unclear.18 A study of Japanese men
and postmenopausal women with T2DM reported significant negative correlation between serum OCN and carotid intima
media thickness (CIMT) in men; on the other hand, there was no significant association between OCN and the
atherosclerosis indices in postmenopausal women.19 However, a study of Chinese population found that serum OCN
level in both men and post-menopausal women with T2DM was an independent risk factor for carotid atherosclerosis.20

Specific markers could be beneficial as indicators in the prevention and treatment approach of atherosclerosis in
patients with diabetes. Based on the aforementioned observations, whether serum OCN could be a marker of athero-
sclerosis in different ethnic populations needs further evaluation. The aim of the current study was to investigate the
association between serum levels of OCN and glycemic and lipid parameters and CIMT in a group of Egyptian post-
menopausal females with T2DM.

Materials and Methods
Study Design
This study was a cross-sectional study performed in a tertiary care referral hospital between February 2019 and
January 2020. We assigned 115 postmenopausal females included, 75 patients with T2DM and 40 healthy post-
menopausal controls. Patients were recruited from the diabetic center, Kasr Al Ainy Hospital, Cairo, Egypt. The control
subjects were collected from healthy postmenopausal volunteers. All subjects provided informed consent to participate in
this study. The study protocol and procedures follow the ethical guidelines of the 1975 Declaration of Helsinki and has
been approved by ethical committee of Kasr Al-Ainy Hospital, Faculty of Medicine, Cairo University (no.I-170316).

Patients with diagnosis of T2DM based on ADA criteria were eligible for inclusion in this study. Exclusion criteria
included patients with 1) diabetes other than T2DM; 2) history of hepatic or renal diseases; 3) history of hyperparathyr-
oidism; 4) therapy with corticosteroid, vitamin D supplementation, or antiresorptive agents. Clinical data obtained
included age, body mass index (BMI) [weight (kg)/height (m2)], systolic blood pressure (SBP), diastolic blood pressure
(DBP) and duration of diabetes. Blood samples were collected from each participant after a period of 10 hours fasting for
measurement of fasting blood glucose (FBG), glycated hemoglobin (HbA1c), serum creatinine, total cholesterol (TC),
high density lipoprotein (HDL), low density lipoprotein (LDL), triglycerides (TG), serum insulin, total serum calcium,
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phosphate and serum OCN. HOMA-IR was calculated according to the formula: [glucose (nmol/L) x insulin (µU/mL)/
22.5], using fasting values.21

OCN Assay Principle
Serum OCN was measured using ELISA kit based on OCN antibody-OCN antigen interactions (immunosorbency) and
a Horseradish Peroxidase (HRP) colorimetric detection system to detect OCN antigen targets in samples according to
manufacturer’s instructions (Cusabio Biotech Co, Ltd, Houston, TX, USA). Samples were collected in EDTA tubes; centrifuga-
tion was performed for 15 minutes at 1000 × g at 2–8°C within 30 minutes of collection and samples stored at −80°C.
Absorbance measurements were carried out in a microplate reader at 450 nm and the concentrations were calculated using
a standard curve. The minimum detectable dose of human OCN is typically less than 7.8 pg/mL.

CIMT Measurement
To assess CIMT we used B-mode duplex ultrasound modality. Carotid examination was done using a high frequency 7.5
MHz linear probe of an ATL-HDL 5000 machine by two experienced physician blinded to the clinical condition of the
participant. Linear scanning of the right and left carotid arteries was performed. CIMT was defined as the distance
between intima-lumen line and media-adventitia border.Three dimensions were taken from the anterior and posterior
walls of the common carotid artery, the carotid bifurcation, and the extracranial portion of the internal carotid artery. The
average of both sides was calculated.22

BMD Measurement
We measured the BMD of the lumbar spine and the total hip using a Prodigy DEXA (GE Healthcare, Madison, WI,
USA) calibrated daily using a standard phantom provided by the manufacturer. Patients were classified into 3 groups
based on their BMD value: (1) patients with normal BMD if the T-score is equal to or greater than -1, (2) patients with
osteoporosis if the T-score is equal to or below -2.5, and (3) patients with osteopenia if the T-score is below −1.0 and
above −2.5.

