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A B S T R A C T   

Coronary artery disease (CAD) and osteoporosis both cause significant morbidity and mortality. Recent interest 
in inflammation and the bone-vascular axis suggests a mechanistic link between the two conditions. This review 
and meta-analysis was conducted to examine the potential association between low bone mineral density (BMD) 
and CAD in adults. Two authors searched for studies that examined the association between low BMD and CAD. 
Risk of bias assessment was conducted using the modified Newcastle Ottawa score. Ten studies were selected 
from the 2258 unique records identified. Pooled analysis showed a significant association between low BMD and 
CAD (OR 1.65, 95%CI 1.37–2.39, p < 0.01). Subgroup analysis investigating males and females separately was 
not significant. The subgroup analyses looking for any differences across geographic locations and differences 
between coronary imaging modalities were also negative. Studies with adjusted ORs (n = 4) were also pooled 
(OR 3.01, 95%CI 0.91–9.99, p = 0.07). Low BMD is associated with CAD; however, it is unclear whether this 
result is confounded by common risk factors given the heterogeneity between study populations and method-
ologies. Further large-scale epidemiological studies are required.   

1. Introduction 

Coronary Artery Disease (CAD) and osteoporosis are responsible for 
significant morbidity and mortality. Cardiovascular diseases are the 
leading cause of death globally, representing 31% of all deaths [1]. 
Approximately half of these deaths are attributable to CAD [2]. Simi-
larly, osteoporosis has high prevalence with the lifetime risk for a wrist, 
hip or vertebral fragility fracture estimated to be 30–40% [3]. Both 
conditions often occur concurrently and are associated with shared risk 
factors such as age, hypertension, smoking, and low physical activity. A 
number of observational studies have reported increased carotid 
atherosclerotic plaque in individuals with low bone mineral density 
(BMD) [4–6]. There are also a number of prospective studies that show 
increased risk of cardiovascular events in those with low BMD [7,8]. 
This suggests that these diseases may share common pathophysiologic 
mechanisms [9]. For instance, secretory proteins such as klotho and 
osteoprotegerin (OPG) have been implicated in the bone-vascular axis 
[10–12]. Low circulating levels of klotho are associated with both bone 
and atherosclerotic disease [10]. However, the evidence for OPG is 
mixed [11,12]. Lastly caspase-dependent inflammatory cytokines may 

contribute to both disease processes [13]. While previous observational 
studies have examined this potential association, the results have been 
mixed without unequivocal correlation being established. Thus, the 
purpose of this article is to conduct a meta-analysis comprehensively 
including the published data to-date to examine whether low BMD is 
significantly associated with CAD. 

2. Methods 

Two authors (CK and KV) independently searched MEDLINE, 
EMBASE and CENTRAL (Cochrane Central Register of Controlled Trials) 
to identify relevant studies for review. Grey literature was searched via 
OpenGrey. The search strategy can be viewed in Supplementary Mate-
rial 1. Reference lists of relevant literature reviews were also used to 
capture further studies. 

Studies were eligible for selection if they reported an effect size for 
the association between low BMD and CAD. Case-control, cohort and 
cross-sectional studies were all considered. Only full articles were 
considered for the review. Stringent definitions were used for eligibility 
criteria. Low BMD was either defined as a T score less than − 1, or a 
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quantitative computed tomography (QCT) measurement < 120 mg/cm3 

[14]. CAD was defined as having at least 50% stenosis in at least one 
major coronary artery [15]. There were no date limitations. Results were 
limited to English. 

Two authors (CK and KV) screened titles and abstracts to identify 
potential studies. Full text reviews were then conducted to identify 
studies to be included in the review. A third author (SP) was to be 
consulted if there was any disagreement. 

All data were extracted by one author (CK). The primary end point 
was to examine any association between low BMD and CAD. If a study 
did not report an odds ratio but included sufficient detail for an odds 
ratio to be calculated, it was still eligible for the review. 

