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Early Postmenopausal Intervention Cohort (EPIC) Study

Baseline Total Hip BMD (g/icm?)
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16 - <23 23-'*‘-2? 27 - <40
(Low) (Mid) (High)
Body mass index

J Bone Miner Res. 1999;14(9):1622-7



EPIC study
Spine BMD Hip BMD
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Percent of body fat Percent of body fat

Early Postmenopausal Intervention Cohort (EPIC) Study J Bone Miner Res. 1999:14(9):1622-7
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Ajou Bone Love Data (ABLD) study
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L1-L4BMD, (g/cm?2)

0.964

Normal

0.993

Overweight

1.013

Obese

= 18,151
Total Femur BMD, (g/cm?2)
1 0.845 0.879 0834
0.8 0.741
0.6
0.4
0.2
0
Underweight Normal Overweight Obese

Osteoporos Sarcopenia. 2025;11(2):65-68
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Body MassIndex Hip Crude Crude Age-adjusted

(kg/m!-3) Fractures Risk  Rate Rate
<28.7 17 0.029 32.5 358
288-323 18 0.031 34.0 378
324-370 14 0.025 26.2 289
>37.0 6 0.011 11.5 119

* Based on quartiles of its distribution.
Obes Res. 1993 Sep;1(5):357-63
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Osteoporos Int. 2005;16:1330-1338



Fracture rate and absolute numbers of

New vertebral Fractures in Postmenopausal women

Rate %

8

90

80 Number

cases
40
30
20
TR <
- u N )

T>+1 +1~05 +05~0 0~-0.5 -0.5~-1 -1~-15 -15~-2 -2~-25 -2.5~3 T<-3

M Fracture rate Absolute number _
Osteoporos Sarcopenia. 2025;11(2):65-68
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Ajou Bone Love Data (ABLD) study

N = 18,151
HR for Fracture
1.2 1.15 1.13
) 1.00

1
0.8
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0

Underweight Normal Overweight Obese

Osteoporos Sarcopenia. 2025;11(2):65-68



Log-Hazard

AL

40
BMI (kg/m2)

Fracture Best formof  Adjusted HR  y? P Nextbest  y? P
site BMI/weight/ (95% CI) model with
height different
covariate

Hip'j (n= Linear BMI (per [ 0.80(0.71 143 <0.001 Lil?enr 129  =0.001
309) 5 kg/m?) 0.90) weight
S b Linear BMI (per [ 0.83(0.76 145  0.0001 Linear 69  <0.01
jﬂiﬁ (# 5 kg;mfj 0.92) weight
Wrist® Linear BMI (per J 0.88 (0.83 16.3  <0.0001 Linear 134 <0.001

rist (o 3 (.94 izht
=023) 5 kgem ) 24) welgh
ﬁnkled (n Linear weight 103 (1.02 139 <0001 Linear BMI 114 <0.001
_ 550) (per 5 kg) 1.07)

J Bone Miner Res. 2014 ; 29(2): 487-493



Hazard ratio

Hazard ratio

1.6
1.4
1.2
1.0
0.8
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0.4
0.2

3.0
2.5
2.0
1.5

1.0

0.5

=+ Male, with age <65 == Female, with age <65

N

Total fractures

BMI<185 185=BMI<23 23<BMI< <25 25<BMI<30 30=BMI

Hip fractures

BMI<185 185=<BMI<23 23<BMI<<25 25<BMI<30 30<BMI

Hazard ratio

Hazard ratio

1.8
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14
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1.0
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Vertebral fractures

BMI<185 185=BMI<23 23<BMI< <25 25<BMI<30 30<BMI

Fractures of limbs

BMI<185 185=BMI<23 23<BMI< <25 25<BMI<30 30<EMI

Diabetes Metab J 2023;47(2):242-254.
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Mechanical loading

Mechanical stimuli

* Ca?* oscillation
® primary cilia
* focal adhesion, etc.

