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Osteoporosi e patologia cardiovascolare:

un’associazione inevitabile?

Meccanismi legati all'invecchiamento;
Infiammazione cronica (es. malattie reumatiche);
Fumo di sigaretta;

Diabete mellito;

Deficienza estrogenica;

Ipovitaminosi C, D e K;

Ossidazione lipidica e radicali liberi;

Insufficienza renale.
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Razionale biologico

@ Cellule endoteliali ed ossee derivano da un comune precursore, e
progenitori mesenchimali possono essere differenziati in cellule
endoteliali [PLoS One 2012; 7:e46842];

@ Evidenze sperimentali evidenziano un’accoppiamento tra angiogenesi
ed osteogenesi [Nature 2014; 507:323];
@ L’angiogenesi a livello osseo & regolata da fattori tessuto-specifici;

@ Il sistema Notch ha un ruolo centrale nell’accoppiamento
angiogenesi/osteogenesi nelle ossa lunghe postnatali [Nature 2014,
507:376];
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Nature 2014; 507:323.
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Accoppiamento di osteogenesi ed angiogenesi
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Nature 2014; 507:323.
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Fattori che influenzano metabolismo osseo e

calcificazioni vascolari

Proteina GLA della matrice;
BMP;

Osteocalcina;

Osteonectina;
Osteoprotegerina;

°
°

°

@ Osteopontina;
°

°

o RANKL.
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Ruolo del paratormo

N

Paathyroid
Glands

Cardiovascular
System
(ECs, VSMCs,
Cardiomyocytes)
FGF23 Aldosterone ERK Oxidative stress

.2

Cardiovascular disorders
Vascular inflammation, Vascular/valvular calcification,
Hypertension, Cardiac hypertrophy

Arterioscl Thromb Vasc Biol 2014; 34:1333.
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Paratormone ed eventi cardiovascolari

0.10 0.15
1 1
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Cumultative incidence of vascular disease

0.00

Follow-up time (years)
Number at risk
PTH quartile 1-3 722 704 680 632 72
PTH quartile 4 235 230 209 194 27

Arterioscl Thromb Vasc Biol 2014; 34:1567.
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Relazione tra BMD e sindrome metabolica
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PLoS One 2014; 13:e108040.
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Adiponectina e rischio cardiovascolare: il ruolo

dell’eta

A\ MORTALITY
A\ cvD

Non-Adi Weight Loss,
on-Adipose : :
Sourcpes Adipocyie T-Cadherin ClEie
Differentiation Low-grade
5 - Inflammation
Natriuretic Autt_)-lmmumty,
Peptides High-grade
Inflammation

Metabolism 2014; 63:1079.
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Adiponectina e osteoporosi
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Bone 2010; 47:1001.
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Relazione tra BMD e funzione endoteliale

24
r=0.31
27 p<0.01 . o
20
18
16 7

Brachial arterial FMD (%)

04 06 08 10 12 14 1.6
Lumbar spine BMD (g/cm?)

Circ J 2007; 71:1555.
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Relazione tra BMD e calcificazioni coronariche
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Clin Endocrinol 2009; 71:644.
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Relazione tra reattivita coronarica e rischio di

osteoporosi

*P=0.008
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Vasc Health Risk Manag 2014; 10:533.
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Relazione tra calcificazioni aortiche e riduzione della

BMD
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Relazione tra BMD e rischio di scompenso cardiaco

TABLE 2 Adjusted Hazard Ratios (95% Cls) for Incident Heart Failure by Quartiles of L
EPIC-Norfolk Study 1998 to 2009

BUA Quartiles
1 2 3 4 p Trend Per 1 SD*

Events/n 134/3,416 59/3,415 93/3,417 94/3,418

BUA, dB/MHz =66.6 66.7-79.3 79.4-92.7 =92.8

Incidence ratef 4.6 (3.5-5.7) 2.2 (1.6-2.8) 33(1.6-2.8) 3.6 (21-5.1)

(per 1,000 person-yrs)

Age/sex-adjusted HR 1.00 0.50 (0.36-0.69) 0.74 (0.55-1.01) 0.65 (0.47-0.89) 0.05 0.86 (0.77-0.97)
Multivariate-adjusted HR# 1.00 0.40 (0.27-0.59) 0.54 (0.37-0.79) 0.46 (0.32-0.68) 0.002 0.77 (0.66-0.89)

*Hazard ratios are per increase of 1 standard deviation (19.1 dB/MHz) broadband ultrasound attenuation. tAdjusted for age strata and sex. Adjusted for age, sex, body mass
index, systolic blood pressure, diabetes, cholesterol level, current smoking, alcohol consumption (yes and no), physical activity (quartiles), manual occupational social class, and
low educational level, 256 events/10,857 participants available for this analysis because of missing covariates.

BUA = broadband ultrasound attenuation; Cl = confidence interval; HR = hazard ratio.

JACC Heart Fail 2014; 2:380.




