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Early vascular ageing biomarkers 
in osteoporotic outpatients: a pilot 
study
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Osteoporosis and atherosclerosis are significant public health problems that often coexist, especially 
in the elderly. Although some studies have reported an age-dependent relationship, others have 
suggested a causal relationship between osteoporosis and atherosclerosis. The aim of our study 
was to evaluate the cardiovascular risk in a population of patients with osteoporosis by measuring 
carotid intima-media thickness (cIMT) and carotid-femoral pulse wave velocity (cf-PWV). A total of 58 
patients with osteoporosis and an equal number of healthy control subjects were enrolled. All subjects 
underwent (1) a bone densitometry examination using dual X-ray absorptiometry, (2) a vascular 
evaluation for the measurements of cIMT and cf-PWV and (3) a blood sample for the evaluation of 
lipids and phosphocalcic metabolism. Patients with osteoporosis had a significant increase in cIMT and 
cf-PWV. There was also a significant inverse correlation between the femoral neck BMD and cf-PWV 
values. In conclusion, osteoporotic outpatients have earlier vascular ageing, with an increase of 
arterial stiffness. These data support a possible association between osteoporosis and atherosclerosis 
independent of age.

Osteoporosis is a systemic bone disease characterised by impaired bone strength that predisposes to a high risk of 
 fracture1. It represents a disease of social relevance, and its incidence increases with  age2. Numerous studies have 
reported that patients with osteoporosis have an increased risk of developing atherosclerosis and cardiovascular 
 disease3. Although some studies have reported an age-dependent  relationship4,5, others have suggested a causal 
relationship between osteoporosis and cardiovascular  disease6,7. In a recent meta-analysis of 25 studies with 
10,300 patients conducted by Ye et al.8, the incidence of any atherosclerotic vascular disease was significantly 
increased in subjects with low bone mineral density (BMD) compared to those with normal BMD, with an odds 
ratio (OR) of 2.96 and after adjustment for the various cardiovascular risk factors. These data were confirmed by a 
subsequent meta-analysis (with 11 studies) conducted by Veronese et al.9 The authors reported that subjects with 
low BMD had an increased risk of developing cardiovascular disease during the follow-up period with a hazard 
ratio (HR) of 1.33. There is also evidence that patients suffering from cardiovascular disease have an increased 
risk for the development of osteoporosis and fragility  fractures3. In a study conducted in 32,000 Swedish twins, 
the authors observed that the subjects, after the diagnosis of heart failure, stroke, peripheral arterial disease or 
ischemic heart disease, encountered a hip fracture, with HRs of 4.4, 5.1, 3.2 and 2.3,  respectively10.

There are multiple possible pathophysiological links between osteoporosis and atherosclerosis or cardiovas-
cular disease regardless of age. Apart from the fact that the two diseases share common risk factors, such as high 
blood pressure (BP), diabetes mellitus, kidney failure, smoking, alcohol abuse and low levels of physical activity, 
osteoporosis and atherosclerosis also share common potential pathogenic mechanisms, such as oestrogen dep-
rivation; abnormal homocysteine levels; inflammatory processes and cytokine networks; and altered levels of 
total and hypocarboxylated osteocalcin, vitamin D, vitamin K, lipid oxidation products, fetuin-A and fibroblast 
growth factor  2311. In addition, the vascular calcification process seems to share some common markers with 
bone mineralisation, such as bone alkaline phosphatase, bone matrix proteins, the osteoprotegerin (OPG)/recep-
tor activator of NF-κB (RANK)/RANK-ligand (RANKL) system and WNT/ß-catenin signalling and some tran-
scriptional factors that regulate osteoblast  differentiation11. To date, several studies have been published about the 
possible role of sclerostin, a soluble inhibitor of WNT signalling, and OPG as early markers of  atherosclerosis12,13. 
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Despite much research, the mechanisms of this increased atherosclerotic process in patients with osteoporosis 
have not yet been completely clarified.

The aim of this study was to search whether there is a relationship, independent of age, between osteoporosis 
and two early markers of atherosclerosis: common carotid artery intima-media thickness (cIMT) and carotid-
femoral pulse wave velocity (cf-PWV).