One author (CK) assessed methodologic quality of studies included in 
this review. The modified Newcastle Ottawa Score [16] as described 
elsewhere [17] was used to objectively assess bias in observational 
studies selected for review. A second author (SP) was to be consulted if 
there was any indecision. 

The primary endpoint was pooled from included studies using a 
random effects model given the anticipated heterogeneity. An a-priori 
decision was made to analyse unadjusted odds ratios (ORs) and adjusted 
ORs from included studies separately. Three subgroup analyses were 

conducted. The first subgroup analysis was to investigate any difference 
between sexes. The second subgroup analysis was to investigate any 
difference across the coronary imaging modalities. The third subgroup 
analysis was to investigate any regional differences by geographic 
location. ORs were used as the summary effect, along with 95% confi-
dence intervals (CIs). If ORs were calculated using study data available, 
significance was determined using Pearson’s Chi-Square test. If any cell 
in a derived 2x2 frequency table had a small frequency (n < 5), Fischer’s 
exact Test was used instead. If any cell had a zero-value, a Haldane- 
Anscombe correction was applied [18]. Two-sided p-values were 
determined and considered significant if p < 0.05. Statistical heteroge-
neity was assessed using the Cochrane Q test and Higgin’s I2 statistic. 
Publication bias was assessed by funnel plot asymmetry using Egger’s 
regression test. A post-hoc analysis to determine potential sources of 
heterogeneity was conducted by analysing the influence of each trial to 
the Cochrane Q-test for heterogeneity and overall treatment effect as 
described elsewhere [19]. 

All analyses were performed by using Review Manager (RevMan 
version 5.3; Cochrane Collaboration, Oxford, United Kingdom) and R (R: 
A Language and Environment for Statistical computing, Vienna, 
Austria). 

Fig. 1. Flow diagram of study selection as per PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analysis).  
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3. Results 

A total of 2258 unique records were identified though initial 
searching. Of these, 2197 records were excluded by screening their titles 
and abstracts. A full text review was conducted of the remaining 61 
records, of which 40 were removed as they did not examine any asso-
ciation between CAD and low BMD. Nine records were then removed as 
they did not meet the pre-specified definition of CAD. Two further re-
cords were removed as they only compared multi-vessel disease against 
single vessel disease. Thus, 10 full articles [20–29] were selected for 
inclusion in the review and meta-analysis. This is summarised in the 
accompanying PRIMSA flowchart (see Fig. 1). 

The characteristics of included studies are summarised in Table 1. 
There were a total of 4156 patients across 10 studies of which 59% were 
female. The mean age of the total cohort was 61 years with a standard 
deviation (SD) of 10 years. The prevalence of CAD in study cohorts 
ranged from 9 to 90%, whilst the prevalence of low BMD ranged from 21 
to 75%. There was a notable clinical heterogeneity in baseline clinical 
characteristics across all the included studies. Almost all studies 
measured BMD using Dual Energy X-ray Absorption (DEXA) scanning (n 
= 11), in which the lumbar spine was the most common site. Invasive 
coronary angiography was the most common modality to detect CAD. 

The risk of bias assessment can be viewed in Supplementary Material 
2. There was a variable range of quality in studies included in this review 
and meta-analysis. The median modified Newcastle Ottowa Score was 
7.5 with an inter-quartile range from 5 to 9. 

All 10 studies were pooled together in a meta-analysis as shown in 
Fig. 2. There was a significant positive association between low BMD 
and CAD (OR 1.65, 95%CI 1.37–2.39, p < 0.01). There was significant 
statistical heterogeneity evidenced by Cochrane Q test (χ2 = 40.88, df =
9, p < 0.01) and Higgin’s I2 test (I2 = 78%). A funnel plot examining all 
included studies is illustrated in Fig. 3. Egger’s regression analysis did 
not show funnel plot asymmetry (В0 = 1.233, p = 0.44). 