Statistical Analysis
Data were coded and entered using the statistical package (SPSS) version 23 (IBM Corp., Chicago, IL). Measurement
data are presented as mean and standard deviation for quantitative variables and number and percentage for qualitative
variables. Comparisons between groups were done using analysis of variance (ANOVA) with multiple comparisons post
hoc test in normally distributed quantitative variables while non-parametric Kruskal–Wallis test and Mann–Whitney test
were used for non-normally distributed quantitative variables. Correlations between quantitative variables were done
using Pearson correlation coefficient. Data tested for normality and proved to be normally distributed. Then, stepwise
regression for selection of independent determinants of OCN and CIMT in cases was performed. Potential confounding
variables including age, duration of diabetes, SBP, DBP, BMI, creatinine, calcium, phosphate, CIMT, BMD, TC, TG,
HDL, LDL, s.insulin, FBG, HBA1c, HOMA-IR were controlled in the regression models. The interaction of confounding
variables was assessed. R-squared was measured to test how close the data are to the fitted regression line.

Results
Clinical, Laboratory, Imaging Measurements of the Study Subjects
This study enrolled 115 postmenopausal women (75 with diabetes and 40 without). Both women with and without
diabetes had obesity-related BMIs of 32.18±4.1 and 32.46±6.02 kg/m2, respectively. The mean SBP was significantly
higher in females with diabetes (138.4±17.6 mmHg) than control subjects (129.38±9.49 mmHg). In females with
T2DM the mean duration of diabetes was 12.25±8.26 years and most of them had good glycemic control with the
mean HbA1c was (6.4%; 46 mmol /mol). Patients with T2DM had diabetic dyslipidemia with significantly elevated
TG and lower HDL than control subjects. Serum level of OCN was significantly lower in patients with diabetes
compared to non-diabetic women (63.73±27.20 vs 136.16±21.96 pg/mL; P<0.001). There were no significant
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differences in serum calcium, serum phosphate, lumber BMD, and hip BMD between postmenopausal women with
diabetes and controls (Table 1).

Comparison of Clinical, Laboratory, Imaging Data of Diabetic Patients with Normal
BMD, Osteopenia and Osteoporosis
Diabetic patients with osteoporosis had highest insulin resistance with mean HOMA-IR (9.01±3.35) compared to patients
with normal BMD (4.96±2.80) and those with osteopenia (6.57±3.04) (P< 0.001). Also, patients with osteoporosis had
significantly higher HbA1c and TG levels compared to those with osteopenia and normal BMD (P < 0.001 and P=0.006;
respectively). Although, CIMT was higher in patients with osteoporosis (0.07±0.01 cm) compared to those with
osteopenia (0.06±0.01 cm), the difference was not statistically significant (P=0.211). The lowest OCN level was found
in women with osteoporosis (57.04±26.00 pg/mL), followed by patients with osteopenia (63.92±28.55 pg/mL), whereas
patients with normal BMD had the highest OCN level (75.46±23.99 pg/mL) (P=0.048) (Table 2).

Table 1 Clinical, Laboratory, and Imaging Measurements of Postmenopausal Females with T2DM and Control
Women

