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Context: Abdominal aortic calcification (AAC) is an indicator of cardiovascular risk, especially in the
diseases characterized by insulin resistance such as type 2 diabetes. Osteocalcin is a bone-secreted
hormone that favors insulin sensitivity and insulin secretion.

Objectives: We investigated whether total serum osteocalcin level at baseline is associated with
AAC progression and 10-year all-cause mortality in elderly men.

Design and Participants: We assessed 774 men aged 51-85 years from the MINOS cohort who had
osteocalcin measurement and lumbar spine radiographs at baseline. They were followed-up pro-
spectively for 10 years. Among them, 615 patients had a follow-up radiograph at 3.5 or 7 years.

Main Outcome Measures: Serum total osteocalcin was measured with an immunoradiometric assay on
morning fasting serum collected at baseline. Kauppila’s AAC score was assessed from lumbar spine radio-
graphs. AAC progression rate was calculated as the difference between AAC on the last available radio-
graph and AAC at baseline divided by the follow-up time. Death status was collected over 10 years.

Results: In multivariate analysis, higher baseline total osteocalcin was associated with lower AAC progres-
sion rate (odds ratio = 0.74 [0.57-0.97] per 10 ng/mL variation; P = 0.029). At the 10-year follow-up, there
were 599 men alive (77%), 181 dead (23%), and 2 lost to follow-up. Higher osteocalcin was associated with
lower 10-year all-cause mortality (hazard ratio = 0.62 [0.44-0.86] per 10 ng/mL variation; P = 0.005).

Conclusion: Higher baseline total osteocalcin concentrations were associated with lower AAC
progression rate and lower mortality. These data suggest that osteocalcin level might be an in-
dependent indicator of cardiovascular risk and global health in elderly Caucasian men. (J Clin
Endocrinol Metab 98: 1084-1092, 2013)

iseases characterized by insulin resistance, such as
D type 2 diabetes mellitus and metabolic syndrome,
are associated with elevated cardiovascular morbidity and
mortality (1-4). Severe abdominal aortic calcification
(AAC) is predictive of cardiovascular morbidity and mor-
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tality in type 2 diabetes and end-stage renal disease (5-7)
as well as in the general population (8, 9).

Several factors have been implicated in the vascular
calcification process such as hypertension, tobacco smok-
ing, insulin resistance, lipid abnormalities, or hyperphos-
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Abbreviations: AAC, abdominal aortic calcification; CV, coefficient of variation; HDL, high-
density lipoprotein; HR, hazard ratio; MGP, matrix gla-protein; 250HD, 25-hydroxychole-
calciferol; OR, odds ratio; Q1, quartile 1; VSMC, vascular smooth muscle cell.
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phatemia (10). Locally, the transdifferentiation of the me-
dia vascular smooth muscle cells into osteoblast-like cells
(demonstrated by the up-regulation of bone-specific genes
such as Runx2 and osteopontin) contributes to the develop-
ment of vascular calcifications (11, 12). In addition, the com-
bination of decreased insulin secretion, increased insulin re-
sistance, elevated fatty acid serum level, and low circulating
adiponectin level probably also play a critical role (10).

Recent studies show that bone is an endocrine organ
that can regulate glucose homeostasis through the secre-
tion of osteocalcin. Osteocalcin is a hormone that induces
insulin secretion and promotes proliferation of pancreatic
B-cells (13). Osteocalcin also acts on adipocytes to pro-
mote adiponectin secretion that reduces insulin resistance
(14). Even when on a regular diet, the osteocalcin-deficient
mouse phenotype, characterized by impaired glucose tol-
erance, increased visceral fat mass, elevated circulating
fatty acids, and low circulating adiponectin (15), recapit-
ulates characteristics of the current pathophysiological
model of vascular calcification (10). Therefore, we hy-
pothesized that there may be a link between serum osteo-
calcin and vascular calcifications.

The aim of this study was to assess the association of the
baseline serum total osteocalcin level with the progression rate
of AAC and with the all-cause 10-year mortality in elderly men.

