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Life of a women...




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




Osteoporosis Fracture Incidence vs. Incidence
of Heart Attack, Stroke, Breast Cancer in Women
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Bone Loss, Aging & Menopause
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Prevalence of osteoporosis and the
odds ratio by different age groups
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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
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Estimated Prevalence of Cardiovascular Diseases by

Age and Sex
United States: 193894
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Prevalence of coronary calcification detected
with EBCT
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Prevalence of coronary calcification measured
by MDCT in Korean subjects by gender and age
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The association between low bone mass at
the menopause and cardiovascular mortality

Survival Survival
1.0 - +158D 1.0 +
=150
250
0.5 1
0
-358D
0.8 0.8 -
0.7
1
0.5 - 06 -
0.5 4
i
04 - 04 -
....................................
4 8 12 16
0 0 4 2] 12 16

Years since study entry Years since study entry

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



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

Aortic Calcification
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Pathophysiology of vascular
calcification



Types of vascular calcification

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



The role of bone cells in bone remodeling
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Bone Resorption = Bone Formation

| Osteoporosis

Bone Resorption > Bone Formation

Imai Y et al. Mol Endocrinol, 2010



Bone formation in human arteries

Doherty et al., Endocr Rev
25:620-672, 2004



Existence of a subpopulation of SMCs in the
vascular wall - “calcifying vascular cells”
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Unifying hypothesis of arterial
calcification and osteoporosis
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The Klotho-The Fates..

e 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

1.05

BMD

(g/cnv) 1001

085

0.80

hm

K
Ao
Wt

l..‘.h.‘.I.. ..l |'._l'r_.|'r_.|'r_.|'l_ I_n" o

oo eu

S

W—

13

CiC

C/T

&
7T

.4;'
cCiC

s

C1818T

C2288T

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

P =0.002

Table 2
Genotype frequencies of the klotho gene G-395A polymorphism in the control,

atherosclerotic coronary artery disease (CAD) and vasospastic angina (VSA) 30
groups
Control, n (%) CAD, n (%) VSA, n (%) -y
GG 268 (81.0) 138 (70.1) 59 (76.6) -
AG 62 (18.7) 59 (29.9) 18 (23.4) 15 -
AA 1(0.3) 0 (0.0) 0 (0.0)
AG+AA 63 (19.0) 59 (29.9) 18 (23.4) 101
5 e
0 -

n 373 135
+/+ +/VS VSNS

% Qccult CAD

Imamura et al., Clin Chim Acta 371:66-70, 2006
é\%gg et al., Am J hum Genet 72:1154-1161,



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

Table 4
Association of KLOTHO genotypes with CAD
Promoter G395A Exon 4 CI8I&T
(n = 274) (n = 273)
GG GA + AA CC CT+TT
(n =203) (n=71) (n = 188) (n = 83)
Without coronary 87 (42.9) 32 (45.1) 74 (39.4) 45 (52.9)
artery stenosis (%)
With coronary 116 (57.1) 39 (54.9) 114 (60.6) 40 (47.1)
artery stenosis (%)
P 746 036
All percentages are calculated within the same genotype gloups—e? Tastdvas

used to compare the frequencies of CAD according to different genotypes.

Table 5
Association of KLOTHO genotypes with CAD according to different age groups

Promoter G395A (n = 131) Exon 4 CI8I8T (n = 130)
Subjects aged <60 years GG (n = 99) GA + AA (n = 32) CC (n = 92) CT + TT (n = 39)
Without coronary artery stenosis (%o) 57 (57.6) 14 (43.8) 44 (47.8) 27 (69.2)
With coronary artery stenosis (%) 42 (42.4) 18 (56.3) 48 (52.2 TZ 130.8)
P 172 025

Promoter G395A (143) Exon 4 CISI8T (n = 142)

Subjeets aged > 60 years GG (n = 104) GA + AA (n = 39) CC (n = 96) CT + TT (n = 46)
Without coronary artery stenosis (%) 30 (28.8) 18 (46.2) 30 (31.3) 18 (39.1)
With coronary artery stenosis (%) 74 (71.2) 2| (53.8) 66 (68.8) 28 (60.9)
P 041 353
All percentages are calculated within the same genotype groups. 12 Test was uked to compare the frequencies of CAD according to different genotypes.

