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Osteoporosis and osteoporosis-related fractures are major, and increasing, public health
issues leading to increased mortality, morbidity and disability in Western countries. To
determine whether nonskeletal risks should be considered in patients initiating anti-
osteoporotic therapy, we reviewed epidemiological reports assessing the relationship
between bone and cardiovascular diseases. Most studies reported an association
between low bone mineral density and atherosclerosis. Individuals with decreased

bone mass have an increased risk of dying from stroke, coronary heart disease and
atherosclerosis. These data suggest that cardiovascular diseases should also be

considered in patients with osteoporosis.

Some degenerative conditions occur with aging.
Osteoporosis, characterized by abnormalities in
the amount and microarchitectural arrangement
of bone tissue, leads to decreased bone strength
predisposing an individual to an increased risk of
fracture. This generalized skeletal condition is
common in elderly subjects. Nonskeletal risks,
such as cardiovascular diseases (e.g., coronary
heart diseases, cerebrovascular disorders and
peripheral vascular events), are also critical
chronic health problems. They play an impor-
tant role in the decline in quality of life of the
elderly population.
cardiovascular events, occurring in elderly men

Both osteoporosis and

and women, are widely viewed as a major cause
of mortality, morbidity and disability in most
developed countries [1]. The number of elderly
people is now rising and is expected to grow in
the coming years due to the increase in life
expectancy. This demographic shift will cause a
dramatic increase in the prevalence of all chronic
age-related diseases, including osteoporosis and
cardiovascular conditions [2]. Therefore, they are
major public health issues.

Osteoporosis and cardiovascular diseases have
been traditionally considered as independent
processes increasing with aging. In the last decade,
mounting evidence suggested a link between the
vessels and the skeleton. If this association is true,
patients with osteoporosis should be treated with
therapy that also prevents cardiovascular risk.

The present review describes the relationship
between osteoporosis and cardiovascular events
in epidemiological trials. Emphasis will be put
on cardiovascular mortality, morbidity (athero-
sclerosis, stroke and myocardial infarction) and
risk factors (hypertension, diabetes mellitus

and dyslipidemia).

10.2217/17460816.1.4.481 © 2006 Future Medicine Ltd ISSN 1746-0816

Osteoporosis

According to the current WHO operational defini-
tion, diagnosis of osteoporosis is based on a T-score
of bone mineral density (BMD), at hip or spine,
below -2.5 (3. Low BMD (LBMD) is the best sin-
gle predictor of future fracture risk. Therefore, epi-
demiological studies investigated alterations in
bone mass, bone loss or the occurrence of fracture.

Vascular calcification due

to atherosclerosis

Similarly to osteoporosis, atherosclerosis is a
silent illness that may affect different parts of the
vessels. This insidious process starts at adoles-
cence, progresses into calcified plaques in early
adulthood and results in thrombotic obstruc-
tions and sudden coronary heart disease during
middle age and later [4]. Previously described as a
purely degenerative process due to aging, vascu-
lar calcification is now increasingly viewed as an
actively regulated process. Calcium deposition in
the vasculature is well known to generate hyper-
tension, congestive heart failure, myocardial
ischemia and coronary insufficiency [5-6]. Vascu-
lar calcification is widely seen as valid surrogate
marker for cardiovascular diseases.

Several trials conducted in humans during the
last decade [7-29] predominantly explored the
association between bone-mass loss and aortic
calcification, carotid atherosclerosis, coronary
artery diseases [16,20,22] or arterial disease of the
lower limbs [10,14,30]. These studies used various
methodologies and are summarized in Tables 1-4.
Most  [9-14,16-18,20-30), but not all studies
(7-8,15,19], suggest a relationship between osteo-
porosis and atherosclerosis. However, the nature
of the link remains uncertain and controversial.
Several hypotheses have been raised to explain
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this association. Some claim that any association
would be random, since prevalence of both dis-
orders increases with aging. Others suggest a
causal link between the two entities. Vascular
calcification would result from osteoporosis, due
to a shift in calcium from the skeleton to the vas-
culature. Conversely, osteoporosis would have a
vascular etiology. These speculations are proba-
bly the consequence of recent findings. Actually,
bone markers have been identified in calcified
plaques, suggesting that both processes share
similar mechanisms.

