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Association between Low Bone Mass

and Cardiovascular Mortality
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Aortic Calcification & the Risk of Osteoporosis
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QCT Volumetric Bone Mineral Density &

Vascular/Valvular Calcification (Framingham Study)
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Bone mineral density &

Incident cardiovascular diseases
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Atherosclerosis & bone mineralization
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Bone remodeling process
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Theories for vascular calcification
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Origin of osteoblast-type cells
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Role of circulating calcifying cell (CVC) in bone-vascular axis

remodeling
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Emerging Bone-Vascular Interactions
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Relationships between the metabolic milieu,

genetics, arteriosclerosis & musculoskeletal disease
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Age-dependent changes in cortical blood flow of long bones
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Coronary calcium score & bone mineral density
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Coronary calcium score & age

according to the bone mineral density
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Unadjusted and adjusted odds ratio for presence of any

coronary artery calcium (CACS > 0) with reduced bone
mineral density (osteopenia and osteoporosis)

Male>
Odds ratio P value 95% Confidence
Interval
Model (1) 1.124 0.349 0.880 ~ 1.434
Model (2) 0.985 0.910 0.764 ~ 1.271
Model (3) 1.097 0.532 0.821 ~ 1.466
Female>
Odds ratio P value 95% Confidence
Interval
Model (1) 1.925 <0.001 1.383 ~ 2.679
Model (2) 1.148 0.460 0.797 ~1.176
Model (3) 1.292 0.223 0.856 ~ 1.950

Model (1); unadjusted, Model (2); age-adjusted, Model (3); age & risk factors (hypertension,
diabetes mellitus, dyslipidemia, obesity, and smoking) adjusted



Gender Difference in

Bone Loss & Vascular Calcification
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ARTICLES

Articles

Inhibitors of hydroxymethylglutaryl-coenzyme A reductase and risk
of fracture among older women

Lancet 2000; 355: 2185-88

Cases (n=928)

Controls (n=2747)

Odds ratio (95% CI)

Unadjusted Multiple regression Multiple regression
model I* model IIf

Statins
No dispensing 2490 (90-6%) 1-00 1-00 1-00
1-6 dispensings 85 (3-1%) 0-73 (0-43-1-26) 0-62 (0-35-1-10) 0-73(0-41-1-31)
7-12 dispensings 86 (3-1%) 0-99 (0-58-1-71) 0-81 (0-46-1-44) 0-95 (0-563-1-70)
=13 dispensings 86 (3-1%) 0-54 (0-32-0-91) 0-48 (0-27-0-83) 0-52 (0-29-0-91)
Non-statin lipid-lowering drugs
No dispensing 2677 (97-5%) 1-00 1-00 1-00
1-6 dispensings 39 (1-4%) 1-06 (0-50-2-26) 1.22 (0-55-2-69) 1.02 (0-45-2-29)
7-12 dispensings 14 (0-5%) 2-00 (0-68-5-85) 2.37 (0-76-7-39) 2-26 (0-74-6-95)
=13 dispensings 17 (0-6%) 0-67 (0-24-1-88) 0-81 (0-28-2-36) 0-90 (0-30-2-66)

*Adjusted for age, chronic disease score, and hospital admissions during the previous year in conditional logistic regression model. Use of statins and non-statin lipid-lowering drugs
included in the same model. TAdjusted for age, hospital admissions during the previous year, use of antipsychotic, long-acting hypnotic, or antidepressant drugs during the previous 30
days, and use of thiazide diuretics, hypoglycaemic agents, and systemic steroids during the previous 2 years in conditional logistic regression model. Use of statins and non-statin lipid-

lowering drugs included in the same model.

Table 2: Association between fracture risk and dispensing of statins and non-statin lipid-lowering drugs



Research

Original Investigation
Statin Therapy and Risk of Fracture
Results From the JUPITER Randomized Clinical Trial

Jessica M. Pefia, MD, MPH; Sara Aspberg, MD, PhD; Jean MacFadyen, BA; Robert J. Glynn, ScD;

Daniel H. Solomon, MD, MPH; Paul M Ridker, MD, MPH JAMA Intern Med. 2015:175(2):171-177

Figure 1. Cumulative Incidence of Fracture According to Treatment Assignment
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Bisphosphonate Use and Prevalence of

Valvular/Vascular Calcification in Women
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Bisphosphonates & Risk of Cardiovascular Events