Materials and Methods

Description of the cohort

The MINOS study is a single-center prospective cohort study
of osteoporosis and its determinants in men (16). It is a collab-
oration between Institut National de la Santé et de la Recherche
Médicale (INSERM) and Société de Secours Miniére de Bour-
gogne (SSMB). SSMB is one of the largest local health insurance
companies dedicated to insure mineworkers and their families in
Montceau-les-Mines, a French city of 35 000 inhabitants. There
were no major differences between the SSMB population and the
general French population in terms of way of life and habits,
morbidity, or hospitalization (unpublished data). The study was
accepted by the local ethics committee and performed in accor-
dance with the Helsinki declaration revised in 1983.

Enrollment, nonresponse bias survey, and follow-
up of the cohort

Letters inviting participation in the study were sent in
1995-96 to arandomly selected sample of 3400 men aged 51-85
years and covered by the SSMB. Among 841 men who responded
to the invitation (response rate of 25%) and provided informed
consent, 782 men underwent diagnostic tests and 59 men refused
blood and urinary collection (Figure 1). All the men willing to
participate in the study were accepted. The participants had lat-
eral spine radiographs at baseline and after 3 or 7.5 years of
follow-up to detect vertebral fracture. Dates of death were ob-
tained from the SSMB over 10 years of follow-up. In 1996, we
carried out a nonresponse bias survey to ensure that participants

jcem.endojournals.org 1085

3400 invitation letters sent to randomly
selected men

841 agreed to participate and provided
informed consent

782 underwent 59 declined
blood and urine blood and
baseline collection urine
10-yearfollow-up: bflllsellpe
599 alive (77%) collection
181 dead (23%)
2 lost-of-follow-up

1 with a Paget bone
disease was excluded

774 met inclusion criteria of the current
analysis:

- osteocalcin assessment at baseline
-and lateral X-ray at baseline

615 had follow-up X-ray
at3 or 7.5 years

Figure 1. Flow chart.

were not different from the whole randomly invited sample. A
questionnaire was sent to 120 randomly selected men who had
been invited to participate in the study but declined. Responders
and nonresponders did not differ in terms of education level,
smoking, calcium and alcohol intake, former professional and
current leisure physical activity, personal and family history of
the fragility fracture, health status, and medication use (17).

Inclusion criteria in the current analysis

The current analysis was conducted in the participants who
had both an osteocalcin measurement and a lateral spine radio-
graph at baseline. One patient with a Paget bone disease was
excluded (Figure 1).
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Clinical data

Atenrollment, patients filled out an interviewer-administered
epidemiological questionnaire to assess lifestyle and health sta-
tus. Cigarette smoking was self-reported and classified as smoker
vs nonsmoker. Alcohol intake was quantified as the average
quantity of alcoholic beverages drunk weekly. Physical activity
(leisure sportactivity, gardening, and walking) was calculated on
the basis of the overall amount of time (hours per month). Co-
morbidities (diabetes, hypertension, and ischemic heart disease)
and current medication including vitamin K antagonists were
self-reported and dichotomized as yes/no. Whenever possible,
we verified information on medical prescriptions and previous
hospitalization reports. Body weight, height, and waist were
measured according to a standardized procedure.

Biochemical measurements

Fasting serum samples were collected at baseline. All the sam-
ples were immediately centrifuged and then frozen. No measure-
ments were performed using fresh blood samples. The samples
were stored at —80°C until assessmentat 18 to 20 months. Serum
calcium, phosphate, and creatinine were assessed using standard
laboratory methods. Serum total osteocalcin was measured with
a human-specific 2-site immunoradiometric assay (ELSA-OS-
TEQ; CIS Bio International, Bagnols sur Céze, France). Intra-
and interassay coefficients of variation (CV) were =4% and
=6%, respectively, and the detection limit was 0.08 ng/mL. Se-
rum 25-hydroxycholecalciferol (250HD) was measured by RIA,
which excludes any interference with lipids (Incstar Corp, Still-
water, Minnesota). Triglycerides were measured by a colorimet-
ric test (modular analyzer; Roche Diagnostics Ltd, Rotkreuz,
Switzerland) with a detection limit of 4 mg/dl and interassay CV
of 1.5%. High-density lipoprotein (HDL)-cholesterol was mea-
sured by a homogeneous enzymatic colorimetric test (modular
analyzer; Roche) with a detection limit of 3 mg/dl and interassay
CV of 0.6% to 0.95%. Details about each method have been
published previously (17, 18).
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Vascular calcification assessment