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



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
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Osteoprotegerin-deficient mice develop early
onset osteoporosis and arterial calcification
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Relationship of four OPG polymorphisms in
the promoter region with aortic calcification
or CAD in Korean subjects

Table 5. Association of the genotypic frequencies of the four osteoprotegerin (OPG) polymorphisms with aortic calgification

OPG site Genotype Calcification (-) o Calcification (+) % P-value Age-adjusted P-value

Ale3G AA 170 794 26 722 0-108 0-413
AG+ GG 44 206 10 278

G209A GG 17 81-3 25 71-4 0-028 0-201
GA +AA 40 18-7 10 286

T245G GG lo8 796 26 743 0225 0-623
GA +AA 43 204 9 257

Tos50C TT 7 34-6 9 24.3 0-016 0-178
TC+CC 138 65-4 28 757

G209A-T950C No minor allele 73 65-8 8 444 < 0-001 0-127
All minor alleles 38 342 10 55-6

. . 2
The frequencies were compared with the " -test.
Age corrections were performed using binary logistic regression analysis.
No minor allele denotes women without the allele and all minor allele denotes those with all minor alleles.

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

rs2277438 rs9594782
Genotype 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

Table 4 The percentage of fourth quartile CAC* scores (>75%) and mean CAC scores in different age categories

according to gender

Age group N CAC score Fourth quartile
(years) mean (SD) CAC score (%)

Males Females Males Females Males Females
40—49 140 80 57.9 (143.9) 12.8 (17.6) 25.0 5.0
50—59 138 52 53.1 (98.0) 51.5 (115.7) 31.2 21.2
60—70 50 19 76.3 (105.1) 110.1 (226.2) 42.0 42.2
P value 0.51 0.001 0.08 <0.001

Table 5 Multiple logistic regression analyses for gender, age groups, hypertension, obesity, diabetes, hypercho-
lesterolemia, and hypertriglyceridemia of fourth quartile CAC scores (>75%)

Variables QOdds ratios (95% confidence interval)
Males Females All
Gender
Female Ref
Male 1.7 (0.9-2.9)
Age group (years)
= Ref Ref Ref
50—59 1.4 (0.8—2.4) 4.3 (1.1-15.9) 1.6 (1.0-2.6)
60-70 2.5 (1.2-5.1) 13.4 (2.8—64.5) 3.1 (1.7-6.0)
P value for trend 0.026 <0.001 <0.001
Obesity; body mass index (kg/m?)
<27 Ref Ref Ref
>27 1.4 (0.8—-2.4) 0.9 (0.2—4.1) 1.3 (0.8—-2.1)
Hypertension (mmHg)
<140/90 Ref Ref Ref
>140/90 2.3 (1.4-3.9) 1.5 (0.5—4.8) 2.2 (1.4-3.5)
Hyperglycemia (mg/dL)
<126 Ref Ref Ref
>126 0.8 (0.3—1.6) 1.1 (1.7—48.1) 1.1 (0.6—2.2)
Hypercholesterolemia (mg/dL)
<200 Ref Ref Ref
>200 1.7 (1.0-2.9) 0.6 (0.2—1.8) 1.5 (0.9-2.3)
Hypertriglyceridemia (mg/dL)
<150 Ref Ref Ref
>150 1.9 (1.1-3.3) 0.6 (0.1-3.7) 1.8 (1.1-2.9)

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



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

In 237 perimenopausal Korean women
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Coronary calcification and
osteoporosis after menopause



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

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

TaBLE 3. ResuLts oF THE MuLTinoMIAL LoGisTic REGRESSION MODELS FOR AC AnD CAC. UNADIUSTED., AGE-ADIUSTED, AND
Risk FAcTorR-ADIUSTED ORS (95% CI) PER 1 SD* DECREASE IN vVBMD

