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Traditional measurement of obesity vs new diagnostic method
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L obesita era considerata OSTEOPROTETTIVA —
Relazione BMI - BMD
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Zhang Y et al., BMI, socioeconomic status, and bone mineral density in U.S. adults: Mediation analysis in the NHANES. Front Nutr. 2023
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L” obesita e davvero osteoprotettiva?— Limite B

BMI, Total Body Trunk Total

kg/m? Fat, % Fat, % Lean, %
BMD r r r R
Spine 0.11 —0.29° —0.06 0.27°
Total hip 0.10 —0.40° 0.10 0.38°
Femoral neck 0.21% —0.22° 0.05 0.20°
Trochanter 0.05 —0.42° 0.07 0.40°
Intertrochanter 0.16° —0.31° 0.09 0.29°
Whole body 0.22¢ -—0.29° 0.01 0.25°
Whole-body BMC 0.13 —0.482 0.07 0.51°
Abbreviation: BMC, bone mineral content.
ap<.01.
bp< 05,
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Aguirre L, et al. Increasing adiposity is associated with higher adipokine levels and lower bone mineral density in obese older adults. J Clin Endocrinol Metab. 2014
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* Fisiopatologia della fragilita scheletrica indotta dall’obesita
* Epidemiologia della fragilita scheletrica indotta dall’obesita
* Aspetti clinico-diagnostici della fragilita scheletrica indotta dall’obesita

* Trattamento farmacologico e non
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Effetti dell’obesita sull’osso

OBESITA’ METABOLICAMENTE HEALTHY OBESITA’ METABOLICAMENTE UNHEALTHY




Fragilita scheletrica obesita indotta -
Alterazione della struttura ossea
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Francesca Vigevano et al., In Men With Obesity, T2DM Is Associated With Poor Trabecular Microarchitecture and Bone Strength and Low Bone Turnover, The Journal of Clinical
Endocrinology & Metabolism, May 2021



Fragilita scheletrica obesita indotta —
Markers turn-over osseo
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Francesca Vigevano et al., In Men With Obesity, T2DM Is Associated With Poor Trabecular Microarchitecture and Bone Strength and Low Bone Turnover, The Journal of Clinical
Endocrinology & Metabolism, May 2021



Effetti della obesita “healthy” sull’osso
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Effetti della obesita “healthy” sull’osso
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Effetti della obesita “unhealthy” sull’osso
ALTO TURN OVER SCHELETRICO
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Effetti della obesita “unhealthy” sull’osso
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Effetti della obesita “unhealthy” con DMT2 sull’osso
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Effetti del DMT2 e obesita “unhealthy” sull’osso
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Aspetti epidemiologici - fragilita scheletrica

Rischio frattura SITO-SPECIFICA

MHO

00

Fracture Incidence
ID Upper extremity m Lower extremity @ Central body @ Hip |
16
>
& 14
4
8 12
=
S 10
S 8
[+})
° 6 &
(&)
=
o 4
* *
™ 0 // /7 A4
Underweight Healthy weight Owerweight Obesity | Obesity I Obesity llI
BMI Category

Beck TJ, et al. Does obesity really make the femur stronger? BMD, geometry, and fracture incidence in the Women’s Health Initiative-Observational Study. J Bone Miner Res. 2009




Cases of VF, n
Person-years

Age-adjusted
relative risk (95%
Cl)

Multivariate
relative risk (95%
cn P

Multivariate
relative risk +
BMI (95% CI)

Fratture vertebrali

Waist circumference (cm)

<71.0 71.0-79.9

26 113
38,287 120,383
1.0 1.32

(0.86-
2.02)
1.0 1.33
(0.87-
2.04)
1.0 1.45
(0.94-
2.23)

80.0-88.9

129

137,370

1.24
(0.81-
1.89)

1.29
(0.85-
1.98)

1.55
(1.00-
2.42)

89.0-98.9

95
81,275

1.47
(0.95-
2.28)

1.58
(1.02-
2.46)

2.04
(1.28-
3.25)

Paik JM et al.,. BMI, Waist Circumference, and Risk of Incident Vertebral Fracture in Women. Obesity (Silver Spring). 2019

99.0-
107.9
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58,819

1.37
(0.87-
2.17)

1.43
(0.90-
2.29)

1.93
(1.17-
3.19)

Aspetti epidemiologici - fragilita scheletrica

=108.0

42

32,485

1.72
(1.05-
2.80)

1.76
(1.06-
2.92)

2.49
(1.44-
4.33)

MUHO

P for
trend

0.03

0.01

0.001
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Aspetti epidemiologici - fragilita scheletrica MUHO con DMT2

Rischio frattura NON SITO-SPECIFICA 000
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Adami G et al. Risk of fragility fractures in obesity and diabetes: a retrospective analysis on a nation-wide cohort. Osteoporos Int. 2020



Aspetti epidemiologici - fragilita scheletrica MUHO con DMT2
INDIPENDENTE DA BMD

Diabetics non-obese

T-SCORE LOMBARE -2.2 SD

Non-diabetics obese

T-SCORE LOMBARE -1.8 SD

T-SCORE LOMBARE -1.6 SD

® Vertebral or Hip Fxs °
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a
N
a
e
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o
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Decreased risk of fracture OR 95% ClI Increased risk of fracture