AAC was assessed from lateral radiographs of lumbar spine
using the semiquantitative method described by Kauppila et al
(19). Briefly, the calcifications of the anterior and posterior wall
of the aorta, adjacent to the first 4 lumbar vertebrae, are evalu-
ated. Boundaries are defined by the midpoint of the interverte-
bral space. Semiquantitative severity scores (0-3) for each seg-
ment are added to yield the global AAC score, ranging from 0 to
24 (Figure 2). The reproducibility was assessed using 30 radio-
graphs. Intraobserver reproducibility assessed by intraclass cor-
relation coefficient was 0.92 to 0.95. For interobserver repro-
ducibility (two independent readers), intraclass correlation
coefficient was 0.91. AAC score was assessed using the same
method on the baseline and follow-up radiographs. AAC score
was assessed by 1 reader (P.S.) who evaluated side by side the
baseline and the follow-up radiographs and who knew the order
of the radiographs.

The AAC progression for each patient was calculated as the
difference between AAC score on the last available follow-up
x-ray (3 or 7.5 years) and AAC score at baseline divided by
duration of the follow-up. AAC progression rate was expressed
as a yearly increase rate (points per year).

Statistical analysis

All calculations were performed using SAS version 9.3 soft-
ware version (SAS Institute Inc, Cary, North Carolina). All P
values were two-tailed, and values <.05 were considered signif-
icant. Data are presented as mean = SD for continuous variables
and number (percentage) for categorical variables. AAC score is
presented as median (interquartile range).

Cross-sectional AAC analysis

We split the AAC score according to quartiles and considered
itas an ordinal variable. This unbiased approach for the analysis
of ordinal response data allowed us to use a cumulative logit

Figure 2. AAC was assessed using the semiquantitative score of Kauppila (from 0-24). A, AAC score = 0, ie, no aortic calcification (first quartile).
B, AAC score = 2, ie, small calcification at the posterior aortic wall at the level of first and fourth lumbar vertebrae (second quartile). C, AAC

score = 6, ie, calcification at the posterior wall at the level of the third and fourth lumbar vertebrae as well as at the anterior wall of fourth lumbar
vertebrae (third quartile). D, AAC score = 20, ie, severe calcification on most the abdominal aorta (fourth quartile).
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model. Cumulative logit model is a type of ordinal logistic model
that involves all levels of the response and dichotomizes the re-
sponse scale. The proportional odds method used here, assumes
that the odds of response below a given response level are con-
stant regardless of which level you pick. This model allows sep-
arate intercepts for the cumulative logit but restricts the param-
eter sets for the predictors to be the same across all logits. Results
are expressed as odds ratio (OR) as the effect of a 1-U change in
the independent variable on a success of a dependent variable.
Either continuous or categorical variables can be used in this
model to explain the independent outcome ordinal variable.
Thus, we analyzed the association between quartiles of AAC
score and osteocalcin (continuous) after adjustment for known
confounders: age, 250HD, serum phosphate, HDL-cholesterol,
triglycerides, creatinine, physical activity (hours per month), hy-
pertension (yes/no), diabetes (yes/no), vitamin K antagonist use
(yes/no), alcohol intake (quartiles of the average weekly intake),
and smoking status (yes/no). Functional form of all continuous
predictors was checked. Proportional-odds assumption and the
deviance and Pearson goodness-of-fit statistics were also

checked.

Association of serum total osteocalcin with AAC
progression rate

Using the same methodological approach as the cross-sec-
tional analysis, we split the AAC progression rate according to
quartiles and considered it as an ordinal variable. Then the as-
sociation between quartiles of AAC progression rate and osteo-
calcin was assessed using cumulative logit models after adjust-
ment for the same confounders as in the cross-sectional analysis.
In addition, we adjusted the model to AAC score at baseline to
estimate the relationship between osteocalcin and AAC progres-
sion rate independently of the initial AAC score.