Variable Patients with T2DM
N=75

Control
N=40

P-value

Age (years) 56.11±5.66 58.03±3.88 0.07

Menopause duration (years) 12.25 ±8.26 13.42±6.23 <0.001*

SBP (mmHg) 138.40±17.6 129.38±9.49 <0.001*

DBP (mmHg) 80.60±8.6 79.13±5.05 0.34

Fasting blood glucose (mmol/L) 9.9±3.34 4.72±0.46 < 0.001*

BMI (kg/m2) 32.18±4.1 32.46±6.02 0.79

Serum creatinine (µmol/L) 66.32±12.38 62.78±12.38 0.137

Serum calcium (mmol/L) 2.34±0.11 2.42±0.15 0.01

Serum phosphate (mmol/L) 1.16±0.16 1.17±0.13 0.34

Total Cholesterol (mmol/L) 5.41±1.12 5.76±0.94 0.12

LDL (mmol/L) 3.21±0.99 3.61±0.99 0.06

HDL (mmol/L) 1.23±0.34 1.47±0.31 0.001*

Triglycerides (mmol/L) 2.14±1 1.39±0.56 <0.001*

HbA1c (%; mmol/mol) 6.4±2.0 (46) 4.4±0.27 (25) <0.001*

Serum fasting insulin (pmol/L) 106.3±31.94 59.9±6.6 <0.001*

HOMA-IR 6.89±3.35 2.54±0.25 <0.001*

Serum osteocalcin (pg/mL) 63.73±27.20 136.16±21.96 <0.001*

Lumbar BMD (gm/cm2) 1.01±0.16 0.98±0.13 0.73

Hip BMD (gm/cm2) 0.91±0.11 0.91±0.12 0.74

CIMT (cm) 0.06±0.01 0.05±0.02 <0.001*

Notes: Values are mean ± SD. *P value <0.05 is considered significant.
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; LDL, low density lipoprotein cholesterol; HDL, high
density lipoprotein cholesterol; HbA1c, glycated hemoglobin; HOMA-IR, homeostatic model assessment for insulin resistance; BMD, bone mineral
density; CIMT, carotid intima media thickness.
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Correlation Between Serum OCN Level and Different Variables in Patients with
T2DM
OCN level was significantly negatively correlated with age (r = −0.314; P=0.005), FBG (r = −0.732; P< 0.001), HbA1c
(r = −0.672; P< 0.001) (Figure 1), HOMA-IR (r = −0.611; P< 0.001) but positively correlated to hip BMD (r= 0.318;
P=0.005) (Table 3). However, no statistically significant correlation was observed between the serum OCN and the
duration of diabetes (r= −0.097; P=0.400), BMI (r= −0.051; P=0.659), LDL (r= −0.159; P= 0.164) HDL (r= 0.004;
P=0.973), or TG (r= −0.131; P=0.252) (Table 3)

Multivariate Linear Regression to Detect Independent Parameters Associated with
OCN Level in Postmenopausal Females with T2DM
To adjust the potential confounding factors, we incorporated these factors into multivariate regression analysis
which revealed that osteocalcin level was only independently related to FBG (β= −0.604, 95% confidence interval

Table 2 Comparison of Clinical, Laboratory, and Imaging Parameter of Diabetic Patients with Normal BMD, Osteopenia and
Osteoporosis

Variable Diabetic Patients with
Normal BMD
N=25 (33.3%)

Diabetic Patients with
Osteopenia
N=25 (33.3%)

Diabetic Patients with
Osteoporosis
N=25 (33.3%)

