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Abstract

An increasing evidence base suggests that low bone mineral density (BMD) and fractures are 

associated with cardiovascular disease (CVD). We conducted a systematic review and meta-

analysis summarizing the evidence of low BMD and fractures as risk factors for future CVD. Two 

independent authors searched major databases from inception to 1st August 2016 for longitudinal 

studies reporting data on CVD incidence (overall and specific CVD) and BMD status and 

fractures. The association between low BMD, fractures and CVD across longitudinal studies was 

explored by calculating pooled adjusted hazard ratios (HRs)±95% confidence intervals (CIs) with 

a random-effects meta-analysis. Twenty-eight studies (18 regarding BMD and 10 fractures) 

followed-up a total of 1,107,885 participants for a median of 5 years. Taking those with higher 

BMD as the reference, people with low BMD were at increased risk of developing CVD during 

follow-up (11 studies; HR=1.33; 95%CI: 1.27-1.38; I2=53%), after adjusting for a median of 8 

confounders. This finding was confirmed using a decrease in one standard deviation of baseline 

BMD (9 studies; HR=1.16; 95%CI: 1.09-1.24; I2=69%). The presence of fractures at baseline was 

associated with an increased risk of developing CVD (HR=1.20; 95%CI: 1.06-1.37; I2=91%). 

Regarding specific CVD, low BMD was associated with an increased risk of developing coronary 

artery disease, cerebrovascular conditions, and CVD associated death. Fractures at baseline was 

associated with an increased risk of cerebrovascular conditions and death due to CVD. In 

conclusion, low BMD and fractures are associated with a small, but significant increased risk of 

CVD risk and possibly death.
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Introduction

Low bone mineral density (BMD) and osteoporosis are common public health concerns, 

particularly among women, and greatly predispose an individual at increased risk of 

experiencing a fracture.(1) It has been estimated that about 30% of postmenopausal women 

in developed countries have osteoporosis and at least 40% of women and 15–30% of men 

with osteoporosis will sustain a fracture.(1) Improving bone health and in particular 

preventing fractures are key to reduce the burden on the individual and healthcare systems.

(2)

For over than 30 years, attention has considered the potential for people with low BMD 

being at increased risk of developing cardiovascular disease (CVD), a leading cause of 

mortality in the Western world.(3) A number of potential reasons might explain this possible 

relationship between poor bone health and CVD. This includes the notion that low BMD and 

CVD share some common pathways(4,5), that people with low BMD have higher prevalence 

of vascular calcifications than people with normal BMD (6–9), and that some common 
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conditions present in people with low BMD (such as low physical activity and vascular 

calcifications) have been identified as a key predictors of CVD. (4,5,10–14) Given the fact 

that CVD is a leading cause of premature mortality, understanding if low BMD is a potential 

CVD risk factor is of high importance. However, to date, individual studies have lacked 

clarity and to date no comprehensive meta-analysis exists(4), except for a previous meta-

analysis including 4 studies that suggested that low BMD was associated with a higher risk 

of CVD death, but not death due to stroke.(15)

There is some evidence to suggest that people who have experienced fractures are at 

increased risk of CVD.(16) Whilst it is acknowledged that CVD increases the risk of 

fractures (17), less is known whether such relationship is reciprocal.

Given the potential relationship between poor bone health (population) and incident CVD 

(outcome), the aim of the current systematic review and meta-analysis was to compare the 

incidence of CVD in longitudinal studies (study design), adjusted for potential confounders, 

between people with low BMD or fractures with people with higher BMD values or no 

fractures. We hypothesized that low BMD and fractures would be associated with a 

significant increased risk of developing CVD and associated mortality independent of 

pertinent confounders.

Methods

This systematic review was conducted according to the Strengthening the Reporting of 

Observational Studies in Epidemiology [STROBE] criteria(18) and the recommendations in 

the Preferred Reporting Items for Systematic Reviews and Meta-Analyses [PRISMA] 

statement.(19)

Search strategy

Two independent authors (BS, MS) searched for longitudinal studies considering BMD, 

osteoporosis, fractures, and CVD. Major databases (PubMed, EMBASE, SCOPUS) were 

searched from inception until 01st August 2016, without language restrictions. The search 

strategy used in Pubmed is reported in Supplementary Table 1. An identical search strategy 

was conducted in the other databases.

