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Metabolic syndrome (MetS) is a major public health problem and a clinical challenge worldwide.
Several epidemiological studies have confirmed the increased risk for cardiovascular diseases
(CVD) in individuals with MetS. Total osteocalcin (TOC) is a bone-derived, noncollagenous
protein that was recently recognized as a hormone-regulating energy metabolism factor.
Importantly, osteocalcin expression has been described as having a role in calcifying vascular
smooth muscle cells. We aimed in the present study to analyze the correlation between serum
levels of TOC and vascular calcification in elderly persons with MetS. Seventy-four elderly
men aged 65 years or older were included in the present study and divided into two groups.
Group | comprised 40 patients who satisfied at least three criteria for MetS according to the
National Cholesterol Education Program Adult Treatment Panel Ill (NCEP-ATP Ill) definition,
and group Il comprised 34 age-matched healthy men who served as the control group. BMI
was calculated, blood samples were taken for lipid profile analysis, and total osteocalcin (OCN)
levels were evaluated using enzyme-linked immunosorbent assay kits. Carotid Doppler B mode
ultrasonography was performed for all participants. Patients with MetS exhibited significantly
higher BMls, waist circumference, fasting blood sugar, triglycerides, blood pressure, total
cholesterol, and lower high-density lipoprotein-cholesterol compared with controls. Patients
with MetS had significantly lower levels of TOC compared with controls. Also, patients with
MetS had significantly higher intima—media thickness and a higher number of carotid plaques
compared with controls. TOC was significantly negatively correlated with parameters of carotid
atherosclerosis. It is also negatively correlated with dyslipidemic parameters. Its correlation
with components of MetS did not reach statistical significance. We concluded that serum
osteocalcin levels were negatively correlated with carotid atherosclerosis in patients with MetS.
This may reflect the role of osteocalcin as a circulating endocrine factor that regulates glucose
metabolism and thereby cardiovascular risk in patients with MetS. Prospective studies are
needed to assess the time course and relevance of serum osteocalcin in the development of
atherosclerosis in patients with MetS.
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Introduction

infiltration of macrophages into adipose tissue result in
the release of proinflammatory cytokines and promote

Metabolic syndrome (MetS) is a major public health
problem and clinical challenge worldwide. MetS
is a constellation of interconnected physiological,
biochemical, clinical, and metabolic factors that directly
increase the risk for atherosclerotic cardiovascular
diseases, type 2 diabetes mellitus, and all-cause
mortality [1]. Its main components are dyslipidemia,
elevation of arterial blood pressure, and dysregulated
glucose homeostasis; abdominal obesity and insulin
resistance have gained increasing attention as the
core manifestations of the syndrome. Recently, other
abnormalities such as chronic proinflammatory and
prothrombotic states, nonalcoholic fatty liver disease,
and sleep apnea have been added to the entity of the
syndrome, making its definition even more complex.
Dysfunctional adipose tissue plays an important
role in the pathogenesis of obesity-related insulin
resistance [2]. Both adipose cell enlargement and

insulin resistance [3]. Insulin resistance appears to be
the primary mediator of MetS [4]. The distribution of
adipose tissue appears to affect its role in MetS. Visceral
or intra-abdominal fat correlates with inflammation,
whereas subcutaneous fat does not. There are a number
of potential explanations for this, including experimental
observations that omental fat is more resistant to
insulin and may result in a higher concentration of toxic
free fatty acids in the portal circulation [5]. Abdominal
fat is known to produce potentially harmful levels of
cytokines, such as tumor necrosis factor, adiponectin,
leptin, resistin, and plasminogen activator inhibitor [6].
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Besides the many components and clinical implications
of MetS, there is still no universally accepted pathogenic
mechanism or clearly defined diagnostic criteria.
Furthermore, there is still debate as to whether this
entity represents a specific syndrome or is a surrogate
of combined risk factors that put the individual at
particular risk [7]. The most commonly used criteria
for definition at present are from the WHO [8], the
European Group for the study of Insulin Resistance
(EGIR) [9], the National Cholesterol Education
Program Adult Treatment Panel III (NCEP-
ATP 1III) [10], American Association of Clinical
Endocrinologists (AACE) [11], and the International
Diabetes Federation (IDF) [12]. Currently, the
two most widely used definitions are those of the
NCEP-ATP III and IDF focusing specifically on
waist circumference, which is a surrogate measure of
central obesity. In contrast, the AACE, WHO, and
EGIR definitions are all largely focused on insulin
resistance [ 7]. Clearly, the prevalence of MetS varies and
depends on the criteria used in different definitions, as
well as on the composition (sex, age, race and ethnicity)
of the population studied [13]. No matter which
criteria are used, the prevalence of MetS is high and
increasing in all western societies, probably as a result
of the obesity epidemic [14]. According to National
Health and Examination Survey (NHANES) 2003-
2006 [15], ~34% of people studied met the NCEP-
ATP III revised criteria for MetS. The prevalence of
MetS increases with age, with about 40% of people
older than 60 years meeting the criteria [16].

