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Background: Accelerated atherosclerosis is considered to be the linking factor between low 

bone mineral density (BMD) and increased cardiovascular events and mortality, while some 

coronary angiographic studies do not support this point. In this study, we attempt to provide 

a distinct comprehensive view of the relationship between BMD and the angiographically 

determined coronary atherosclerotic burden.

Methods: A total of 459 consecutive patients with stable chest pain suspected of coronary artery 

disease (CAD) underwent both dual-energy X-ray absorptiometry scan and selective coronary 

angiography. The association between BMD and global coronary atherosclerotic plaque burden 

as represented by the multivessel involvement and the modified Gensini score was analyzed.

Results: Multivariable analysis revealed that the low BMD at femoral neck and total hip was an 

independent correlate of multivessel CAD. The T-scores measured at femoral neck and total hip 

were both negatively and independently associated to the modified Gensini score. These inversely 

correlated relationships between BMD and CAD were not observed at lumbar spine 1–4.

Conclusion: This cross-sectional study elucidated an inverse relationship between hip BMD 

and the modified Gensini score, and low hip BMD values (T-scores) were significantly and 

independently associated with increased risk of multivessel coronary disease in patients hos-

pitalized for stable chest pain.

Keywords: coronary artery disease, bone mineral density, global coronary atherosclerotic 

plaque burden, modified Gensini score

Introduction
Many longitudinal cohort studies have indicated that low bone mineral density (BMD) 

is independently associated with higher cardiovascular events and mortality.1–6 There 

is an increased incidence of cardiac death, myocardial infarction (MI), and stroke in 

older patients with low BMD at their baseline examination. Although the potential 

mechanisms underpinning the link between the two conditions are not clear yet, 

a growing literature has revealed that atherosclerosis and bone demineralization 

share common pathophysiological mechanisms.7–9 Thus, a rational hypothesis is that 

accelerated atherosclerosis links low BMD and increased cardiovascular events and 

mortality.10 However, the results from cross-sectional studies assessing the relationship 

between BMD and coronary angiographic findings were inconsistent and challenged 

the hypothesis.11–14 Their data show that low BMD is not related to angiographically 

determined coronary artery disease (CAD) and speculate that low BMD is more 

strongly associated with the plaque instability and thrombosis precipitating the 

acute atherothrombotic coronary event than with coronary atherosclerosis per se.11 
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The traditional angiographic definition of CAD adopted by 

the aforementioned coronary angiographic studies, however, 

does not accurately reflect the extent of atherosclerosis of 

the whole coronary tree and is unable to reliably predict 

future coronary events.15,16 Thus, in the present study, we 

investigated the relationship between BMD and global coro-

nary atherosclerotic plaque burden instead of the severity 

of a coronary stenosis. In this way, a more comprehensive 

understanding of the correlation between low BMD and 

angiographic coronary atherosclerosis was presented.

Methods
study population
A total of 519 patients with stable suspected CAD undergoing 

selective coronary angiography (CAG) from December 2012 

to February 2014 were consecutively recruited. Any patient 

with ST elevation MI, non-ST elevation MI, unstable angina, 

previously coronary angiographically confirmed CAD, or a 

history of revascularization was excluded from the study. To 

avoid confounding variables for BMD, we excluded individu-

als with heart failure with reduced left ventricular ejection 

fraction (50%) or renal failure (45), hyperparathyroidism 

or thyroid diseases (six), taking medications with skeletal 

effects within 12 months (eg, steroids or estrogens or bis-

phosphonates) (six), or with incorrect BMD acquisition or 

reporting (three). In total, 459 subjects were finally eligible 

for analysis in our study.

Demographic data and information on cardiovascular risk 

factors were obtained by a standardized interview before the 

CAG. Smoking status was self-reported. Hypertension was 

defined as experiencing systolic blood pressure 140 mmHg 

and/or diastolic blood pressure 90 mmHg and/or receiv-

ing treatment for hypertension. Diabetes was defined as 

either having a fasting plasma glucose 7.1 mmol/L or 

using hypoglycemic medications. Hypercholesterolemia 

was defined as presenting a total cholesterol 5.72 mmol/L 

and/or a low-density lipoprotein cholesterol 3.64 mmol/L 

and/or receiving treatment for hypercholesterolemia. Body 

mass index (BMI) was calculated as weight (kg) divided by 

height (m2).