Eligibility criteria and study selection

Articles were eligible that: (1) included people with low BMD (defined using any validated 

tool for the assessment of BMD, such as Dual-energy X-ray absorptiometry or DXA, 

quantitative ultrasounds or QUS, or through medical/insurance records) or fractures (at any 

skeletal site); (2) had a longitudinal design; (3) included a control group (e.g. with higher 

BMD values or without fractures); (4) reported the incidence of any type of CVD (reported 

via medical records, self-report or ICD codes) assessed through a Cox’s regression analysis. 

This method allows for adjustment for potential confounders and competing risks.(20)

Studies were excluded if they: (1) included a control group consisting of people with a 

condition known to affect BMD (e.g. osteopenia or bone metastasis); (2) considered non-

osteoporotic fractures; (3) reported only sub-clinical estimates of CVD; (4) investigated the 
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CVD risk due to the use of a medication (e.g. bisphosphonates) in people with low BMD/

osteoporosis. If two studies were reported from the same cohort, the largest and/or most 

recent study was included. Two authors (BS, MS) developed a list of included studies 

independently and third author (NV) was available for mediation. References of included 

articles included were hand-searched to identify additional, potentially relevant publications. 

Conference abstracts were also considered in our databases searches, and in such instances, 

we contacted the corresponding authors to acquire the data to enable inclusion.

Data extraction

To be included in the quantitative synthesis, studies had to provide data on risk estimates for 

any-type or specific CVD via Cox’s regression analysis, i.e. as hazard ratios (HRs), together 

with 95% confidence interval [95%CI]. When data were reported in another format rather 

than HRs (e.g. incidence rate, odds ratios), the corresponding author was contacted twice in 

a month period with a request for the HRs capturing the association between BMD/fractures 

with incident CVD.

Two authors (BS, MS) independently recorded data extracted from the selected studies into a 

standardized Microsoft Excel spreadsheet. Any disagreement was resolved by consensus or, 

if required, discussion with a third author (NV). The following information was extracted for 

each study: i) study characteristics (e.g. sample size, demographics, country in which the 

study was performed); ii) study setting; iii) follow-up (in years); iv) number and type of 

covariates used in the multivariate analyses; v) use of matching criteria; vi) methods of 

assessment of the exposure and outcome variables of interest (defined below).

When two groups were compared in each study (e.g. low vs. higher BMD or fractures vs. no 

fractures), the differences in prevalence of known CVD risk factors (diabetes, hypertension, 

obesity, smoking, previous CVD) were also extracted.

Outcomes

The primary outcome was the risk of any-type of CVD according to BMD status (evaluated 

in groups or as decrease in one standard deviation, SD) or presence of fractures (versus no 

fracture) at the baseline, assessed through HRs. Secondary outcomes included the risk for 

specific CVD, including: coronary heart disease (CHD), i.e. unstable angina and myocardial 

infarction; cerebrovascular disease (stroke and transient ischemic attack, TIA); heart failure, 

peripheral vascular disease (PVD); death due to CVD. Co-secondary outcomes were the 

pooled HRs by each site of fractures or to site of BMD assessment.

Assessment of study quality

The Newcastle-Ottawa Scale (NOS) (21) was used to evaluate the quality of included 

studies. The NOS assigns a maximum of 9 points to studies of highest quality according to 

three quality parameters: selection, comparability, and outcome.

Statistical analysis

A random effects meta-analysis was undertaken using Comprehensive Meta-Analysis 

(CMA) version 3 to account for the anticipated heterogeneity.(22) In primary analyses, 
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pooled HRs and 95% CI were calculated to synthesize data from longitudinal studies. For 

each study, we included the HR adjusted for the highest number of covariates available. The 

summary HR with its 95% CI was calculated for the highest versus the lowest category of 

BMD values and for fractures vs. no fractures group. In secondary analyses, the same 

procedure was applied using specific CVD as outcome and by BMD/fracture site.

Study heterogeneity was assessed using the chi-squared and I-squared statistics, assuming 

that a p<0.05 for the former and a value ≥50% for the latter indicated a significant 

heterogeneity.(23) Whenever significant heterogeneity existed and ≥4 studies were available, 

a meta-regression analysis was performed examining the following pre-specified 

moderators: continent (Europe, Asia vs. others), setting (community-dwelling vs. others), 

use of a matching criterion between low and higher BMD or fracture versus no fracture (yes 

vs. no), assessment of BMD (categorized as DXA, QUS vs. other techniques) or fractures 

(self-reported vs. medical records), number of adjustments, follow-up period, mean age and 

percentage of women in the sample as whole. Where possible, differences in prevalence of 

possible CVD at the baseline were assessed as potential moderators.

