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Increased Bone Resorption Is Associated With Increased Risk
of Cardiovascular Events in Men: The MINOS Study
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ABSTRACT: Better assessment of the association between cardiovascular disease and osteoporosis in older
men may help identify shared etiologies for bone and heart health in this population. We assessed the
association of BMD and bone turnover markers (BTMs) with risk of cardiovascular events (myocardial
infarction or stroke) in 744 men �50 yr of age. During the 7.5-yr prospective follow-up, 43 strokes and 40
myocardial infarctions occurred in 79 men. After adjustment for confounders (age, weight, height, smoking,
education, physical activity, self-reported history of diabetes, hypertension, and prevalent ischemic heart
disease), men in the lowest quartile of BMD at the spine, whole body, and forearm had a 2-fold increased risk
of cardiovascular events. Men in the highest quartile of bone resorption markers (deoxypyridinoline [DPD],
C-telopeptide of type I collagen) had a 2-fold increased risk of cardiovascular events (e.g., multivariable-
adjusted hazard ratio [including additional adjustment for BMD] was 2.11 [95% CI: 1.26–3.56], for the highest
quartile of free DPD relative to the lowest three quartiles). The results were similar for men without
prevalent ischemic heart disease and for myocardial infarction and stroke analyzed separately. Our data
suggest that men with low BMD or high bone resorption may be at increased risk of myocardial infarction
and stroke in addition to fracture. Thus, men with osteoporosis may benefit from screening for cardiovascular
disease. Further study to elucidate the biological mechanism shared by bone and vascular disease may help
efforts to identify men at risk or develop treatment.
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INTRODUCTION

CARDIOVASCULAR DISEASE AND osteoporosis are two
major public health problems. Both diseases may share

common risk factors such as aging, smoking, or sedentary
lifestyle(1–3) and may have common pathophysiological
mechanisms (e.g., age-related sex steroid hormone deficit
or proinflammatory cytokines such as C-reactive protein
[CRP] and interleukin-6 [IL6]).(4–10)

Several studies have shown a positive association in
postmenopausal women between decreased BMD and in-
creased cardiovascular risk or severity of aortic calcifica-
tion.(11–14) In contrast, findings have been conflicting in
men. In the Framingham study, men with low metacarpal
cortical area did not have greater incidence of ischemic
heart disease.(12) In the NHANES cohort, men with low
phalangeal BMD did not have greater risk of stroke.(15)

Severity of aortic calcifications was associated with a 2- to
3-fold higher risk of clinical fracture during a 10-yr follow-
up(16) but not with the risk of hip fracture during a 21-yr
follow-up.(17) In the Framingham study, metacarpal bone
loss and progression of aortic calcification correlated in
women but not in men.(18)

Cross-sectional data are also conflicting. Men who
reported cardiovascular disease had lower volumetric
BMD (vBMD) at the spine but not the hip.(14) Men who
reported myocardial infarction had lower hip BMD than
those who did not.(19) Presence of coronary calcifications
has been associated with a nonsignificant 8% lower lumbar
spine vBMD.(20) In 18 men with peripheral artery disease,
BMC was lower in the leg with more severe disease.(21)

Subclinical peripheral arterial disease diagnosed on the
basis of the ankle-arm index has been associated with
slightly lower hip BMD in some,(14) but not all, stud-
ies.(22,23) No association has been found between BMD and
stroke prevalence in men.(24,25)

To our knowledge, no studies have evaluated bone
turnover markers (BTMs) with respect to cardiovascular
risk in older home-dwelling men. Whereas a single BMD
measurement reflects skeletal health from birth, through
growth, acquisition of peak BMD, young adult mainte-
nance, and bone loss during aging, BTMs may represent
the current state of bone remodeling, reflecting recent
lifestyle factors, nutrition, chronic diseases, and treatment.
If osteoporosis and cardiovascular diseases share common
risk factors, BMD may reflect long-acting risk factors,
whereas BTM levels may better reflect the current status of
bone metabolism.
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Assessment of the relation of both BMD and BTM to
risk of cardiovascular disease may provide a comprehen-
sive approach to help identify potential shared etiologies in
bone and heart health in older men. We therefore evalu-
ated the association of BMD and BTM levels with the risk
of myocardial infarction and stroke in a cohort of men �50
yr of age followed prospectively for 7.5 yr. To assess
whether bone status may reflect subclinical cardiovascular
abnormalities, we carried out similar analysis in men
without overt ischemic heart disease at baseline. Finally,
we carried out analyses separately for myocardial in-
farction and stroke to verify if the trend was similar for
both types of cardiovascular events.