P-value

Age (year) 52.77±3.55 56.75±6.29 56.00±5.45 0.019*

Diabetes duration (years) 10.76±7.17 12.52±7.64 12.20±10.87 0.426

SBP (mmHg) 138.40±24.10 137.50±16.24 139.60±16.45 0.924

DBP (mmHg) 80.40±6.76 78.93±8.32 79.13±5.05 0.044*

BMI (kg/m2) 33.18±6.02 31.42±3.43 34.09±3.85 0.098

Serum creatinine (µmol/L) 60.13±7.96 64.55±15.03 57.47±19.73 0.089

Serum calcium (mmol/L) 2.33±0.12 2.35±0.12 2.33±0.08 0.588

Serum phosphate (mmol/L) 1.21±0.13 1.18±0.2 1.18±0.11 0.700

Total Cholesterol (mmol/L) 5.11±1.39 5.42±1.08 5.59±1.02 0.346

LDL (mmol/L) 3.01±1.19 3.24±1.03 3.26±0.8 0.611

HDL (mmol/L) 1.23±0.4 1.27±0.34 1.17±0.33 0.609

Triglycerides (mmol/L) 1.8±1.39 2.03±0.82 2.54±0.7 0.006*

Fasting blood glucose (mmol/L) 7.4± 2.4 10±3.2 11.1±3.4 < 0.001*

HbA1c (%;mmol/mol) 4.7±1.5 (28) 6.2±1.9 (44) 6.9±2.2 (52) < 0.001*

Serum fasting insulin (pmol/L) 100.7±34 100.6±29.8 127.6±24 0.002*

HOMA-IR 4.96±2.80 6.57±3.04 9.01±3.35 < 0.001*

Serum osteocalcin (pg/mL) 75.46±23.99 63.92±28.55 57.04±26.00 0.048*

Lumbar BMD (gm/cm2) 1.19±0.15 0.93±0.31 0.87±0.12 < 0.001*

Hip BMD (gm/cm2) 0.67±0.05 0.61±0.06 0.57±0.12 < 0.001*

CIMT (cm) 0.06±0.02 0.06±0.01 0.07±0.01 0.211

Notes: Values are mean ± SD. *P value <0.05 is considered significant.
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; LDL, low density lipoprotein cholesterol; HDL, high density lipoprotein
cholesterol; HbA1c, glycated hemoglobin; HOMA-IR, homeostatic model assessment for insulin resistance; BMD, bone mineral density; CIMT, carotid intima media
thickness.
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[CI] −0.342 to −0.193; P< 0.001), s.insulin (β= −0.183, 95% CI −2.079 to −0.087; P=0.033) and LDL (β= −0.195,
95% CI −0.247 to −0.022; P=0.020).

CIMT in Postmenopausal Women with T2DM and Its Relation to Different Variables
CIMT was significantly higher in females with diabetes compared to control (0.06±0.01 vs 0.05±0.02 cm; P<0.001).
CIMT was not significantly different in diabetic females with normal BMD (0.06±0.02 cm), osteopenia (0.06±0.01 cm)
and osteoporosis (0.07±0.01) (P=0.211). In women with diabetes, CIMT was positively correlated to age (r= 0.455;
P< 0.001), diabetes duration (r=0.370; P=0.001), SBP (r=0.559; P< 0.001), BMI (r=−0.239; P=0.035), LDL (r=0.389;
P< 0.001), HbA1c (r= 0.334, P=0.003), HOMA-IR (r=0.422; P< 0.001) but negatively correlated to OCN level
(r = −0.332; P=0.001) (Figure 2). However, Multiple linear regression analysis indicated that CIMT in patients with
diabetes was only significantly associated with age (β= 0.264, 95% confidence interval [CI] 0.001 to 0.001; P= 0.001),
duration of diabetes (β= 0.446, 95% CI 0.001 to 0.001; P< 0.001), SBP (β= 0.400, 95% CI 0.001 to 0.001; P< 0.001),
HOMA-IR (β= 0.250, 95% CI 0.001 to 0.001; P=0.033), LDL (β= 0.194, 95% CI 0.001 to 0.001; P=0.005), and HDL
(β= −0.282, 95% CI 0.001 to 0.001; P< 0.001).

Discussion
This study showed that compared to postmenopausal women without diabetes, postmenopausal women with diabetes had
significantly lower serum OCN levels. A recent study also demonstrated lower levels of OCN in T2DM patients than
healthy subjects.23 Similar results have been observed in postmenopausal females with T2DM.24 Both in vivo and
in vitro studies have indicated that OCN could have a role in lowering blood sugar, promoting insulin synthesis from
pancreatic beta cells.24,25 Furthermore, OCN was found to promote energy expenditure and insulin sensitivity by
increasing mitochondrial function in skeletal muscles and promoting adiponectin secretion from adipose tissue and
decreasing lipid accumulation in the liver.26,27

In our study, serum OCN level had significant negative correlation with FBG, HbA1c and HOMA-IR in postmeno-
pausal women with T2DM. Kanazawa et al reported the same results in post-menopausal women and men with T2DM.19

Moreover, Wang et al found that serum OCN levels were low in poorly controlled diabetic patients and became elevated
after treatment.28 In our study, we found that patients without osteoporosis had better glycemic control than those with
osteoporosis. It is possible that hyperglycemia might affect osteoblast maturation, which then results in a decrease in
bone formation and OCN levels.29 Also, OCN could be glycated causing elevation of serum level of OCN in the presence