The study protocol was approved by the institutional 

review board of Wenzhou Medical University and complied 

with the Declaration of Helsinki. Written informed consent 

was obtained from each patient enrolled in the study.

Coronary angiograms and scoring
CAG was performed using standard Judkin’s techniques for 

all the patients. The percentages of lumen diameter stenosis 

were assessed by visual analyses. CAD was defined as 

a 50% luminal diameter narrowing of a major epicardial 

artery or the left main coronary artery. Multivessel CAD was 

defined as a 50% diameter stenosis in at least two major 

epicardial vessels or the left main coronary artery.

The modified Gensini score has been described and 

validated previously.17,18 The most severe stenosis in 

each of eight coronary segments was graded from 1 to 4 

(1: 1%–49% lumen diameter reduction, 2: 50%–74% steno-

sis, 3: 75%–99% stenosis, 4: 100% occlusion) to give a total 

score of between 0 and 32.

The angiographic images were reviewed by two experi-

enced cardiologists who were blinded to the BMD results, 

and the modified Gensini score of every patient was recorded 

according to the consensus opinion of them.

BMD measurement
BMD (g/cm2) was measured on the same day of admission 

by dual-energy X-ray absorptiometry at the lumbar spine 

(L1–L4) and the hip using GE Lunar Prodigy and described 

as T-score and Z-score. BMD scans were independently 

analyzed by two experienced researchers. Calibration was 

performed daily on a single anthropomorphic phantom. 

The coefficient of variation used for precise assessment 

of the BMD measurement was 1.2% for the total hip, 

1.4% for the femoral neck, and 1.0% for the lumbar spine. 

In accordance with World Health Organization (WHO) 

criteria (Genant, Cooper et al 1999),19 BMD results were 

classified into three groups as normal (T-score −1.0 SD), 

osteopenia (T-score −1.0 to −2.5 SD), and osteoporosis 

(T-score −2.5 SD). In the present study, low BMD group 

consisted of osteopenia and osteoporosis.

statistical analysis
Continuous variables are expressed as mean and SD as 

indicated and compared using Student’s t-test or Wilcoxon 

rank-sum test if applicable. Discrete variables are presented 

as numbers and percentages and compared with the χ2 test, 

unless the observation in any cell was 5, in which case 

Fisher’s exact test was used. One-way analysis of variance 

was performed to analyze the patient demographics in three 

groups in Table 1.

We selected these potential confounders on the basis of 

their associations with the outcomes of interest or a change 

in effect estimate of 10% or P-values 0.1 in univariable 

analyses. Multivariable logistic regression analyses were 

used to determine the relationship between BMD and 

the multivessel CAD (Table 2).

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Interventions in Aging 2018:13 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1477

Correlation between low BMD and angiographic coronary atherosclerosis

In order to determine whether BMD (per SD of T-score) 

was associated with the modified Gensini score, multivariable 

linear regression analyses were used and adjusted for known 

or potentially important confounders (Table 3).

A P-value 0.05 was considered statistically signifi-

cant. All analyses were performed using Empower® (www.

empowerstats.com; X&Y Solutions, Inc., Boston, MA, USA) 

and R (http://www.R-project.org).

Results
Characteristics of study population
Our study population (n=459) included 212 women and 

247 men, with an average age of 64.73±9.79 years. The 

vast majority of women (206 of 212, 97%) were post-

menopausal women, and 92% of men (227 of 247) were 

older than 50 years. According to the minimum T-value 

of the measured sites, 159 patients (54 men, 105 women) 

Table 1 Demographic characteristics of the patients

Parameters Non-CAD CAD P-value

n=224 One-vessel (n=108) Multivessel (n=127)

Age (years) 62.03±10.16 65.93±9.16 68.47±8.12 0.001
Men, n (%) 105 (46.88%) 61 (56.48%) 81 (63.78%) 0.008
BMI (kg/m2) 24.26±3.35 24.92±3.78 24.36±3.14 0.242

smoker, n (%) 62 (27.68%) 41 (37.96%) 62 (48.82%) 0.001

hypertension, n (%) 139 (62.05%) 82 (75.93%) 107 (84.25%) 0.001

Diabetes 40 (17.86%) 28 (25.93%) 44 (34.65%) 0.002
hypercholesterolemia, n (%) 57 (25.45%) 29 (26.85%) 43 (33.86%) 0.229
Cr (μmol/l) 73.56±23.29 78.54±26.33 84.28±40.86 0.005