Several epidemiological studies have confirmed the
increased risk for CVD in individuals with MetS,
independently of the diagnostic criteria used [17,18].
Overall, a range of 1.5-3 times greater risk for CVD
and coronary heart diseases (CHD) mortality has been
found in several prospective studies (REFS), whereas a
recent meta-analysis showed that MetS was associated
with a two-fold increase in cardiovascular outcomes
and a 1.5-fold increase in all-cause mortality [19].

'The pathophysiology is very complex and has been only
partially elucidated. Most patients are older, obese, and
sedentary,and have a degree of insulin resistance. Stress
can also be a contributing factor. The most important
factors are genetics [20], aging, diet (particularly
sugar-sweetened  beverage  consumption)  [21],
sedentary behavior [22], low physical activity [23],
disrupted chronobiology/sleep [24], mood disorders/
psychotropic medication use [25], and excessive alcohol

use [26].

Osteocalcin  is a noncollagenous, 49-amino-acid
glutamate-rich polypeptide bone matrix protein with
a molecular weight of about 5800 kDa. Osteoblasts

produce osteocalcin and incorporate it into the bone
matrix. Osteocalcin is released into the circulation
from the matrix during bone resorption and therefore
is considered a marker of bone turnover rather than
a specific marker of bone formation [27]. Osteocalcin
has raised much attention as a hormone-regulating
glucose metabolism factor and fat mass. Recently,
osteocalcin has been recognized as a bone-derived
hormone to regulate energy metabolism. Osteocalcin
knockout mice exhibited glucose intolerance, increased
fat mass, insulin resistance, decreased expression
of insulin target genes in liver and muscle, and
decreased adiponectin gene expression in adipose
tissue [28], whereas administration of recombinant
osteocalcin increased insulin secretion, decreased
blood glycemia, and weakened the development of
obesity [29]. Osteocalcin undergoes y-carboxylation.
The g-carboxylated form binds hydroxyapatite and is
abundant in bone extracellular matrix. In contrast, the
undercarboxylated circulating form has been implicated
as a novel hormone and positive regulator of glucose
homeostasis. Importantly, osteocalcin expression has
been described in calcifying vascular smooth muscle
cells, although the physiological significance of this
observation has remained unclear. Osteocalcin is
considered a novel regulator of osteochondrogenic
differentiation of pathologically mineralizing vascular
smooth muscle cells [30], which provides the first
evidence that osteocalcin may be an active player in
vascular calcification, with its presence in the calcified
vasculature, and potentially in circulation, activating
novel signaling pathways that promote mineralization.
Pathological mineralization of the vasculature has a
detrimental effect on cardiovascular function and is
associated with increased mortality in patients with
aging, atherosclerosis, type 2 diabetes, and chronic

kidney disease [31].

The relationship between total osteocalcin (TOC),
MetS, and atherosclerosis has been explored in recent
studies [32,33]. We aimed in the present study to
analyze the correlation between serum levels of OCN
and vascular calcification in elderly persons with MetS.

Materials and methods

The current study included 74 elderly men aged 65
years or older who were recruited either from the
geriatric outpatient clinic or from among hospitalized
patients. Participants were divided into two groups.
Group I comprised 40 patients who satisfied at least
three criteria of the MetS, and group II comprised
34 healthy men who served as the control group. We
used the definition of MetS according to the NCEP-
ATP III [34]; fasting blood glucose level of at least
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110 mg/dl, blood pressure of at least 130/85 mmHg,
triglycerides of at least 150 mg/dl, high-density
lipoprotein-cholesterol (HDL-ch) less than 40 mg/
dl, and waist circumference greater than 102 cm for
men. The exclusion criteria included the presence of
any significant liver disease, renal failure requiring
renal replacement therapy, and the intake of lipid-
lowering drugs or any drugs that could influence bone
metabolism.