Subgroup analyses may be viewed in Supplementary Material 3. A 
subgroup analysis examining males and females separately was not 
statistically significant in either group (Males: OR 1.53, 95%CI 
0.62–3.77, p = 0.35; Females: OR 1.46, 95%CI 0.91–2.34, p = 0.13). 
There was significant statistical heterogeneity in both subgroups 
respectively (Males: χ2 = 11.67, df = 3, p < 0.01, I2 = 74%; Females: χ2 

= 13, df = 4, p = 0.01. I2 = 68%). A second subgroup analysis examined 
studies which used invasive coronary angiography and non-invasive 
computer tomography coronary angiography (CTCA) separately. Both 
imaging modalities favoured an associated between low BMD and CAD 
(CTCA: OR 1.89, 95%CI 1.50–2.37, p < 0.01; Coronary Angiogram: OR 
1.64, 95%CI 0.99–2.71, p = 0.06). There was no statistically significant 
difference across these two groups (p = 0.62). There was no significant 
heterogeneity across the two studies in the CTCA subgroup (χ2 = 0.00, 
df = 1, p = 1, I2 = 0%). A third subgroup analysis examined for 
geographic regional variation amongst the included studies. All included 
regions favoured a positive association between low BMD and CAD but 
were not statistically significant. There was no statistical difference 
between subgroups (p = 0.34). 

A post-hoc analysis was conducted to assess which studies were 
contributing most to the identified heterogeneity, using methods 
described elsewhere [19]. The Baujat plot in Fig. 4 illustrates that het-
erogeneity was mostly contributed by two studies (Beer et al. and 
Iranpour et al.) [24,26]. A repeat meta-analysis excluding these two 
studies showed a greater effect size (OR 2.00, 95%CI 1.67–2.40, p <
0.01) with no statistically significant heterogeneity (χ2 = 6.70, df = 7, p 
= 0.46, I2 = 0%). 

A total of 4 studies also reported adjusted odds ratios, accounting for 
several risk factors (Supplementary Material 4). These risk factors 
differed between studies. A pooled analysis (Fig. 5) of these studies did 
not show a statistically significant association between low BMD and 
CAD (OR 3.01, 95%CI 0.91–9.99, p = 0.07). There was significant sta-
tistical heterogeneity with this result (χ2 = 23.92, df = 3, p < 0.01, I2 =

87%). 

4. Discussion 

Our results suggest that there is a statistically significant positive 
association between low BMD and CAD. There was also significant sta-
tistical heterogeneity, which was not explained by the three subgroup 
analyses performed (sex, coronary imaging modality, and geographic 
variation). The source of heterogeneity appeared to be derived from the 
inclusion of two studies (Iranpour et al. and Beer et al.) [24,26]. It is 
unclear why these two studies contributed such significant heteroge-
neity. Whilst Beer et al. [24] surveyed a male-only population, this was 

Table 1 
Baseline characteristics of included studies.  

Author (Year) Study 
Design 

Country Age 
(SD) 

Population (% 
female) 

Smoking 
Hx 

DM HTN LDL 
(SD) 

CAD 
test 

CAD Low 
BMD 

BMD 
method 

BMD location 

Marcovitz 
(2005) 

Cross- 
sectional 

USA 67 
(11) 

n = 209 (88) 10%^ 23% 75% – CA 56% 75% DEXA Lumbar spine, 
femur, radius 

Erbelin (2007) Cross- 
sectional 

Turkey 64(9) n = 47 (0) 34%^ 34% 28% 95 
(33) 

CA 68% 40% DEXA Lumbar spine, 
femur, radius 

Tekin (2008) Cross- 
sectional 

Turkey 60(9) n = 216 (100) 16%^ 27% 74% – CA 50% 77% DEXA Lumbar spine 

Varma (2008) Cross- 
sectional 

USA 66(6) n = 198 (74) 26%^ 26% 72% – CA 63% 67% DEXA Lumbar spine, 
left hip 

Beer (2010) Cross 
sectional 

Austria 64 
(11) 

n-623 (0) 71% 27% 80% 125 
(40) 