Cellular signalings:
NO, PGE,, ATP, Wnt/B-catenin, IGF1,
. BMPs, VEGF, sclerostin, etc. )

v ; v N

Osteoblasts

Inflammation Muscle Cancer bone

Osteoclasts metastasis

Osteocytes
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Mechanical stress
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} Glucose ransporier |

/ L (Glut 1)

Osteoblast

Mechanical stress
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Energy sensor SIRT-1 J|
Suppression of selerostin in osteocyiles
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Activation of Wat/beta=catenin signaling in
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Outeogenic transeription factor Runx 2 T
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Activation of Wit signaling in esteablasts
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Osteoblast differentiarion

Osteocalcin production t

Bone formation '
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Bone formation

Int. J. Mol. Sci. 2021, 22(16), 9070;
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Lumbar bone mineral density {(g/cm?)
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| Osteoblast differentiation;
| Extracellular Matrix
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1 Osteoclast Differentiation;

1 Resorption;

1 Migration;
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| Osteoclasts
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Osteoprogenitor-like Ssteogemc naslre
?i_ differentiation osteoblast
: T T2 e ) )
pieshehymnl Rromo | R e > < | Osteogenic Pontential
: & o £
1 Spindle-shaped form; STy | .
y - = b ‘ \ |Alkaline phosphatase, Type |
CD90, a-smooth muscle actin g \ ;
T and vimentin expression; ¥.. Dediffere ntlatlon.,ﬁ Collagen and osteopontin
1 proliferation; Vil _',o‘ ’ expression; .
1 Integrin a2; T A P, |Bone extracellular matrix
oo $ . o mineralization;
XCZ | FAK/B-Catenin signalling

| X
zcz XCZ pathway;
@ $ ICZ TG F-ﬂ" $ lIntegrin B1 expression;

1 Adipogenic potential

O
1 PPAR-y, CEBP-a and perilipin \®—\K® O
expression; | i xfi
1 intracellular lipid droplets after Cmf EVOR 4\)
- ®
adipogenic differentiation %) -
9

protocol;

Subcutaneous adipose tissue derived-secretome
from subjects with obesity

Cells 2024, 13(17), 1418
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A Systematlc ReV|eW and I\/Ieta analy5|s of Observatlonal Studies

Cohort studies |

Cho et al. 2018 ' 0.98 (0.87,1.09) 4.56
Gale et al. 2016 a I*- 1.14 (093, 1.41) 377
Galeetal. 2016 b e 1.36(1.16, 1.60) 4.20
Hooker et al. 2017 a | —— 1.78 (1.36,2.33) 3.26
Hooker et al. 2017 b —i"— 1.24 (0.96, 1.61) 3.35
Hooker et al. 2017 ¢ T 143(1.06,1.93) 2.99
Hooker et al. 2017 d — 0.86 (0.60,1.23) 257
Menant et al. 2017 a —‘I’_ 1.22(0.83,1.79) 240
Menantetal. 2017 b _.-Ll 0.83 (0.65, 1.06) 3.49
Valderrama-Hinds et al. 2018 1.09(0.98,1.20) 4.65
Zhang et al. 2018 a o 092(0.92,093) 499
Subtotal (I-squared = 86.7%, p = 0.000) 1.12 (1.00, 1.26) 40.25

J Gerontol A Biol Sci Med Sci. 2020;75(5):952-960.
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A Systematic Review and Meta-analysis of Observational Studies

Cross-sectional studies
Alamgir et al. 2015
Aljawadi et al. 2018
Copés et al. 2015
Costaetal. 2013 a

Sy, @ @@GID(%@
il R =€ \( .
- //

//$\\\// /l \ / &

——T— 1.22 (0.78, 1.91) 2.01
—’—:' 0.92 (0.71,1.20) 3.32
—, 0.84 (0.64,1.12) 3.13
T 1.32 (0.50, 3.46) 0.64

Costaetal. 2013 b
Frames et al. 2018
Grundstrom et al. 2012
Handrigan et al. 2017 a
Handrigan et al. 2017 b
Kim et al. 2008 a
Maximo et al. 2018
Mitchell et al. 2014
Meri et al. 2017
Rossi-lzquierdo et al. 2016
Santos et al. 2012
Siqueira et al. 2011