The study was approved by the ethics committee of
the faculty of medicine, Alexandria University. All
study participants were given a detailed prescription of
the study, its purpose, and benefits, and an informed
written consent was obtained.

Anthropometric measurements (including height and
weight) were taken, and the BMI was calculated. The
cutoff values of BMI were as follows: underweight:
<18.5; normal: 18.5-24.9; overweight: 25.0-29.9;
obese: >30; and morbidly obese: 240 [35].

Blood samples were obtained from all participants
after an overnight fast for determination of total serum
cholesterol, HDL-ch, serum triglycerides, and fasting
blood glucose.

Serum TOC was measured using an N-MID
osteocalcin  enzyme-linked immunosorbent assay
kit (Elecsys, Roche Diagnostic Ltd, Switzerland,

Switzerland).

Carotid Doppler B mode ultrasonography was
performed for all participants using an Acuson
Sequoia 512 at the Diagnostic Radiology
Department, Faculty of Medicine, Alexandria
University. Intima—media thickness (IMT) of the
common carotid artery, carotid bulb, and internal
carotid arteries was assessed. IMT was defined as
the distance between the lumen—intima interface
and the media—adventitia interface [36]. Common
carotid artery IMT was defined as the mean of the
maximum IMT in both right and left sides of the
common carotid artery. The plaque of the carotid
artery (common carotid artery, carotid bulb, and
internal carotid artery) is defined as a localized
protrusion of the internal part of the vessel wall into
the lumen of 50% of the surrounding IMT value.
Plaque presence was defined as at least one plaque
in any of the carotid arteries [37].

Data were fed into a computer and analyzed using
the IBM SPSS software package, version 20.0 (USA).
Qualitative data were described using number and
percentage. Quantitative data were described as range
(minimum and maximum), mean, SD, and median.

Comparison between different groups regarding
categorical variables was tested using the x’-test. The
distributions of quantitative variables were tested for
normality. For normally distributed data, comparison
between two independent populations was made
using the independent s-test. Correlations between
two quantitative variables were assessed using
Pearson’s coefficient. For abnormally distributed data,
comparison between two independent populations
was made using the Mann-Whitney test. Correlations
between two quantitative variables were assessed using
Spearman’s coeflicient. Significance of the obtained
results was judged at the 5% level.

Results

Seventy-four elderly men participated in the current
study and were divided into two groups according
to the presence or absence of MetS, which was
determined as per the NCEP-ATP III criteria.
Group I comprised 40 men (62.5%) with MetS.
Their mean age was 70.70 + 4.98 years. These men
were compared with 34 age-matched men (37.5%)
without MetS, who served as the control group.
Their mean age was 70.76 + 4.59 years. There was
no statistically significant difference between the two
groups (P = 0.954).

Group I patients exhibited significantly higher BMI,
compared with group II, with a mean of 30.90 = 1.68
kg/m? in group I and 26.33 = 2.0 kg/m? in group II
(P < 0.001).

Group I patients had significantly higher waist
circumference, fasting blood sugar, triglycerides,
blood pressure, and lower HDL-ch compared with
group II individuals. Also, total cholesterol was
significantly higher in group I patients than in group
II individuals (Table 1).

Patients of group I had significantly lower levels of
TOC compared with individuals in group II (Table 1).

Group I had significantly higher IMT compared
with group II (P<0.001). Also group I patients had
significantly higher plaque numbers compared with
group IT (P < 0.001).

Levels of osteocalcin were negatively correlated with
IMT of the carotid artery and with the number of
carotid plaques in patients with MetS (P < 0.001)
(Table 2).

Serum TOC was negatively correlated with systolic
and diastolic blood pressure, waist circumference,

fasting blood sugar, and triglycerides, although the
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Table 1 Comparison between the two studied groups on the
basis of different parameters

Group | (MetS)

Study variables Group Il (controls) P

(n=40) (n=34)

Age 70.70 + 4.98 70.76 + 4.59 0.954

Systolic 154.37 + 7.78 132.79 + 6.30 <0.001*

Diastolic 92.50 + 4.24 78.09 + 4.27 <0.001*

FBG 140.82 + 32.54 103.18 + 4.12 <0.001*
Normal 6 (15.0%) 34 (100.0%) <0.001*
Abnormal 34 (85.0%) 0 (0.0%)