MATERIALS AND METHODS

Cohort and study design

MINOS is a prospective cohort study of male osteopo-
rosis with a primary aim to assess predictors of bone loss
and fragility fractures in men.(26) Participants were re-
cruited in 1995–1996 from the Société de Secours Minière
de Bourgogne (SSMB) rolls in Montceau les Mines (Saône
et Loire). The study was accepted by the local ethics
committee and performed in accord with the Helsinki
Declaration of 1975 as revised in 1983. Letters inviting
participation in the study were sent to a randomly selected
sample of 3400 men 50–85 yr of age living in Montceau les
Mines and adjacent villages. Eight hundred forty-one men
agreed to participate and provided informed consent.

This study was carried out in 743 men who had had BMD
measurements, lateral radiographs of the spine, blood and
urine collection at the baseline examination in 1995–1996,
and were followed for 7.5 yr. Ninety-eight men were ex-
cluded (4 men died of unexplained sudden death, 67 men
refused bone densitometry, 4 had radiographs of poor
quality, 26 refused 24-h urinary collection). Participants
were followed from recruitment to the first of the follow-
ing: myocardial infarction, stroke, last contact, death, or
end of study (90 mo of follow-up). For men who died
during the follow-up, dates of death were provided by the
SSMB administration. For two men, we did not obtain data
on their life status after 5 yr of follow-up. All other survi-
vors were followed up for 7.5 yr.

BMD

BMD was measured at the lumbar spine (L2–L4), right
hip (femoral neck, trochanter, and total hip), and whole
body by DXA (QDR-1500; Hologic, Waltham, MA,
USA).(20) For the lumbar spine, the CV was 0.33% using
a commercial phantom and 0.62% using a human lumbar
spine phantom embedded in methyl methacrylate. For the
total hip and its components (femoral neck, trochanter),
the CV was 0.81–0.94% using a commercial hip phantom.
BMD of two regions of interest (ROIs) of the distal forearm
was measured using single energy X-ray absorptiometry
(DTX100; Osteometer, Rodovre, Denmark). The distal
region includes 20 mm of ulna and radius situated proxi-
mally to the site where the spacing between the two bones
is 8 mm. The ultradistal radius ROI is situated distally to

the previous one. For the distal forearm BMD, the CV was
0.47% using a commercial calibration standard. All scans
were analyzed manually. Three hip scans and three fore-
arm scans with positioning errors were excluded.

Biochemical BTMs

Fasting serum and 24-h urine samples were collected at
baseline and stored at 2808C until assayed in 1996–1997.
Bone formation was assessed by serum levels of osteocalcin
(OC), bone-specific alkaline phosphatase (BALP), and N-
terminal propeptide of type I procollagen (P1NP).(27) Bone
resorption was assessed using 24-h urinary excretion of
total and free deoxypyridinoline (DPD), as well as by se-
rum and urinary levels of C-terminal telopeptide of type I
collagen (CTX-I).(27) Urinary BTM levels were expressed
per mmoles creatinine (cr). Measurements of serum levels
of 25-hydroxycholecalciferol [25(OH)D] and PTH were
performed as described previously.(28)

Covariates

At baseline, participants completed questionnaires ad-
ministered by an interviewer to assess age, smoking, alco-
hol, education, physical activity, medical history, and
medication use. Tobacco smoking was assessed as current
smoker, former smoker >25 packet-years, former smok-
er �25 packet-years, and never-smoker. Alcohol intake
was assessed as sum of current average weekly intakes of
wine, beer, and spirits, expressed in grams per week and
divided into quartiles. Education level was assessed as >8
versus �8 yr at school. Current and past physical activity at
work was evaluated according to a self-reported four-level
scale (low, medium, hard, and very hard). Current leisure
physical activity was calculated on the basis of the overall
amount of time (h/wk) spent walking, gardening, and par-
ticipating in leisure sport activity including seasonal activ-
ities. Assessment of comorbidities present at baseline were
self-reported including ischemic heart disease (history of
myocardial infarction or angina pectoris or taking medications
used for the treatment of the ischemic heart disease at the
period of recruitment; e.g., nitrates, aspirin, and b-blockers),
hypertension, type I and II diabetes, Parkinson’s disease, and
history of stroke. In addition, we also assessed the use of thi-
azides and use of vitamin K–inhibiting anticoagulants.