Populations recruited for these studies, most
of them cross-sectional, usually include aged
Caucasian  postmenopausal women (PMW)
[7-13,15-17,19-28,30]. Nevertheless, the association
has also been assessed in other groups differing
by age [17,20], gender [10,12,18,21,23,26-28] or ethnic-
ity [19-20. Some surveys recruited younger
women. One of them, conducted in women
(44.6 £ 11.4 years) presenting with systemic
lupus erythematosus, pointed out an inverse
relation between BMD and carotid plaque
index [20). At the menopause, atherosclerotic cal-
cifications progress with increasing bone loss [17).
These data were consistent with outcomes from
PMW. Few studies were performed in men
(10,12,18,21,23,26-28]. One longitudinal study did
not find any significant association [18]. A cross-
sectional survey suggested a stronger relation in
women compared with men [21], or a correlation
only present in women currently using hormone
replacement therapy [28]. After adjustment for
age, two transversal studies performed in Japa-
nese women reported no association between
BMD and the presence of aortic calcification or
a negative correlation between Osteo-sono
Assessment Index (OSI) [19,21]. OSI was deter-
mined by calcaneal quantitative ultrasound
measurements and brachial-ankle Pulse Wave
Velocity (baPWYV), a marker of early athero-
sclerosis [21]. Similar findings were extensively
demonstrated with aortic calcifications, which
only occur at later stages of atherosclerosis
(Table 1). Prospective trials, conducted in women,
observed the progression of the aortic plaques in
parallel with bone loss. Women with the greatest
rate of bone loss have the most severe progres-
sion of abdominal aortic calcification [18]. A total
of 47% of the variance of the annual rate of bone
loss (2.6%) is attributable to the progression in
aortic calcification (13.8%) [24]. Higher odds
ratios for vertebral and hip fractures are observed
in women with calcifications compared with
those without calcification. Aortic calcification is

viewed as a strong predictor for fragility frac-
tures. Results from the placebo group of an
osteoporosis treatment trial indicate that women
with at least one vertebral fracture at baseline
have a threefold increase in risk of cardiovascular
events compared with women without vertebral
fracture 29).

One study focussed on the analysis of morpho-
logical characteristics of carotid artery plaques [27].
Echogenic plaques (with calcium deposits and
dense fibrous tissue) are related to low bone mass,
whereas no association is found between BMD
and echolucent plaques (lipid-rich plaques).

In summary, although these diseases have long
been considered unrelated, the current epidemio-
logical findings suggest that the illnesses may be
more closely connected than previously suspected.

The following mediators are considered to
potentially play a role in the link between cardio-
vascular diseases and bone loss: estrogen, vitamin
K, vitamin D, matrix Gla protein, osteopontin,
Type I collagen, osteoprotegerin, homocysteine,
parathormone and several dietary factors (salt or
potassium intake). However, these interesting
findings do not identify a common pathway for
these disorders; therefore, further investigations
are still needed.

Stroke

Stroke that accounts for cerebrovascular diseases
is a major cause of severe disability and death in
both women and men. Osteoporosis is a signifi-
cant complication in patients who survive an
acute stroke, because of the reduced mechanical
load resulting from hemiplegia or hemiparesis.
Bone loss and increased propensity to falls are
greater in the paretic side. They lead to an
increased incidence of fracture (i.e., hip frac-
ture), on the affected side. This happens mainly
during the first year after stroke. These impor-
tant aspects have been widely recognized in stud-
ies assessing the osteoporotic status after
stroke [31-34]. It would be also of great interest to
determine whether LBMD in patients is associ-
ated with an increased risk of incident stroke.
This hypothesis was the main topic of a few
longitudinal studies [35-39].

An association between LBMD and death
from stroke was reported in a large cohort of
PMW participating in the prospective Study of
Osteoporotic Fractures (SOF) [35]. Each decrease
in one standard deviation (1-SD) of BMD,
measured at the calcaneus (0.09 g/cm?), was
associated with a 1.31-fold increase in the risk of
stroke, after adjustment for age, follow-up

Future Rheumatol. (2006) 1(4)
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duration (2 years) and several confounding fac-
tors [36]. These results support the idea that
women with LBMD are at increased risk for
stroke. Common causes include dietary factors
and estrogen deficiency, and are suspected to
result in both bone loss and stroke.

A case-control study [37) and a large cross-sec-
tional trial [38] using data from the Third
National Health and Nutrition Examination
Survey (NHANES III) evaluated the relation-
ship between BMD and stroke in both women
and men. Although different study designs (e.g.,
number of strokes, various inclusion and exclu-
sion criteria, diagnosis of stroke and site of BMD
measurement) were involved, surveys reported
similar findings. A possible association between
LBMD and risk of stroke was identified in
women, but not in men.

A recent 20-year follow-up study of aged sub-
jects from the NHANES [ indicated no associa-
tion between phalangeal BMD and the
subsequent development of stroke [39].

These conflicting results may be partially
explained by discrepancies in the methodologies
used to investigate the association between both
illnesses. More standardized studies are required
to explore and further understand the possible
common etiology of the two processes.