TG 153.87 = 21.75 107.35 + 14.86  <0.001*
Normal 13 (32.5%) 34 (100.0%) <0.001*
Abnormal 27 (67.5%) 0 (0.0%)

HDL 47.30 + 7.25 60.65 + 6.28 <0.001*
Normal 6 (15.0%) 34 (100.0%) <0.001*
Abnormal 34 (85.0%) 0 (0.0%)

Total cholesterol 200.0 (88.0-240.0) 102.0 (89.0-188.0) <0.001*
Normal 18 (45.0%) 34 (100.0%) <0.001*
Abnormal 22 (55.0%) 0 (0.0%)

WC 103.78 + 6.60 88.94 + 2.81 <0.001*
Normal 16 (40.0%) 34 (100.0%) <0.001*
Abnormal 24 (60.0%) 0 (0.0%)

BMI 30.90 + 1.68 26.33 £ 2.0 <0.001*
Normal 0 (0.0%) 10 (29.4%) <0.001*
Overweight 14 (35.0%) 23 (67.6%)

Obese 26 (65.0%) 1 (2.9%)

TOC 5.79 +1.77 30.20 + 8.69 <0.001*
Normal 0 (0.0%) 33 (97.1%) <0.001*
Abnormal 40 (100.0%) 1 (2.9%)

IMT 1.07 £ 0.16 0.70 = 0.07 <0.001*

Carotid plaques [n (%)]

0 5 (12.5) 31 (91.2) <0.001*
1 23 (57.5) 3 (8.8)
2 12 (30.0) 0 (0.0)

FBG, fasting blood glucose; HDL, high-density lipoprotein;
IMT, intima—media thickness; MetS, metabolic syndrome; TG,
triglyceride; TOC, total osteocalcin; WC, waist circumference;
Statistically significant at P < 0.05; *Highly significant.

Table 2 Correlation between total osteocalcin and carotid
atherosclerosis

Carotid TOC
atherosclerosis Group | (MetS) Group Il (controls)
parameters

r P r P
IMT -0.899*  <0.001 -0.779* <0.001
Carotid plaques -0.630* <0.001 -0.460* 0.006

IMT, intima—media thickness; MetS, metabolic syndrome; r,
Pearson’s coefficient; TOC, total osteocalcin; *Statistically
significant at P < 0.05.

correlation was significant only with triglyceride levels.

No significant correlation was found between TOC
and HDL-ch (Table 3).

TOC was negatively correlated with triglycerides
and total cholesterol levels (P = 0.005 and 0.020
respectively) and positively correlated with HDL-ch,
although the correlation was statistically insignificant

(P =0.474) (Table 4).

Discussion

The prevalence of MetS has been increasing worldwide,
most probably because of the increased prevalence of
high-fat diets combined with the general decrease in
physical activity [38]. Thus, MetS has recently become
a major public health issue around the world, because
it is associated with a doubling of cardiovascular event
risk and a 10-year cardiovascular mortality. The goal
of identifying MetS is to prevent the occurrence of
these diseases. To investigate whether the presence of
MetS increases the relationship between TOC and the
prediction of CVD risk, we divided our participants
(based on the NCEP-ATP III guidelines) into those
with and those without MetS. We detected a highly
significant difference between the two groups. Patients
with MetS had a higher BMI, waist circumference, total
cholesterol level, triglyceride level, and lower HDL-ch
level. Also TOC was significantly lower in patients
with MetS in comparison with those without MetS.
These differences point toward an association between
TOC and the dyslipidemia that is found in patients
with MetS. In our study, serum osteocalcin correlated
negatively with triglycerides and total cholesterol. It is
well established that elevated serum total cholesterol
was an independent risk factor for the development of
CVD. Given that serum low osteocalcin levels were
significantly associated with total cholesterol levels,
it is plausible to consider osteocalcin as a promising
candidate for risk assessment and a potential
intervention target for CVD. An Australian study [39]
showed that serum osteocalcin levels predicted all-
cause and CVD-related mortality in community-
dwelling older men.