AC level CAC level
No AC Moderate AC High AC No CAC Moderate CAC High CAC
(0) (1-74) (=75) (0) (1-7.54) (=7.55)
vBMD (unadjusted) 1.00 1.05 (0.86, 1.30) 1.73* (1.33,2.25) 1.00 0.94 (0.75, 1.17) 1.35% (1.08, 1.70)
146 221 123 256 111 123
vBMD (adjusted for age) 1.00 0.98 (0.78,1.22) 1.54% (1.17, 2.03) 1.00 0.88 (0.70, 1.10) 1.19 (0.94,1.51)
146 221 123 256 111 123
vBMD (adjusted for age 1.00 1.33(0.93,1.90) 1.68% (1.06, 2.68) 1.00 1.09 (0.77, 1.53) 1.19 (0.81,1.74)
+ shared risk factors)’ 109 171 84 211 01 08

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



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

467 women with 160 premenopausal women, 179 postmenopausal Korean
women
Table 2. Correlations between coronary calcium score (CCS) and various
parameters
(a) Pre-menopause
. . . i L1-4 spine
Variable Correlation coefficient Tonh
49 45
r=-013 r=-010
34 P<0-05 34 P <0-05
Male Female Premenopause Postmenopause = =
+ —
= g*
S .4l € 4]
BMD g 1 g
Total hip 003 -0277* —-0-13* -0-36™ 04 s LI 0 w2 TS
Femur neck 009 -026"* -0-18* —0-35** - : j 3 X e . . - .
Trochanter 003 023" —0-16* —0-33** o O W L . e AL
L-spine 1-4 005 —019** —0-10* —0-20* B o) it
BMI 0-04 0-04 0-03 0-03 Rl
SBP 002 012 010 0-09 Total hip . R
DBP 0-13 0-05 0-08 0-05 o r=-036 "Dia%io
FBS 021 002 007 001 3 . BRED -
HbAlc 015 008 006 0-09 é 24 &
TC 006 007 0-01 003 e | % 14
LDL-C 0-09 0-09 0-01 0-02 g i Y
HDL-C 005 -001 -0-06 -0-04 . "
TG 007 005 006 0-04 o0 05 10 15 20 o5 10 15 20
Smoking 0-02 0-03 0-02 0-04 BMD (g/em?) BMD (g/em?)
Years since menopause 0-22*

Choi SH et al. Clin Endocrinol

71:644-651, 2009



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

300 300

250 A1 I 250

[ 200 In 313 postmenopausal
women and 167 men
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3409S 29

Table 4. Correlations among age, CC scores, and BMD determined for men and women separately: values of correlation coef-
ficients and partial coefficients of correlation are shown

Variable 1 Variable 2 Control variable Women Men

Age BMD spine None —0.62: —0.42:
Age CC score None 0.33 0.35
BMD CC score None —(0.23 —-0.13
BMD CC score Age -0.04 0.02

P <0.001 by Pearson’s correlation

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



Premature menopause and
vascular calcification



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

Farrish 1967 +

Rosenberg 1991~

Cooper 1993" -

Palrmer 19927

Jacohsen 1994'°

van der Schouw 13965

Hu1999"® -
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Joakimsen 20007 ——
Jacobsen 1997 T
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Fioretti 20007 —_—
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Relative risk (95% CI)

