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Background: A growing body of evidence links coronary artery atherosclerosis and calcifica-

tion to osteoporosis in women. The endothelium plays a critical role in maintaining vascular 

integrity and may play a role in bone metabolism. We aimed to determine whether early coro-

nary atherosclerosis, as detected by coronary microvascular endothelial dysfunction (CMED), 

predicts the development of osteoporosis in postmenopausal women.

Methods: Coronary vascular reactivity was evaluated in 194 postmenopausal women greater 

than 50 years of age and with non-obstructive coronary arteries by administration of intracoro-

nary acetylcholine during diagnostic angiography. CMED was defined as #50% increase in 

coronary blood flow from baseline in response to maximal dose. After a median follow-up of 

7.0±0.3 years, patients were assessed by a questionnaire for development of osteoporosis.

Results: The average age of the cohort was 60.9±7.4 years. Women with CMED were twice 

as likely to develop osteoporosis compared with women without endothelial dysfunction 

after adjustment for potential confounders (relative risk, 2.4; 95% confidence interval [CI], 

1.1, 5.6, P=0.02). Epicardial endothelial dysfunction was not associated with development of 

osteoporosis.

Discussion: Early coronary atherosclerosis with endothelial dysfunction is an independent 

marker for increased risk of developing osteoporosis in postmenopausal women greater than 

50 years of age without obstructive coronary artery disease. The current study supports a link 

between coronary atherosclerosis and osteoporosis.

Keywords: coronary artery disease, endothelial dysfunction, endothelial progenitor cells, low 

bone mass, screening

Introduction
Cardiovascular disease and osteoporosis are two common age-related conditions that 

result in significant mortality and morbidity. Growing evidence suggests that there 

may be an association between coronary artery disease and osteoporosis. Traditionally, 

both diseases are thought to be concomitantly present due to age-related processes.1,2 

However, the link between these two conditions is not entirely understood.

Low bone mineral density has been associated with increased cerebrovascular 

and cardiovascular morbidity and mortality, especially in women.3–6 The relationship 

between the early stage of atherosclerosis and osteoporosis is unknown. Endothelial 

dysfunction is an important early feature of atherosclerosis and coronary artery 

disease. The endothelium plays a critical role in regulating vascular tone via release 

of vasodilators such as nitric oxide, which maintain vasodilation, and inhibit platelet 

aggregation and leukocyte adhesion, thereby impeding the atherosclerotic process. 
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Endothelial dysfunction as a potential link between cardiovas-

cular disease and osteoporosis has previously been suggested 

by Sanada et al who studied healthy Japanese women and 

found that postmenopausal women with low bone mineral 

density have impaired endothelial function in forearm resis-

tance arteries.7 Furthermore, endothelial progenitor cells may 

also play a role in a link between osteoporosis and coronary 

artery disease, as they are mobilized from the bone marrow 

in response to vascular injury.8,9

Due to the association previously described between 

osteoporosis and coronary artery disease, we aimed to test the 

hypothesis that women with coronary endothelial dysfunction 

are more likely to develop osteoporosis than women with 

normal coronary endothelial function.

Methods
Study design
This prospective single center cohort study was approved by 

the Institutional Review Board of the Mayo Foundation, and 

all subjects provided written and informed consent.

Study population
A total of 194 postmenopausal women greater than 50 years 

of age were enrolled. All patients presented with symptoms 

of chest pain and underwent cardiac catheterization and 

comprehensive assessment of coronary vasomotor function, 

including coronary endothelial function by administration of 

acetylcholine.8,9

Inclusion criteria included female sex, age greater than 

50 years, and postmenopausal status. Exclusion criteria 

included significant coronary artery stenosis (.50%), 

ejection fraction ,45%, unstable angina, previous myocar-

dial infarction, use of radiographic contrast agents within 

12 hours, significant systemic disease, and pregnancy. 

Medications that may affect cardiovascular hemodynamics 

were discontinued for at least 48 hours before the study.