Methods
Study subjects. This cross-sectional study was conducted at the Department of Clinical and Experimental 
Medicine of the University of Catania in Italy. The study included patients with osteoporosis according to the 
World Health Organization (WHO) classification (T-score ≤  − 2.5 standard deviations (SDs) at the lumbar or 
femoral level)14 or with osteoporotic fractures independent of their BMD and a group of healthy subjects not 
affected by osteoporosis. Subjects with malignancies; chronic renal insufficiency (serum creatinine > 1.4  mg/
dl) or liver insufficiency; malabsorption syndromes; cardio or cerebrovascular diseases; diabetes mellitus; or 
who were already being treated for osteoporosis or with drugs interfering with bone metabolism (e.g. gluco-
corticoids), with the exception of calcium and vitamin D, or on lipid therapy (statins or fibrates) or on therapy 
with antiplatelet agents or anticoagulants, were excluded from the study. Each recruited patient underwent a 
specific questionnaire to evaluate her or his clinical history, including family history of osteoporosis, diabetes 
and cardiovascular disease and the presence of previous fractures. The level of sedentary lifestyle was assessed 
through the short version of the International Physical Activity Questionnaires (IPAQ)15. Weight, height and BP 
were also recorded. The body mass index (BMI) was calculated for all subjects. All patients provided informed 
consent before being enrolled. The study was conducted in accordance with the Declaration of Helsinki. The pro-
tocol was approved by the local ethics committee (Comitato Etico Catania 1, Azienda Ospedaliero-Universitaria 
‘Policlinico-Vittorio Emanuele’ Catania), with approval number 50 from 15 January 2018.

Densitometric measurements. As reported in one of our previous  studies16, BMD was measured in 
patients and controls by a dual X-ray absorptiometry densitometer (Lunar Prodigy GE Medical Systems), both 
at the lumbar spine (L1 to L4) in anterior–posterior (A–P) projection and at the femoral neck. The instrument 
was calibrated on a daily basis according to the manufacturer’s instructions. Reproducibility was calculated as a 
coefficient of variation (CV) obtained by weekly measurements of a standard phantom on the instrument and 
by repeated measurements obtained in three patients of different ages. The CV of our instrument was 0.5% with 
the standard phantom; in vivo, we calculated a CV of 1.1% for the lumbar spine and 1.5% for the femoral neck. 
BMD data are expressed as g/cm2.

Biochemical analyses. In all subjects, blood venous samples were taken in the morning (after 10-h fast-
ing) to measure, by automated routine procedures, calcium corrected for serum albumin (Ca), phosphorus (P), 
25-OH vitamin D, parathyroid hormone (PTH), creatinine, total cholesterol, high-density lipoprotein (HDL) 
cholesterol and triglycerides.

Haemodynamic study. All participants were studied in a quiet room kept at 22 ± 1  °C after 15 min of 
recumbent rest, as previously  reported17. Briefly, a non-invasive haemodynamic study was performed by an 
experienced operator (LZ) blinded to the clinical data and the therapy. Brachial BP measurements were obtained 
using an oscillometric device (Dinamap ProCare 100; GE Healthcare, Milwaukee, WI, USA). The cf-PWV (aor-
tic PWV) was measured by a SphygmoCor device (AtCorMedical, Sydney, Australia) using the foot-to-foot 
velocity method, the intersecting tangent algorithm and the direct distance between the measurement  sites18: 
cf-PWV (m/s) = 0.8 × [carotid-femoral direct distance (m)/Δt]. The mean value of two consecutive recordings 
was used for this analysis. When the difference between the two measurements was ≥ 0.5 m/s, a third recording 
was performed, and the median value was used. In our laboratory, the intra- and inter-session coefficients of 
variation of cf-PWV were 3.1% and 6.8%, respectively. The radial pulse wave profile was recorded by applanation 
tonometry (SphygmoCor system, AtCor Medical) after recalibration with brachial systolic and diastolic BPs in 
the contralateral arm. It was used to assess the central pulse wave profile and to derive the augmentation index 
(AIx) and central BP, as previously described and  validated19.

