
ow bone mass (LBM) has been found to be indepen-
dently associated with cardiovascular events.1–4

There was an increased incidence of cardiovascular
events over a 4-year follow-up in female patients who had
LBM at baseline2 and Von der Recke et al found a 2-fold
increase in cardiovascular mortality in postmenopausal
women who were categorized within the lowest quartile of
bone mineral density.3 A correlation between LBM and the
incidence of coronary artery disease (CAD) was observed
in women in the Framingham study.5 All of these studies
were conducted in predominantly female patients and the
association between LBM and CAD in male patients has
not been studied, so in the present study we investigated
the association of bone mineral density (BMD) and CAD
diagnosed with coronary angiography in male patients who
had been screened for osteopenia and osteoporosis.

Methods
Patients

The current study, which was carried out in the depart-
ments of Cardiology and Physical Medicine of Düzce
University Faculty of Medicine, was based on a retrospec-
tive analysis of 3,104 patients screened for osteopenia or
osteoporosis by dual energy X-ray absorptiometry (DXA)
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between February 2005 and May 2006. Sixty-seven pa-
tients without any exclusion criteria (20 females, 47 males)
were found to have had coronary angiography and DXA
scans in the same period and only the 47 males, with a mean
age of 66±9 years, were included in the study. Exclusion
criteria were acute coronary syndrome during the past 4
weeks, acute state of a chronic infectious or inflammatory
disease, anticoagulant therapy, severe liver or renal disease,
neoplasm, hematological disorders, and physical inactivity.
The Institutional Review Board of the Düzce University
Faculty of Medicine approved the study, a waiver of con-
sent was granted and patient identity was protected.

Prior medical histories, including comorbidities that
might affect bone density, were recorded. Diuretic and
steroid use, both known to affect BMD, were also recorded.
Biochemical data were collected from the patients’ physical
medicine files, and included fasting glucose and levels of
cholesterol, creatinine, albumin, calcium and magnesium.

Angiography
Coronary angiography was performed by the Judkins

method. Two skilled cardiologists who were unaware of
the clinical and laboratory data scored the coronary angio-
grams. Patients who had ≥50% occlusion in at least 1 major
coronary artery were classified as having CAD. Coronary
artery trees of every patient were counted and scored using
the Gensini method.6

BMD Scans
BMD (g/cm2) was measured for the lumbar spine (L2 to

L4), proximal femur, and 1/3 distal radius using a GE-
Lunar DPX-NT PRO (Lunar Corp, Adison, WI, USA) by
DXA scanning. BMD was determined according to stan-
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Background The present study aimed to investigate the association between low bone mass (LBM) and coro-
nary artery disease (CAD) in male patients.
Method and Results The data for 47 men who were screened for osteopenia and osteoporosis with dual ener-
gy X-ray absorptiometry and then underwent coronary angiography between February 2005 and May 2006 were
retrospectively analyzed. Bone mineral density of the femur neck was stratified as normal (T score >–1.0 SD) or
low (T score <–1.0 SD) and CAD was defined as ≥50% occlusion in at least 1 major coronary artery. Thirty-two
patients were found to have angiographically significant CAD. Patients in the LBM group had a significantly
higher incidence of CAD. Low bone mass was significantly and positively correlated with the Gensini scores of
the patients (r=0.6037, p<0.0001) and was found to be an independent predictor of CAD in multivariate logistic
regression analysis (odds ratio: 5.4 [95%confidence interval 1.66 and 17.49]; p=0.0049). Repeated statistical
analyses with the acceptance of CAD as coronary artery stenosis >75% confirmed the same results.
Conclusion Low bone mass was significantly associated with angiographically documented CAD in males.
(Circ J 2007; 71: 1095–1098)
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dard Lunar protocols. BMD results for the femur neck were
classified into 3 groups according to World Health Organi-
zation criteria:7 normal (T score >–1.0 SD), osteopenia (T
score –1.0 to –2.5 SD) and osteoporosis (T score <–2.5 SD).
Patients with osteopenia or osteoporosis (T score <–1.0
SD) were grouped as having LBM.

Statistical Analysis
Values were presented as mean ± standard deviation.