The 10-year overall mortality

Cox proportional hazard regression was used to estimate the
association of osteocalcin with all-cause mortality at 10 years.
We used the variables associated with mortality in the literature
(age, diabetes, hip to waist ratio, hypertension, smoking status,
alcohol intake, serum phosphate, low HDL-cholesterol, AAC
score, physical activity, and 250HD) to build a multivariate Cox
model. We also included in this multivariate model the variables
used in the AAC analysis that were associated with survival in
univariate analysis with a significance level of P < .15. The as-
sumption of proportional hazards was tested using analysis of
Martingale’s residuals and time-interaction tests.

Results

Baseline characteristics

At baseline, 774 men had osteocalcin measurement and
lateral spine radiograph. Their average age was 65.3 years,
their average body mass index was 28.0 kg/m?, and their
hip to waist ratio was 1.01 (Table 1). Nearly 25% self-
reported hypertension, 15% ischemic heart disease, and
7% diabetes. More than two thirds of the patients were
current (12%) or former (56%) smokers. The median
AAC score was 2 of 24,
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Table 1. Baseline Characteristics of the 774 Men From
the MINOS Cohort®

Clinical Parameters Data
Age, y 657
Weight, kg 80 *+ 13
Height, cm 169 = 6
BMI, kg/m? 28+ 4
Hip-waist ratio 1.01 = 0.08
Ischemic heart disease 118 (15.2)
Hypertension 192 (24.8)
Diabetes 55(7.1)
Smoker 525 (67.8)
Alcohol intake

No 183 (23.6)
Occasional 201 (26.0)
<3 1U/d 236 (30.5)
=3 |ud 154 (19.9)
Physical activity, h/mo 21.9(12.7)
Vitamin K antagonist use 31 (4.0)
Bone biology
Serum calcium, mmol/L 2.42 = 0,10
Serum phosphate, mmol/L 1.06 = 0,15
25 OHD, nmol/L 71 =30
Serum creatinine, umol/L 100 = 17
Osteocalcin, ng/mL 19.1 £ 6.6
Metabolic biology
Blood glucose, mmol/L 6.1*+1.4
Total cholesterol, mmol/L 5910
HDL-cholesterol, mmol/L 1.3+x04
Triglycerides, mmol/L 1.9+ 1.1
AAC score 2 (0-6)

Abbreviation: BMI, body mass index.
@ Data are presented as mean = sp, median (Q1-Q3), or n (%).

Association of serum total osteocalcin with AAC
score at baseline

AAC quartiles at baseline according to Kauppila score
(range from 0—24) corresponded to no calcification (quar-
tile 1 [Q1]: AACscore = 0,n = 221), limited calcifications
(Q2: AAC score 1-2, n = 179), moderate amount of cal-
cifications (Q3: AAC score 3-6, n = 188), and severe
calcifications (Q4: AAC score > 6,n = 186). In univariate
analysis, higher age, serum phosphate, triglycerides, cre-
atinine, and alcohol intake as well as presence of hyper-
tension, diabetes, smoking, or vitamin K antagonist use
were each associated with greater AAC severity. In con-
trast, higher 250HD, HDL-cholesterol, physical activity,
and osteocalcin were associated with a lower AAC sever-
ity. In multivariate analysis using the cumulative logit
model adjusted for all the previous confounders, age, hy-
pertension, diabetes, smoking, triglycerides, alcohol in-
take, and serum phosphate were positively associated with
AAC quartiles at baseline. Higher HDL-cholesterol and
higher osteocalcin tended to be protective for AAC (with
oddsratio [95 % confidence interval] of 0.66 per 1 mmol/L
[0.43-1.02] and OR of 0.98 per 1 ng/mL [0.96-1.01],
respectively) (Table 2).
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Table 2. Crude and Adjusted ORs for Predictors of AAC Score at Baseline®

Univariate Multivariate
P OR (95% ClI) P OR (95% ClI)

