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Life of a women…



Osteoporosis…How the life of 
women is better and worse… 







Prevalence of osteoporosis and the 
odds ratio by different age groups

NHANES Ⅲ. JBMR 10:796, 1995

Siris ES et al. JAMA 286:2815-22, 2001

After adjustment for other risk factors, odds ratio increased exponentially 

23 times greater for women 80 years of age and older than for 50-55-

year-old women





Prevalence of coronary calcification detected 
with EBCT

Becker et al., Eur Radiol 10:629-635, 2000



Prevalence of coronary calcification measured 
by MDCT in Korean subjects by gender and age

Rhee EJ et al. 
Unpublished data



The association between low bone mass at 
the menopause and cardiovascular mortality

Recke et al., Am J Med 106:273-278, 1999



Aortic calcifications are a strong predictor 
for low bone density and fragility fractures

Schulz et al., J Clin Endocrinol Metab 89:4246-4253, 2004



Pathophysiology of vascular 
calcification



Types of vascular calcification

Johnson et al., Circ Res 99:1044-59, 2006

Atherosclerotic calcification

Medial artery calcification

Cardiac valve calcification

Calciphylaxis



The role of bone cells in bone remodeling

Imai Y et al. Mol Endocrinol, 2010



Bone formation in human arteries

Doherty et al., Endocr Rev 
25:629-672, 2004



Existence of a subpopulation of SMCs in the 
vascular wall – “calcifying vascular cells”

ALP stain

Watson et al., JCI 93:2106-2113, 1994



Unifying hypothesis of arterial 
calcification and osteoporosis

Hofbauer et al., Osteoporos Int 18:251-259, 
2007



The Klotho-The Fates..

• The Three fates decided a man's 
destiny. They assigned a man to 
good or evil. 

• Klotho spun the thread of life,
Lachesis measured the thread of 
life, and Atropos cut the thread.

• They were very dreaded sisters 
who the even the gods 
obeyed. They were the most 
powerful of the minor gods.

• The Three Fates knew the past 
and future and even Zeus had no 
power to change their decision. 
They were the daughters of 
Themis, who was the goddess of 
necessity.



Klotho and bone metabolism

Yamashita et al., J Endorinol 1998;159:1-8

Kawaguchi et al., JCI 199;104:229

Kawano et al., JBMR 2003;17:1744



KLOTHO gene and coronary artery disease

Imamura et al., Clin Chim Acta 371:66-70, 2006

Arking et al., Am J hum Genet 72:1154-1161, 
2003



The differential effects of age on the association of KLOTHO 
gene polymorphisms with coronary artery disease in Koreans

Rhee EJ et al., Metabolism 55:1344-1351, 
2006



Osteoprotegerin/RANKL

• Decoy receptor of RANKL 

• Independently isolated by two laboratories 

• Secretory basic glycoprotein that exist in a 60-kd 
monomeric form and a disulfide-linked 
homodimeric form of 120 kd.

• Lack of transmembrance domain – soluble 
receptor

• Composed of 401 amino acid residues



Boyle et Simonet, Nature, 2003

Activated 
dendritic 
cells

Activated T lymphocytes
Activated 
synovial 
fibroblasts

Preosteoclasts

Osteoblasts or bone marrow stromal cells Bone



Osteoprotegerin-deficient mice develop early 
onset osteoporosis and arterial calcification

Bucay et al., Genes dev 12:1260-1268, 1998



Relationship of four OPG polymorphisms in 
the promoter region with aortic calcification 

or CAD in Korean subjects

Rhee EJ et al., Clin Endocrinol 64:689-697, 2006



The association of the genotypic frequencies of the 
two RANKL polymorphisms according to the 
presence of aortic calcification

Genotype

rs2277438 rs9594782

AA (n=109) AG+GG (n=128) TT (n=210) CT+CC (n=27)

Calcification (-) 92 112 186 18

Calcification (+) 17 16 24 9

Odds ratio 0.773 (95% CI, 0.37-1.61) 3.875 (95% CI, 1.57-9.59)*

p-value 0.573 0.005

Adjusted p-value 0.001

The frequencies were compared with chi-square test.

Corrections were performed using binary logistic regression analysis. 

*This significance was persisted after adjustment for age, BMI, blood pressure, fasting plasma glucose, 

HDL cholesterol, LDL cholesterol



Does vascular calcification increase after 
menopause?