Normal distribution was controlled with Mann-Whitney U-
test. Student’s t-test was used to compare continuous varia-
bles. Categorical data were compared with chi-square test.
Spearmen’s correlation test was used to assess correlations
between LBM and CAD. Linear regression analysis was
performed to examine the association between Gensini and
T scores. Multivariate logistic regression analysis was used
to assess the independent association of BMD with CAD.
Statistical analyses were carried out using SPSS 10.0 for
Windows and a p-value <0.05 was considered significant

Results
Of the 47 patients 32 had angiographically significant

CAD and 15 had insignificant stenosis and were classified
as the non-CAD group. Demographic, clinical and labora-
tory variables of the patients with and without CAD are
shown in Table1. Demographic variables were not signifi-

Table 1 Comparison of the Characteristics of Patients With 
Significant or Insignificant CAD

CAD Non-CAD
p value

(n=32) (n=15)

Age (years) 65±10 63±7  0.595
BMI (kg/m2) 27±3  30±3  0.049
Hypertension (n) (%)   8 (25%)   5 (33%) 0.552
Smoker (n) (%) 11 (34%)   5 (33%) 0.944
DM (n) (%) 12 (40%)   8 (53%) 0.396
Hyperlipidemia (n) (%)   8 (26%)   6 (40%) 0.327
Statin use (n) (%)   8 (25%)   5 (33%) 0.552
ASA use (n) (%) 31 (97%) 13 (86%) 0.182
TC (mg/dl) 168±50  172±37  0.798
HDL-C (mg/dl) 51±21 46±18 0.551
LDL-C (mg/dl) 95±35 96±28 0.928
Fasting glucose (mg/dl) 117±40  122±43  0.705
Creatinine (mg/dl)   1.0±0.26   1.1±0.14 0.542
Calcium (mg/dl) 9.1±0.5 9.2±0.4 0.764
Phosphorus (mg/dl) 3.2±0.6 3.4±0.5 0.859
Albumin (mg/dl) 4.1±0.3 4.3±0.2 0.09  

CAD, coronary artery disease; BMI, body mass index; DM, diabetes melli-
tus; ASA, aspirin; TC, total cholesterol; HDL-C, high-density lipoprotein-
cholesterol; LDL-C, low-density lipoprotein-cholesterol.

Table 2 Comparison of the T Scores of the 2 Patient Groups

CAD Non-CAD
p value

(n=32) (n=15)

Low bone mass 18 (56%) 1 (7%) 0.001
    (T score <–1) (n)
Femoral –1.1±1     0.02±1.0  0.001
Lumbar –0.8±1.3  0.7±1.8 0.002
Radius –0.1±1.3  0.8±2.1 0.123
Diseased vessels    1±0.8 0±0 <0.001   

Abbreviation see in Table 1.

Table 3 Independent Predictors of CAD (Logistic Regression 
Analyses)

OR
95%CI

p value
Lower Upper

Age   1.01 0.93      1.10 0.7    
Smoking status   1.1  0.2        5.87 0.911
Hypertension   1.76 0.24    12.68 0.572
DM   0.14 0.017     1.2  0.074
Hyperlipidemia   0.87 0.15      5.05 0.882
Low bone mass 22.55 2.07  244.69 0.01  

OR, odds ratio; CI, confidence interval. Other abbreviations see in Tables 1,2.

Table 4 Comparison of T scores of Patients When Grouped 
According to Coronary Stenosis >75%

CAD Non-CAD
p value

(n=24) (n=23)

Low bone mass 15 (63%)   4 (17%) 0.002
    (T score <–1) (n)
Femoral –1.2±1     –0.2±1.0  0.003
Lumbar –1.1±1.2  0.6±2   0.001
Radius –0.3±1     0.7±2   0.078
Diseased vessel number 1.3±0.7 0±0 <0.001   

Abbreviation see in Table 1.

Fig1. Regression line on the scatter graph of
the coronary Gensini scores with femur neck
T-scores in male patients (gensini [Y axis]:
coronary Gensini score, femt [X axis]: T scores
of femur neck r=–0.57, p<0.0001).
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cantly different between groups, excepting mean body
mass index, which had only borderline significance. Com-
parisons of the BMD indices between groups are shown in
Table2. The number of diseased vessels was higher and the
T scores for the lumbar spine and femur neck were signifi-
cantly lower in patients with CAD. LBM was also signifi-
cantly correlated with CAD (r=0.38, p=0.002). Femur neck
T-scores showed a significant inverse linear relation with
Gensini score (r=–0.57, p<0.0001) (Fig1).

Stepwise multivariate logistic regression analysis was
used to identify independent determinants of CAD (Table3).
The covariates considered were LBM, age, gender, smoking
status, hypertension, diabetes mellitus and hyperlipidemia.
LBM was found to be an independent predictor of CAD
(odds ratio: 22.55 [95% confidence interval: 2.072 and
244.69]; p=0.01).

All the statistical analyses were repeated with acceptance
of CAD as coronary artery stenosis >75%. Comparisons of
the BMD indices were not different (Table 4) and LBM
was still an independent predictor of CAD (odds ratio: 8.27
[95%confidence interval: 1.90 and 36.03]; p=0.005).

Discussion
This retrospective cross-sectional study is the first to

demonstrate an association between low BMD and angio-
graphically documented CAD in a population consisting
only of male patients. We found LBM to be independently
and significantly related with CAD in logistic regression
analysis and specifically confirmed this in the inverse rela-
tionship of femoral T scores with coronary Gensini scores.