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



Oophorectomy, HRT and coronary calcification

TABLE 1. Cohort characteristics by the presence and absence of

coronary calcium Women's Health Initiative
CAC score > 0 CAC score =0 .
Varabe 0od9) sy Coronary Artery Calcium Study
Age at WHI enrollment, y” 55.6 (2.8) 54.8 (2.9) <0.01
Age at CAC scan, y” 65.3 (2.8) 64.4 (2.9) <0.01
Ethnicity” 0.24
White 377 (75.6) 422 (74.7)
Black 73 (14.6) 104 (18.4)
Hispanic 33 (6.6) 32(5.7)
American Indian 8 (1.6) 1(0.2)
Asian/Pacific Islander 2 (0.4) 1(0.2)
Unknown 6(1.2) 5(1.0)
Body mass index (kg/m’)” 31.5 (6.0) 29.8 (6.1) <0.01 2.0
‘Waist circumference (cm)b 94.9 (14.0) 88.8 (13.9) <0.01 :
‘Waist-to-hip ratio” 0.84 (0.1) 0.80 (0.01) <0.01
Cigarette smoking, pack-yearsb 13.6 (19.9) 7.1(14.4) <0.01 2.00
Physical aplivily, METs" 9.0 (12.2) 11.0 (13.8) 0.06 1.80
Education® <0.01 1.60
08y 6(1.2) 10(1.8) 1.40
Some high school 22 (4.5) 12 (2.1) 1'20
High school diploma/GED 124 (25.1) 99 (17.7) : :
School after high school 219 (44.3) 247 (44.1) Odds Ratio 1 g9
College degree or higher 123 (24.9) 192 (34.3) 0.80
Smoking status® <0.01 0.60
Never smoked 212 (42.6) 303 (54.0) 0.40
Past smoker 200 (40.2 216 (38.5
Current smoker 85 217,1; 4 E7‘5)) ggg No
Hypertension® 218 (48.3) 176 (33.9) <0.01 . HT Use Prior to WHI
High cholesterol® 62 (14.8) 36 (7.3) <0.01 Bilateral Yes Enroliment
Diabetes mellitus® 35 (7.0) 18 (3.2) 0.01 Uni-
Oophorectomy® 0.15 /Partial None
None 195 (39.3) 264 (47.1)
Part of an ovary removed 10 (2.0) 8 (1.4) Oophorectomy
One ovary removed 85 (17.1) 73 (13.0)
Both ovaries removed 184 (37.1) 194 (34.6)
Do not know 13 (2.6) 11 (2.0)
Years since bilateral 14.1 (7.3) 12.8 (7.0) 0.26
oophorectomy”
Years since hyslerectomyb 16.2 (6.9) 15.5 (6.8) 0.57
Reported previous HT use® 0.88
Never used 236 (47.3) 267 (47.3)
Past user 161 (32.3) 173 (30.6)
Current user 102 (20.4) 125 (22.1)
Duration of previous HT use, yh 3.0 (5.0) 32(52) 0.40
Years of no HT after 13.3 (7.9) 12.5 (7.9) 0.39

hysterectomy” 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
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ERa,p are expressed on coronary artery of pre-
and postmenopausal women

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



ER Score

ERD expression was correlated with calcification and ERa expression was
correlated with age in pre- and postmenopausal women

Autopsy from 55 women
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Serum OPG level is higher in postmenopausal
women compared with premenopausal women

Table IIT  Comparisons of mean BMD, bone turnover markers, and serum OPG levels between groups differentiated by the presence of
the T allele in premenopausal and postmenopausal women

Premenopausal (n = 138) Postmenopausal (n = 125)

All (n=138) CC (n=283) CT+TT (n = 55) All (n =125) CC (n=88) CT+TT (n=37)
Age (y)* 49.07 £+ 6.75 49.23 £ 6.22 48.84 + 7.54 54.18 + 5.85 54.63 + 5.71 53.14 + 6.12
BMI (ko /m2) 2413 1L 201 2420 L 220 2402 L 310 2412 L 301 24168 L 317 2406 L 282
0PG ipg/mL’)T ; 398.57 1307.56 ; 393.12 1184.61 ; 398.85 1365.61 -I__- 375.54 1411.46 ; 399.38* 1256.56 ; 287.98'

Ca (mmol/L)* 2.23 + 0.08 2.22 + 0.08 2.23 + 0.09 2.28 + 0.08 2.27 0.08

+ T t t t t

P (mmol/L)* 1.16 + 0.14 1.15 £+ 0.14 1.17 + 0.14 1.29 + 0.14 1.28 + 0.14 1.30 + 0.14

DPD (nmol/L 6.44 + 1.77 6.37 + 1.79 6.55 + 1.74 7.86 + 2.14 7.65 + 2.16 8.37 + 2.01
per mol/L)*

Uca (mmol/L/d)* 4,53 + 2.43 4.43 + 2.24 4.69 + 2.73 4.64 + 2.92 4.70 + 3.15 4.48 + 2.32

Up (mg/d)* 513.56 + 173.55 504.16 + 162.42 528.38 + 190.96 444.81 + 189.05 442.73 + 206.03 449.91 + 141.59