Relazione tra BMD e mortalita cardiovascolare

Adjustments? Hazard Ratio Hazard Ratio Weight
Study 1 2 3 4 (95%Cl) (95%Cl) (%)
Mussolino-1(White female) (2003) v —i—{- 099 (0.86,1.15) 17.05
H
Mussolino-1(Blacks) (2003) v ——8———  1.10(0.89,1.35) 7.91
Browner (1991) v +—— 111(0.98,1.23) 22.06
Mussolino-3 (2007) voyoad ——8—> 1.13(0.90,142) 634
Mussolino-1(White male) (2003) vo4ov A —-.— 1.16(1.03,1.30) 18.98
Kado (2000) Vo4 ——  122(1.11,134) 2420
1
Pinheiro (2006) voyodd —————&> 1.32(096,1.68) 345
Overall (I-squared = 20.2%, p = 0.275) @ 1.13(1.06,1.20) 100.00
i
i
T T T T
6 8 1 12 14
Favourable Adverse

Int J Cardiol 2013; 166:385.
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Osteoporosi e rischio di ictus cerebri

Table 3. Cox Multivariate Regression Model of Risk Factors for Incidence Stroke According to BUA and VOS in 12795 individuals,
42 to 82 Years 0ld of EPIC-Norfolk (1997-2000 and 2009-2011)

BUA Model VO0S Model
Relative Risk (95% CI) PValue Relative Risk (95% Cl) PValue
Age per 1-y increase 112(1.10-1.13) <0.001 112 (1.10-1.13) <0.001
Sex 0.63 (0.50-0.79) <0.001 0.69 (0.56-0.85) <0.001
Systolic BP per 5 mm Hg increase 1.04 (1.02-1.07) 0.001 1.04(1.02-1.07) 0.001
Cholesterol by 1 mmol/L increase 0.97 (0.90-1.05) 0.48 0.97 (0.90-1.05) 0.45
Current smoking 1.79 (1.33-2.41) <0.001 1.80(1.34-242) <0.001
Being physically active 0.72 (0.58-0.89) 0.002 0.72(0.58-0.89) 0.003
BMI >25 kg/m? 1.02 (0.81-1.29) 0.88 098 (0.77-1.23) 0.83
No or lower than A-level education 1.16 (0.96-1.39) 0.12 1.16 (0.96-1.39) 012
Lower occupational social class 0.92 (0.76-1.11) 0.39 0.92 (0.76-1.12) 0.42
Prevalent diabetes mellitus 1.50 (1.05-2.16) 0.028 1.53(1.07-2.20) 0.021
Prevalent MI 1.92 (1.39-2.65) <0.001 1.93(1.40-267) <0.001
BUA per 20 dB/MHz decrease 117 (1.05-1.30) 0.005
\VOS per 40 m/s decrease 112(1.02-1.22) 0.019
All variables listed are included in the model. BMI indicates body mass index; BP, blood pressure; BUA, i d ion; CI, id intervals;

EPIC, European Prospective Investigation into Cancer; and VOS, velocity of sound.

Stroke 2014; 45:373.
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Relazione tra BMD e rischio di

Risk R atio Risk Ratio
Study or Subgroup Weight IV, Random, $5% C1 IV, Random. 5% €I
1.1.1 Women only
Browner 1993 (women) 99% 131[1.04,1866] e —
Curertsiudy(women)  149%  1.25[1.04,150] —
Mussolino 2003 (women)  133%  113(0.93,138] -
Subtotal (95% CI) WA%  122[109,137) >

Heterogeneity. Tau® = 000; Ch" = 100,dt =2 ¢ = 061, 1’=0%
Test for overall effect Z= 3.35 (P = 00008)

1.1.2 Men only

Currert study (men) 21% 108(0.94,124) T
Mussoino 2003 (m en) 178%  101[086,119] ——
Subtetal (95% CI) 399%  1.05[0.94,147) -

Heterogeneity. Tau® = 000; ChP = 0.38,d1 =1 ¢ = 054),1*=0%
Test for overall effect Z= 091 (P = 0.36)

1.1.3 Ethnicity: Black Americans

Mussolino 2003 (black) 84% 093[0.72,1.21)
Subtotal (95% CI) 8.4% 0.93[0.72,1.21]
Heterogeneity: Not applicable

Tedt for overall effect Z=0.55 (P = 0.58)

1.1.4 Men and women

Nordstrom 2010 136%  128(101,149)

Subtotal (85% C1) 18E%  123[101,1.49] S
Heterogeneity: Not applicable

Test for overall effect Z=2.09 (P = 0.04)

Total (95% CI) 1000%  112[1.08,122] &
Heterogenely. Ta'= 000, ChP= 777,01 =6 P =026 F=23%  d———b——] -t
Tet for overall effect: Z= 254 (P = 0005) FavourslowBMD Favours high BMD

Teat for subaroup difierences Chi* = 6.40,d1=3 (P = 0.09),1°=53.1%

Stroke 2014; 45:373.
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L’osteoporosi € una malattia vascolare?

@ L'analisi istologica delle arteriole ossee della testa del femore in
pazienti sottoposti ad artroprotesi mostra alterazioni quando la causa
dell'intervento & una frattura, ma non quando & artrosi [Osteoporos
Int 1995; 5:213.];

@ In pazienti con vasculopatia periferica asimmetrica, la BMD & inferiore
nell’arto con arteriopatia piu grave [Clin Rheum 1994; 13:611];

@ Esiste evidenza di una associazione tra aterosclerosi e frattura di
femore, ma non vertebrale [Osteoporos Int 2007; 18:505.].
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Conclusioni

@ Esiste un'associazione tra riduzione della densita minerale ossea e
funzione endoteliale, calcificazioni vascolari, eventi e mortalita
cardiovascolare;

@ Parte dell'associazione & da ascrivere alla condivisione di fattori di
rischio per patologia cardiovascolare e densita minerale ossea;

o Esiste tuttavia evidenza di una correlazione biologica tra osso e
sistema cardiovascolare che potrebbe essere alla base di questa
associazione;

@ |l ruolo della composizione corporea, in particolare della massa
grassa/adipokine (es. adiponectina), & da chiarire completamente;

@ Esiste anche la possibilita di un'associazione monodirezionale
aterosclerosi — osteoporosi.
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