Age, y <.001 1.10(1.08-1.12) <.001 1.11(1.09-1.14)
25 OHD, nmol/L <.001 0.99 (0.99-1.00) 44 1.00 (0.99-1.00)
Serum phosphate, mmol/L <.001 4.72 (1.93-11.53) <.001 5.74 (2.15-15.33)
HDL-cholesterol, mmol/L .003 0.58 (0.40-0.83) .061 0.66 (0.43-1.02)
Triglycerides, mmol/L <.001 1.35(1.18-1.55) .012 1.23(1.05-1.44)
Serum creatinine, wmol/L .001 1.01(1.01-1.02) 494 1.00 (0.99-1.01)
Hypertension <.001 2.48 (1.81-3.41) .010 1.56 (1.11-2.20)
Diabetes <.001 3.78 (2.22-6.44) <.001 2.78 (1.57-4.94)
Vitamin K antagonist use .008 2.56(1.28-5.12) .083 1.94 (0.92-4.08)
Alcohol intake

=3 1U/d vs no .105 1.53(1.02-2.32) .013 1.60 (1.03-2.48)

<3 1U/d vs no 1.47 (1.02-2.14) 0.95 (0.64-1.41)
Occasional vs no 1.16 (0.80-1.70) 0.78 (0.52-1.17)
Physical activity, h/mo <.001 0.98 (0.97-0.99) 231 0.99 (0.98-1.01)
Tobacco smoking <.001 2.90(2.15-3.91) <.001 3.15(2.29-4.32)
Osteocalcin, ng/mL .040 0.98 (0.96-1.00) 119 0.98 (0.96-1.01)

Abbreviation: Cl, confidence interval.

@ The cumulative logit model (n = 681 complete cases) uses the quartile of AAC score as the dependent variable.

Association of serum total osteocalcin with AAC
progression rate

A total of 615 men had at least 1 follow-up radiograph.
The median increase in the AAC score was 0.27 (inter-
quartile range, 0.13-0.67) points/year. Median AAC pro-
gression rate for the 3-year interval was 0.33 points/year
(interquartile range, 0.0—-0.67) and for the 7.5-year inter-
val was 0.23 points/year (0.0-0.45) (P = .23). The men
who did not have the follow-up radiographs were on av-
erage 5 years older (P < .001), had higher AAC score at
baseline (median, 5 vs 2, P <.001) and had 2.7 cm greater
waist circumference (P = .003) and lower 250HD con-
centration (P <.001). They self-reported more often isch-
emic heart disease (20% vs 14%, P = .044), hypertension
(34% vs 23%, P = .004), and diabetes (11% vs 6%, P =
.048). After adjustment for potential confounders, aver-
age osteocalcin levels were 2.7% (0.22 SD) lower in men
who had no AAC follow-up (P < .05).

Quartiles of AAC progression rate corresponded to no
progression (Q1 = 0 point per year, n = 228), slow pro-
gression (Q2 = 0.25 point per year on average, n = 84),
moderate progression (Q3 = 0.5 point per year on aver-
age, n = 191), and fast progression (Q4 = 1.0 point per
year on average, n = 114), meaning that patients with a
slow AAC progression rate increased their Kauppila score
of 1 calcification every 4 years, whereas patients with
moderate and fast progression rate got 1 more calcifica-
tion every 2 years and every year, respectively.

In univariate analysis, only age, 250HD, serum phos-
phate, alcohol intake, and the presence of hypertension,
diabetes, and smoking were significantly positively asso-
ciated with AAC progression rate, whereas higher osteo-

calcin was associated with a lower AAC progression rate.
In multivariate analysis, AAC progression rate remained
positively associated with age (OR = 1.07 per year [1.04-
1.09], P < .001), serum phosphate (OR = 3.16 per 1
mmol/L [1.13-8.82], P = .028), and smoking (OR = 1.64
[1.17-2.30], P = .004). After adjustment for all the con-
founders, higher osteocalcin remained associated with a
lower AAC progression rate (OR = 0.97 per 1 ng/mL
[0.95-0.997], P = .029) (Supplemental Table 1, pub-
lished on The Endocrine Society’s Journals Online web site
at http://jcem.endojournals.org).

Furthermore, AAC score at baseline was also signifi-
cantly associated with AAC progression rate. When in-
cluded in the multivariate analysis (data not shown),
higher AAC score at baseline was predictive of faster pro-
gression rate (OR = 1.14 [1.09-1.20], P <.001). The OR
of osteocalcin remained unchanged (OR = 0.97 [0.95-
1.00], P = .05).