Body weight and height were measured by standard de-
vices. Osteoarthritis of the lumbar spine (L2–L4) was assessed
on the lateral radiographs of the spine performed at baseline
using a 27-point severity scale described previously.(26)

Myocardial infarction and stroke

Self-reported myocardial infarction and stroke, herein
referred to as ‘‘cardiovascular events,’’ were recorded
by questionnaire administered by an interviewer at five
study visits conducted every 18 mo during follow-up. Men
who did not return for a visit were contacted by telephone
to assess myocardial infarction and stroke. For nine car-
diovascular events in 136 men who died, information
was obtained from proxy respondents, usually a wife.
Cardiovascular events (reported by the participant or his
proxy) were confirmed by review of medical records by
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the staff of the MINOS study. Men who died of sudden death
were included in the analysis when the autopsy had been
performed or when it was possible to obtain clinical data
indicating a cardiovascular event (e.g., electrocardiogram
performed by the emergency unit). Four men with sudden
unexplained death were not included in the analysis.

Statistical methods

Bivariate comparisons of covariates between men who
did or did not sustain a cardiovascular event were performed
using a t-test for variables with Gaussian distribution, Mann-
Whitney’s test for variables with skewed distribution, a x2

test for 2 3 2 class variables, and the Cochrane-Armitage
test for trend for smoking habits. For age-adjusted com-
parisons, we used analysis of covariance for continuous
variables (log-transformed for variables with skewed dis-
tribution) and the Cochran-Mantel-Haenszel test for class
variables. Age-adjusted incidence of cardiovascular events
was calculated in 10-yr age groups.

We used Cox regression to calculate hazard ratios (HRs)
and 95% CIs for the association between risk of cardio-
vascular events and baseline BMD and BTM, each cate-
gorized by quartiles. To account for seasonal variation,
quartiles of BTM, 25(OH)D, and PTH were created sep-
arately according to season of blood draw (summer versus
the three other seasons).(28) The fourth (highest) quartile
of BMD and the first (lowest) quartile of BTM were used
as referent groups. Because results indicated a threshold
effect for both BMD and BTM on risk of cardiovascular
events, we dichotomized BMD as the highest versus the
lower three quartiles and BTM as the lowest versus the
higher three quartiles. Proportional hazard assumptions
were met by the studied variables. We used backward se-
lection to identify potential confounders. Covariates that
significantly differed between men who did and did not
sustain a cardiovascular event were evaluated as were
those factors suggested by previous studies to be risk fac-
tors for osteoporosis or cardiovascular disease. These in-
cluded age, weight, height, smoking (four classes), alcohol
intake (g/wk, highest versus three lower quartiles), educa-
tion (>8 versus �8 yr school), leisure physical activity
(h/wk), physical activity at work (low to medium versus
high to very high), prevalent ischemic heart disease (yes/
no), hypertension, diabetes (yes/no), stroke (yes/no), and
Parkinson’s disease (yes/no). Analyses for spine BMD were
adjusted for lumbar arthritis. Our final models included age,
weight, height, education level, leisure and occupational
physical activity, smoking, prevalent ischemic heart dis-
ease, hypertension, diabetes, and 25(OH)D (lowest quar-
tile versus other quartiles). Former stroke, Parkinson’s
disease, and PTH (highest quartile versus lower quartiles,
continuous) were not significant and not retained in the
final models. Multivariable models evaluating the relation
between BTM levels and cardiovascular events addition-
ally included whole body BMD because this skeletal site
had the strongest association with the outcome. To assess
the contribution of low BMD and high BTM to the car-
diovascular risk, we assessed the risk on four groups: nor-
mal BMD and BTM levels (referent), low BMD and nor-
mal BTM, normal BMD and elevated BTM, and low BMD

and elevated BTM. Homogeneity of HR was assessed by
the log-rank test. We conducted further analysis excluding
men with ischemic heart disease at baseline. We repeated
our analysis examining myocardial infarction as the out-
come and then using stroke as the outcome. In the models
considering one outcome, the follow-up time of partici-
pants who sustained the second outcome was measured
until the end of study or death. Finally, we assessed risk for
myocardial infarction and stroke introduced as separate
variables in the same model using multivariate generalized
logistic regression where both outcomes were assessed
versus the reference group. Analyses were performed using
SAS 8.2 software (Cary, NC, USA).