Figure 1 Correlation analysis of serum osteocalcin level and glycated hemoglobin (HbA1c) in postmenopausal females with T2DM revealed significant negative correlation
(r = −0.672; P<0.001).
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of hyperglycemia.30 Lastly, hyperglycemia could suppress OCN gene expression in osteoblast leading to reduction of
OCN level in patients with poor glycemic control.29 However, the results are not constant among different populations,
while some studies in Caucasian and Asian populations showed that OCN level has a negative association with blood
glucose, serum insulin, and HOMA-IR,31,32 studies in other populations found that OCN was not related to
HOMA-IR.33,34 This difference could be related to the differences in age, gender, ethnicity, and genetic back ground
of the studied populations.

Diabetes alters bone metabolism and BMD may differ in patients with diabetes and healthy subjects.6–8 Similar to our
findings Asokan et al reported unaltered BMD in patients with T2DM.7 In contrast, Schwartz et al reported higher BMD
in patients with diabetes with, paradoxically, higher increase in risk of fracture.35 Serum OCN reflects osteoblast function
and it has been a good marker of bone formation for long time. Serum OCN levels were found to be significantly lower in
patients with diabetes and osteoporosis, osteopenia, or normal bone density compared to healthy controls, furthermore, in
all these groups, OCN levels were positively correlated with BMD.36 In the current study, OCN levels were significantly
lower in patients with osteoporosis than in patients with normal BMD and were significantly associated with BMD in
women with diabetes. However, when multiple linear regression was applied, serum OCN was only associated with
blood glucose, and there was no significant association between OCN and BMD. This observation suggests that serum

Table 3 Correlation Analysis Between Serum Osteocalcin and Different Variables
in Postmenopausal Females with Diabetes

Parameter r P value

Age (years) −0.314 0.005*

Duration of diabetes (years) −0.097 0.400

BMI (Kg/m2) −0.051 0.659

Systolic blood pressure (mmHg) −0.126 0.270

Diastolic blood pressure (mmHg) −0.049 0.668

Serum creatinine (µmol/L) 0.130 0.255

Serum calcium (mmol/L) 0.055 0.632

Serum phosphate (mmol/L) 0.125 0.277

Fasting blood glucose (mmol/L) −0.732 < 0.001*

HbA1c −0.672 < 0.001*

Serum fasting insulin (pmol/L) −0.302 0.007*

HOMA-IR −0.611 < 0.001*

Total cholesterol (mmol/L) −0.159 0.165

LDL (mmol/L) −0.159 0.164

HDL (mmol/L) 0.004 0.973

Triglycerides (mmol/L) −0.131 0.252

Hip BMD (gm/cm2) 0.358 0.001*

CIMT (cm) −0.332 0.003*

Note: *P value <0.05 is considered significant.
Abbreviations: BMI, body mass index; HbA1C, glycated hemoglobin; HOMA-IR, Homeostatic model
assessment for insulin resistance; LDL, low density lipoprotein cholesterol; HDL, high density lipoprotein
cholesterol; BMD, bone mineral density; CIMT, carotid intima media thickness.
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OCN may be influenced by blood glucose levels and may not be a good marker of bone formation in poorly controlled
diabetic patients.

Previous studies showed that BMI had a positive correlation to insulin secretion in subjects with diabetes, which
could reflect compensatory stimulation of insulin secretion associated with insulin resistance.37,38 Dumitru et al reported
that serum OCN was lower in post-menopausal diabetic females compared to those without diabetes with no significant
associations between OCN and BMI or any of metabolic parameters.39 Similar results were obtained in Japanese
individuals with diabetes.40 Interestingly, in our study OCN was not correlated with BMI and multivariate regression
showed that OCN was only significantly and negatively associated with FBG and s.insulin. These results suggest that
OCN might have an important effect on insulin secretion than on insulin sensitivity in diabetic individuals.

