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L’incidenza*delle*fratture*e*delle*malattie*cardiovascolari*
aumenta*con*l’età*sia*negli*uomini*che*nelle*donne

Virani&SS,&et&al.&Circulation.&2020



Studies(associating(osteoporosis((BMD)(and(atherosclerosis

Anagnostis P,+et+al.+Osteoporos Int.+2009



Malattie età(correlate,o,rapporto di,causalità?

Aterosclerosi/Arteriosclerosi Osteoporosi



L'incidenza di qualsiasi patologia vascolare su base aterosclerotica è risultata significativamente

aumentata nei soggetti con bassa BMD rispetto a quelli con BMD normale (odds ratio (OR) 2.96), dopo

aggiustamento per età, sesso, BMI, ipertensione e altri fattori di rischio cardiovascolare.

Ye C,%et%al.%PLoS One%2016

MetaGanalisi diH25Hstudi conH10.299Hpazienti.HH

PatologiaHvascolareHsuHbaseHaterosclerotica:%carotid%artery%calcification%
(CAC);%cardiovascular%disease%(CVD);%and%coronary%artery%disease%(CAD).%

Normal BMD%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Low BMD



Le persone con bassa BMD hanno un aumentato rischio di sviluppare una malattia
cardiovascolare (CVD) durante il follow<up con un hazard ratio (HR) di 1,33.

Veronese'N,'et'al.'J'Bone'Miner'Res.'2017

Meta<analisi diD11Dstudi



Veronese'N,'et'al.'J'Bone'Miner'Res.'2017

La riduzione'di'una'DS'della'BMD'si'

traduceva'nell’incremento'del:

! 44%'di'malattia'cardiovascolare

! 28%'di'malattia'cerebrovascolare

! 22%'di'morte'per'eventi'

cardiovascolari.

In conclusione, c’è un aumento del rischio di
aterosclerosi e malattie cardiovascolari in
soggetti con osteoporosi.



Malattie età(correlate,o,rapporto di,causalità?

Aterosclerosi/Arteriosclerosi Osteoporosi



Sennerby U,)et)al.)JAMA)2009

Kaplan6Meier)curves)of)hip)fracture)for)twins)with)and)without)cardiovascular)disease)(CVD)

32.000 gemelli svedesi seguiti
dall'età di 50 anni per un
periodo medio di follow6up di
20 anni. Il principale outcome
era il tempo di frattura
dell'anca dopo la diagnosi di
CVD.

Hazard)Ratios)of)Hip)Fracture)Associated)With)Different)Cardiovascular)Diseases



Pouwels S,*et*al.*Stroke*2009

In conclusione, c'è un aumentato
rischio di perdita ossea, osteoporosi
e fratture da fragilità in pazienti con
CVD.

Lo stroke aumentava di circa 2 volte
il rischio di una successiva frattura di
femore.
Il rischio era più elevato tra i pazienti
di sesso femminile, al di sotto dei 71
anni di età, e in quelle che avevano
avuto l’ictus più recente.

CaseKcontrol study using the Dutch
PHARMO Record Linkage System
database. Cases (n=6763) were
patients with a first hip/femur
fracture; controls were matched by
age, sex, and region.



Aterosclerosi e*osteoporosi condividono comuni
fattori di*rischio:*

!Età
!Diabete Mellito
!Fumo
!Abuso di2alcool
!Ridotta attività fisica
!Menopausa (donne)



The$heart(bone paradox

Rajamannan N.M.)(2018).)In:)Osteocardiology.)Springer,



Trends Mol Med.+2009+Sep;15(9):405816



Arterial(stiffness

PWV e AIx rappresentano due markers
riconosciuti di rischio cardiovascolare.



Parametri(vascolari(dei(pazienti(e(dei(controlli

Controlli
n=58

Osteoporosi
n=58

P7value

PWV,(m/s 9.3±1.3 10.1±2.6 0.045

IMT,(µm 710±146 904±197 <0.001

AIx,(% 30±13 40±11 <0.001

Gaudio1A,1et1al.1Sci1Rep.12020



Gaudio'A,'et'al.'Sci'Rep.'2020



Gaudio'A,'et'al.'Sci'Rep.'2020



Malattia ossea di*Paget*e*rischio
cardiovascolare

Gaudio'A,'et'al.'Curr Vasc Pharmacol.'2021



Potenziali comuni meccanismi patogenetici



Vitamin'D'and'cardiovascular'disease

Cosentino N,*et*al.*Nutrients.*2021



Estrogens

Both bone and coronary arteries are target organs for estrogens.
Estrogen receptors have been detected on osteoblasts,
osteoclasts and coronary artery smooth muscle cells.