RESULTS

Descriptive analyses

During the 7.5-yr follow-up, we recorded 40 myocardial
infarctions and 43 strokes (defined as cardiovascular
events) in 79 men. The median time to the first cardio-
vascular event was 4.5 yr (range, 125–2730 days). Men who
sustained cardiovascular events were, at baseline, older,
shorter, and smoked more than those who did not have
cardiovascular events (Table 1). Cases had greater occu-
pational physical activity but less leisure physical activity
than those who did not sustain cardiovascular events.
Prevalent ischemic heart disease was more frequent in men
with cardiovascular events; however, no differences were
seen between men who did or did not sustain cardiovas-
cular events in body mass index (BMI), alcohol intake,
prevalence of hypertension, diabetes, Parkinson’s disease,
or former stroke. In contrast, men with cardiovascular
event had lower BMD (at all skeletal sites) and higher
BTM levels.

BMD and cardiovascular risk

For whole body, distal forearm, ultradistal radius, lum-
bar spine, and trochanter, age-adjusted incidence of car-
diovascular events was similar in the three upper quartiles
of BMD and higher only in the lowest quartile (Fig. 1). A
similar, but weaker pattern, suggesting a threshold with
respect to the risk of cardiovascular event for men in the
lowest quartile of BMD, was found for the fully adjusted
models controlling for age, weight, height, smoking, occu-
pational physical activity, education level, ischemic heart
disease, hypertension, diabetes, 25(OH)D concentrations,
and vitamin K–inhibiting anticoagulants and thiazides
treatment: HR (95% CI) was 2.33 (1.13–4.81) for men in
the lowest quartile of whole body BMD, whereas HRs did
not differ from 1.00 for men in the higher quartiles (Q2:
1.03 [0.45–2.36], Q3: 1.27 [0.59–2.73], Q4: 1.00 [referent]).
Similar results were found when the lowest BMD quartile
was compared versus three upper quartiles in the age- and
fully adjusted models (Table 2).

Biochemical BTMs and cardiovascular risk

Age-adjusted incidence of cardiovascular events was
similar for men in the three lowest quartiles and higher for
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those in the highest quartile of bone resorption markers
(Fig. 2). The pattern was similar for the fully adjusted
models; for free DPD, multivariable HRs (95% CI) were as
follows: Q1: 1.00 (referent), Q2: 0.95 (0.44–1.92), Q3: 0.90
(0.39–1.90), Q4: 2.04 (1.10–3.79). Similarly, for urinary
CTX-I, multivariable HRs (95% CI) were as follows: Q1:
1.00, Q2: 0.99 (0.50–1.99), Q3: 0.98 (0.49–1.93), Q4: 1.97
(1.06–3.64). In the fully adjusted models, men in the highest
quartile of total and free DPD as well as serum and urinary
CTX-I had twice the risk of cardiovascular events com-
pared with men in the lower three quartiles, and the as-
sociation was attenuated only slightly after additional ad-
justment for whole body BMD (Table 3). HRs for OC,

BALP, and P1NP were >1.0 but did not attain statistical
significance. The interactions between BMD and BTM
levels were not significant.

In men with low BMD and high bone resorption, risk of
cardiovascular event was two to three times higher com-
pared with men with normal BMD and BTM levels (Table
4). Men with elevated CTX-I levels and normal BMD had
a 2-fold higher risk of cardiovascular event compared with
the reference group. Men with high free or total DPD
and normal BMD had slightly (not significantly) higher
cardiovascular risk (data not shown). In men with low
BMD and normal BTM levels, HR for cardiovascular
event did not attain statistical significance.

TABLE 1. Baseline Characteristics of Men Who Did and Did Not Sustain a Cardiovascular Event

Baseline characteristic

Major cardiovascular event

p* p†No (n = 664) Yes (n = 79)

Age (yr) 65 ± 7 68 ± 8 <0.0001

Body weight (kg) 80 ± 13 78 ± 12 0.13

Body height (cm) 169 ± 6 166 ± 7 <0.0001 <0.005

Body mass index (kg/m2) 28.0 ± 3.7 28.2 (3.8) 0.67

Smoking (n, %) current 69 (10.4) 13 (15.6) <0.02 <0.01

Former >25 packet-years 68 (10.2) 12 (15.6)

Former �25 packet-years 307 (46.2) 33 (42.8)

Never-smoker 221 (33.2) 21 (26.0)

Alcohol intake (g/d) 37.5 [10.8; 75.0] 37.5 [5.4; 64.3] 0.59

Education (n, %) �8 yr 176 (26.3) 18 (22.8) 0.49

>8 yr 489 (73.7) 61 (77.2)