Modified Gensini score 5.26±1.27 7.93±1.42 12.26±3.62 0.001

Femoral neck (g/cm2) 0.86±0.15 0.84±0.15 0.79±0.13 0.001

Femoral neck T-score (sD) −1.33±1.08 −1.57±0.99 −2.03±0.93 0.001

Femoral neck Z-score (sD) −0.06±0.92 −0.11±0.91 −0.43±0.83 0.001

Total hip (g/cm2) 0.95±0.15 0.92±0.16 0.87±0.14 0.001

Total hip T-score (sD) −0.75±1.07 −0.99±1.05 −1.43±0.97 0.001

Total hip Z-score (sD) 0.20±0.93 0.15±0.95 −0.18±0.86 0.001

lumbar spine (g/cm2) 1.04±0.20 1.02±0.22 1.01±0.21 0.567

lumbar spine T-score (sD) −1.33±1.61 −1.48±1.73 −1.58±1.65 0.380

lumbar spine Z-score (sD) −0.31±1.32 −0.33±1.52 −0.31±1.39 0.992

Minimum T-score (sD) −1.81±1.20 −2.04±1.20 −2.37±1.01 0.001
Minimum Z-score (sD) −0.66±1.01 −0.74±1.09 −0.88±0.87 0.139

Notes: Demographics were analyzed by one-way analysis of variance, and values are presented as means±sD. Percentages do not sum to 100 because of rounding.
Abbreviations: BMI, body mass index; CAD, coronary artery disease; Cr, creatinine.

Table 2 Association between low BMD at various skeletal regions and multivessel CAD

Variables n Mean±SD 
(g/cm2)

Crude Adjusted

BMD OR 95% CI P-value OR 95% CI P-value

Multivessel CAD vs non-multivessel CAD
Femoral neck

normal (T-score −1.0 sD) 129 1.00±0.10 1 1
Osteopenia (T-score −1.0 to −2.5 sD) 236 0.82±0.06 2.83 1.59–5.07 0.001 2.84 1.52–5.30 0.001
Osteoporosis (T-score −2.5 sD) 94 0.65±0.07 4.67 2.43–8.99 0.001 4.34 2.05–9.20 0.001

Total hip
normal (T-score −1.0 sD) 234 1.03±0.12 1 1
Osteopenia (T-score −1.0 to −2.5 sD) 182 0.84±0.06 3.03 1.93–4.77 0.001 2.55 1.56–4.17 0.001
Osteoporosis (T-score −2.5 sD) 43 0.66±0.05 3.17 1.58–6.38 0.001 2.91 1.29–6.60 0.010

lumbar spine
normal (T-score −1.0 sD) 174 1.23±0.14 1 1
Osteopenia (T-score −1.0 to −2.5 sD) 155 0.99±0.07 1.07 0.65–1.74 0.800 1.05 0.61–1.82 0.858
Osteoporosis (T-score −2.5 sD) 130 0.79±0.08 1.27 0.77–2.11 0.346 1.33 0.71–2.48 0.380

Note: relationship was determined by multivariable logistic regression analysis.
Abbreviations: BMD, bone mineral density; CAD, coronary artery disease.
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had osteoporosis, and 210 (130 men, 80 women) had 

osteopenia.

Catheterization data showed that 235 patients (51.20%) 

had CAD, and 127 (27.67%) had multivessel CAD as previ-

ously defined. Patient demographics are presented in Table 1 

and were stratified according to non-CAD, one-vessel CAD, 

and multivessel CAD. There were significant differences for 

age, gender, smoking, hypertension, diabetes, serum creati-

nine (Cr), and modified Gensini score, with no significant dif-

ference for BMI and hypercholesterolemia, across the three 

groups. For BMD, significant difference was observed in 

regional area BMD (g/cm2), T-score (SD), and Z-score (SD), 

measured at total hip and femoral neck, but not at lumbar 

spine 1–4, among patients with non-CAD, one-vessel CAD, 

and multivessel CAD (Table 1). Minimum T-score (SD) of 

the three regions was also of significant difference, but not 

minimum Z-score (SD), for the three groups.