Longitudinal B-mode (60 Hz, 128 radiofrequency lines) images of the right common carotid artery 2 cm 
below the carotid bulb were obtained using a high-precision echo tracking device (MyLab Alpha, Esaote, Maas-
tricht, NL) paired with a high-resolution linear array transducer (13 MHz) to acquire cIMT using the built-in 
echo tracking software. In our laboratory, the intra- and inter-session coefficients of variation of cIMT were 
3.3% and 5.9%, respectively.

Statistical analysis. Continuous variables are presented as the mean ± SD; categorical variables are pre-
sented as percentages. The D’Agostino–Pearson normality test was used to confirm that variables were well-
modelled by a normal distribution. Clinical and haemodynamic variables were compared using analysis of 
variance for continuous variables and chi-squared tests for categorical variables. Spearman’s rank correlation 
coefficient was used to assess the relationship between cf-PWV and femoral neck BMD. A linear regression 
analysis was performed to study vascular ageing in controls and patients with osteoporosis. A multivariate linear 
regression analysis was also performed to confirm the association between cf-PWV and BMD. Statistical analy-
ses were performed using NCSS 2007 and PASS 11 software version 07.1.21 (Gerry Hintze, Kaysville, UT, USA; 
www.ncss.com). A two-tailed p < 0.05 was considered significant.

http://www.ncss.com
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Results
A total of 58 patients attending the Outpatient Clinic for Metabolic Bone Diseases of the University Policlinic of 
Catania (Italy) with a T-score ≤ -2.5 SDs were enrolled. An equal number of healthy subjects matched for age was 
considered the control group. There were no statistically significant differences between the two groups regard-
ing age; BMI; smoking habits; sedentary lifestyle; and total cholesterol, HDL cholesterol and triglyceride levels 
(Table 1). On the other hand, the percentage of women in the group of patients with osteoporosis who also had 
slightly higher systolic and diastolic BP values was higher than that in the control group (Table 1). Obviously, 
patients with osteoporosis had significantly lower lumbar and femoral neck BMD values compared with controls, 
while there were no significant differences between the two groups regarding the other biochemical parameters. 
The patients with osteoporosis had a significant increase in cf-PWV, cIMT and AIx compared with controls 
(Table 2). Cf-PWV values correlated significantly with age in both groups (Fig. 1). Considering only patients with 
osteoporosis, femoral neck BMD was inversely associated with cf-PWV (beta for 0.1 g/cm2 increase: − 0.42 m/s; 
95% confidence interval [CI] − 0.79 to − 0.06 m/s; p = 0.047) (Fig. 2A). This result was confirmed even in a multi-
variate linear regression model adjusted for mean blood pressure and sex (beta for 0.1 g/cm2 increase: − 0.44 m/s; 
95% CI − 0.88 to − 0.06 m/s; p = 0.02) and in a subgroup of female patients with osteoporosis (Fig. 2B).

Table 1.  Clinical characteristics and densitometric and laboratory data of patients and controls. Data are 
expressed, where possible, as the mean ± SD (in parenthesis). ns not significant, BMI Body Mass Index, BMD 
bone mineral density, PTH parathyroid hormone, HDL cholesterol high-density lipoprotein cholesterol. 
Significant p-values are in bold.