Leisure physical activity (h/wk) 20 [14; 29] 17 [12; 25] <0.05 0.35

Occupational physical activity <0.01 <0.01

Low/medium (n, %) 102 (15.3) 5 (6.3)

Hard/very hard 563 (84.7) 74 (93.7)

Ischemic heart disease (n, %) 87 (13.1) 26 (32.9) <0.0001 <0.0001

Hypertension (n, %) 172 (25.9) 21 (26.6) 0.84

Diabetes (n, %) 48 (7.2) 7 (8.9) 0.51

Parkinson’s disease (n, %) 11 (1.7) 2 (2.5) 0.61

Former stroke (n, %) 19 (2.9) 3 (3.8) 0.65

Thiazide use (n, %) 40 (6.0) 3 (3.8) 0.42

Vitamin K–inhibiting

anticoagulants (n, %)

22 (3.3) 8 (10.1) <0.005 <0.05

Lumbar spine (g/cm2) 1.037 ± 0.185 0.994 ± 0.180 <0.05 <0.05

Femoral neck (g/cm2) 0.846 ± 0.120 0.818 ± 0.130 0.05 0.26

Trochanter (g/cm2) 0.741 ± 0.108 0.704 ± 0.120 <0.005 <0.05

Total hip (g/cm2) 0.968 ± 0.128 0.930 ± 0.140 <0.02 0.15

Whole body (g/cm2) 1.213 ± 0.109 1.164 ± 0.112 <0.001 <0.001

Distal forearm (g/cm2) 0.525 ± 0.064 0.497 ± 0.076 <0.001 <0.02

Ultradistal radius (g/cm2) 0.432 ± 0.063 0.399 ± 0.076 <0.0001 <0.002

25(OH)D (ng/ml) 27.4 ± 11.6 24.5 ± 11.1 <0.05 0.26

PTH (pg/ml) 40 ± 18 41 ± 19 0.55

Osteocalcin (ng/ml) 19.05 ± 6.81 21.33 ± 13.27 <0.02 0.25

BALP (U/liter) 16.71 ± 6.20 18.74 ± 8.18 <0.01 <0.05

P1NP (ng/ml) 36.01 ± 17.41 40.22 ± 21.81 <0.05 <0.05

Total DPD (nmol/mmol creat) 6.88 ± 2.68 8.79 ± 4.27 <0.0001 <0.0001

Free DPD (nmol/mmol creat) 3.40 ± 1.10 4.23 ± 1.85 <0.0001 <0.0001

Urinary CTX-I (mg/mmol creat) 123.4 ± 78.2 146.5 ± 88.2 <0.02 <0.02

Serum CTX-I (mM) 2.42 ± 1.20 2.86 ± 2.07 <0.01 0.24

Data are presented as mean ± SD, median [interquartile range], or number (percentage).

* Unadjusted p value.
† Age-adjusted p value.

25(OH)D, 25-hydroxyxholecalciferol; BALP, bone alkaline phosphatase; DPD, deoxypyridinoline.
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Relationship of the BTM levels with the
cardiovascular risk in subgroups

In 631 men who did not report ischemic heart disease at
baseline, 51 men had cardiovascular events (stroke, 30;
myocardial infarction, 22). In the fully adjusted models,
BMD was not predictive of cardiovascular events. In sim-
ilar models, free and total DPD and urinary CTX-I were
predictive of cardiovascular events (HR = 3.29, 95% CI:
1.72–6.28, p < 0.001; HR = 2.04, 95% CI: 1.06–3.93, p < 0.05;

HR = 2.23, 95% CI: 1.15–4.24, p < 0.05; highest quartile
versus three lower quartiles).

In the fully adjusted models including whole body BMD
and analyzing myocardial infarction and stroke separately,
total and free DPDs were predictive of myocardial in-
farction (HR = 2.44, 95% CI: 1.19–5.04, p < 0.05 and HR =
3.06, 95% CI: 1.50–6.27, p < 0.005; highest quartile versus
three lower quartiles). In similar models, serum and uri-
nary CTX-I predicted stroke (HR = 2.24, 95% CI: 1.09–
4.59, p < 0.05 and HR = 2.06, 95% CI: 1.00–4.24, p = 0.05;
highest quartile versus three lower quartiles). Both for
myocardial infarction and stroke, HRs for other bone re-
sorption markers were consistently >1.0 but did not attain
statistical significance.