CA 65% 44% DEXA Lumbar spine, 
hip 

Hajsadeghi 
(2011) 

Cross- 
sectional 

Iran 59(8) n = 119 (48) 81% 31% 57% 100 
(32) 

CA 33% 79% DEXA Lumbar spine, 
femur 

Iranpour 
(2014) 

Cross- 
sectional 

Iran 56 
(10) 

n = 216 (47) 48%^ 25% 27% – CA 54% 69% DEXA Lumbar spine*, 
femur 

Alissa (2015) Case- 
control 

Saudia 
Arabia 

63(8) n-178 (100) 7% 41% 57% 96 
(31) 

CA 49% 42% DEXA Femoral neck 

Lee (2016) Cross- 
sectional 

South 
Korea 

65(8) n = 863 (100) 3%^ 15% 42% 126 
(38) 

CTCA 9% 69% DEXA Lumbar spine, 
Femoral neck 

Therkildsen 
(2019) 

Cross- 
sectional 

Denmark 57(9) n = 1487 (47) 52% 5% 35% – CTCA 23% 53% QCT Lumbar spine 

Abbreviations: CA = Coronary Angiography, CAD = Coronary Artery Disease, CT = Computed Tomography Coronary Angiogram, DEXA = Dual energy X-ray Ab-
sorption, QCT = Quantitative Computed Tomography, SD = Standard Deviation. Units: Age (years), LDL (mg/dl). 

* Data in our meta-analysis was only used for lumbar spine BMD measurements as this dataset was complete for both males and females. 
^ Data only available for current smokers. 
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not the only study to do so. Baseline characteristics were comparable to 
other studies, although Iranpour et al. [26] and Beer et al. [24] had the 
lowest and highest proportion of patients with hypertension respec-
tively. There were no major methodological differences in these two 
studies. There is likely underlying clinical heterogeneity that is difficult 
to explore given the lack of individual level patient data. Reassuringly, 
the direction and magnitude of effect size after the exclusion of these 
two studies from the meta-analysis was similar. An appropriate random- 
effects model was used in the context of this significant heterogeneity. 

After pooling studies with adjusted multivariate analyses only, there 
was a positive association between low BMD and CAD; however, this 
result was marginally insignificant (p = 0.07). Hence there may be merit 
in conducting further studies which account for multiple confounders to 
explore whether our pooled result may represent a type II error. The 
heterogeneity of this analysis (Fig. 5) was very high (I2 = 87%), thus it is 
difficult to interpret the generalisability of this result. This heterogeneity 
can be partly explained by the range of differing confounders present 
across the 4 studies. 

In order to explain this observed univariate association between low 
BMD and CAD, there has been interest in the role of secretory proteins in 
the bone-vascular axis [30]. OPG has been postulated to have a central 

Fig. 2. Pooled meta-analysis of studies examining a univariate association between BMD and CAD. BMD = Bone mineral density, CAD = Coronary artery disease, CI 
= Confidence interval, IV = Inverse-variance. 

Fig. 3. A funnel-plot of all included studies in this meta-analysis.  

Fig. 4. Baujat Plot showing the influence of studies on effect size and heterogeneity.  
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role in the dysregulation of the bone-vascular axis, however the evi-
dence is mixed. Initial studies in mice showed that lack of OPG led to 
early osteoporosis and vascular calcifications [11]. However other in- 
vitro studies suggest OPG contributes to both systemic and vascular- 
specific inflammation by increasing macrophage infiltration and pro-
moting vascular medial fibrosis [31–34]. A recent meta-analyses [12] 
showed that elevated circulating OPG in patients at high risk for car-
diovascular disease was associated with higher risk of cardiovascular 
events. Klotho is another mediator implicated in the bone-vascular axis; 
a co-factor for fibroblast growth factor receptor shown to reduce both 
osteogenic capacity and osteoclastogenesis [35]. Klotho-deficient mice 
are shown to exhibit severe osteoporosis and progressive atherosclerosis 
[36]. Furthermore, low circulating levels of klotho were recently shown 
to predict macrovascular outcomes in patients with type 2 diabetes [10]. 