Our study showed that the level of TOC was
significantly lower in patients with MetS. Serum
osteocalcin was negatively correlated with some
components of the MetS — namely, blood pressure
and waist circumference — although that did not
reach statistical significance. Recent studies have
demonstrated that serum TOC levels are associated
with MetS. Saleem ez al. [40] determined that serum
TOC is negatively associated with MetS in both blacks
and non-Hispanic whites. Oosterwerff ez a/. [41] found
that plasma TOC was inversely associated with MetS
in a community-dwelling cohort of older persons in
the Netherlands, and reported that the subjects with
the lowest quartile of TOC concentrations had an
~3.7-fold higher risk for MetS than did the subjects
with the highest quartile. Also, Yeap ez al. [42] reported
that men with lower serum TOC concentrations have
a higher risk for MetS. Moreover, Alfadda ez al. [43]
studied 203 patients with and without MetS. MetS
was defined on the basis of the NCEP-ATP III
criteria. They stated that TOC was significantly lower
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Table 3 The correlation between OCN and components of
metabolic syndrome

MetS OCN
variables Group | (MetS) Group Il (controls)
r P r P
Systolic -0.127 0.434 -0.196 0.266
Diastolic -0.102 0.532 -0.120 0.501
FBG -0.050 0.760 -0.128 0.470
TG -0.469* 0.005 0.042 0.815
HDL 0.116 0.474 0.322 0.064
WC -0.029 0.858 -0.273 0.118

FBG, fasting blood glucose; HDL, high-density lipoprotein; MetS,
metabolic syndrome; r, Pearson’s coefficient; TG, triglyceride; WC,
waist circumference; *Statistically significant at P < 0.05; .

Table 4 The correlation between OCN and dyslipidemic
parameters

Lipid profile TOC
Group | (MetS) Group Il (controls)
r P r P
TG -0.469*  0.005 0.042 0.815
Total cholesterol -0.366" 0.020 0.057 0.725
HDL 0.116 0.474 0.322 0.064

HDL, high-density lipoprotein; MetS, metabolic syndrome; r,
Pearson’s coefficient; TG, triglyceride; TOC, total osteocalcin;
*Statistically significant at P < 0.05.

in patients with MetS compared with those without
MetS, independent of BMI. In patients with MetS,
TOC was significantly and negatively correlated with
serum triglycerides, as detected in our study.

In a study by Bezerra dos Santos ez a/. [44], the mean
osteocalcin was significantly lower in patients with
MetS and decreased significantly with the increase in
the number of criteria for the diagnosis of MetS. Serum
osteocalcin was lower in patients with BMI at least 25
and fasting plasma glucose (FPG) at least 100 mg/
dl, and in hypertensive and diabetic patients, and was
inversely associated with BMI, waist circumference,
FPG, and systolic blood pressure.

'There is evidence to show the influence of bone proteins
on cardiovascular diseases [45]. During atherogenesis,
bone matrix proteins, including osteocalcin, may have
a regulatory role in the atherosclerotic calcification
process [46]. Recent evidence suggests that osteoblast-
like cells are present in the vasculature and capable
of calcifying vascular cells. Furthermore, paracrine
regulators of bone metabolism, such as osteocalcin,
are also present in atherosclerotic arteries. Thus, the
vascular microenvironment possesses mechanisms
similar to those in bone tissues to maintain mineral
[47]. Osteocalcin-knockout  mice
develop extensive calcification of arteries that rapidly
becomes lethal, suggesting that osteocalcin has an

homeostasis

antimineralization role in the artery. In humans,
osteocalcin was detected in human carotid arteries
in endarterectomy samples. Thus, osteocalcin could
play a pivotal role not only in bone mineralization
but also in vascular wall calcification [48]. However,
at present, little is known about whether serum
osteocalcin secreted from osteoblasts in bone or
osteoblast-like cells in vessels could actually modulate
atherosclerosis. Thus, further studies are needed to
clarify the pathophysiological processes underlying
the relationship between serum osteocalcin level and
atherosclerosis parameters.

In our study,serum osteocalcin was negatively correlated
with carotid atherosclerosis, IMT and carotid plaques.
In accordance with our results a Japanese study found
that serum osteocalcin was negatively associated with
IMT of the common carotid artery in type 2 diabetic
men [48]. Bao ez al. [49] observed that serum levels
of osteocalcin were inversely associated with the MetS
and the severity of coronary artery disease in Chinese
men.

Conclusion

Our study indicated that serum osteocalcin levels
were negatively correlated with carotid atherosclerosis
in patients with MetS. This may reflect the role
of osteocalcin as a circulating endocrine factor
that regulates glucose metabolism and thereby
cardiovascular risk in patients with MetS. Prospective
studies are needed to assess the time course and
relevance of serum osteocalcin in the development of
atherosclerosis in patients with MetS.
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