Lumbar spine 1.02 + 0.16 1.03 + 0.17 1.00 + 0.15 0.90 + 0.15 0.90 £+ 0.15 0.91 + 0.14
BMD (g/cm?®)*

Lumbar spine —0.89 + 1.45 —0.80 = 1.52 —1.03 + 1.34 —1.95 + 1.36 —1.99 + 1.39 —1.84 + 1.30
T-score*

Femoral neck 0.83 £+ 0.12 0.83 £ 0.11 0.82 + 0.13 0.77 + 0.12 0.77 £ 0.12 0.78 + 0.11
BMD (g/cm®)*

Femoral neck —1.04 + 0.86 —1.02 £+ 0.80 —1.08 + 0.94 —1.39 + 0.83 —1.42 + 0.85 —1.33 £ 0.79
T-score*

Values are presented as means + SD.
* P < .01 for comparison between premenopausal and postmenopausal groups as a whole.
T p=.026 for comparison between premenopausal and postmenopausal groups.
*p < .05 for comparison between CC and CT+TT genotype groups before and after adjustment for age and FSH with ANCOVA test.

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



Ovariectomy increases vascular calcification via
OPG/RANKL cytokine signalling pathway
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Table 3 Quantitative analysis of vessel calcification by nCT and osteoprotegerin (OPG) and receptor activator of nuclear factor kB
ligand (RANKL) expression by Western blot analysis

Mineral density (mg cm™) Particle density (particles cm™) Calcific arc angle OPG/RANKL (Arbitrary unit ratio)
ovXx 84 + 2.8*% 94 + 26* 33+7° 1-81 + 1-06*
SHAM 1-9+ 06 33+7 33 +5° 1-09 + 0-81

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



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

TABLE 2. Association of BMD at each skeletal site with
CACS (=10 vs. <10) before and after adjustment for RANKL

and OPG
Women, current estrogen
users (n = 92)
TABLE 1. Mean RANKL and OPG among postmenopausal
estrogen-using women with and without coronary artery OR (95% <) P value
calcification Total hip
Age-adjusted 0.62 (0.36-1.05) 0.075
CACS Multiply adjusted® 0.52 (0.29-0.93) 0.029
Multiply adjusted® + RANKL 0.49 (0.27-0.90) 0.022
Mean + < Multiply adjusted® + OPG 0.51 (0.78-0.95)  0.035
=10 <10 P value Multiply adjusted® + RANKL + OPG  0.49 (0.26-0.91) 0.025
RANKL n=-52 n = 40 Femoral nleck
Crude 115 =121 132 =125 0643 Age-adjusted 68 (0.42-1.12)  0.128
Multiply adjusted® 079 =142 121 =137  0.225 Multiply adjusted” D 61(0.36-1.03)  0.064
OPG n =50 n=37 Multiply adjusted® + RANKL 0.58 (0.34-1.01) 0.055
Lumbar spine
Age-adjusted 0.60 (0.35-1.05) 0.072
Multiply adjusted® 0.55(0.31-1.00) 0.050
AMultiohy adiicteds & BANKI Ne1in28-0a3y 0020
Multiply adjusted® + OPG 0.59 (0.32-1.09) 0.090
Multiply adjusted® + RANKL + OPG  0.54 (0.29-1.00) 0.050

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




Hormone replacement therapy
and vascular calcification



Estrogen therapy and coronary artery calcification-WHI-CACS

Table 3. Coronary-Artery Calcium Scores after Trial Completion, According to Score Category.*
Conjugated
Coronary-Artery Equine Multivariate
Calcium Score Estrogens Placebo Odds Ratio (95% Cl) P Value
Unadjusted Multivariate
no. (%)