The impact of menopause on CAC

Hsu CH et al. NMCD 18:306-313, 2008



The proportion of calcification according to menopausal 
status in perimenopausal Korean women 

Rhee EJ. Unpublished data

p=0.017 by chi-square test

In 237 perimenopausal Korean women

66.7

45.1

33.3

54.9



Coronary calcification and 
osteoporosis after menopause



vBMD and vascular calcification in middle-aged 
women: The Study of Women’s Health Across the 

Nation

Farhat GN et al. JBMR 21:1839-1846, 2006

490 caucasian women aged 45-58 years, with 64% white



Low BMD is associated with higher CAC and coronary 
plaque burden  in pre- and postmenopausal women

Choi SH et al. Clin Endocrinol
71:644-651, 2009

467 women with 160 premenopausal women, 179 postmenopausal Korean 
women



Coronary calcification and osteoporosis in postmenopausal 
women are independent process associated with aging

Sinnott B et al. Calcif Tissue Int 78:195-202, 2006 

In 313 postmenopausal 
women and 167 men



Premature menopause and 
vascular calcification



The effects of early menopause vs. usual 
menopause on CVD risk

Atsma F et al. Menopause 13:265-279, 2006



Oophorectomy, HRT and coronary calcification

Women’s Health Initiative 
Coronary Artery Calcium Study 

Menopause 15:639-647, 2008



The relationship of estrogen with vascular 
calcification and osteoporosis



Common mechanisms in the pathogenesis 
of osteoporosis and vascular disease

• Age-related mechanisms
• Chronic inflammation (e.g. in rheumatoid 

arthritis)
• Cigarette smoking
• Diabetes Mellitus
• Estrogen deficiency
• Hypovitaminosis C,D, and K
• Oxidized lipids and free radicals
• Renal failure



Schematic outline of estrogen regulated pathways in 
the bone mass control

Imai Y et al. Mol Cell 
Endocrinol 310 (2009) 3–10



ERα,β are expressed on coronary artery of pre-
and postmenopausal women

ERα

ERβ

ERβ

Rose CC et al. JCEM 
91:2713-2720, 2006



ERβ expression was correlated with calcification and ERα expression was 
correlated with age in pre- and postmenopausal women

Rose CC et al. JCEM 91:2713-2720, 2006

Autopsy from 55 women



Serum OPG level is higher in postmenopausal 
women compared with premenopausal women

Rhee EJ et al. Am J OBGY 192:1087-93, 2005



Ovariectomy increases vascular calcification via 
OPG/RANKL cytokine signalling pathway

Choi BG et al. Eur J Clin Invest 
38:211-217, 2008



The role of OPG/RANKL on association of 
bone and CAC

Bakhireva LN et al. JCEM 93:2009-2012, 2008



Hormone replacement therapy 
and vascular calcification



Estrogen therapy and coronary artery calcification-WHI-CACS

Manson JE et al. NEJM 356:2591-602, 2007



HRT and CAC in asymp. Postmenopausal women: 
the Rancho Bernardo Study

Barrett-Connor E et al. Menopause 
12:40-48, 2005



Cummings SR et al. NEJM 
362:686-696, 2010

Lasofoxifene in postmenopausal women with 
osteoporosis – PEARL Study



Lasofoxifene in postmenopausal women with osteoporosis –
PEARL Study

Cummings SR et al. NEJM 362:686-696, 2010



What should we do?
• Atherosclerosis and osteoporosis:

→ applying one treatment and treating two 
diseases?

Statin

Bisphosphonate

Metformin

Estrogen

Vitamin D

SERM



Relationship between premenopausal dietary intake and postmenopausal subclinical 
atherosclerosis

Park HA et al. Atherosclerosis 186:420-427, 2006



Stimulation of bone formation in vitro and in rodents 
by statins

Effects of simvastatin (1 mM) added
to cultures of explanted murine 
calvaria for 4 or 7 days. 

Mundy et al., Science 286:1946-1949, 
1999



“Window of opportunity”

Archer DF. Climacteric 12:26-31, 2009



Artery calcification in uremic rats is increased by low protein 
diet and prevented by treatment with ibandronate

Price et al., Kidney Int 70:1577-1583, 
2006



Biphasic dose-response curve for vitamin D 
in vascular calcification

Zitterman A et al. Curr Opin Lipidol 18:41-46, 2007



Potential mechanisms contributing to low bone mass and 
increased fracture susceptibility in diabetes mellitus

Hofbauer LC et al., JBMR 22:1317-1328, 2007 



The way to go..

• Postmenopausal women are at risk for 
osteoporosis and vascular calcification 
simultaneously.

• Although there are a few specific  strategies for 
the risk reduction of the two diseases, 
conventional interventions for the management 
of chronic diseases of aging could benefit.

• Life style interventions, such as appropriate diet 
and exercise and the preventive habits for the 
CVDs might help.

• The awareness of the physicians for the 
possibility of the two diseases in 
postmenopausal women is important.  
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