Myocardial infarction

Coronary heart diseases, representing one-third
to one-half of cardiovascular diseases, include
myocardial infarction among others. Only one
study investigated BMD in survivors of heart
attack [40]. This cross-sectional trial was con-
ducted in a multi-ethnic population of 5050
women and men (USA) aged 50-79 years. The
relationship between self-reporting a previous
myocardial infarction and LBMD measured at
the total femur was statistically significant in men
(odds ratio [OR]: 1.39, confidence interval [CI]:
95%, 1.03 to 1.87]), but not in women. These
results suggest that BMD should be measured in
male survivors of myocardial infarction.

Cardiovascular mortality

Cardiovascular events are the leading cause of
mortality in Western countries. Cardiovascular
death constitutes a relevant indicator of the asso-
ciation between osteoporosis and cardiovascular
disorders. The hypothesis that LBMD might pre-
dict cardiovascular mortality has been extensively
tested, mainly in large prospective cohorts of eld-
erly women (=65 years). Cause-specific mortality
was extracted from death certificates and hospital

www.futuremedicine.com

records. Bone mass was measured by conven-
tional x-ray absorptiometry, ultrasonography and
markers of bone resorption.

In late PMW, low bone mass or prevalent ver-
tebral fracture were linked to an increase in the
risk of cardiovascular death [41]. This confirms
previous findings that LBMD at the proximal
radius is strongly associated with nontrauma
mortality, especially due to stroke (risk ratio
[RR]: 1.74) 135]. Later, Kado and colleagues
demonstrated that each 1-SD increase in the rate
of BMD loss is associated with a 1.3-fold
increase in mortality from CHD and with a
1.2-fold increased risk of death from atheroscle-
rosis [42]. Another study reported a 19% increase
in cardiovascular death for each 1-SD decrease in
Broadband Ultrasonic Attenuation (BUA) [43].
Higher levels of serum osteoprotegerin, a
cytokine that negatively affects osteoclasto-
genesis, are associated with elevated cardiovascu-
lar mortality (OR: 1.4) 44). In early PMW, each
1-SD decrease in bone mass increases the risk of
death from cardiovascular disease twofold (RR:
2.1) (41]. We only identified one study in elderly
men. Each 1-SD increase of hip-BMD is associ-
ated with a 25% decrease in the risk of cardiovas-
cular death 45]. Outcomes observed in men or in
early menopausal women are consistent with
those observed in PMW. Decrease of BMD, a
well-established indicator of fracture risk, is
strongly associated with cardiovascular death
after adjustment for several confounding factors.
LBMD also appears to be a significant predictor
of cardiovascular mortality, and is even stronger
than other risk factors, such as blood pressure
and cholesterol [41,46). These observations sug-
gest that cardiovascular risk should be assessed in
patients with osteoporosis.

Cardiovascular risk factors

Nonskeletal disorders, such as hypertension, dia-
betes mellitus and dyslipidemia, are well-estab-
lished for
cardiovascular disorders. Elevated bone mass loss
is described in elderly women with high blood
pressure [47). Hypertensive women face higher

predictors atherosclerotic

urinary calcium excretion than normotensive
subjects [48]. Recently, osteocalcin, a biochemical
marker of bone formation, has been negatively
related with increased blood pressure (49]. Longi-
tudinal and cross-sectional studies suggest a
significant association between high blood pres-
sure and alterations in calcium metabolism. The
relation between osteoporosis and diabetes melli-
tus is less obvious. Type 1 diabetes is generally
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associated with moderate decreases in BMD [50].
Reduced bone mass found at the onset of Type 1
diabetes mellitus suggest that osteoporosis is not
a late consequence of Type 1 diabetes
mellitus (51]. Studies conducted in Type 2 diabe-
tes mellitus patients report mainly increased [52],
but also unchanged (53] or even decreased [54]
BMD when compared with healthy controls. The
conflicting results may be due to the different
pathogenesis of Type 1 and 2 diabetes. In a recent
longitudinal study, elderly white women with dia-
betes had higher bone mineral density at baseline,
and had a greater bone loss at the femoral neck
than those with normal glucose metabolism [521.
The increased bone loss exposes diabetic patients
to elevated fracture risk [55]. The paradox of higher
BMD with increased risk of fracture in patients
with diabetes may be due to a high propensity to
fall and to an altered bone strength and structure,
which is not captured by BMD measurement.
Diabetes may affect bone through various mecha-
nisms, including obesity, hyperinsulinemia,
higher concentrations of advanced glycation
end-products in collagen, lower levels of insu-
lin-like growth factor (IGF)-1, hypercalciuria,
microangiopathy and inflammation.