Intention-to-treat analysesy N=537 N=527
0 (referent) 299 (55.7) 266 (50.5) 1.00 1.00
>0 238 (44.3) 261 (49.5) 0.81 (0.64-1.03) 0.78 (0.58-1.04) 0.09
<10 (referent) 348 (64.8) 302 (57.3) 1.00 1.00
=10 189 (35.2) 225 (42.7) 0.73 (0.57-0.93)  0.74 (0.55-0.99) | 0.4
<100 (referent) 443 (83.4) 408 (77.4) 1.00 1.00
=100 39 (16.6) 119 (22.6) 0.68 (0.50-0.93)  0.69 (0.48-0.98) | 0.04
Analyses restricted to parti-

cipants with 280% ad-

herence to study medi-

cation: N =387 N=352
0 (referent) 227 (58.7) 172 (48.9) 1.00 1.00
>0 160 (41.3) 180 (51.1) 0.67 (0.50-0.90) 0.64 (0.46-0.91) 0.01
<10 (referent) 262 (67.7) 191 (54.3) 1.00 1.00
=10 125 (32.3) 161 (45.7) 0.57 (0.42-0.76) 0.5 (0.39-0.79) | <0.001
<100 (referent) 333 (86.0) 269 (76.4) 1.00 1.00
=100 54 (14.0) 33 (23.6) 0.53 (0.36-0.77)  0.46 (0.29-0.73) | 0.001

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



HRT and CAC in asymp. Postmenopausal women:
the Rancho Bernardo Study
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FIG. 1. Odds ratios for the association of current and past vs never HT (yrs)
and other CHD risk factors with increasingly severe coronary artery FIG. 2. Age-adjusted proportions of women with CACS (coronary artery
calcification among 204 asymptomatic postmenopausal women. Units: calcification score) >100 by duration of HT use among 127 asymp-
age = 10 y; LDL/HDL ratio = 1; pulse pressure = 10 mm Hg: FPG tomatic postmenopausal women. *P < 0.01 vs 10-15 y and >15 .

(fasting plasma glucose) = 20 mg/dL; current smoking = yes vs no.

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



Lasofoxifene in postmenopausal women with
osteoporosis - PEARL Study

Lower-dose
lasofoxifene
P=0.19

Higher-dose
lasofoxifene
P=0.002
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Figure 1. Cumulative Incidence of Nonvertebral Fractures, According to

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



Lasofoxifene in postmenopausal women with osteoporosis -
PEARL Study

Lasofoxifene, 0.25 mg = Lasofoxifene, 0.5 mg = Placebo

A ER-Positive Breast Cancer
1

B Coronary Heart Disease
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No. at Risk
Lasofoxifene, 0.25 mg 2729 2724 2654 2533 2213 2057
Lasofoxifene, 0.5 mg 2745 2739 2645 2522 2205 2053

No. at Risk
Lasofoxifene, 0.25 mg 2852 2783 2721 2647 2297 2187

Lasofoxifene, 0.5 mg 2852 2792 2710 2630 2267 2190
Placebo 2740 2733 2644 2506 2211 2066 Placebo 2852 2782 2704 2619 2252 2168
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No. at Risk
Lasofoxifene, 0.25 mg 2852 2787 2738 2671 2321 2216 Lasofoxifene, 0.25 mg 2852 2783 2727 2656 2299 2185
Lasofoxifene, 0.5 mg 2852 2800 2734 2659 2297 2220 Lasofoxifene, 0.5 mg 2852 2795 2724 2647 2284 2204
Placebo 2852 2796 2728 2649 2286 2202 Placebo 2852 2795 2729 2654 2292 2214

No. at Risk

Figure 2. Cumulative Incidence of Events Other than Fracture, According to Study Group.

The cumulative incidence of estrogen-receptor (ER)—positive breast cancer (Panel A), major coronary heart disease (Panel B), stroke (not
including transient ischemic attacks) (Panel C), and venous thromboembolic events (Panel D) is shown.

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



What should we do?

 Atherosclerosis and osteoporosis:

— applying one treatment and treating two
diseases?