Controls Osteoporosis p-value

n 58 58 –

Age, years 65 ± 11 66 ± 10 ns

Male (%) 58.6 27.5  < 0.001

BMI, kg/m2 27.0 ± 4.4 27.7 ± 5.4 ns

Smokers (%) 25.8 17.4 ns

Sedentary (%) 18.9 25.8 ns

Previous fractures (%) 0 31  < 0.001

Hypertension (%) 31 71  < 0.001

Systolic blood pressure, mmHg 128 ± 15 141 ± 15  < 0.001

Diastolic blood pressure, mmHg 76 ± 10 81 ± 7 0.001

Differential blood pressure, mmHg 52 ± 13 60 ± 15 0.003

Mean blood pressure, mmHg 95 ± 10 101 ± 7  < 0.001

Lumbar BMD, g/cm2 1.123 ± 0.184 1.039 ± 0.241 0.03

Femoral BMD, g/cm2 0.902 ± 0.134 0.832 ± 0.184 0.02

Calcium corrected for albumin, mg/dl 9.3 ± 1.2 9.5 ± 1.3 ns

Phosphorus, mg/dl 3.9 ± 0.8 3.8 ± 0.7 ns

Creatinine, mg/dl 1.0 ± 0.3 0.9 ± 0.3 ns

PTH, pg/ml 46.1 ± 9.6 44.2 ± 8.2 ns

25-OH vitamin D, ng/ml 20.3 ± 5.8 19.3 ± 6.0 ns

Total cholesterol, mg/dl 187 ± 36 180 ± 31 ns

HDL cholesterol, mg/dl 53 ± 15 56 ± 17 ns

Triglycerides, mg/dl 144 ± 30 152 ± 34 ns

Table 2.  Vascular parameters in patients and controls. Data are expressed, where possible, as the mean ± SD 
(in parenthesis). ns not significant, cf-PWV carotid-femoral pulse wave velocity, IMT carotid intima-media 
thickness, AIx Augmentation Index. Significant p-values are in bold.

Controls Osteoporosis p-value

n 58 58 –

cf-PWV, m/s 9.3 ± 1.3 10.1 ± 2.6 0.04

cf-PWV > 10 m/s, % 31 45.5 ns

IMT, µm 710 ± 146 778 ± 150 0.02

IMT > 900 µm, % 13.8 18.2 ns

AIx, % 30 ± 13 40 ± 11  < 0.001
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Discussion
The present study showed that, in an outpatient population with the same risk factors (apart from a slight 
increase in BP), patients with osteoporosis had earlier vascular ageing, with an increase in arterial stiffness. In 
particular, we observed that patients with osteoporosis had higher cIMT, cf-PWV and AIx values than controls. 
Furthermore, we observed a significant inverse correlation between the femoral neck BMD and cf-PWV values 
in the whole study population; this finding supports a possible causal role of osteoporosis in vascular ageing. 
Interestingly, this result was confirmed even after adjustment for major confounders (mean blood pressure and 
sex). Patients with osteoporosis and controls did not show significant differences for factors that can affect arte-
rial stiffness, such as age, BMI, smoking, physical activity and lipid  profile20,21, excluding a slight increase in BP. 
This finding in the group with osteoporosis could be an expression of the increased vascular stiffness observed 
in these patients.

The association between early cardiovascular risk markers and ‘bone health’ has been the subject of previous 
studies, with conflicting results. The ‘San Antonio Family Osteoporosis Study’ showed a correlation between a 
decrease in BMD and an increase in cIMT. In particular, the authors reported a negative association between 
cIMT and BMD in both men and women over 60 years  old22. Other studies have confirmed this correlation, but 
only in postmenopausal  women23,24. Shin et al.25, in a Korean population, did not observe a correlation between 
cIMT and BMD in men and postmenopausal women. Kim et al.26 reported an inverse relationship between cIMT 
and BMD, but only in women with acute stroke.

The data on arterial stiffness are also partially conflicting, particularly in men. In a previous study at our 
centre, AIx and cf-PWV were significantly higher in postmenopausal women compared with  controls27. In a 
study involving around 2500 Chinese patients, Wang et al.28 showed a strong correlation between brachial-ankle 
PWV and lumbar BMD in both sexes. By contrast, a study of 332 Dutch men observed no correlation between 
cf-PWV, AIx and  BMD29.

Only a few longitudinal studies have assessed the relationship between BMD and arteriosclerosis. Jaalkhorol 
et al.30 recently observed, in a female Japanese population, that low BMD for the total hip was significantly asso-
ciated with the development of increased arterial stiffness during a 10-year follow-up.

Arterial stiffness is largely determined by structural changes in the vessel walls, such as those associated with 
age-related atherosclerosis and/or  arteriosclerosis31, but the mechanical properties of the great arteries are also 
regulated by the endothelium through the production and release of nitric oxide (NO). Endothelial function 
has been reported to be independently and inversely associated with cf-PWV and AIx in healthy  individuals32. 
It has been recently shown that postmenopausal women with osteoporosis without important risk factors for 
cardiovascular disease had impaired brachial artery endothelial function compared to postmenopausal women 
with normal BMD or  osteopenia33. Therefore, impaired endothelial function may be responsible for alterations 
in sphygmic wave reflection and arterial stiffness in postmenopausal osteoporosis. Menopause has been reported 
to increase arterial  stiffness34, a phenomenon that suggests oestrogen deficiency plays a causal role. In addition, 
hormone replacement therapy has been shown to reduce PWV in postmenopausal women, possibly through a 
vasodilator mechanism and/or by modulating the relative proportions of collagen and elastin and the number 
of smooth muscle cells in the vessel  wall35.