Association between low BMD and 
multivessel CAD
To evaluate the association of low BMD and multivessels 

CAD, all parameters were first tested by univariable logistic 

regression analysis. The significant variables identified from 

univariable analysis included age, gender, smoking status, 

hypertension, hypercholesterolemia, diabetes, serum Cr, and 

the value of BMD (Table S1). Previous studies suggested 

BMI was a strong correlate for BMD, and even if it was not 

associated with multivessel CAD in univariable analysis, 

it should be included in multiple logistic regression analy-

sis. Multivariable logistic regression analysis showed that 

osteoporosis at femoral neck and total hip was associated 

with an increased risk of multivessel CAD (femoral neck, 

adjusted OR=4.34, 95% CI=2.05–9.20, P0.001; total 

hip, adjusted OR=2.91, 95% CI=1.29–6.60, P=0.0104), 

as was osteopenia (femoral neck, adjusted OR=2.84, 95% 

CI=1.52–5.30, P=0.0011; total hip, adjusted OR=2.55, 95% 

CI=1.56–4.17, P0.001). However, in multivariable logistic 

regression analysis, neither osteoporosis nor osteopenia at 

lumbar spine was related to the prevalence of multivessel 

CAD (Table 2). In addition, the relationship of low BMD 

and multivessels CAD was analyzed separately by gender, 

and the results were similar to those of the total patient 

group (Table S2).

Association between BMD and the 
modified Gensini score of CAG
Corresponding to the results of the univariable analysis 

(Table S1), multivariable linear regression analysis was used 

to detect the association between BMD and the modified 

Gensini score, and it was found that for every 1-unit incre-

ment in femoral neck and total hip T-score, the modified 

Gensini score decreased 1.13 and 0.96, respectively, after 

adjusting for factors including age, gender, BMI, smoking, 

hypertension, diabetes, hypercholesterolemia, and serum Cr. 

However, no significant association between the BMD 

at lumbar spine 1–4 and the modified Gensini score was 

observed (Table 3). The same results were found when 

analyzed separately by gender (Table S3).

Discussion
Marcovitz et al showed the prevalence of angiographically 

diagnosed CAD (50% luminal stenosis in a major coronary 

artery) was significantly higher in patients with low BMD 

than in patients with normal BMD.20 The angiographic find-

ings were considered to support the hypothesis that accel-

erated atherosclerosis links bone loss and increased future 

cardiovascular events and mortality.10 However, some sub-

sequent studies in contrast found no association between low 

BMD and angiographically determined CAD either in women 

or men.11–14 The inconsistent results may be attributed to some 

important differences in methods of patient recruitment, sites 

and tools of BMD measurement, and ethnic group, but it did 

Table 3 Association between T-score at various skeletal regions and the modified Gensini score

Variables n Mean±SD 
(g/cm2)

Crude Adjusted

BMD β SE P-value β SE P-value

Femoral neck 
T-score (per sD)

459 0.83±0.14 −1.39 0.15 0.001 –1.13 0.15 0.001

Total hip 
T-score (per sD)

459 0.92±0.15 −1.25 0.15 0.001 –0.96 0.15 0.001

lumbar spine 
T-score (per sD)

459 1.03±0.21 −0.22 0.10 0.036 –0.11 0.11 0.300

Note: relationship was determined by multivariable linear regression model (adjusted for: age, gender, BMI, smoking, hypertension, diabetes, hypercholesterolemia, and Cr).
Abbreviations: BMD, bone mineral density; BMI, body mass index; Cr, creatinine; se, standard error.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Interventions in Aging 2018:13 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1479

Correlation between low BMD and angiographic coronary atherosclerosis

to some extent confuse our understanding of the relationship 

between bone loss and cardiovascular events.