0.57 (0.1, 3.04) 0.23

Traldi et al. EDMI
Worapanwisit et al. 2018
Wu et al. 2013

Yliitalo et al. 2016 a
Ylitalo et al. 2016 b
Subiotal (I-squared = 44.4%, p = 0.016)

¢ : 0.65(0.32, 1.33) 1.05
- 1.19 (1.07, 1.31) 4.63

el 1.30 (1.13, 1.50) 4.33

.- 1.10 (0.99, 1.22) 462
+—— 1.26 (0.92, 1.73) 2.91

, * 1.90 (1.02, 3.54) 1.30

- 1.31 (1.14, 1.50) 4.39
T 1.50 (0.96, 2.36) 2.01
——— 1.34 (1.07, 1.68) 3.64

—_— 0.92 (0.56, 1.51) 1.80
- 1.20 (1.07, 1.34) 456

: 0.38 (0.14, 1.04) 0.58
[ 1.82(1.17,2.82) 2.08
—— 1.06 (0.78, 1.43) 3.00

1.22 (1.11, 1.34) 4.69

-;0-
|- 1.28 (1.19, 1.37) 4.82
'f} 1.20 (1.13, 1.27) 59.75

J Gerontol A Biol Sci Med Sci. 2020;75(5):952-960.
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4 Cardiovascular risk and diseases

assoclated with fractures (type 2
diabetes, insulin resistance...)

Changes in body composition:
4 Visceral adipose tissue

4 Sarcopenia
4 Waist circumference

4 Fatty deposits in the

- 4 Riskof falls

4

‘ Testosterone in men

bone marrow
25-OH-vitamin D deficiency
and secondary
hyperparathyroidism
Chronic proinflammatory state:
%6
4 C-Reactive protein High-fat diets:
4 TNF-a 4 Calcium absorption
+ praR.a OBESITY  m—
4 AGES and sclerostin ho———— 4 Cytokines
% Mcp1
4 RTAIL
4 LIGHT
- |
Less efectiveness of anti-

) 4

Hormonal disturbances

4

Impaired adipokines
secretion

osteoporotic treatments?

Int J Mol Sci. 2022;23(15):8303
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Weight maintenance,  Moderate weight Severe weight loss, P-
n=17 loss, n =39 n=17 valuel
Body weight (kg) 0.3+1.32 ~5.6+2.72 -37.449.3% <0.0001
Serum Osteocalcin _ b
0.3+2.228 -0.4+1.24 3.7+£2.5° <0.0001
(ng/ml)
Serum NTx (nM | _
-1.0+£3.92 -0.8+4.7¢ 9.8+4,4b <0.0001
BCE)
Urinary PYD _ _
-8.2+77.32 -13.74122.94 351.14212.92 <0.0001
(nM/day)
Urinary DPD _ _
-4.5+44.42 -1.3+48.64 72.1+63.32 <0.0001
(nM/day)
Urinary calcium _ _
-4,6458.3% -16.9+77.5° -83.0+88.32 0.0070

(mg/day)

J Expo Sci Environ Epidemiol. 2008;19(1):90-96.
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Bone variables