Diabetes, a powerful contributor to athero-
sclerotic cardiovascular events, also affects the
skeletal system. The lipid profile is a strong pre-
dictor of risk for cardiovascular disorders.
Increased levels of low-density lipoprotein-choles-
terol (LDL-C) and low concentrations of high-
density lipoprotein-cholesterol (HDL-C) are
associated with greater risk of cardiovascular dis-

eases [56]. PMW with elevated plasma LDL-C

levels have lower BMD at lumbar spine and fem-
oral neck compared with normal control 57). The
risk of osteoporosis is more than twofold higher
compared to women with normal levels [s8).
Reduced HDL-C level protects against athero-
sclerosis and is associated with LBMD in PMW
(59]. Lipid oxidation products promote osteoblas-
tic differentiation of vascular cells and inhibit dif-
ferentiation in bone cells [60). Plasma lipid profile
could be the common regulator underlying both
osteoporosis and atherosclerosis. Further research
is needed to investigate this potential explanation.

Conclusion & future perspectives
Although the aforementioned epidemiological
studies were limited by study design and yielded
discrepant findings, they suggest an age-inde-
pendent association between cardiovascular dis-
orders and osteoporosis. Moreover, preliminary
results of preclinical studies are supportive of a
common pathomechanism between these two
degenerative diseases.

Further prospective and multicenter studies
performed in large cohorts of men and women
are needed to assess this association more accu-
rately. They should use current, standardized and
more sensitive technologies, such as dual energy
x-ray absorptiometry or electron-beam computer
tomography to obtain accurate estimates of the
measured sites. Future biological studies should
aim at discovering the mechanisms involved in
the regulation of vascular and bone systems,
thereby leading to a better understanding of each
marker. This research will play an important role
in the development of novel therapies.

Executive summary

Introduction

Osteoporosis

Vascular calcification due to atherosclerosis

similar mechanisms.

¢ Both osteoporosis and cardiovascular events, occurring in the elderly, are a major cause of mortality,
morbidity and disability in most developed countries.
e |s there an association between these degenerative conditions?

e Osteoporosis is diagnosed when bone mineral density (BMD) T-score, at hip or spine, is below -2.5.
e BMD is the best single predictor of future fracture risk.

¢ Atherosclerosis is a silent disease that may affect different parts of the vessels.

¢ Vascular calcification is widely considered as a valid surrogate for cardiovascular diseases.

e Most, but not all, epidemiological studies, which used variable study designs, suggest an association
between osteoporosis (low [L]BMD or prevalent fracture) and atherosclerosis (aortic calcification,
carotid atherosclerosis, coronary artery disease or peripheral arterial disease).

¢ Bone markers have been identified in calcified plaques, suggesting that both processes share

e Estrogen, vitamin K, vitamin D, osteocalcin, osteopontin, Type | collagen, osteoprotegerin,
homocysteine, parathormone and several dietary factors (salt or potassium intake) are likely to play a
role between cardiovascular diseases and bone loss.

Future Rheumatol. (2006) 1(4)
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Executive summary

Stroke

e Osteoporosis is a significant complication in patients who survive an acute stroke.

e Previous surveys investigating the link between LBMD and risk of incident stroke suggest an
association in women, but not in men.

e A recent 20-year follow-up study (First National Health and Nutrition Examination Survey [NHANES I])
indicated no association.

Myocardial infarction

¢ One single study reports a statistically significant relationship between previous myocardial infarction
and low hip-BMD in men.

Cardiovascular mortality

¢ Epidemiological studies suggest that LBMD is predictive of cardiovascular mortality in early- and late-
postmenopausal women and in men.

e |BMD appears to be a significant predictor of cardiovascular mortality (stronger predictor than blood
pressure or cholesterol levels).

Cardiovascular risk factors

¢ Longitudinal and cross-sectional studies suggest a significant association between high blood pressure
and alterations in calcium metabolism.

Conclusion

¢ Diabetes, a powerful contributor to atherosclerotic cardiovascular events, also affects the skeleton.
¢ Increased levels of low-density lipoprotein cholesterol and low concentrations of high-density
lipoprotein cholesterol, are associated with LBMD in postmenopausal women.

¢ Previous epidemiological studies support an association between cardiovascular disorders and
osteoporosis independently of age. Cardiovascular risk should be considered in patients requiring
anti-osteoporotic treatment.

e Further prospective studies using more sensitive technologies (dual-energy x-ray absorptiometry and
electron-beam computer tomography) are needed to assess this association.

e Future biological studies should aim to discover the mechanisms involved in the regulation of vascular
and bone systems.
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