Losordo et:al.:Circulation 1994



Homocysteine

Behera&et&al.&J&Cell&Physiol 2016



Lipid%oxidation%products

Demer L&et&al.&Circulation&Research&2011



Inflammatory+process
It is well(known that atherosclerosis includes an ongoing inflammatory process. Markers
of inflammation such as interleukin(6 (IL(6) and C(reactive protein (CRP) have been
associated with cardiovascular mortality in both sexes.

Pai JDKDetDal.DN Engl JDMedD2004



IL#6%and%CRP%and%osteoporosis

Koh JM,'et'al'Osteoporos Int (2005)

Postmenopausal

Premenopausal



Mineralizzazione*ossea*e*calcificazione*vascolare:
due*facce*della*stessa*medaglia



Vascular(calcification(and(bone(mineralization(processes

• Vascular calcification appears to share some
common characteristics with bone
mineralization.

• In6particular
– hydroxyapatite,6the6basic6component6of6the6

mineral6phase6of6bone,6is6also6present6in6
calcium6deposits6in6atherosclerotic6lesions;

– cells6with6osteoblastic6or6osteoclastic6potential6
have6been6observed6in6the6arterial6wall;

– different proteins produced by bone cells, such
as osteocalcin, osteopontin, osteoprotegerin
(OPG), receptor activator of nuclear factor
kappaDligand (RANKL), and bone
morphogenetic proteins (BMPs) are found in
atherosclerotic lesions.

Laroche6M,6et6al.6Joint6Bone6Spine.62017



OPG/RANK/RANKL*system

Osteoblasts
Activated.
Osteoclast

CFU2GM Prefusion
Osteoclast

Multinucleated
Osteoclast

Hormones
Growth.Factors
Cytokines

Bone%Formation

Bone%Resorption
Adapted'from:'Boyle'WJ,'et'al.'Nature.'2003;423:337<342.

RANKL
RANK

OPG



OPG
Adolescent and adult OPG−/− mice exhibit a decrease in total
bone density characterized by severe trabecular and cortical
bone porosity, marked thinning of the parietal bones of the
skull, and a high incidence of fractures.

OPG@deficientAmiceAalsoAexhibitAmedialAcalcificationAofAtheA
aortaAandArenalAarteries.

Bucay N,Aet.AGenesADev.A1998



Serum&Levels&of&OPG&and&Cardiovascular Disease
In humans, cardiovascular disease correlates positively with serum levels of OPG and negatively with
serum levels of RANKL, the opposite of that expected from animal studies.

OPG was measured in 6265 subjects recruited from a general population without a prior myocardial infarction and ischemic stroke
(the Tromsø Study). Incident myocardial infarction, ischemic stroke and mortality were registered during followLup.

Serum OPG levels were associated with an increased
risk of a myocardial infarction(1.20; 1.11–1.31),
ischemic stroke (1.32; 1.18–1.47), total mortality (1.34;
1.26–1.42), death because of ischemic heart disease,
(1.35; 1.18–1.54) after adjustment for age, gender,
current smoking, systolic blood pressure, body mass
index, high density lipoprotein cholesterol, total
cholesterol, creatinine, high sensitivity CLreactive
protein (CRP) and diabetes mellitus or HbA1c > 6.1%

However,YitYhasYnotYbeenYelucidatedYyetYwhetherYelevationYofYserumYOPGYlevelsYinYdifferentYcardiovascularYconditionsY
representsYaYcompensatoryYmechanismYtoYpreventYvascularYdamageYorYisYresponsibleYforYsuchYdamage.

VikYA,YetYal.YJYThromb Haemost.Y2011



Patients with atherosclerotic plaques in both
carotid and femoral districts showed a
significant association between OPG serum
levels and the number of plaques (r2 = 0.758; p
< 0.0001).

Our results would suggest that OPG could be
useful in refining cardiovascular risk prediction
in postmenopausal women.