There has also been recent interest in the role of vascular smooth 
muscle cells (VSMCs) in arterial calcification. These calls are known to 
display diverse plasticity, and have been shown to transdifferentiate into 
osteoblastic cells in response to inflammation [37]. Inflammatory cy-
tokines derived from M1-macrophages such as interleukin-1β (IL-1β), 
interleukin-6 (IL-6) and tumor necrosis factor α (TNF-α) have all been 
shown to drive this osteogenic differentiation of VSMCs [38,39]. TNF-α 
has been shown to activate the osteogenic program of VSMCs via Msx2- 
Wnt signalling in animal studies [40]. IL-1β has also been shown to in-
crease VSMC driven calcification in-vitro [41]. Interestingly, inhibition 
of the NLP3 inflammasome complex, known to be key in IL-1β produc-
tion, was shown to inhibition vascular calcification [41]. Kurozumi et al. 
[42] showed that VSMCs differentiation in-vitro into osteoporosis-blast 
like cells was also regulated by IL-6. 

Moreover, higher levels of caspase-dependent inflammatory cyto-
kines IL-1β, IL-6 and IL-18 are key mediators in plaque development and 
de-stabilisation [43]. These cytokines are shown to be predictive of CAD, 
independent of traditional risk factors [43,44]. Pro-inflammatory cyto-
kines such as IL-6 and TNF-α have also been shown as potent stimulators 
of bone resorption [45,46]. Hence the association between bone disease 
and CAD may be explained by a heightened inflammatory state. This is 
already seen in inflammatory conditions such as systemic lupus ery-
thematosus and rheumatoid arthritis [45]. 

The pattern of calcification may also play a role in susceptibility to 
acute coronary syndromes [39]. Menini et al. [47] showed a higher 
expression of interferon γ and TNF-α in unstable plaques versus stable 
plaques, in which micro-calcifications were more prevalent compared to 
macro-calcification. This phenomenon has been reflected in more recent 
imaging studies, with the presence of micro-calcifications signalling 
vulnerable plaque. High resolution CT imaging of fibrous cap have 
shown areas increased local stress to correlate with micro-calcific de-
posits [48]. Moreover, intravascular optical computed tomography- 
based studies have showed spotty calcification to be an independent 
predictor of plaque rupture [49,50]. VSMCs are thought to drive this 
development of these micro-calcific deposits in the intimal wall, thus 
weakening its integrity and increasing the risk of rupture [51]. 

Similar to the results of our meta-analysis, a large study (n = 1824) 
based in China [52] examined the potential relationship between oste-
oporosis and CAD and showed mixed results. The univariate analysis 

showed a statistically significant positive association (OR 1.65, p =
0.002). The multivariate analysis, however, adjusting for age, smoking, 
alcohol intake, education, and medical therapy history did not show a 
statistically significant association (OR 1.39, p = 0.08). This study was 
excluded from the meta-analysis due to its wide ranging definition of 
CAD, which included any of the following; (i) a history of angina/ 
myocardial infarction; (ii) a history of coronary artery revascularization 
procedures or a history of documented 50% stenosis is ≥1 major coro-
nary arteries on coronary angiography; or (iii) regional wall-motion 
abnormalities on rest echocardiography. 