However, angiographically diagnosed CAD just defines 

the luminal stenosis 50% or 70% of a coronary vessel, 

which does not depict global coronary atherosclerosis. Previ-

ous studies revealed the extent of atherosclerosis of the whole 

coronary tree rather than the severity of a coronary stenosis is 

a good predictor of future coronary events.16,21–25 Therefore, a 

description of global coronary atherosclerosis should be used 

instead of the prevalence of angiographically diagnosed CAD 

as an indicator to assess the relationship between BMD and 

coronary atherosclerosis in an angiographic study.

In the present study, we firstly demonstrated an asso-

ciation between low BMD (osteoporosis and/or osteopenia) 

and multivessel coronary disease (Table 2). This relation-

ship remains significant after adjusting for age and other 

traditional coronary risk factors. The number of diseased 

coronary arteries is the simplest depiction of the global coro-

nary atherosclerosis and has been proven a good predictor of 

long-term survival with sufficient evidence.25 The Coronary 

Artery Surgery Study (CASS) revealed that a 12-year survival 

rate for patients with zero-, one-, two-, and three-vessel dis-

ease was 88%, 74%, 59%, and 40%, respectively.22 A large 

population-based prospective cohort study also indicated that 

the survival rate of CAD patients was closely related to the 

extent of CAD and that patients with multivessel disease need 

coronary artery revascularization to obtain survival benefits.26 

Based on these findings, we think the phenomenon that the 

low BMD predicting a high risk of CAD events, which is con-

sistently verified in previous longitudinal cohort studies, now 

can be appropriately interpreted as the following: low BMD 

is correlated with more extensive coronary atherosclerosis, 

resulting in a higher risk of future coronary events.

Meanwhile, an analysis was performed on the relation-

ship between the BMD and the modified Gensini score. The 

modified Gensini score is a well-known angiographic tool for 

grading the severity and extent of coronary atherosclerosis and 

assesses the diameter stenosis in an algorithmic methodology 

as 1%–49%, 50%–74%, 75%–99%, and total occlusion.17,18 

This angiographic scoring system provided a more detailed 

description of the global coronary atherosclerotic plaque 

burden than the number of diseased vessels which considers 

stenosis starting at a level of 50% obstruction in the major 

epicardial vessels. The multivariable analysis revealed a sig-

nificant correlation between the BMD values (T-score) and 

the modified Gensini scores; it was shown that as T-scores 

(per SD) rose, the modified Gensini scores fell (Table 3). 

A recently published article also showed that femur BMD 

values in patients with CAD decreased as their Gensini scores 

increased.27 In our study, the finding of an inverse relation-

ship between the BMD and the modified Gensini score was 

in accordance with the increased risk of multivessel CAD in 

the low BMD group, suggesting that with the decrease of 

BMD values, the global coronary plaque burdens increased.

Although there is no consensus on which bone site best 

reflects bone health in relation to cardiovascular diseases, 

our findings and other studies consistently suggested hip 

BMD (femoral neck and the total hip) was a good predictor 

of atherosclerosis while lumbar spines are not.20,28–30 In the 

present study, there were no statistically significant associa-

tions between the modified scores and the BMD in lumbar 

spine 1–4, and no effects of low BMD at lumbar spine 1–4 

on risk of multivessel CAD. The lack of association with 

lumbar BMD may in part be attributed to degenerative 

changes in the lumbar spine in older adults, resulting in 

falsely elevated BMD levels and disguising the underlying 

osteoporosis.29 Nevertheless, a profound mechanism relating 

low BMD to atherosclerosis needs to be considered to explain 

the phenomenon. For example, Bagger et al thought femur 

BMD reflected the atherosclerosis better than lumbar BMD, 

because the unilateral blood supply of the proximal femur 

was more vulnerable for deteriorating atherosclerosis than 

the bilateral blood supply of the vertebrae.10,28 It implied that 

the promotion of atherogenesis can contribute to bone loss, 

especially at skeletal sites with end-arterial blood supply.

However, the underlying mechanisms linking low BMD 

to atherosclerosis are complex and have not been fully under-

stood. Other potential mechanisms have been discussed in 

literatures, which can be summarized as follows: Firstly, 

osteoporosis and atherosclerosis are common age-related 

disorders, sharing common traditional risk factors, such 

as current smoking status, alcohol use, diabetes, hyperten-

sion, estrogen deprivation, and hyperlipidemia.31 Secondly, 

there are some common pathological linkages during the 

progression of osteoporosis and atherosclerosis.32,33 Thirdly, 

atherosclerotic disease might limit physical activity, leading 

to bone loss and osteoporosis.