In recent years, great attention has been focused on the role of WNT/ß-catenin  signalling12,36 and the OPG/
RANK/RANKL  system13,27,37 with regard to the association between osteoporosis and vascular stiffness. They 
seem to be involved, but it is not currently clear whether they have a pathogenetic role or only represent markers 
of subclinical arteriosclerosis.

Figure 1.  Correlation between carotid-femoral PWV and age. PWV: pulse wave velocity. This figure was 
created using NCSS 2007 and PASS 11 software version 07.1.21 (Gerry Hintze, Kaysville, UT, USA; www.ncss.
com).

http://www.ncss.com
http://www.ncss.com
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Our study also has some limitations: the small number of patients and transverse nature of the study do not 
allow the determination of the relationship between the progression of carotid atherosclerotic disease and bone 
remodelling. The difference in gender distribution between patients with osteoporosis and controls present in our 
study should not have affected our results because a negligible influence of gender on PWV (0.1 m/s difference) 
had been previously  observed38. Moreover, the association between low femoral neck BMD and high cf-PWV 
was confirmed even after adjustment for sex and in a subgroup of females with osteoporosis.

In conclusion, we showed that an outpatient population consisting of men and women with osteoporosis 
exhibited an increase in arterial stiffness and cIMT, two early markers of cardiovascular risk. Prospective studies 
are needed to improve the understanding of the pathophysiological mechanisms that correlate arterial stiffness 
with the bone remodelling process. Comprehending the pathophysiological links that correlate osteoporosis with 
atherosclerotic processes could allow, in the near future, the identification of drugs that could concomitantly 
treat osteoporosis and have a beneficial effect on vasculature and bone. This could determine an improvement 
in the patients’ quality of life and the discovery of cost-effective preventive and treatment regimens for these 
two pathological conditions.
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References
 1. NIH Consensus Development Panel on Osteoporosis Prevention, Diagnosis, and Therapy. Osteoporosis prevention, diagnosis, 

and therapy. JAMA 285, 785–795. https ://doi.org/10.1001/jama.285.6.785 (2001).
 2. Kanis, J. A., Cooper, C., Rizzoli, R., Reginster, J. Y. & Scientific Advisory Board of the European Society for Clinical and Eco-

nomic Aspects of Osteoporosis (ESCEO) and the Committees of Scientific Advisors and National Societies of the International 

Figure 2.  Correlation between carotid-femoral PWV and femoral neck BMD in all patients with osteoporosis 
(A) and in female patients with osteoporosis (B). PWV: pulse wave velocity; BMD: bone mineral density. This 
figure was created using NCSS 2007 and PASS 11 software version 07.1.21 (Gerry Hintze, Kaysville, UT, USA; 
www.ncss.com).

https://doi.org/10.1001/jama.285.6.785
http://www.ncss.com


6

Vol:.(1234567890)

Scientific Reports |        (2020) 10:19421  | https://doi.org/10.1038/s41598-020-76427-1

www.nature.com/scientificreports/

Osteoporosis Foundation (IOF). European guidance for the diagnosis and management of osteoporosis in postmenopausal women. 
Osteoporos Int. 30, 3–44. https ://doi.org/10.1007/s0019 8-018-4704-5 (2019).

 3. Szekanecz, Z., Raterman, H. G., Pethő, Z. & Lems, W. F. Common mechanisms and holistic care in atherosclerosis and osteoporosis. 
Arthritis Res. Ther. 21, 15. https ://doi.org/10.1186/s1307 5-018-1805-7 (2019).

 4. Frye, M. A. et al. Osteoporosis and calcification of the aorta. Bone Miner. 19, 185–194. https ://doi.org/10.1016/0169-6009(92)90925 
-4 (1992).

 5. Vogt, M. T., San Valentin, R., Forrest, K. Y., Nevitt, M. C. & Cauley, J. A. Bone mineral density and aortic calcification: The study 
of osteoporotic fractures. J. Am. Geriatr. Soc. 45, 140–145. https ://doi.org/10.1111/j.1532-5415.1997.tb044 98.x (1997).