Study protocol
All patients underwent diagnostic coronary angiography, 

and endothelial reactivity was assessed as previously 

described.8–10 A total of 5,000 units of heparin were infused 

intravenously, and a Doppler guide wire was positioned 

in the mid-left anterior descending artery. Acetylcholine 

was administered in increasing concentrations into the left 

anterior descending artery. Angiographic, hemodynamic, 

and coronary Doppler data were recorded as described 

previously.11–13 Both microvascular and epicardial blood 

flow were assessed. Microvascular coronary endothelial 

dysfunction was defined as #50% increase in coronary blood 

flow (CBF) from baseline in response to a maximal dose 

of acetylcholine. Epicardial dysfunction was defined as a 

decrease in epicardial coronary artery diameter greater than 

20% in response to maximal dosage of acetylcholine.9,13

Follow-up
After a median follow-up of 7.0±0.3 years, patients enrolled 

in the study answered a standardized questionnaire that 

inquired about the presence of osteoporosis at the time of 

catheterization and subsequent development of osteoporosis 

following cardiac catheterization, either through diagnosis 

by primary care physician or through bone mineral density 

testing. The questionnaire also assessed a variety of other 

parameters including age, sex, medication use, other medical 

problems, and recurrent chest pain.

Statistical analysis
Statistical analysis was performed using JMP software (SAS 

Institute Inc., Cary, NC, USA). Continuous variables were 

presented as mean ± standard deviation, and categorical 

variables were presented as frequency (%). Student’s t-test 

was used to compare continuous variables, and categorical 

data were compared with the chi-square test. Cox propor-

tional hazards regression modeling was used to assess for 

an independent association between coronary microvascular 

endothelial dysfunction and epicardial endothelial dysfunc-

tion and development of osteoporosis.

Results
A total of 194 postmenopausal women without evidence of 

osteoporosis were enrolled in the study. Table 1 lists baseline 

characteristics of patients with and without osteoporosis. 

The average age of the cohort was 60.9 years ± 7.4 years. 

Hypertension was self-reported by 51.2% of the cohort, 

hyperlipidemia by 62.8%, known vascular disease by 7.7%, 

and diabetes by 5.6%. The average body mass index of the 

population was 28.2±6.2.

Of 194 women, 119 (61.3%) were diagnosed with coro-

nary microvascular endothelial dysfunction on angiography. 

Thirty-nine patients of the cohort (20.1%) developed osteo-

porosis during a median follow-up period of 8.4±4.7 years.

Women who developed osteoporosis had a markedly 

lower percent change in CBF in response to acetylcholine 

compared with women who did not develop osteoporosis: 

median (interquartile range), -4.3 (-29.4, 47.6) versus 39.9 
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(-7.3, 100.1); P=0.008 (Figure 1). In univariate analysis, 

coronary microvascular endothelial dysfunction was 

significantly associated with the development of osteopo-

rosis (relative risk, 2.1; 95% confidence interval [CI], 1.06, 

4.12; P=0.02).

Multivariable analysis adjusting for potential confound-

ing variables including age, hyperlipidemia, hypertension, 

BMI, estrogen use, and steroid use, revealed that microvas-

cular dysfunction remained significantly associated with the 

development of osteoporosis (relative risk, 2.4; 95% CI, 1.1, 

5.6; P=0.02) (Table 2).

Epicardial microvascular dysfunction was not signifi-

cantly associated with the development of osteoporosis in this 

cohort in both univariate and multivariable analyses adjusting 

for the same potential confounding factors (P.0.05).

Discussion
The current study suggests that coronary endothelial function 

is an independent predictor for development of self-reported 

osteoporosis in postmenopausal women after adjustment for 

potential confounders. Thus, endothelial dysfunction may be 

a common denominator linking increased risk of cardiovas-

cular disease and mortality to low bone mineral density.

The association between cardiovascular disease and 

osteoporosis has been described extensively in the literature. 