Association of serum total osteocalcin with 10-
year all-cause mortality

Except 2 men who were lost to follow-up, there was no
loss of mortality follow-up at 10 years. During this period,
181 men (23% of the cohort) died. The median time to death
was 2139 days (interquartile range, 1270-2866). In univar-
iate analysis, among variables used in AAC progression
model, only vitamin K antagonist use (P = .11) was retained
for the multivariate analysis, whereas triglycerides and serum
creatinine were not (Supplemental Table 2).

We found in multivariate Cox analysis that age was
associated with a higher 10-year mortality (hazard ratio
[HR], 1.05 per 1 year [95% confidence interval = 1.01-
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Vitamin K antagonist use L ® i p=0.198
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Odds-ratio and 95%ClI

Figure 3. Model with clinically relevant variations for predictors of AAC progression rate (adjusted ORs) with the cumulative logit model using the

quartile of AAC progression as the dependent variable.

1.08], P = .009). By contrast, higher osteocalcin level was
the only factor to be associated with a lower 10-year mor-
tality (HR = 0.95 per 1 ng/mL [0.92-0.99]; P = .005). A
trend was observed with the hip to waist ratio (P = .052).
Other variables were not significantly associated with the
overall survival.

Statistical approach for clinical relevance

The conservative statistical approach that we chose
used continuous variables. We found that higher osteo-
calcin was associated with a lower AAC progression rate
and lower mortality. Nevertheless, in this analysis, OR
corresponded to the variation of 1 U of the considered
variable. Biologically, variation of 1 ng/mL of osteocalcin
is not relevant, whereas variation of 1 mmol/L of serum
phosphate is a major variation. Based on the significant
results we previously observed, in an attempt to be clini-
cally relevant, we propose a graphical presentation of the
results of the cumulative logit model using clinically rel-
evant variations. We used a 10 ng/mL variation for osteo-
calcin, 0.2 mmol/L for serum phosphate and triglycerides,
10 umol/L for creatinine, 10 nmol/L for 250HD, 0.1 for
hip to waist ratio, 10 h/mo for physical activity, and 5

years for age. Thus, we observed (Figures 3 and 4) that an
increase of 10 ng/mL of total osteocalcin was associated
with a reduced risk of AAC progression rate of OR = 0.74
(0.57-0.97) and of all-cause mortality of HR = 0.62
(0.44-0.86).

Discussion

In this cohort of elderly men, we found that higher serum
total osteocalcin concentrations at baseline were associ-
ated with lower AAC progression rate and lower 10-year
overall mortality.

To our knowledge, this is the first report of a prospec-
tively assessed negative link between osteocalcin and AAC
progression that was investigated specifically in commu-
nity-dwelling elderly men. Previously, in 92 patients with
essential hypertension, higher undercarboxylated osteo-
calcin was correlated with increased calcification in the
common carotid artery assessed by ultrasound (20). How-
ever, the study design did not allow the inclusion of mul-
tiple variables for adjustment in the regression model. In
a group of community-living women aged =65 (Study of
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Figure 4. Model with clinically relevant variations for adjusted mortality HRs during 10 years follow-up. Estimations were obtained by Cox

models.

Osteoporotic Fractures cohort), no association between
osteocalcin and AAC severity was found; however, bone
markers were not measured in fasting morning samples,
which impaired accuracy of the results (21). Furthermore,
this difference may also be due to the gender, because in
rodents, the metabolic phenotype in female is less pro-
nounced. Indeed, it has been recently demonstrated that
osteocalcin acts on Leydig cells to regulate testosterone
and fertility in males. By contrast, osteocalcin-deficient
females do not have any fertility abnormality (22). Inter-
estingly, a significant negative correlation between osteo-
calcin level and AAC severity was found in a small group
of men and women with familial hypercholesterolemia
(23). Recently, in an observational study of the relation-
ship between low 250HD level and the risk of AAC pro-
gression, Naves-Diaz et al. (24) also reported a negative
association between osteocalcin and AAC progression.
However, in this study, both genders were analyzed
jointly, and the statistical model was not adjusted for hy-
pertension, serum phosphate, vitamin K antagonist use, or
blood glucose.