 6. Sinnott, B., Syed, I., Sevrukov, A. & Barengolts, E. Coronary calcification and osteoporosis in men and postmenopausal women are 
independent processes associated with aging. Calcif. Tissue Int. 78, 195–202. https ://doi.org/10.1007/s0022 3-005-0244-z (2006).

 7. Tekin, G. O. et al. Evaluation of cardiovascular risk factors and bone mineral density in post menopausal women undergoing 
coronary angiography. Int. J. Cardiol. 131, 66–69. https ://doi.org/10.1016/j.ijcar d.2007.09.002 (2008).

 8. Ye, C. et al. Decreased bone mineral density is an independent predictor for the development of atherosclerosis: A systematic 
review and meta-analysis. PLoS ONE 11, e0154740. https ://doi.org/10.1371/journ al.pone.01547 40 (2016).

 9. Veronese, N. et al. Relationship between low bone mineral density and fractures with incident cardiovascular disease: A systematic 
review and meta-analysis. J. Bone Miner. Res. 32, 1126–1135. https ://doi.org/10.1002/jbmr.3089 (2017).

 10. Sennerby, U. et al. Cardiovascular diseases and risk of hip fracture. JAMA 302, 1666–1673. https ://doi.org/10.1001/jama.2009.1463 
(2009).

 11. Anagnostis, P. et al. Atherosclerosis and osteoporosis: Age-dependent degenerative processes or related entities?. Osteoporos Int. 
20, 197–207. https ://doi.org/10.1007/s0019 8-008-0648-5 (2009).

 12. Gaudio, A. et al. Sclerostin is a possible candidate marker of arterial stiffness: Results from a cohort study in Catania. Mol. Med. 
Rep. 15, 3420–3424. https ://doi.org/10.3892/mmr.2017.6390 (2017).

 13. Shargorodsky, M. et al. Osteoprotegerin as an independent marker of subclinical atherosclerosis in osteoporotic postmenopausal 
women. Atherosclerosis. 204, 608–611. https ://doi.org/10.1016/j.ather oscle rosis .2008.10.024 (2009).

 14. WHO Study Group. Assessment of fracture risk and its application to screening for postmenopausal osteoporosis. Report of a 
WHO study group. World Health Organ. Tech. Rep. Ser. 843, 1–129 (1994).

 15. Lee, P. H., Macfarlane, D. J., Lam, T. H. & Stewart, S. M. Validity of the international physical activity questionnaire short form 
(IPAQ-SF): A systematic review. Int. J. Behav. Nutr. Phys. Act. 8, 115. https ://doi.org/10.1186/1479-5868-8-115 (2011).

 16. Gaudio, A. et al. Reduction of volumetric bone mineral density in postmenopausal women with hepatitis C virus-correlated 
chronic liver disease: A peripheral quantitative computed tomography (pQCT) study. Eur. J. Intern. Med. 23, 656–660. https ://
doi.org/10.1016/j.ejim.2012.05.011 (2012).

 17. Zanoli, L. et al. Pulse wave velocity differs between ulcerative colitis and chronic kidney disease. Eur. J. Intern. Med. 47, 36–42. 
https ://doi.org/10.1016/j.ejim.2017.08.020 (2018).

 18. Van Bortel, L. M. et al. Expert consensus document on the measurement of aortic stiffness in daily practice using carotid-femoral 
pulse wave velocity. J. Hypertens. 30, 445–448. https ://doi.org/10.1097/HJH.0b013 e3283 4fa8b 0 (2012).

 19. Chen, C. H. et al. Estimation of central aortic pressure waveform by mathematical transformation of radial tonometry pressure. 
Validation of generalized transfer function. Circulation 95, 1827–1836. https ://doi.org/10.1161/01.cir.95.7.1827 (1997).

 20. Wilkinson, I. B. et al. Increased central pulse pressure and augmentation index in subjects with hypercholesterolemia. J. Am. Coll. 
Cardiol. 39, 1005–1011. https ://doi.org/10.1016/s0735 -1097(02)01723 -0 (2002).