There is also mixed data regarding the role of statin therapy on the 
risk of osteoporosis. Mechanistic in-vitro studies and animal models 
have demonstrated that statins augment osteoblastic activity by stimu-
lating production of bone morphogenic protein-2 (BMP-2) [53]. Statins 
have also been shown to inhibit osteoclastic activity by reducing 
mevalonate synthesis, and down-regulating receptor activator of nuclear 
factor kappa-В ligand (RANKL) (an OPG ligand) expression; which in 
turn up-regulates OPG expression [54,55]. However, statins also sup-
press hepatic cholesterol synthesis, which can inhibit sex hormone 
(estradiol and testosterone) production, and subsequently reduce BMD 
[42]. Several observational and cohort studies have indicated a lower 
fracture risk and higher BMD in statin users, but post-hoc analyses of 
large randomised trials have failed to affirm these findings [55]. A large 
population-based European cohort study [56] showed that osteoporosis 
is underrepresented at lower doses (OR 0.39–0.70, p < 0.01) and 
overrepresented at higher doses (OR 1.64–2.04, p < 0.01) of statins; 
suggesting a dose-dependent effect on bone metabolism. 

There is mixed evidence when comparing the effects of low BMD on 
the severity of CAD. Xu et al. showed that T-scores at the femoral neck 
were independent predictors of Gensini scores on CT angiography in 
their multiple regression model; which also included age, body mass 
index (BMI), hypertension and diabetes [57]. Guan et al. showed more 
significant multi-vessel CAD (OR 4.34, 95%CI 2.05–9.20, p < 0.01) in 
those with osteoporosis at the femoral neck in their multivariate model; 
accounting for age, gender, BMI, smoking, hypertension, diabetes, hy-
percholesterolemia and serum creatinine levels [58]. However, there 
was no significant association when looking at the BMD of the lumbar 
spine. It is unclear why there is an observed difference between the two 
sites of BMD testing. Bagger et al. hypothesised that unilateral blood 
supply of the proximal femur was more vulnerable to atherosclerotic 
disease compared to the bilateral blood supply of vertebrae [59]. Both 
studies were excluded from our meta-analysis as they only compared 
multi-vessel against simple coronary disease. Neither study had control 
arms comprised of patients free of coronary disease. 

Calcium and vitamin D supplementation are commonly prescribed in 
the initial management of low BMD. Whilst the cardiovascular safety of 
vitamin D is well-established [60], the safety of calcium supplementa-
tion has been a point of scientific controversy. A 2016 meta-analysis 
[61] of 4 randomized controlled trials formed the basis of the recom-
mendation by the National Osteoporosis Foundation that calcium with 
or without vitamin D had no relationship to the risk of cardiovascular 
disease [62]. However, a more recent meta-analysis [63] pooling 12 
randomized controlled trials suggested that calcium supplementation 

Fig. 5. A pooled meta-analysis of all studies with adjusted odds ratios. BMD = Bone mineral density, CAD = Coronary artery disease, CI = Confidence Interval, IV =
Inverse-variance, SE = Standard Error. 
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increased the risk of CAD by 8% (RR 1.08 95%CI 1.02–1.22 I2 = 0%). 
Sub-analyses revealed a greater association when calcium was supple-
mented alone (RR 1.20 95%CI 1.08–1.33), and a lack of association 
when calcium and vitamin D were supplemented together (RR 1.02 95% 
CI 0.95–1.10). A ten-year follow up of the MESA study [64] suggested a 
slight increase in risk of coronary artery calcification with calcium 
supplementation (RR 1.12 95%CI 1.00–1.26, p = 0.047). There is little 
evidence to suggest that dietary calcium is similarly associated with 
cardiovascular risk [65]. 

One of the biggest limitations of this meta-analysis is the significant 
degree of clinical and methodological heterogeneity across all included 
studies. Statistical heterogeneity was high at 78% (Fig. 2). Subgroup 
analysis by sex, coronary imaging modality, and geographic variation 
could not account for this heterogeneity. Furthermore, given the 
observational nature of included studies, we cannot determine the un-
derlying cause of this association between low BMD and CAD. Adjust-
ment for co-variates was inconclusive, given the differing confounders 
across the 4 studies and the subsequent large statistical heterogeneity. 
Finally, the risk of bias assessment was conducted by only one author 
(CK), which may serve as a source of bias for this review. 