Table 1 Comparison of baseline characteristics between patients 
who did and did not develop osteoporosis

No osteoporosis 
(n=155)

Osteoporosis 
(n=39)

P-value

Age (years) 60.9±0.6 61.2±1.2 0.37
BMI (kg/m2) 28.3±6.4 27.6±5.1 0.49
Hypertension (%) 49.3 59.0 0.28
Diabetes (%) 5.8 5.1 0.87
Hyperlipidemia (%) 60.5 71.7 0.19
History of vascular  
disease (%)

7.7 7.9 0.97

Ejection fraction (%) 61.1±1.5 61.4±3.6 0.94
Hemoglobin A1c (%) 5.54±0.07 5.54±0.15 0.96
Glucose (mg/dL) 100.9±2.3 98.0±4.6 0.58
Medication use (%) 
  Beta blocker

 
20.5

 
13.5

 
0.28

 �A ntiarrhythmic 1.03 8.4 0.50
 �A spirin 48.7 46.4 0.8
 � Multivitamin use 54.5 20.5 0.60
 �A ntihypertensive use 22.5 23.1 0.95
 �C alcium channel  

blocker
37.4 38.5 0.90

 � Digitalis 3.2 2.6 0.83
 �E strogen 41.3 38.4 0.75
 �L ipid lowering drug 40.6 35.9 0.59
 �A nticoagulant 11.0 13.2 0.70
 � Oral hypoglycemic 3.2 5.1 0.57
 �I nsulin 0.6 2.6 0.29
 �S teroid 2.6 5.1 0.41

Abbreviation: BMI, body mass index.
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Figure 1 Comparison of percent change in coronary blood flow among patients who developed osteoporosis versus those that did not. Patients who developed osteoporosis 
had lower percent change in coronary blood flow when compared with patients who did not develop osteoporosis.
Abbreviation: IQR, interquartile range.
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Patients with osteoporosis have been shown to be more likely 

to have cardiovascular disease, and vice versa.2,14–17 Yet, there 

is a paucity of information regarding the link between the 

early stage of atherosclerosis and osteoporosis. The current 

study, supported by these previous observations, demonstrates 

a link between early atherosclerosis and osteoporosis.

Endothelial dysfunction may be a common precursor to 

both osteoporosis and coronary artery disease, potentially 

explaining the link noted between the two conditions. 

Endothelial dysfunction is an early stage of atherosclerosis, 

but is also considered to be an important regulator of vascular 

and bone health.8,9,13 The endothelium plays an important 

role in mediating vascular processes such as inflammation, 

vasodilatation/vasoconstriction, thrombosis, and oxidation. 

Endothelial dysfunction prevents appropriate balance of these 

processes, playing a key role in initiating atherosclerosis.16

Nitric oxide is a possible explanation for the link seen 

between atherosclerosis and osteoporosis. Nitric oxide may 

play a role in bone metabolism via osteoblastic activity.16,18,19 

High concentrations of nitric oxide can directly inhibit 

spreading of osteoclasts and bone resorption, and stimulate or 

inhibit bone resorption depending on cytokine stimulation.20 

Cytokines such as interleukin-1, tumor necrosis factor, and 

interferon may inhibit osteoblast growth since nitric oxide 

is produced by osteoblast-like cells in response to pro-

inflammatory cytokines, inhibiting osteoblast proliferation 

and suggesting a role for nitric oxide in bone remodeling.21 

Isosorbide mononitrate is associated with reduced urine 

N-telopeptide levels, which is a marker of bone resorption, 

and increased levels of alkaline phosphatase, a marker of 

bone formation, further suggesting nitric oxide as a possible 

mediator of bone formation.22 When endothelial function is 

impaired, nitric oxide and its physiologic function can also 

become impaired, potentially limiting the normally beneficial 

effects of nitric oxide on bone formation.