Publication bias was assessed by visually inspection of funnel plots and using the Egger bias 

test.(24) When ≥3 studies were available, we used the Duval and Tweedie nonparametric 

trim-and-fill method to account for potential publication bias. Based on the assumption that 

the effect sizes of all the studies are normally distributed around the center of a funnel plot, 

in the event of asymmetries, this procedure adjusts for the potential effect of unpublished 

(trimmed) studies.(24)

Results

The search identified 5,642 non-duplicated, potentially eligible studies. After excluding 

5,598 papers on the grounds of a review of their titles and abstracts, 45 full-text articles were 

examined. Of the full texts, 17 were excluded (mainly because they were reviews, not having 

meta-analyzable data or were duplicated study reports) (see Supplementary Table 2 for full 

details) and 28 articles (25–52) were finally included in our meta-analysis (Supplementary 

Figure 1).

Study and patient characteristics

As reported in Supplementary Table 3, the 28 studies (25–52) followed-up 1,107,885 

participants for a median follow-up period of 5 (range: 2.25-22) years. The mean age of the 

participants was 65.3±8.0 years and they were predominantly women (64.4%). The median 

number of adjustments in the multivariate analyses was 8 (range: 0-13). In total, 18 studies 

included a matching criterion (mainly for sex and age) between cases and controls at the 

baseline.

The studies were mainly done in Asia (n=11), followed by Europe (n=9) and North America 

(n=5). Twenty-one studies were performed among community-dwellers.

Eighteen studies investigated BMD as exposure variable (participants = 127,031), whilst the 

other 10 the presence of fractures (participants = 980,854). BMD was analyzed through 
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DXA in 12 studies, followed by QUS (n=2), insurance records (n=2), radioactive iodine 

source (n=1) and radiographic absorptiometry of the left hand (n=1). Regarding the site of 

fractures, hip fracture was the most commonly investigated (n=7), followed by vertebral 

fractures (n=2), and one study (46) explored numerous skeletal sites (any site, hip and 

vertebral fracture). Three studies reported the presence of fracture via self-report, three 

employed medical/insurance records, two used radiological data and, finally, two others 

recorded fracture following hospitalization due to the fracture (Supplementary Table 3).

None of the studies investigated the onset of CVD reported via self-report information. The 

most common CVD reported outcomes were CVD related death (n=13) followed by CHD 

(n=12) and cerebrovascular conditions (n=12).

Potential sources of bias and methodological quality

The median NOS score was 7, with a range between 4 and 9, indicating a sufficient quality 

of the studies included. The most common source of bias was the absence of sufficient 

information regarding the people lost during follow-up.

Findings regarding bone mineral density in groups and cardiovascular disease

The analyses regarding BMD were divided in studies reporting HRs for groups and those 

reporting estimates for a decrease in one SD in BMD.

As reported in Figure 1, taking people with higher BMD as the reference group, people with 

lower BMD had an increased risk of developing CVD during follow-up (11 studies 

(28,31,35,36,38–40,42,43,51,52); HR=1.33; 95%CI: 1.27-1.38; p<0.0001; I2=53%). The 

trim and fill analysis reported an HR of 1.32 (95%CI: 1.18-1.48), after adjusting for 8 

studies to the left of the mean.

a Subgroup analysis of bone site and cardiovascular disease—The association 

between low BMD and CVD incidence was significantly increased for studies investigating 

BMD at the calcaneus, femoral neck, total hip, total body and using a diagnosis of 

osteoporosis for defining low BMD, whilst no significant association emerged for the other 

sites included (p for interaction=0.02).

b Subgroup analysis regarding bone mineral density and specific 
cardiovascular disease and mortality—Low BMD was associated with a higher risk 

of CHD (3 studies (28,42,51); HR=1.31; 95%CI: 1.25-1.38; p<0.0001; I2=82%), 

cerebrovascular conditions (5 studies (35,39,42,51,52); HR= 1.22; 95%CI: 1.12-1.34; 

p<0.0001; I2=83%) and death due to CVD reasons (3 studies (31,36,38); HR=1.52; 95%CI: 