Unlike previous meta-analyses [66–68], we used strict definitions of 
CAD (≥50% stenosis in ≥1 vessel) and low BMD (T-score ≤ − 1 OR QCT 
≤ 120 mg/cm3). Using 50% as a threshold for potentially haemody-
namically significant stenosis has been a historical clinical standard for 
publications. Furthermore, most of the literature has used the binary 
cut-off of 50% stenosis and above in validating CTCA against invasive 
coronary angiograms. Hence using a more stringent definition for cor-
onary artery stenosis is likely to correspond to more clinically significant 
coronary artery disease. Other meta-analyses have a more ambiguous 
definition of coronary disease [66–68]. These strict definitions also 
reduce heterogeneity amongst the included studies compared to other 
systematic reviews. A previous review by Zhang et al. [66] was trending 
towards but did not show a statistical significant association between 
low BMD and CAD (OR 1.50, 95%CI 0.99–2.52, p = 0.56). This may 
reflect a Type II error, given our more contemporary review has a larger 
sample size with a statistically significant result. Meta-analyses by Ye 
et al. [67] and Veronese et al. [68] also showed statistically significant 
results, although these studies had a broader scope than coronary artery 
disease. The former showed an association between low BMD and 
atherosclerotic disease (ie. including carotid and peripheral vascular 
disease). Veronese et al. [68] showed an association between low BMD 
and cardiovascular disease, without necessarily requiring objective im-
aging evidence of coronary artery disease. 

In conclusion, low BMD is associated with CAD; however, it is un-
clear whether this result is confounded by common risk factors given the 
heterogeneity between the study populations and methodologies. 
Inflammation is postulated to be the common pathobiological basis 
driving these two processes. Further large-scale epidemiological studies 
are required to better address this question. 

Funding 

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Appendix A. Supplementary material 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ijcha.2021.100891. 

References 

[1] World Health Organization, Cardiovascular diseases (CVDs) [Fact Sheet], 2017. 
Retrieved from https://www.who.int/en/news-room/fact-sh 
eets/detail/cardiovascular-diseases-(cvds). 

[2] S. Allener, V. Peto, P. Scarborough, A. Kaur, M. Rayner, Coronary Heart Disease 
Statistics 2008 Edition: British Heart Foundation Promotion Research Group, 
University of Oxford, 2008. 

[3] World Health Organization, WHO Scientific Group on the assessment of 
Osteoporosis at Primary Health Care Level [Report], 2007. Retrieved from https:// 
www.who.int/chp/topics/Osteoporosis.pdf. 

[4] M. Frysz, K. Deere, D.A. Lawlor, L. Benfield, J.H. Tobias, C.L. Gregson, Bone 
mineral density is positively related to carotid intima-media thickness: findings 
from a population-based study in adolescents and premenopausal women, J. Bone 
Miner. Res. 31 (12) (2016) 2139–2148. 

[5] S.N. Kim, H.S. Lee, H.S. Nam, H.R. Lee, J.M. Kim, S.W. Han, et al., Carotid intima- 
media thickness is inversely related to bone density in female but not in male 
patients with acute stroke, J. Neuroimaging 26 (1) (2016) 83–88. 

[6] D. Liu, L. Chen, S. Dong, Z. Peng, H. Yang, Y. Chen, et al., Bone mass density and 
bone metabolism marker are associated with progression of carotid and cardiac 
calcified plaque in Chinese elderly population, Osteoporos. Int. 30 (9) (2019) 
1807–1815. 

[7] P. Szulc, E.J. Samelson, D.P. Kiel, P.D. Delmas, Increased bone resorption is 
associated with increased risk of cardiovascular events in men: the MINOS study, 
J. Bone Miner. Res. 24 (12) (2009) 2023–2031. 
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