 21. Tanaka, H., DeSouza, C. A. & Seals, D. R. Absence of age-related increase in central arterial stiffness in physically active women. 
Arterioscler. Thromb. Vasc. Biol. 18, 127–132. https ://doi.org/10.1161/01.atv.18.1.127 (1998).

 22. Shaffer, J. R. et al. Decreased bone mineral density is correlated with increased subclinical atherosclerosis in older, but not younger, 
Mexican American women and men: The San Antonio family osteoporosis study. Calcif. Tissue Int. 81, 430–441. https ://doi.
org/10.1007/s0022 3-007-9079-0 (2007).

 23. Mohammadi, A. et al. Relationship between intima-media thickness and bone mineral density in postmenopausal women: A 
cross-sectional study. Int. J. Clin. Exp. Med. 7, 5535–5540 (2014).

 24. Fodor, D. et al. Relation between intima-media thickness and bone mineral density in postmenopausal women: A cross-sectional 
study. S. P. Med. J. 129, 139–145. https ://doi.org/10.1590/s1516 -31802 01100 03000 04 (2011).

 25. Shin, J., Park, J. H., Song, Y. M., Lee, K. & Sung, J. Association between lumbar bone mineral density and carotid intima-media 
thickness in Korean adults: A cross-sectional study of healthy twin study. J. Korean Med. Sci. 32, 70–76. https ://doi.org/10.3346/
jkms.2017.32.1.70 (2017).

 26. Kim, S. N. 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, 83–88. https ://doi.org/10.1111/jon.12284  (2016).

 27. Mangiafico, R. A. et al. Increased augmentation index and central aortic blood pressure in osteoporotic postmenopausal women. 
Osteoporos Int. 19, 49–56. https ://doi.org/10.1007/s0019 8-007-0438-5 (2008).

 28. Wang, Y. Q. et al. Low bone mineral density is associated with increased arterial stiffness in participants of a health records based 
study. J. Thorac. Dis. 7, 790–798. https ://doi.org/10.3978/j.issn.2072-1439.2015.04.47 (2015).

 29. van den Bos, F., Emmelot-Vonk, M. H., Verhaar, H. J. & van der Schouw, Y. T. Links between atherosclerosis and osteoporosis in 
middle aged and elderly men. J. Nutr. Health Aging 22, 639–644. https ://doi.org/10.1007/s1260 3-018-1039-z (2018).

 30. Jaalkhorol, M. et al. Low bone mineral density is associated with an elevated risk of developing increased arterial stiffness: A 10-year 
follow-up of Japanese women from the Japanese population-based osteoporosis (JPOS) cohort study. Maturitas 119, 39–45. https 
://doi.org/10.1016/j.matur itas.2018.11.001 (2019).

 31. Laurent, S. et al. Expert consensus document on arterial stiffness: Methodological issues and clinical applications. Eur. Heart J. 27, 
2588–2605. https ://doi.org/10.1093/eurhe artj/ehl25 4 (2006).

 32. McEniery, C. M. et al. Endothelial function is associated with pulse pressure, pulse wave velocity, and augmentation index in 
healthy humans. Hypertension 48, 602–608. https ://doi.org/10.1161/01.HYP.00002 39206 .64270 .5f (2006).

 33. Sanada, M. et al. Forearm endothelial function and bone mineral loss in postmenopausal women. Atherosclerosis 176, 387–392. 
https ://doi.org/10.1016/j.ather oscle rosis .2004.05.021 (2004).

 34. Zaydun, G. et al. Menopause is an independent factor augmenting the age-related increase in arterial stiffness in the early post-
menopausal phase. Atherosclerosis 184, 137–142. https ://doi.org/10.1016/j.ather oscle rosis .2005.03.043 (2006).

 35. Rajkumar, C. et al. Hormonal therapy increases arterial compliance in postmenopausal women. J. Am. Coll. Cardiol. 30, 350–356. 
https ://doi.org/10.1016/s0735 -1097(97)00191 -5 (1997).

 36. Hampson, G. et al. The relationship between inhibitors of the Wnt signalling pathway (Dickkopf-1(DKK1) and sclerostin), bone 
mineral density, vascular calcification and arterial stiffness in post-menopausal women. Bone 56, 42–47. https ://doi.org/10.1016/j.
bone.2013.05.010 (2013).