1.04-2.22; p=0.03; I2=52%). However, the trim and fill analysis nullified the association 

between low BMD with cerebrovascular diseases and death due to CVD, suggesting that 

publication bias may influence these results (Table 1). Finally, one study (51) reported that 

low BMD was associated with a significant higher risk of heart failure of 26% (95%CI: 

1.10-1.43, p=0.001).
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Decrease in bone mineral density and cardiovascular disease

Figure 2 shows the association between a decrease in one SD in BMD at baseline and 

incident CVD. Each decrease in one SD of BMD corresponded to an increased risk of CVD 

at follow-up of 16% (9 studies, participants = 29,764 (32,38,41,44,47,49,52–54); HR=1.16; 

95%CI: 1.09-1.24; p<0.0001; I2=69%). After adjusting for publication bias and trimming 7 

studies to the left of the mean, the adjusted HR was 1.11 (95%CI: 1.00-1.25).

a Subgroup analysis of bone site and cardiovascular disease—The association 

with incident CVD was significant for BMD assessed at calcaneus, femoral neck and total 

hip. Table 2 shows the association between a decrease in one SD in BMD at baseline and the 

onset of specific CVD at follow-up.

b Subgroup analysis regarding reduction in bone mineral density and 
specific cardiovascular disease and mortality—Each decrease in one SD of BMD at 

baseline corresponded to an increase risk of CHD at follow-up of 44% (1 study with two 

estimates (49); HR=1.44; 95%CI: 1.25-1.66; p<0.0001; I2=0%), of stroke and TIA of 28% 

(3 studies (25,37,52); HR=1.28; 95%CI: 1.18-1.39; p<0.0001; I2=93%) and death for CVD 

reasons of 22% (6 studies (25,37,38,41,47,52); HR=1.22; 95%CI: 1.14-1.30; p<0.0001; 

I2=77%). However, the trim and fill analysis nullified this last association (Table 2).

Meta-analysis of the relationship between fractures and cardiovascular disease

Ten studies (26,27,29,30,33,45,46,48,50,55) reported the association between fractures and 

the onset of CVD at follow-up. As shown in Figure 3, the presence of fractures at baseline 

was associated with an increased risk of CVD (HR=1.20; 95%CI: 1.06-1.37; p=0.004; 

I2=91%). After trimming 3 studies at the left of the mean, the adjusted HR was 1.25 

(95%CI: 1.05-1.48). In a sensitivity analysis, after removing a study including the majority 

of the people of this meta-analysis (50), the HR was 1.33 (95%CI: 1.08-1.64) with an 

I2=87%. This outcome was not affected by publication bias and the updated trim and fill 

analysis did not modify these findings.

a Site of fractures and cardiovascular disease—The presence of hip (HR=1.48; 

95%CI: 1.22-1.80; p<0.0001; I2=85%) and vertebral fractures (HR=1.26; 95%CI: 1.02-1.55; 

p=0.04; I2=65%) significantly increased the risk of CVD, whilst one study (46) reported that 

the presence of any fracture reduced the risk of incident CVD in people hospitalized for 

CHD.

b Fractures and type of cardiovascular disease—As reported in Table 3, the 

presence of fractures increased the risk of both cerebrovascular conditions (4 studies 

(27,33,50,55); HR=1.47; 95%CI: 1.42-1.54; p<0.0001; I2=93%) and death for CVD (3 

studies (29,30,48); HR=1.78; 95%CI: 1.09-2.91; p=0.02; I2=75%), but not of CHD. 

Publication bias did alter these findings. Finally, one study reported that people with 

fractures had a similar chance to develop PVD in one study (HR=1.06; 95%CI: 0.91-1.23, 

p=0.44).(34)
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Meta-regression and sensitivity analyses

The meta regression analyses are reported in Supplementary Table 5 for moderators treated 

as continuous variables. We were not able to identify any significant moderator of the 

heterogeneity for the BMD analyses. However, when considering fractures as the exposure, 

the number of adjustments in the multivariate analyses was negatively associated with the 

incidence of CVD (beta: -0.07; 95%CI: -0.13 to -0.01), although this parameter did not 

explain any heterogeneity (R2=0.00) (Supplementary Table 5).