The present findings support those of previous studies,
which reported an association between low BMD and car-
diovascular events1–4 and CAD.5,8,9 Uyama et al reported a
significant correlation between the severity of carotid
atherosclerosis detected with duplex ultrasound and BMD
of the proximal femur in postmenopausal women.8 Marcovitz
et al found similar results in a population consisting pre-
dominantly of women. They retrospectively analyzed 209
ambulatory adult patients (89% female) who were referred
for DXA scans by their primary care physician and under-
went coronary angiography within the same 1-year period.
Low BMD appeared to independently predict significant
CAD in women, with a higher odds ratio than traditional
risk factors.9 Our findings; besides confirming the findings
in women, further conclude a similar association in men,
which is the first report of LBD as a predictor for CAD in
men.

The pathophysiologic mechanism underlying low BMD
in association with CAD is still unclear. However, emerging
clinical and molecular evidence suggests that inflammation
exerts a significant influence on bone turnover, inducing
osteoporosis. Numerous proinflammatory cytokines have
been implicated in the regulation of osteoblasts and osteo-
clasts, and a shift towards an activated immune profile has
been hypothesized as an important risk factor.10 Under the
influence of lifelong exposure to chronic antigenic load and
oxidative stress, the physiological counter-regulatory proc-
ess that inhibits bone resorption following T-cell activation
is likely impaired and would contribute, together with sys-
temic low-grade inflammation, to the increasing incidence
of osteoporosis.10 In fact, atherosclerosis and osteoporosis
seem to share a common pathogenesis, such as bone matrix
proteins, bone morphogenetic protein and inflammatory
proteins. Clinical studies will further enlighten the exact

relationship, but at present such studies are very few.11–14

The degree of coronary calcium as assessed by electron
beam computed tomography was found to be inversely
correlated with BMD, thus substantiating the relationship
between bone demineralization and the total coronary
atherosclerotic burden.12 Sinnot et al found that coronary
calcification was inversely associated with BMD in post-
menopausal women, using univariate analysis. Using multi-
variate logistic regression analysis they found age as the
only significant predictor of positive coronary calcification
and low BMD.13 In a rat model, Smith et al demonstrated
that systemic bone loss may induce coronary vessel dis-
ease.14 What is more surprising is that after Trichrome
staining of the coronary arteries, they found significant
changes consistent with vascular disease. Another common
factor explaining the apparent association between athero-
sclerosis and bone loss may be the presence of oxidized
lipids, which promote atherogenesis15 and inhibit differen-
tiation and mineralization of bone cells.16

Supporting the role played by estrogen deficiency in
women, the relationship between aortic calcification and
bone loss seems to be strongest during the early phase of
menopause, characterized by a rapid decrease in circulating
estrogen.17 Estrogenα- andβ-receptor subtypes are also
expressed in men in the osteoblasts, as well as in chondro-
cytes.18 Furthermore, BMD and the prevalence of vertebral
fractures are positively correlated with serum estrogen con-
centrations in men.19 These results acknowledge the possi-
ble link between a reduced amount of estrogen secretion
and the underlying mechanism shared by impaired bone
metabolism and atherosclerosis in men. Unfortunately, as a
retrospective study with known constraints, we could not
investigate the serum estrogen levels, which would possi-
bly have enhanced our findings.

Another relationship between LBM and CAD is the exis-
tence of a similar risk profile. Several well-known athero-
sclerotic risk factors are also associated with low BMD; for
instance, exercise, a well known positive life style change
for atherosclerosis, has been found to increase the lumbar
spine BMD.20 Another interesting finding linking the patho-
physiology of LBM and atherosclerosis was published by
Ortlepp et al21 who found that a common genetic polymor-
phism of the vitamin D receptor, which has been found to
be associated with BMD, was also associated with diabetes
mellitus types I and II and CAD. There are also reports of
testosterone supplementation in older males that has im-
proved exercise-induced coronary ischemia and lumbar
BMD. Further investigations will enlighten the absolute
paths that link LBM with atherosclerosis.

Study Limitations
Potential limitation of this retrospective cross-sectional

study are the relatively small number of patients, the re-
stricted records of confounding factors (ie, socioeconomic
status, dietary habits) in this cohort and the possible influ-
ence of a reverse causality bias (ie, CAD causing a reduction
in BMD through some mechanism rather than necessarily
LBM causing CAD) because of the cross-sectional design.
Therefore, large-scale prospective studies are needed to
understand whether these results apply clinically and to
determine whether treatment of low BMD will modify the
severity and progression of CAD in the general population.

Finally, we conclude that LBM is significantly associated
with angiographically documented CAD, and the effect is
independent of conventional risk factors.
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