Study limitation
The existing limitations of our study should be noted. First, 

this study reveals low BMD can predict increased risk of 

multivessel CAD, and inverse association between BMD 

and the extent of CAD; however, whether there is a causal 

relationship between the entities is not investigated due to the 
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cross-sectional nature of the research. Second, the subjects 

enrolled in our trial were stable suspected CAD patients who 

were referred for a selective CAG. The study population 

might not represent the entire low BMD population, and 

thus, it is unknown if low BMD reflects the CAD morbidity 

among them.

Conclusion
The conflicting results from previous coronary angiographic 

studies have prompted us to reassess the relationship between 

BMD and coronary artery state with a more comprehen-

sive perspective. This cross-sectional study elucidated an 

inverse relationship between hip BMD values (T-scores) and 

global coronary atherosclerotic plaque burden, and low hip 

BMD weas significantly and independently associated with 

increased risk of multivessel coronary disease in patients 

hospitalized for stable chest pain. The findings in our study 

support the hypothesis that accelerated atherosclerosis links 

low BMD to cardiovascular events and mortality.
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Table S1 Univariable analysis for multivessel CAD and modified Gensini score

Parameters Non-CAD CAD ANOVA Multivessel 
CAD

Modified 
Gensini score

n=224 One-vessel 
(n=108)

Multivessel 
(n=127)

P-value Univariable analysis

P-value P-value

Age (years) 62.03±10.16 65.93±9.16 68.47±8.12 0.001 0.001 0.001
Men, n (%) 105 (46.88%) 61 (56.48%) 81 (63.78%) 0.008 0.008 0.045
BMI (kg/m2) 24.26±3.35 24.92±3.78 24.36±3.14 0.242 0.747 0.169
smoker, n (%) 62 (27.68%) 41 (37.96%) 62 (48.82%) 0.001 0.001 0.003
hypertension, n (%) 139 (62.05%) 82 (75.93%) 107 (84.25%) 0.001 0.001 0.001
Diabetes 40 (17.86%) 28 (25.93%) 44 (34.65%) 0.002 0.002 0.007
hypercholesterolemia, n (%) 57 (25.45%) 29 (26.85%) 43 (33.86%) 0.229 0.091 0.005
Cr (μmol/l) 73.56±23.29 78.54±26.33 84.28±40.86 0.005 0.008 0.001
Modified Gensini score 5.26±1.27 7.93±1.42 12.26±3.62 0.001 nA nA
Femoral neck (g/cm2) 0.86±0.15 0.84±0.15 0.79±0.13 0.001 0.001 0.001
Femoral neck T-score (sD) −1.33±1.08 −1.57±0.99 −2.03±0.93 0.001 0.001 0.001
Total hip (g/cm2) 0.95±0.15 0.92±0.16 0.87±0.14 0.001 0.001 0.001
Total hip T-score (sD) −0.75±1.07 −0.99±1.05 −1.43±0.97 0.001 0.001 0.001
lumbar spine 1–4 (g/cm2) 1.04±0.20 1.02±0.22 1.01±0.21 0.567 0.347 0.079

lumbar spine T-score (sD) −1.33±1.61 −1.48±1.73 −1.58±1.65 0.380 0.246 0.036

Notes: Values are presented as means±sD. Percentages do not sum to 100 because of rounding.
Abbreviations: AnOVA, analysis of variance; BMI, body mass index; CAD, coronary artery disease; Cr, creatinine; nA, not available.