 37. Pennisi, P. et al. The association between carotid or femoral atherosclerosis and low bone mass in postmenopausal women 
referred for osteoporosis screening. Does osteoprotegerin play a role?. Maturitas 67, 358–362. https ://doi.org/10.1016/j.matur 
itas.2010.07.013 (2010).

 38. Reference Values for Arterial Stiffness’ Collaboration. Determinants of pulse wave velocity in healthy people and in the presence 
of cardiovascular risk factors: “Establishing normal and reference values”. Eur. Heart J. 31, 2338–2350. https ://doi.org/10.1093/
eurhe artj/ehq16 5 (2010).

https://doi.org/10.1007/s00198-018-4704-5
https://doi.org/10.1186/s13075-018-1805-7
https://doi.org/10.1016/0169-6009(92)90925-4
https://doi.org/10.1016/0169-6009(92)90925-4
https://doi.org/10.1111/j.1532-5415.1997.tb04498.x
https://doi.org/10.1007/s00223-005-0244-z
https://doi.org/10.1016/j.ijcard.2007.09.002
https://doi.org/10.1371/journal.pone.0154740
https://doi.org/10.1002/jbmr.3089
https://doi.org/10.1001/jama.2009.1463
https://doi.org/10.1007/s00198-008-0648-5
https://doi.org/10.3892/mmr.2017.6390
https://doi.org/10.1016/j.atherosclerosis.2008.10.024
https://doi.org/10.1186/1479-5868-8-115
https://doi.org/10.1016/j.ejim.2012.05.011
https://doi.org/10.1016/j.ejim.2012.05.011
https://doi.org/10.1016/j.ejim.2017.08.020
https://doi.org/10.1097/HJH.0b013e32834fa8b0
https://doi.org/10.1161/01.cir.95.7.1827
https://doi.org/10.1016/s0735-1097(02)01723-0
https://doi.org/10.1161/01.atv.18.1.127
https://doi.org/10.1007/s00223-007-9079-0
https://doi.org/10.1007/s00223-007-9079-0
https://doi.org/10.1590/s1516-31802011000300004
https://doi.org/10.3346/jkms.2017.32.1.70
https://doi.org/10.3346/jkms.2017.32.1.70
https://doi.org/10.1111/jon.12284
https://doi.org/10.1007/s00198-007-0438-5
https://doi.org/10.3978/j.issn.2072-1439.2015.04.47
https://doi.org/10.1007/s12603-018-1039-z
https://doi.org/10.1016/j.maturitas.2018.11.001
https://doi.org/10.1016/j.maturitas.2018.11.001
https://doi.org/10.1093/eurheartj/ehl254
https://doi.org/10.1161/01.HYP.0000239206.64270.5f
https://doi.org/10.1016/j.atherosclerosis.2004.05.021
https://doi.org/10.1016/j.atherosclerosis.2005.03.043
https://doi.org/10.1016/s0735-1097(97)00191-5
https://doi.org/10.1016/j.bone.2013.05.010
https://doi.org/10.1016/j.bone.2013.05.010
https://doi.org/10.1016/j.maturitas.2010.07.013
https://doi.org/10.1016/j.maturitas.2010.07.013
https://doi.org/10.1093/eurheartj/ehq165
https://doi.org/10.1093/eurheartj/ehq165


7

Vol.:(0123456789)

Scientific Reports |        (2020) 10:19421  | https://doi.org/10.1038/s41598-020-76427-1

www.nature.com/scientificreports/

Author contributions
All authors contributed substantially to: (1) conception and design, or acquisition of data, or analysis and inter-
pretation of data; (2) drafting the article or revising it critically for important intellectual content; and (3) final 
approval of the version to be published.

Funding
This study was partially funded by the 2016/2018 Department Research Plan of the University of Catania, Depart-
ment of Clinical and Experimental Medicine (Project #A) and by the 2020/2022 Research Plan ‘Piaceri’ of the 
University of Catania, Open Access line.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to A.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2020

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Early vascular ageing biomarkers in osteoporotic outpatients: a pilot study
	Methods
	Study subjects. 
	Densitometric measurements. 
	Biochemical analyses. 
	Haemodynamic study. 
	Statistical analysis. 

	Results
	Discussion
	References