Supplementary Table 6 shows a stratification of our analyses for potential categorical 

moderators. Regarding BMD, studies made in Europe and in Asia reported a stronger 

association with incident CVD than studies made outside with a concomitant reduction in 

heterogeneity for the European researches (I2=0 for BMD treated as groups or SD). A 

similar finding was evident for studies using a matching criterion between participants with 

low and higher BMD (p for interaction=0.002) and for studies assessing BMD with DXA 

(p=0.001 for groups and =0.04 for decrease in SD). On the contrary, none of these 

moderators was able to explain the heterogeneity of the findings regarding fractures 

(Supplementary Table 6).

Discussion

In this meta-analysis including a total of 28 longitudinal studies and 1,107,885 participants, 

we found evidence that low BMD and fractures were associated with a modest increased risk 

of CVD. Specifically, low BMD (particularly of the lower limbs) were associated with a 

little increased risk of developing CHD and cerebrovascular conditions and the presence of 

fractures at the baseline limitedly increased the risk of cerebrovascular conditions. 

Moreover, some publication bias was evident (which we adjusted for) and as anticipated 

from pooling of observational data, we encountered some heterogeneity which we were only 

able to partially explain with meta regression. In addition, whilst the pooled weight of all 

studies demonstrated that poor bone health and fracture are typically associated with an 

increased risk of CVD, some studies did not find such a relationship (25–27,29,31–

33,37,41,43,47,48) and one found that osteoporotic fractures protect against the onset of 

CVD (46) .

Whilst the precise mechanisms that may underpin the relationship between low BMD and 

CVD are yet to be fully elucidated, this relationship may potentially be explained by some 

common pathways, although these are at this stage speculative. For instance, alterations in 

signaling pathways that are common to normal bone remodeling and arterial calcifications, 

such as bone morphogenetic proteins, osteocalcin and matrix Gla proteins may play a role. 

(4,5) However, these factors have only been illustrated to be important in animal and in vitro 

models, thus clearly future research is needed to explore this theory in human beings. 

Another factor that may account for the increased risk of CVD among people with low 

BMD might be low-grade inflammation that seems to play a role in the development of low 

BMD (56) and could contribute to the higher CVD risk observed in these people. (57) Some 

literature suggests that the presence of vascular calcifications may be the most important 

factor explaining the association between low BMD and CVD. Specifically, subjects with 

low BMD have a higher prevalence of vascular calcifications and so of sub-clinical 
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atherosclerosis. (6–9) Vascular calcifications are the result of an active and complex process 

involving numerous pathways leading to the calcium depositions in arterial walls.(58) These 

deposition may lead to increase in arterial stiffness and in pulse wave velocity, that seem to 

be relevant in the development of clinical and sub-clinical cardiovascular events since the 

calcification of vessels reduces their elasticity and negatively affect the hemodynamic 

parameters of the cardiovascular system.(59) Other risk factors common to both low BMD 

and CVD (such as low estrogens levels, low physical activity and obesity) may play an 

additional role in explaining our findings. (5) Another potential hypothesis that may explain 

our results is that people with poor bone health may have been more frail. Unfortunately 

there is insufficient data to explore this hypothesis and future research may wish to consider 

the impact of frailty status on CVD risk.

The relationship between fractures and CVD may be explained by the mechanisms that were 

elaborated as potential mechanisms due to low BMD. In addition, a reduction in physical 

activity after a fracture (particularly at the hip) is common (60) and is a key risk factor for 

CVD. (61–64) Whether or not increasing physical activity can potentially reduce the risk of 

CVD in people with fractures is a potentially important future research question. In addition, 

a recent meta-analysis demonstrated a potential dose response relationship between physical 

activity and reduced fracture risk.(65) Therefore, another important future research question 

is to explore whether increasing physical activity among people with low BMD may reduce 

the risk of fractures and subsequent CVD. Another potential factor could be the possible 

relationship between analgesic medications which have unfavorable cardiovascular profile. 

(66) Finally, a recent study (currently in abstract form) of almost 500,000 individuals in the 

UK Biobank cohort has suggested sex-specific relationships between a history of fracture 

and incident cardiovascular disease.(67) Thus, the hazard ratio for hospital admission with 

CHD following a history of prior osteoporotic fracture was 1.75 (95%CI: 1.23, 2.49) in men 

even after full adjustment. Although an association was present for women in the crude 

models, it was not robust after adjustment for a range of covariates. The reasons underlying 

these apparent sex differences remain, however, to be elucidated.