Another potential mechanism for this link is based on the 

premise that endothelial progenitor cells (EPCs) residing in 

the marrow may be mobilized in response to vascular injury.23 

EPCs are mobilized from the bone marrow into circulation 

and migrate to affected areas to aid in tissue recovery. Tradi-

tionally, endothelial and osteoblastic cells have been thought 

to be derived from two separate progenitor lines; however, 

increasing evidence suggests that there may be an overlap 

between these two cell lines. This potential role of EPCs in 

bone formation is further supported by research that shows 

these cells can be differentiated into osteoblastic cells,9  

supporting the notion that endothelial progenitor cells may 

have a role in vascular calcification.9 Our group suggested a 

link between these two seemingly different cell lines when 

it identified a group of EPCs derived from the bone marrow, 

which are costained using flow cytometry for osteocalcin 

(OCN+), an osteoblast marker.9

We have previously reported a greater number of 

EPCs expressing osteocalcin (OCN+ EPCs) in patients 

with early coronary atherosclerosis as opposed to 

patients with normal coronary arteries and no endothe-

lial dysfunction.9 We also found that these EPCs can 

form mineralized deposits. Patients with CMED retain 

OCN+ EPCs in coronary circulation when compared 

with patients without coronary endothelial dysfunction. 

This further supports the potential relationship between 

endothelial dysfunction and osteoporosis. Increased 

numbers of circulating OCN+ EPCs in patients with 

endothelial dysfunction may contribute to vascular insult 

and initiation of atherosclerosis, especially with vascular 

calcification.13 These osteogenic cells may contribute to 

worsened calcification rather than bone formation. Thus, 

documented presence of EPCs expressing osteocalcin has 

been established in patients with early atherosclerosis,  

endothelial dysfunction, and coronary artery disease.9

There may also be an inflammatory component contrib-

uting to the pathophysiologic process as well. Our group 

has also found that patients with endothelial dysfunction 

have higher levels of inflammatory cytokines such as 

interleukin-8.9,13 Such cytokines have been shown to attract 

EPCs to ischemic areas of the myocardium, further contribut-

ing to altered repair of the endothelium.13,24

Our finding that CMED may be associated with the 

development of osteoporosis is thus plausible. Patients with 

Table 2 Multivariable analysis depicting microvascular dysfunction 
as significantly associated with development of osteoporosis

Variable Hazards ratio  
(95% confidence  
interval)

P-value

Age 1.00 (1.0, 1.1) 0.69
Vascular disease 1.35 (0.3, 4.2) 0.66
Hypertension 1.29 (0.6, 2.9) 0.54
Diabetes 0.7 (0.03, 10.0) 0.84
Hyperlipidemia 1.2 (0.5, 2.7) 0.29
BMI 0.1 (0.01, 4.9) 0.80
Calcium channel blocker use 0.9 (0.4, 2.0) 0.77
Estrogen use 0.6 (0.3, 1.3) 0.20
Lipid lowering drug use 0.7 (0.7, 3.8) 0.18
Multivitamin use 1.9 (0.7, 4.4) 0.17
Steroid use 9.4 (0.4, 159.9) 0.37
Microvascular dysfunction 2.4 (1.1, 5.6) 0.02

Note: P-value in bold type is significant at P,0.05.
Abbreviation: BMI, body mass index.
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endothelial dysfunction and early atherosclerosis have 

impaired bone metabolism, leading to osteoporosis. This in 

turn leads to increasing levels of OCN+ EPCs, further wors-

ening endothelial function. While many studies have shown a 

link between coronary artery disease and osteoporosis, there 

is little clinical data suggesting endothelial dysfunction is 

associated with osteoporosis. Our findings are consistent with 

a previous study that showed that postmenopausal women 

with low bone mineral density have impaired endothelial 

function in the forearm resistance arteries.7

Our study has several inherent limitations. Our conclu-

sions are based on a standardized questionnaire administered 

several years after angiography. While bone mineral density 

studies would have utility in better delineating whether 

microvascular dysfunction predicts osteoporosis, the strong 

association we note even with simple questionnaires rely-

ing only on self-report and chart review is compelling. 

Furthermore, not all patients completed the survey, and 

when there is an incomplete follow-up, there is a possibil-

ity for inherent resulting bias. Future studies should be 

directed at assessing this association with bone mineral 

density studies.

Conclusion
While the association between cardiovascular disease and 

osteoporosis has been suggested previously, our findings 

suggest that endothelial dysfunction may be the under-

lying mechanism linking these two disease processes. 

Further research is warranted to determine whether 

women with low bone mass should undergo more exten-

sive screening and management to delay development of 

osteoporosis, or whether women with known coronary 

endothelial dysfunction should be treated in an effort to 

prevent osteoporosis.
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