In fully adjusted polychotomous models including whole
body BMD (considering myocardial infarction and stroke
separately in the same model), urinary CTX-I was pre-
dictive of both myocardial infarction and stroke (OR =
2.18, 95% CI: 1.01–4.74 and OR = 2.19, 95% CI: 1.04–4.64;
highest quartile versus three lower quartiles). In similar
multivariate polychotomous models, free and total DPDs
were predictive of myocardial infarction and showed
a trend for stroke (free DPD: OR = 3.60, 95% CI: 1.72–
7.52, p < 0.01 and OR = 1.78, 95% CI: 0.89–3.81; highest
quartile versus three lower quartiles).

DISCUSSION

In a prospective study of a cohort of men, increased bone
resorption (highest quartile) was associated with a 2-fold
higher risk of cardiovascular events, such as myocardial
infarction and stroke, independent of BMD and other
confounders including history of ischemic heart disease.
The threshold effect for the association between bone pa-
rameters and cardiovascular risk suggests that only men
with abnormal bone status have a higher risk of cardio-
vascular event. To our knowledge, this is the first pro-
spective study to examine both BMD and BTM as they
relate to cardiovascular events in men.

FIG. 1. Age-adjusted incidence of the major cardiovascular
event in 744 men from the MINOS cohort according to the quar-
tiles of BMD of the lumbar spine (top left graph), total hip (top
right graph), whole body (bottom left graph), and ultradistal radius
(bottom right graph).

TABLE 2. Risk of Cardiovascular Event According to
Baseline BMD (Lowest Quartile vs. Higher Three Quartiles)

in 743 Men, MINOS Study, 1995–2003

BMD

HR (95% CI) comparing lowest
quartile vs. three upper quartiles

Age-adjusted Fully adjusted

Spine* (<0.910 g/cm2) 1.95 (1.17–3.25)† 1.60 (0.94–2.72)

Femoral neck

(<0.756 g/cm2)

1.19 (0.71–1.99) 1.33 (0.77–2.27)

Trochanter (<0.657 g/cm2) 1.65 (1.03–2.64)† 1.56 (0.94–2.60)

Total hip (<0.872 g/cm2) 1.58 (0.98–2.53) 1.59 (0.93–2.74)

Whole body (<1.131 g/cm2) 2.20 (1.40–3.46)‡ 1.78 (1.05–3.03)†

Distal forearm

(<0.477 g/cm2)

1.79 (1.16–2.87)† 1.51 (0.88–2.55)

Ultradistal radius

(<0.386 g/cm2)

2.23 (1.41–3.53)x 1.65 (0.99–2.75)

Adjusted for age, weight, height (all continuous), education (>8 vs. �8

yr), occupational physical activity (low to medium vs. high to very high),

smoking (current smoker, former smoker >25 packet-years, former smoker

�25 packet-years, never smoker), ischemic heart disease, hypertension,

diabetes (all yes/no), use of thiazides, use of vitamin K–inhibiting antico-

agulants, and lowest 25(OH)D quartile.

Values in parentheses represent the cut-off value of the first quartile.

* Adjusted additionally for lumbar osteoarthritis.
† p < 0.05.
‡ p < 0.01.
x p < 0.001.

FIG. 2. Age-adjusted incidence of the major cardiovascular
event in 744 men from the MINOS cohort according to the quar-
tiles of the urinary excretion of total DPD (top left graph), free
DPD (top right graph), urinary CTX-I (bottom left graph), and
serum CTX-I (bottom right graph).
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Low BMD and high bone resorption may reflect poor
general health status associated with higher cardiovascular
risk. BTM levels depend largely on current lifestyle, nu-
trition, hormone secretion, diseases, and medication.(29)

For instance, smoking was associated with a higher risk of
cardiovascular disease and mortality, as well as with lower
BMD and higher BTM levels.(1–3) However, the associa-
tion between bone resorption rate and cardiovascular risk
remained significant after adjustment for smoking and
other potential confounders.

Several common risk factors need to be discussed. Low
levels of bioavailable testosterone and 17b-estradiol are
associated with higher BTM levels and lower BMD.(4,6,30)

However, the overall association between testosterone level
and cardiovascular risk is weak.(5,7) Similarly, data on the
association between 17b-estradiol level and prospectively
assessed cardiovascular risk in men are discordant.(31–34) In
the elderly, vitamin D deficit is associated with a higher risk
of osteoporosis and of myocardial infarction.(35–37) How-

ever, in our cohort, vitamin D level was only weakly cor-
related with bone resorption markers.(28)

Another link between bone and cardiovascular diseases
may be osteoprotegerin (OPG),(38) but clinical and ex-
perimental data are discordant. OPG inhibits bone re-
sorption(38); however, correlations of OPG with BMD and
BTM levels are divergent and weak.(39–41) Increased OPG
concentration was associated with favorable hip geometry
measures in a large cohort of older men.(42) OPG inhibits
bone resorption and vascular calcification(38,43); however,
higher OPG level has been associated with increased car-
diovascular risk.(44,45) Thus, the interpretation of the role
of OPG in the association found in our study is not
straightforward.