Outcome: Bisphosphonate Control M-H

Total CV Events Bisphosphate N Total NEvents N Total N Events ‘ Pooled OR  (95% CI)
EPIC (1998) Alendronate 997 179 502 88 br-i 1.02 (0.78, 1.35)
Orwoll (2000) Alendronate 146 23 95 16 —— 0.94 (0.47, 1.86)
Chevrel (2006) Alendronate 31 1 33 0 kel > 3.19 (0.13, 81.3)
Lems (2006) Alendronate 94 3 69 6 —a— 0.49 (0.13, 1.80)
McClung (2006) Alendronate 47 2 46 2 ] 0.98 (0.13,7.24)
Eastell (2011) Alendronate 57 7 57 5 —— 1.40 (0.42, 4.67)
Adami (2004) Ibandronate 392 23 128 5 —— 1.50 (0.56, 4.03)
IVF (2004) Ibandronate 1911 129 949 68 l-q‘ﬂ 0.94 (0.70, 1.28)
VERT-MN (2000) Risedronate 815 68 407 38 »—.‘—1 0.89 (0.59, 1.35)
Shiraki (2003) Risedronate 125 0 43 2 « ) ! 0.07 (0.00, 1.47)
Boonen (2012) Zoledronic acid 588 31 611 30 —l— 1.07 (0.64, 1.80)
Bai (2013) Zoledronic acid 242 6 241 8 — 0.75 (0.26, 2.19)
Chao (2013) Zoledronic acid 327 333 l 3.06 (0.32, 29.5)
Dalbeth (2014) Zoledronic acid 50 9 50 9 —— 1.00 (0.37, 2.73)
Combined 5822 485 3564 278 0.98 (0.84, 1.14)

Cochran's Q=7.25, p =0.89, F=0.0%

T

0.02 0.06

(Bisphosphonate beneficial)

M-H Pooled OR

025 1.00 4.00 16.00 64.00

(Bisphosphonate harmful)

Kim DH, et al. PLOS One 2015



Myocardial Infarction & Stroke

with Use of Bisphosphonates

Outcome: Bisphosphonate Control M-H

Myocardial Infarction Bisphosphate N Total NEvents NTotal N Events Pooled OR  (95% Cl)
Palomba (2002) Alendronate 86 1 43 0 ' o 1 1.51 (0.06, 37.8)
Greenspan (2003) Alendronate 93 2 93 1 [ 0o 1 2.00 (0.18, 22.4)
Ravn (1996) Ibandronate 150 1 30 0 : L | 0.61 (0.02,15.3)
Boonen (2009) Risedronate 191 2 93 3 T 033 (0.05, 1.98)
HORIZON-PFT (2007) Zoledronic acid 3862 38 3852 45 il 0.84 (0.55, 1.30)
HORIZON-RFT (2007) Zoledronic acid 1054 13 1057 17 —— 077 (0.37, 1.59)
Boonen (2012) Zoledronic acid 588 9 611 2 - 4.68 (1.01,21.7)
Roux (1998) Etidronate 59 1 58 0 ] > 295 (0.12,73.9)
Wimalawansa (1998)  Etidronate 17 1 18 0 = > 3.17 (0.12,83.2)
Eggelmeijer (1996) Pamidronate 54 1 51 0 ' L - 284 (0.11,71.2)
Combined 6154 69 5906 68 T 096  (0.69,1.34)

Cochran's Q=8.11, p=0.52, F=0.0% v ¥ J
002 006 025 1.00 400 16.00 64.00

(Bisphosphonate beneficial) M-H Pooled OR (Bisphosphonate harmful)

Outcome: Bisphosphon Control M-H

Stroke Bisphosphate N Total N Events NTotal N Events Pooled OR  (95% Cl)
Ravn (1996) Ibandronate 150 0 30 1 + L 1 0.07 (0.00, 1.70)
Hakala (2012) Ibandronate 68 1 72 0 L = g 3.18 (0.13, 79.3)
Karam (2007) Risedronate 10018 141 5048 77 HiH 092 (0.70, 1.22)
HORIZON-PFT (2007) Zcledronic acid 3862 87 3852 88 HIK 0.99 (0.73,1.33)
HORIZON-RFT (2007) Zoledronic acid 1054 46 1057 38 il 1.21 (0.78, 1.88)
Combined 15152 275 10059 204 - 0.99 (0.82, 1.19)

Cochran’s Q=4.24, p =0.37, F=5.8% ! . 1 . . ‘
002 006 025 1.00 4.00 16.00 64.00

(Bisphosphonate beneficial) M-H Pooled OR (Bisphosphonate harmful)

Kim DH, et al. PLOS One 2015



Summary

 Epidemiological studies verified a link between
osteoporosis and cardiovascular disease.

— Patients with osteoporosis are at higher risk for ischemic heart
disease and stroke and, on the other hand, patients with
peripheral arterial disease or ischemic heart disease have a
higher risk of osteoporotic fractures.

« However, further studies are required to investigate
the underlying mechanisms between osteoporosis
and cardiovascular disease.