Relationship between premenopausal dietary intake and postmenopausal subclinical

atherosclerosis

The relative risks of subclinical atherosclerosis by quartiles of baseline macronutrients intake, keys score, and fiber intake for 401 HWS participants

Coronary calcification (¥ =357)

Aortic calcification (N =346)

Carotid plaque index (N=382)

Unadjusted RR Adjusted RR Unadjusted RR Adjusted RR Unadjusted RR Adjusted RR
(95% CI) (95% CI)* (95% CT) (95% CI)* (95% CI) (95% CI)*
Calories (kcal)
Ql 1 1 1 1 1 1
Q2 1.45 (0.80, 2.64) 1.89 (0.95, 3.74) 0.90 (0.45, 1.78) 0.98 (0.44, 2.18) 0.90 (0.51, 1.59) 1.11(0.58, 2.12)
Q3 1.86 (1.02, 3.37) 1.90 (0.96, 3.75) 0.80 (0.41, 1.58) 0.64 (0.29, 1.41) 0.94 (0.53, 1.66) 0.87 (0.45, 1.66)
Q4 1.99 (1.09, 3.62) 2.47 (1.25,4.88) 1.41 (0.68, 2.94) 1.58 (0.68, 3.66) 1.29 (0.73, 2.29) 1.92(0.99,3.73)
Protein % energy
Ql 1 1 1 1 1 1
Q2 1.00 (0.56, 1.80) 1.15 (0.59, 2.23) 1.55(0.78, 3.08) 1.78 (0.82, 3.86) 0.56 (0.32, 1.00) 0.52(0.28, 1.01)
Q3 1.02 (0.57, 1.84) 1.33 (0.68, 2.62) 1.36 (0.70, 2.67) 1.84(0.85, 3.98) 0.61 (0.34, 1.09) 0.58 (0.30, 1.11)
Q4 1.20 (0.67, 2.16) 2.20(1.07,4.53) 1.53(0.77, 3.04) 2.25(0.98,5.18) 0.68 (0.38, 1.21) 0.74 (0.37, 1.50)
Carbohydrate % energy
Ql 1 1 1 1 1 1
Q2 0.48 (0.26, 0.88) 0.47 (0.24, 0.92) 1.02 (0.49, 2.09) 1.10(0.49,2.51) 0.59 (0.33, 1.05) 0.59 (0.30, 1.15)
Q3 0.47 (0.26, 0.86) 0.44 (0.22, 0.88) 0.63 (0.32, 1.25) 0.60(0.27, 1.34) 0.79 (0.45, 1.40) 0.98 (0.50, 1.92)
Q4 0.35 (0.19, 0.64) 0.37 (0.18, 0.74) 0.94 (0.46, 1.91) 1.20(0.52,2.79) 0.84 (0.48, 1.50) 1.08 (0.55, 2.15)
Fat % energy
Ql 1 1 1 1 1 1
Q2 0.96 (0.53, 1.73) 0.90 (0.46, 1.74) 0.79 (0.39, 1.59) 0.72(0.33, 1.57) 0.62 (0.35, 1.09) 0.63 (0.33, 1.20)
Q3 1.17 (0.65,2.11) 0.99 (0.51, 1.92) 0.67 (0.34, 1.32) 0.44 (0.20,0.97) 1.06 (0.60, 1.89) 0.95 (0.50, 1.82)
Q4 1.57(0.87,2.84) 1.24 (0.63, 2.45) 1.15(0.55, 2.40) 0.78 (0.33, 1.87) 0.71 (0.40, 1.26) 0.47 (0.24, 0.93)
Saturated fat % energy
Ql 1 1 1 1 1 1
Q2 1.82 (1.00, 3.30) 1.74 (0.89, 3.40) 1.15(0.57,2.31) 1.05 (0.48, 2.29) 0.94 (0.53, 1.66) 0.97 (0.51, 1.85)
Q3 1.49 (0.82, 2.70) 1.32 (0.68, 2.59) 0.76 (0.39, 1.48) 0.61(0.29, 1.29) 0.79 (0.45, 1.40) 0.75(0.39, 1.43)
Q4 1.99 (1.09, 3.62) 1.70 (0.87, 3.32) 1.50(0.73,3.11) 1.27 (0.57, 2.86) 1.04 (0.59, 1.85) 0.86 (0.45, 1.65)
1 1 1 1 1
2 1.67 (0.91, 3.04) 1.69 (0.86, 3.31) 1.08 (0.55, 2.13) 0.92(0.43, 1.97) 1.06 (0.60, 1.88) 1.25 (0.66, 2.38)
Q3 2.23(1.22,4.06) 2,53 (1.27,5.04) 1.15(0.58, 2.28) 0.88 (0.40, 1.94) 1.02 (0.38, 1.80) 0.94 (0.49, 1.82)
Q4 1.74 (0.96, 3.17) 1.73 (0.87, 3.42) 1.29 (0.64, 2.59) 1.20(0.55, 2.65) 1.00 (0.57, 1.77) 0.99 (0.52, 1.88)
Keys score”
Ql 1 1 1 1 1 1
Q2 1.21 (0.66, 2.20) 1.16 (0.59, 2.28) 1.08 (0.55, 2.11) 1.03 (0.48, 2.19) 0.70 (0.40, 1.24) 0.78 (0.41, 1.47)
Q3 2.12(1.16,3.84) 2.21(1.12,4.34) 1.02 (0.52, 1.98) 0.75(0.35, 1.61) 0.90 (0.51, 1.59) 0.80 (0.42, 1.53)
Q4 1.73 (095, 3.14) 1.65(0.84, 3.24) 1.99 (0.95, 4.18) 2.05(0.89,4.72) 1.04 (0.59, 1.85) 0.94 (0.49, 1.81)
Fiber (g/1000 keal)
Ql 1 1 1 1 1 1
Q2 0.58 (0.32, 1.05) 0.53 (0.27, 1.05) 0.80 (0.40, 1.58) 0.73(0.33, 1.59) 0.90 (0.51, 1.59) 1.04 (0.54, 2.00)
Q3 0.54 (0.30,0.98) 0.58 (0.30, 1.13) 0.80 (0.40, 1.58) 0.89(0.41, 1.94) 1.21 (0.68, 2.13) 1.92 (0.99, 3.68)
Q4 0.44 (0.24, 0.80) 0.49 (0.24,0.98) 1.23(0.59, 2.55) 2.00 (0.84,4.75) 1.18 (0.67, 2.10) 1.71 (0.86, 3.40)