Table S2 Association between low BMD at various skeletal regions and multivessel CAD

Variables n Mean±SD 
(g/cm2)

Crude Adjusted

BMD OR 95% CI P-value OR 95% CI P-value

Multivessel CAD vs non-multivessel CAD
gender=women

Femoral neck 212 0.78±0.13
normal (T-score −1.0 sD) 45 0.96±0.05 1 1
Osteopenia (T-score −1.0 to −2.5 sD) 106 0.79±0.05 3.88 1.10–13.66 0.0348 3.67 0.94–14.30 0.0607
Osteoporosis (T-score −2.5 sD) 61 0.63±0.06 6.83 1.88–24.75 0.0034 4.84 1.14–20.43 0.032

Total hip 212 0.86±0.14
normal (T-score −1.0 sD) 98 0.98±0.09 1 1
Osteopenia (T-score −1.0 to −2.5 sD) 81 0.81±0.06 3.93 1.75–8.80 0.0009 2.70 1.12–6.52 0.0275
Osteoporosis (T-score −2.5 sD) 33 0.65±0.04 4.4 1.66–11.67 0.0029 3.15 0.98–10.15 0.0544

lumbar spine 212 0.92±0.17
normal (T-score −1.0 sD) 43 1.18±0.11 1 1
Osteopenia (T-score −1.0 to −2.5 sD) 71 0.96±0.06 1.39 0.45–4.32 0.5659 1.2 0.35–4.05 0.7706
Osteoporosis (T-score −2.5 sD) 98 0.78±0.08 3.35 1.20–9.36 0.0209 2.32 0.75–7.20 0.1453

gender=men
Femoral neck 247 0.88±0.14

 normal (T-score −1.0 sD) 84 1.02±0.12 1 1
Osteopenia (T-score −1.0 to −2.5 sD) 130 0.84±0.06 2.93 1.49–5.75 0.0018 2.61 1.29–5.28 0.0078
Osteoporosis (T-score −2.5 sD) 33 0.68±0.07 6.79 2.77–16.65 0.0001 5.08 1.97–13.13 0.0008

Total hip 247 0.97±0.15
normal (T-score −1.0 sD) 136 1.07±0.12 1 1
Osteopenia (T-score −1.0 to −2.5 sD) 101 0.87±0.05 2.84 1.62–4.99 0.0003 2.46 1.36–4.45 0.0028
Osteoporosis (T-score −2.5 sD) 10 0.70±0.06 5.3 1.40–20.01 0.0139 4.26 1.05–17.37 0.0432

(Continued)
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Table S3 Association between T-score at various skeletal regions and the modified Gensini score

Variables n Mean±SD 
(g/cm2)

Crude Adjusted

BMD β SE P-value β SE P-value

Gender=women
Femoral neck T-score (per sD) 212 0.78±0.13 −1.31 0.21 0.0001 −0.82 0.24 0.0006
Total hip T-score (per sD) 212 0.86±0.14 −1.23 0.19 0.0001 −0.84 0.22 0.0001
lumbar spine T-score (per sD) 212 0.92±0.17 −0.55 0.16 0.0008 −0.18 0.16 0.2667

Gender=men
Femoral neck T-score (per sD) 247 0.88±0.14 −1.67 0.21 0.0001 −1.43 0.21 0.0001
Total hip T-score (per sD) 247 0.97±0.15 −1.43 0.23 0.0001 −1.25 0.22 0.0001
lumbar spine T-score (per sD) 247 1.12±0.19 −0.25 0.16 0.1151 −0.15 0.15 0.3089

Note: relationship was determined by multivariable linear regression analysis by gender (adjusted for: age, gender, BMI, smoking, hypertension, diabetes, hypercho-
lesterolemia, and Cr).
Abbreviations: BMD, bone mineral density; BMI, body mass index; Cr, creatinine.

Table S2 (Continued)

Variables n Mean±SD 
(g/cm2)

Crude Adjusted

BMD OR 95% CI P-value OR 95% CI P-value

lumbar spine 247 1.12±0.19
normal (T-score −1.0 sD) 131 1.25±0.14 1 1
Osteopenia (T-score −1.0 to −2.5 sD) 84 1.02±0.06 1.33 0.75–2.37 0.3331 1.16 0.63–2.15 0.6347
Osteoporosis (T-score −2.5 sD) 32 0.83±0.07 1.03 0.45–2.38 0.9373 0.82 0.33–2.02 0.665

Notes: relationship was determined by multivariable logistic regression analysis by gender (adjusted for: age, gender, BMI, hypertension, diabetes, hypercholesterolemia, 
and Cr). Multivessel CAD was defined as luminal stenosis 50% in two or more vessels.
Abbreviations: BMD, bone mineral density; BMI, body mass index; CAD, coronary artery disease; Cr, creatinine.
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