Another explanation of our findings may be low-grade
systemic inflammation. Increased levels of cytokines (e.g.,
CRP, IL-6, or TNFa) may stimulate bone resorption, and
their serum levels may correlate positively with BTM
levels.(8,46,47) Moreover, their increased blood levels predicted

TABLE 3. Risk of Cardiovascular Events According to Baseline Levels of Biochemical Bone Turnover
Markers in 743 Men, MINOS Study, 1995–2003

Bone turnover marker

Multivariable-adjusted HR comparing highest quartile
vs. three lower quartiles

Additional adjustment for
whole body BMD

HR 95% CI HR 95% CI

Osteocalcin (>22.3/22.5 ng/ml) 1.64 0.96–2.83 1.55 0.90–2.68

BAP (>18.5/19.3 U/liter) 1.51 0.88–2.58 1.37 0.80–2.36

P1NP (>39.1/43.5 ng/ml) 1.36 0.78–2.34 1.20 0.68–2.11

T-DPD (>6.87/8.64 nmol/mmol cr) 1.99 1.18–3.34* 1.90 1.12–3.25†

F-DPD (>3.60/4.19 nmol/mmol cr) 2.19 1.30–3.66‡ 2.11 1.26–3.56‡

U CTX-I (>135.1/160.1 mg/mmol cr) 2.14 1.26–3.65‡ 2.05 1.19–3.51*

Serum CTX-I (>2.83/3.16 mM) 1.91 1.11–3.28† 1.79 1.03–3.10†

Adjusted for age, weight, height (all continuous), education (>8 vs. �8 yr), occupational physical activity (low to medium vs. high to very high), smoking

(current smoker, former smoker >25 packet-years, former smoker �25 packet-years, never smoker), ischemic heart disease, hypertension, diabetes (all yes/

no), use of thiazides, use of vitamin K–inhibiting anticoagulants, and lowest 25(OH)D quartile.

Values in parentheses represent the cut-off value of the highest quartile in summer/highest quartile in other seasons.

* p < 0.01.
† p < 0.05.
‡ p < 0.005.

T-DPD, total deoxypyridinoline; F-DPD, free deoxypyridinoline.

TABLE 4. Risk of Cardiovascular Events According to Baseline Levels of BMD and Biochemical Markers
of Bone Resorption in 742 Men, MINOS Study, 1995–2003

BMD

Serum CTX-I Urinary CTX-I

Q1–3 � 2.83/3.16 mM
[n/N HR (95%CI)]

Q4 > 2.83/3.161 mM
[n/N HR (95%CI)]

Q1–3�135.1/160.1 mg/mmol cr
[n/N HR (95%CI)]

Q4 >135.1/160.1 mg/mmol cr
[n/N HR (95%CI)]

Whole body

Q2–4 �1.131 g/cm2 33/445 1.00 13/125 2.12 (1.05–4.26)* 33/456 1.00 14/109 2.39 (1.19–4.82)*

Q1 <1.131 g/cm2 17/116 1.86 (0.95–3.60) 16/ 57 2.75 (1.30–5.83)† 18/115 1.57 (0.81–3.05) 14/ 63 2.81 (1.38–5.75)†

Ultradistal radius

Q2–4 �0.386 g/cm2 33/452 1.00 12/113 2.04 (0.98–4.27) 32/458 1.00 12/105 2.10 (1.04–4.23)*

Q1 <0.386 g/cm2 19/110 1.59 (0.83–2.06) 15/ 68 2.28 (1.11–4.66)* 19/113 1.33 (0.70–2.56) 16/ 67 2.73 (1.39–5.37)†

The numbers present the cut-off value of the first quartile of BMD and of the fourth quartile of bone resorption markers.

Adjusted for age, weight, height (all continuous), education (>8 vs. �8 yr), occupational physical activity (low to medium vs. high to very high), smoking

(current smoker, former smoker >25 packet-years, former smoker �25 packet-years, never smoker), ischemic heart disease, hypertension, diabetes (all yes/

no), use of thiazides, use of vitamin K–inhibiting anticoagulants, and lowest 25(OH)D quartile.