One study reported significant negative correlation between LDL and TG and OCN level in patients with diabetes.20

However, another study failed to find any association between serum OCN and lipid profiles in Chinese patients with
T2DM, although there was negative association between OCN and HbA1c.41 In our study, multivariate analysis showed
significant negative correlation between serum OCN and LDL in diabetic patients.

The incidence of cardiovascular disease is higher in patients with osteoporosis.10 BMD and bone formation
biomarkers were found to be low in patients with peripheral arterial atherosclerosis.42 Furthermore, in a recent meta-
analysis including 10,300 patients the incidence of any atherosclerotic cardiovascular disease was significantly higher in
individuals with osteoporosis compared to those without.43 Our results also showed a significant negative correlation
between OCN, the bone formation biomarker, and CIMT in patients with diabetes. The pathophysiologic link between
atherosclerosis and osteoporosis involves multiple mechanisms such as inflammatory factors, different adipokines such
as adiponectin and resistin, and factors involved in bone metabolism.44 In agreement with our results, a study of a group
of Chinese population revealed that serum OCN was significantly lower in patients with history of cardiovascular disease
than those without CVD.45 Also, in a group of patients with metabolic syndrome with normal glucose tolerance serum
OCN decreased significantly in patients with coronary artery disease compared to those without and showed an
independent correlation with severity of coronary atherosclerosis.46 Recently, Riquelme-Gallego et al reported an inverse
relationship between OCN levels and cardiovascular risk in patients with metabolic syndrome without T2DM.47

However, it’s not clear whether the relation of OCN level and atherosclerosis is a direct relationship or it’s associated
with the impact of OCN on conventional cardiovascular risk factors. Whereas one study of patients with T2DM found
that low serum OCN was a risk factor for carotid atherosclerosis independent of HbA1c, HOMA-IR and BMI,20 another
study of Japanese population reported that OCN considerably and negatively correlate with CIMT once adjustment for

Figure 2 Correlation analysis of serum osteocalcin level and carotid intima media thickness (CIMT) in postmenopausal females with T2DM showed significant negative
correlation (r = −0.332; P=0.003).
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different cardiovascular risk factors in men but not in women.19 Contrary to this data, a cross-sectional study of Korean
subjects showed that increased level of serum OCN was related to coronary atherosclerosis.48

To find out the determinants of CIMT and serum OCN level we performed multivariate linear regression analysis and
it showed that serum CIMT in patients with diabetes was only significantly associated with age, duration of diabetes,
SBP, HOMA-IR and atherogenic lipid, but not associated OCN level. On the other hand, OCN was only significantly
negatively associated with FBG, serum insulin and LDL. These findings suggest that, in menopausal women with
diabetes, the blood glucose level is the most important determinant of OCN level, and that the inverse relationship
between OCN and CIMT could be attributed to OCN and blood glucose interaction. Second, blood glucose levels can
impact serum OCN, hence its use as a bone formation marker in diabetic individuals should be interpreted cautiously.

Nonetheless, these results must be interpreted with caution and a number of limitations should be borne in mind. First,
this study was a cross-sectional observational study. Prospective longitudinal studies are needed to ascertain causality
between OCN and different parameters. Second, this study included patients on variable medications, requiring further
studies to determine the effects of different medications. Third, the relatively small sample size because of financial
issues that limits the generalization of these results. Fourth, we did not measure undercarboxylated osteocalcin (ucOC).
Although, there are reports that ucOC, but not carboxylated osteocalcin, is responsible for the metabolic actions of
osteocalcin,25,49 Hill et al assessed the direct effect of ucOC and carboxylated OCN in cell culture systems and found that
both carboxylated and uncarboxylated osteocalcin directly increase glucose transport in adipocytes and myocytes, while
suppressing proinflammatory cytokine secretion and stimulating interleukin 10 and adiponectin release.50

Conclusion
In menopausal women with diabetes we found that lower serum osteocalcin levels were associated mainly with higher
blood glucose and higher insulin levels. Moreover, there was a negative correlation between OCN and CIMT, however
CIMT was only independently associated with conventional cardiovascular risk factors.
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