Wnt/beta(catenin signalling

Krishnan(V.(et(al.((2012 Pai$SG.$J$Hematol Oncol$2017



Golledge J,)et)al.)Arterioscler Thromb Vasc Biol.)2022



Golledge J,)et)al.)Arterioscler Thromb Vasc Biol.)2022



Golledge J,)et)al.)Arterioscler Thromb Vasc Biol.)2022



Saag$KG,$et$al.$N$Engl$J$Med$2017

ARCH:&adverse&events



J.#Clin.#Med.#2021





Golledge J,)et)al.)Arterioscler Thromb Vasc Biol.)2022



In this randomized, double2blind, placebo2controlled trial
(HORIZON), 1065 patients were assigned to receive yearly
intravenous zoledronic acid (at a dose of 5 mg), and 1062
patients were assigned to receive placebo.

In the safety analysis, 101 of 1054 patients in the zoledronic
acid group (9.6%) and 141 of 1057 patients in the placebo
group (13.3%) died, a reduction of 28% in deaths from any
cause in the zoledronic2acid group (P = 0.01).

LylesPKW,PetPal.PNPEngl JPMed.P2007

Zoledronic*acid*and*mortality



Adverse event data from that a 6 –year study, double5blind trial
of 2000 osteopenic women aged >65 years They were
randomly assigned to receive four infusions of either
zoledronate 5 mg or normal saline at 185month intervals.
Supplements of vitamin D, but not calcium, were provided.

Hazard&ratio 0.60&(95%&CI,&0.36&to&1.00)

Hazard&ratio&0.76&(95%&CI,0.53&to&1.08)

ReidGIR,GetGal.GJGBoneGMinerGRes.G2020



Kranenburg G,+et+al.+Atherosclerosis.+2016

61+trials+reporting+the+effects+of+bisphosphonates+on+the+outcomes+of+interest+were+included.

No effect of bisphosphonate
treatment on cardiovascular
events was found (pooled RR of
20 trials 1.03; 95%CI 0.91I1.17),
while a lower risk for
cardiovascular mortality was
observed in patients treated
with bisphosphonates (pooled
RR of 10 trials 0.81; 95% CI 0.64I
1.02) although not statistically
significant.



Results of Cox regression analysis revealed that
alendronate was associated with a significantly lower
risk of 18year cardiovascular mortality (HR 0.33; 95% CI,
0.17 to 0.65) and incident myocardial infarction (HR
0.55; 95% CI, 0.34 to 0.89), whereas marginally
significant reduction in risk of stroke was observed at 5
years and 10 years.

Retrospective population8based study of patients with
hip fracture.
A total of 4594 treated patients were matched with
13,568 non treated patients.

SingNCW,NetNal.NJNBoneNMinerNRes.N2018.



Kidney'International'2009



Bisphosphonates+and+lipids

McFarlane)SI,)et)al.)J)Clin)Endocrinol)Metab.)2002



Bisphosphonates+and+lipids

Adami S,(et(al.(J(Bone(Miner(Res.(2000

The study includes 87 postmenopausal women with moderate to severe
osteoporosis. The patients were randomly assigned to intravenous (iv)
infusion of 50 mg of the aminobisphosphonate Neridronate dissolved in
100 ml of saline solution every 2 months for a year.

In these patients serum total cholesterol and serum triglycerides
showed marginal decreases, which were occasionally significant. LDLLC
and Apo B fell by 5L6% and these changes were statistically significant at
most time points. Apo ALI and HDLLC rose progressively with time. At
the 12th month, HDLLC rose 17L18% (p < 0.0001) above the baseline
values



Sixty postmenopausal osteoporotic women were randomly
assigned to 15year treatment with zoledronate 5 mg i.v. annually
or ibandronate 3 mg i.v. every 3 months.

The osteoporotic women treated with zoledronate showed a
greater reduction in CA5IMT than those treated with
ibandronate. HDL5C and HDL5C/LDL5C ratio showed a significant
(p < 0.01) increase in the 2 groups, whereas, LDL5C showed a
reduction in the two groups which, however, reached statistical
significance (p < 0.05) only in the zoledronate group. Gonnelli S,NetNal.NBone.N2014



Conclusioni

• Osteoporosi e aterosclerosi sono due importanti problemi di
salute pubblica.

• Numerosi dati supportano un link causale tra queste due
condizioni patologiche.

• La comprensione dei meccanismi fisiopatologici condivisi da
aterosclerosi e osteoporosi può potenzialmente influenzare la
ricerca di molecole/farmaci per la prevenzione e il trattamento
di queste due condizioni cliniche molto comuni.



Grazie per(la(vostra attenzione