Regarding specific CVD outcomes, our meta-analysis suggests that low BMD and fractures 

are associated with a higher incidence of CHD, cerebrovascular diseases and death due to 

CVD. Our knowledge regarding these topics is limited to a previous meta-analysis regarding 

reporting that low BMD was associated with a higher risk of CVD death, but not due to 

stroke.(15) We can hypothesize that the few number of studies included in their meta-

analysis regarding stroke mortality (only four) could limit this association, whilst in our 

meta-analysis we included eight studies. On the contrary, no other meta-analyses were 

available regarding fractures. Altogether our findings suggest that both low BMD and 

fractures promote the onset of cardiovascular atherosclerotic diseases, even if regarding the 

specific CVD outcomes further research is needed.

Our data support the concept that low BMD and fractures are CVD risk factors, independent 

of other known conditions. Since both low BMD and fractures are common among older 

people and in particular women, our meta-analysis suggests that people with low BMD/

fractures may benefit from screening and interventions to minimize the risk of CVD. It is 

known that after menopause CVD risk increases in women, being comparable to men. For 
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example in a large meta-analysis diabetic women had a greater risk of stroke than men.(68) 

These differences may be explained by potential differences in diagnosis and treatment of 

CVD, since it is known in some countries men at higher risk of CVD were diagnosed earlier 

and more often treated pharmacologically than women.(69) Therefore, our work reinforces 

again the concept to screen and treat older women from a cardiovascular point of view, since 

after menopause they probably mature some other CVD risk factors, differently from men. 

Given the larger literature considering the benefits of physical activity for fracture 

prevention and cardiovascular disease (70), our data adds to the growing importance of 

promoting active lifestyles. However, for some people with low BMD who may be at risk of 

falls, a more structured exercise program overseen by an exercise professional such as a 

physiotherapist may minimize future falls and fracture risk. (70)

Unfortunately, although as expected when combining observational data (71), many of the 

outcomes included reported a high degree of heterogeneity. In order to investigate what may 

have accounted for this heterogeneity, we conducted meta regression analyses and we were 

not able to identify any variable or characteristic that may have influence the outcomes 

involving BMD. However, the meta regression for the outcome of fractures revealed that 

studies adjusting for a higher number of covariates seemed to be important, although this 

clinical importance is limited. In this context, the studies conducted in Europe reported a low 

degree of heterogeneity. The reasons for this finding are not known, but it is possible that the 

homogeneity of populations included may play a role.

The findings of our meta-analysis must be considered within its limitations. First, some 

secondary outcomes appear to be affected by a publication bias. Even though we included 

papers written in languages other than English and conference abstracts in our search, the 

trim and fill analysis (a method of adjusting for effect size to account for potential missing 

studies, i.e. publication bias) suggested that publication bias could be considered a relevant 

issue for our secondary outcomes. Second, we were not able to explore some important 

moderators in our analysis, particularly the use of anti-resorptive medications, which could 

play a role in the association between low BMD/fractures and CVD. (72) Third, the large 

majority of the participants were represented in one study.(50) Fourth, some studies were 

excluded due to the lack of meta-analyzable data and the authors did not respond to our 

requests. Even if this could create a further bias in our findings, the direction of this is hard 

to determine. Finally, only one study was available for heart failure and peripheral vascular 

disease, respectively, even if they are very common diseases in middle-aged and older 

populations.

In conclusion, low BMD and fractures appear to be associated with a higher risk (albeit of 

small-modest effect size) of future CVD. Whilst the data suggests a relationship, one should 

note there were some sources of potential bias in the literature. Nonetheless, since CVD 

events could accelerate the transition of people with bone diseases to greater disability and 

mortality, our meta-analysis suggests it may be important to consider the cardiovascular 

health of people with osteoporosis and fractures. Future studies are required to evaluate if 

addressing low BMD and fractures could positively influence CV outcomes. Such studies 

should ensure matching between cases and controls and attempt to disentangle underlying 
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pathophysiological and behavioral (e.g. physical activity, nutrition) mechanisms, which 

could potentially be targets for future preventative interventions.
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Figure 1. Forrest plot of the association between low bone mineral density at baseline and 
incident cardiovascular diseases.

Veronese et al. Page 16

J Bone Miner Res. Author manuscript; available in PMC 2017 November 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Figure 2. Forrest plot of the association between one decrease in standard deviation in bone 
mineral density at baseline and incident cardiovascular diseases.
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Figure 3. Forrest plot of the association between fractures at baseline and incident 
cardiovascular diseases.
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