vBMD, mg/cm>? n/a 189.8 (36.7) | - 187.7 (476) | 191.0(32.0) |0.92
VBM fat, %° n/a 378(20.8) |- 39.5(21.5) | 36.8(21.1) |0.86
CTX, ng/mL 0.52(0.37) |0.32(0.18) |0.005 |031(024) |0.32(013) 028
PINP, ng/mL 54.1(39.7) |38.2(15.1) 0.027 |39.2(19.1) 37.5(113) 0.63
TRAcP5b, U/L 2.6(0.9) 2.4(0.6) 0.65 2.5(0.7) 2.4(0.6) 1.00
TRAcP5a, U/L 2.2 (0.6) 2.2(0.5) 0.84 |2.3(0.6) 2.1(0.4) 0.54
TotalOC, ng/mL 8.4(3.7) 5.2(1.9) <0.001 | 5.0(2.2) 5.4(1.7) 0.54
ucOC, ng/mL 2.4(1.9) 1.7 (1.1) 037 |17(12) 1.6 (1.1) 0.67
CTX/TRAcP5b ratio | 0.19(0.08) | 0.13(0.07) <0.001 | 0.12(0.08) 0.14 (0.06) 0.14
PINP/CTX, ratio 112 (33) 143 (58) 0.018 | 164(74) 127 (37) 0.10
fS-Ca-ion,mmol/L | 122(0.03) | 122(0.05) |027 |121(0.06) | 122(0.03) 027
S-Phosphate, 1.03(0.13) |098(0.15) |016 |096(0.18) |0.99(0.12) | 0.71
mmol/L

S-25(0H)D, nmol/L” | 66 (17) 59(18) 0.13 53(13) 62 (19) 030

Bone. 2017:95:47-54
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Weight change BMD* (g/em') BMD @Emz” Osteoporosis}
category Mean  95%Cl*  Mean 95% Cl (%)
Loss of >10% 0899 0870 0927 0908 0.880, 0.937 15.1
Loss of 5—<10% 0927 0.905,0949 05930 02908, 0.952 14.1
Loss or gain of <5% 0963 0953,0973 08963 0953, 0973 6.2
Gain of 5-<10% 0999 0985 1.013 0997 0983, 1.012 2.6
Gain of >10% 1.009 0996, 1.021 1.007 0995 1.019 0.6

Am J Epidemiol. 2008 ;168(4):454-60
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Age at baseline (yrs)

Aged 50-64 years (n = 833) Aged 65-74 years (n = 1327)
Weight change Mean (SD)  Hip Person- Incidence  RR Mean (SD)  Hip Person- Incidence  RR
from maximum weight loss, Ib fractures  years  rate’ (95% CIy weight loss, Ib fractures  years  rate’ (95% CI)
Loss <5% 16 (1.6) 9 6691  1.34 L0 L7(L7) 38 7087 536 10
Loss 5-<10% 16(L5) 5 3670 1.36 0.96.0032-203 15(14) 30 3903 7.69 1,504093.2 43
Loss >10% 182(69) 16 455 344 QLIS 183(10) 73 768 1048 04 (1373043
Total 30 15016 2.00 - 141 18158 7.76 -

Osteoporos Int. 2001;12(9):763-8.
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Hui SL et al. J Clin Invest 81:1804-1809; 1988
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Change in Hip BMD, %
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BMD change from baseline (%)
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Group 1, metformin or metformin + sulfonylurea Group 3, DPP4 i + metformin +/- sulfonylurea
Group 2, TZD + metformin +/- sulfonylurea Group 4, SGLT2i + metformin +/- sulfonylurea

a : P<0.05 compared with Group 1, 3, and 4;
b : P<0.05 compared with baseline
¢ : P<0.05 compared with Group 1 and 3.

Endocrinol Metab 2021;36(4):895-903
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Strategies for Osteoporosis Management

Osteoporosis Management

Nonpharmacologic Pharmacologic
Strategies Approaches

v | V v | ' v

(6 " HRT )( Anaboli
. . . Bisphosphonates Anabolic
Calcium | Vitamin D | Exercise risedronate SERM Agents |Denosumab
alendronate Raoxifene Teriperatide . .
ibandronate Basedoxifene || Abaloparatide Calcitonin
- zoledronic acid . TSEC \Romosumab

NIH. JAMA. 2001;285:785-795.

AACE. Endocr Pract. 2003;9:544-564.

NOF. Clinician’s Guide to Prevention and Treatment of Osteoporosis. NOF; 2010.

US DHHS. Bone Health and Osteoporosis: A Report of the Surgeon General. Office of the Surgeon General; 2004.
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Model 1: adjusted for age.

Model 2: adjusted for age and comorbidities .
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alcohol consumption, exercise, household income.
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