Log-rank test for the homogeneity in HR: whole body and serum CTX-I, p < 0.002; whole body and urinary CTX-I, p < 0.001; ultradistal radius and serum

CTX-I, p < 0.002; ultradistal radius and urinary CTX-I, p < 0.001.

* p < 0.05 and † p < 0.005 for the comparison vs. the reference group.
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cardiovascular events in previous studies.(9,10,48) Inflam-
matory cells secrete matrix metalloproteinases (MMPs),
which degrade bone collagen and participate in bone re-
sorption. In vivo, products of the degradation of elastin by
MMP stimulated calcification of the arterial tunica media,
whereas inhibition of MMP attenuated it.(49–52)

Another potential determinant of bone loss and cardio-
vascular disease is oxidative stress (i.e., a perturbation in
the pro- and antioxidant balance). Oxidative stress markers
are predictive of cardiovascular morbidity.(53,54) Oxidative
stress is associated with a faster bone turnover driven by
higher bone resorption not matched by a higher bone
formation because oxidative stress inhibits osteoblasto-
genesis.(55,56) Interestingly, in our study, levels of bone
resorption markers were more increased than bone for-
mation markers in men with cardiovascular events and only
increased levels of bone resorption, but not bone forma-
tion, markers predicted cardiovascular risk.

Other proteins can be involved in the regulation of bone
and vascular metabolism (e.g., a-klotho or inhibitors of
mineralization such as matrix GLA protein [MGP] and
fetuin A).(57–59) It is possible that the above factors act
through other ones (e.g., low-grade systemic inflammation
is more frequent in smokers).(60) One risk factor may act
through different mechanisms in bone and in arteries (e.g.,
vitamin D deficit may result in secondary hyperparathy-
roidism in bone and in a MGP deficit in the vascular
wall).(35,61) Different factors may potentiate their effects in
both systems (e.g., vitamin D deficit and inflammation).
PTH and MMP increase bone resorption, whereas vascular
calcification may be inhibited less strongly, if the MGP
content is low.(62)

Our study has several limitations. First, inhabitants of
Montceau les Mines may be not representative of the
French population. Second, our study was not designed to
investigate cardiovascular diseases, and information on
these diseases has not been rigorously collected. Third, the
baseline cardiovascular health status was assessed on the
basis of data from health questionnaires. Evaluation of
prevalent diseases analyzed as confounders was limited to
self-report (yes/no, no data on the duration, severity or
treatment). Fourth, some potential confounders were rare
(e.g., former stroke) or had low average intensity (e.g.,
smoking—median 10 cigarettes/d), and their effect could
not be correctly assessed. A number of potential con-
founders (e.g., severity and duration of cardiovascular
disease, presence of subclinical ischemic heart disease,
nutritional habits except current calcium intake) were not
assessed such that residual confounding may still exist.
Finally, the outcome variable (incident myocardial in-
farction and stroke) was self-reported or reported by
a proxy in nine men (11%). All the reported events were
confirmed using medical records but not verified by formal
adjudication. This approach may have underestimated the
incidence of the cardiovascular events but avoided the
false-positive events. We studied stroke and myocardial
infarction but not milder forms of incident cardiovascular
disease. These two diseases are clear-cut events whose dates
of occurrence and diagnosis can be easily confirmed and
that reflect a severe degree of cardiovascular pathology.

However, we did not use predefined diagnostic criteria
for each disease; thus, men with a given type of cardio-
vascular event may not be a homogenous group with re-
spect to severity of disease. The recruited volunteers may
be healthier than the general population and have lower
BTM levels and lower risk of cardiovascular events than
the general population. A single measurement of BTM
levels may not fully reflect the average bone turnover rate
in an individual.

Our finding that increased bone resorption was associ-
ated with higher risk of cardiovascular event in older men
regardless of other variables supports the hypothesis that
cardiovascular diseases and osteoporosis may share com-
mon risk factors and biological mechanisms. Thus, older
men with low BMD or high bone resorption may be at
increased risk of myocardial infarction and stroke in ad-
dition to fracture. Jointly with our previous study,(16) these
data suggest that osteoporotic men may benefit from
screening for cardiovascular disease and vice versa. Further
study of pathophysiological mechanisms underlying this
association is needed to better understand shared etiolo-
gies in bone and heart health in older men to identify men
at risk and to develop treatment.
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