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



Stimulation of bone formation in vitro and in rodents
by statins

Table. Frequency of Reported Fractures in the Scandinavian
Simvastatin Survival Study

Placebo Group Simvastatin Group
| | I
Patients Patients Patients Patients
Aged =60y, Aged =60y, Aged =60y, Aged =60y,
Type of No. (%) No. (%) No (%) No. (%)
Fracture (n=1223) {n = 1000) n=1177) (n =1044)
Hip or fermur 2(016) 8 (0.80) 1{0.08) 9 {0.86)
Vertebral 4(0.33) 4 (0.40) 1{0.08) 2(0.19)
Other 30 (2.45) 23 (2.30) 34 (2.89) a7 (3.54)
All 36 (2.94) 35 (3.50) 36 (3.06) 48 (4.60)
All, any age 71(3.19) 84 (3.78)

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”

No HRT Adventitia

Media

Internal
Elastic
Lamina

Fibrous
Cap

Fatty Streak/Plaque
HRT Early & Continued

HRT

HRT Late Mural Thrombus

HRT

Age 3545 years  Age 45-55 years Age 55-65 years  Age >65 years

Archer DF. Climacteric 12:26-31, 2009



Artery calcification in uremic rats is increased by low protein
diet and prevented by treatment with ibandronate
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Biphasic dose-response curve for vitamin D
in vascular calcification

Risk of
deficiency
or excess
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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

T1DM T2DM o
O
ACTIVATED INSULIN O 0% @9
T CELLS AMYLIN \/ ® 0 0
~_7,°,0 ADIPOCYTES

o | O y
. OSTEOBLAST
l %

oe0®
o0 :
o™ —_
© O O) S£ 22, BONE QUALITY
S @>
o © FRACTURES
OSTEOCLAST ] @ RETINOPATHY
@| HIGH RISK &
OFFARLS - GARDIO-
> ADIPOKINES - CLUCOSE 3 VASCULAR
© RANKL D™ DISEASE
~ RANK oo O L \
<> GLUCOSE NEUROPATHY

T1DM & T2DM TYPE | COLLAGEN

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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