Osteocalcin may be involved in the aortic calcification
process indirectly by its action on insulin and insulin re-
sistance. More and more epidemiological studies support

the role of osteocalcin in the regulation of energy metab-
olism in humans through the effect on the glucose and lipid
metabolism (25-30). We have recently shown that after
surgical resection of osteoid osteoma in young men, serum
osteocalcin level decreased, whereas blood glucose in-
creased, providing the first direct evidence of the action of
osteocalcin in humans (31). Osteocalcin may act through
its effect on adiponectin as reported in mice (15) and
chronic kidney disease patients (32). Adiponectin is an
anti-inflammatory adipokine secreted by adipocytes. In
the arterial media, adiponectin prevents the transdiffer-
entiation of vascular smooth muscle cells (VSMCs) into
osteoblast-like cells (33). Currently, a direct action of os-
teocalcin as a secreted hormone on the aortic calcification
process is unknown, and additional experiments are
needed. Osteocalcin may also have a local action through
its expression by osteoblast-like cells from VSMC trans-
differentiation. Recent studies suggest that osteocalcin
may locally induce metabolic changes in chondrocytes and
VSMCs through hypoxia-inducible factor 1-a. Neverthe-
less, these results did not include balance with local cal-
cification inhibitor such as matrix gla-protein (MGP) (34).
Results of our multivariate analysis on AAC progression
show an independent effect of osteocalcin from diabetes.
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This supports the physiopathological hypothesis of a di-
rect action of osteocalcin on AAC in addition to its role on
insulin sensitivity.

The association between osteocalcin level and overall
survival is of particular interest in this homogeneous pop-
ulation of elderly men. Our results are consistent with the
recent findings of the LUdwigshafen Rlsk and Cardiovas-
cular health study (LURIC) study and the Australian
Health in Men Study showing that total osteocalcin was
associated with cardiovascular mortality (35, 36). In a
previous analysis, we showed that poor bone health re-
flected by low bone mineral density, major osteoporotic
fracture history, and high bone turnover was associated
with higher mortality. In this context of mechanical anal-
ysis, we failed to demonstrate an association between
quartiles of osteocalcin and mortality. The current anal-
ysis considering the hormonal function of osteocalcin on
energy metabolism allowed us to demonstrate the associ-
ation between osteocalcin and mortality (37). Altogether,
human studies and preclinical models suggest that bone
may be an important organ to integrate lifestyle parame-
ters of the body (physical activity, food intake, alcohol,
and stress) and act on energy metabolism.

Our study has limitations. The cohortincludes predom-
inantly lower- and middle-class Caucasian men, and the
data cannot be extrapolated to women or men from other
ethnic groups. They were recruited in a small town, and its
population may not be perfectly representative of the French
general population. Because of the ribs, we assessed calcifi-
cation only at the abdominal aorta. It is not sure to what
extent these results can be extrapolated to other large arter-
ies (38). Kauppila’s score enables the assessment of the AAC
extension, but not the actual arterial calcium content. Life-
style factors and comorbidities were self-reported but con-
firmed, when available, by the medical prescriptions and
previous hospitalization reports. In our cohort, 68% of the
men were smokers including 56 % former and 12% current
smokers. These results are essentially similar to those ob-
served in the French male general population of the same
age (http://www.inpes.sante.fr/10000/themes/tabac/
consommation/profils-fumeurs.asp). Date of death was
transmitted by the SSMB, which has no access to the
cause of death, by law. Thus, only all-cause mortality
could be assessed. In particular, we could not assess sep-
arately deaths of cardiovascular origin. The food fre-
quency questionnaire used in our study did not allow
assessment of the dietary vitamin K intake. We did not
measure undercarboxylated osteocalcin, insulin, and adi-
ponectin because our serum samples were collected more
than 15 years ago and all the samples from the initial
blood collection were thawed at least once. In addition,
we did not measure levels of other proteins known to
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regulate calcification process such as MGP (39). Never-
theless, because vitamin K antagonists prevent MGP
vy-carboxylation and impair its function, we have in-
cluded vitamin K inhibitor treatment in our multivariate
analysis.

In conclusion, in this community-dwelling cohort of
elderly men, higher osteocalcin levels were associated with
lower AAC progression rate and lower 10-year all-cause
mortality. Our data suggest that total serum osteocalcin
level may be an independent indicator of cardiovascular
risk and of global health in elderly men.
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