Adami G, et al. Risk of fragility fractures in obesity and diabetes: a retrospective analysis on a nation-wide cohort. Osteoporos Int. 2020
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Aspetti epidemiologici - fragilita scheletrica MUHO con DMT2
DIPENDENTE DA COMPENSO GLICEMICO
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Bowen Wang, Unmasking Fracture Risk in Type 2 Diabetes: The Association of Longitudinal Glycemic Hemoglobin Level and Medications, The Journal of Clinical Endocrinology & Metabolism, AOUAL . I
2022 ki
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Aspetti clinico-diagnostici
Valutazione Obesita: Come?

BMI + PARAMETRI ANTROPOMETRICI

DXA TOTAL BODY

Bone

Total Body % Fat

FFat
D
Z~score

Age
Source: NHANES Classic White Male

World Health Organization Body Mass Index Classification
BMI = 33.5 WHO Classification Obesity |

Undenveight Normal Ovenweight Obesity | Obesity Il Obesity Il
10 15 20 25 30 35 40 4%

BMI has some limitations and an actual diagnosis of ovenweight or obesity should be made
by a health py Obesity is with heart disease, certain types of cancer,

type 2 diabetes, and other health risks. The higher a person's BMI is above 25, the greater

their weight-related risks.

Waist circumference
=102 ¢cm for men*
=88 cm for women*

Waist-to-hip ratio
>0.90 for men*
>0.85 for women*

Waist-to-height ratio
>0.50 for all*

VALUTAZIONE METABOLICA

e ANAMNESI

taaoua [l



Aspetti clinico-diagnhostici -
Valutazione Osteo-Metabolica: A chi?

®c

S &
L

ATAIL

SETTING PREVENZIONE SECONDARIA: @_
00°

— pregresse fratture da fragilita’

7227
SETTING PREVENZIONE PRIMARIA: WARNING

VO VY

— MHO e MUHO in base a fattori di rischio specifici

— DMT2 da almeno 5 aa e/o scarso compenso cronico e/o con complicanze microvascolari
e/o con farmaci associati ad alto rischio fratturativo

— candidati o sottoposti chirurgia bariatrica (rischio di malassorbimento) e/o a farmaci per il
calo ponderale (GLP-1 RA o GLP1/GIP) ?
taaouar [



Aspetti clinico-diagnostici -
Valutazione BMD: Pitfalls tecnici

CoMD (gamy, o' AT So0e)  %Changov Provous La misurazione della BMD é:
1.389 2 2
1245 1
1 .
o . — per BMI > 35 Kg/m2 MENO accurata e precisa
0 .
0813{stssponm ™~ - a causa dell’interferenza della massa grassa
0.669 -3
0525 -4 1
0381 Osteoporosis 5 2 . . . ]
20 40 60 80 100 603087 — nel DMT2 e da interpretare con un fattore di
Aae (vears) Aae (vears) . .
o i skl ,correzione: T-score + 0.55D
Region (g/cm®) T-score Z-score \ 7/
Total 0779 -22 -18 v -
7/ N\

DIAGNOSI DI OSTEOPOROSI nel DMT2
T-SCORE -2 SD
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Aspetti clinico-diagnhostici -
Valutazione TBS: Pitfalls tecnici . ?

BMD= 0.972 |llustration of TBS= 1.459
auy. W TN Well-structured > i

trabecular bone

La misurazione del TBS NON ¢ valida per
BMI > 37 kg/m2 a causa dell’interferenza
del tessuto adiposo.

Experimental

lllustration of variogram TBS=1.243
Altered —

trabecular bone !

_,@\— Proposto TBS corretto
TBS + (BMI - 30) x 0.00753




Aspetti clinico-diagnhostici -
Valutazione SCORE rischio fratturativo - Pitfalls

FRAX e DeFRA possono sottostimare il rischio di
ome  ColculionTool Y Paperchans  FAQ frattura perché la BMD e spesso normale/ elevata e:

F RAX ® WHO Fracture Risk Assessment Tool

Calculation Tool

— nell'obesita 1) NON stima il rischio di fratture
periferiche; 2) NON considera % massa grassa

Please answer the questions below to calculate the ten year probability of fracture with BMD

Country: UK Name/ID Aboutthe risk factors (i
Questionnaire: 10. Secondary osteoporosis * No Yes
1 Age (oetveen 40-9Dyears) or Date ofbith 11 Akahol3ormors undspardey & No - Yes — nel DMT2: manca il DM tra le comorbilita da
Age Date of birth 12. Femoral neck BMD (g/cm?)
. ’ ]
w[ "o T [ selezionare nell’algoritmo.

Male « Female
" Clear Calculate |

3. Weight (ka)

The ten year probability of fracture (%)

\ /
4 Height (cm) 165 BMI 239 - v -
. ' d ; Y Utilizzare dei fattori correttivi nel DMT2

B Major osteoporotic

6. Parent fractured hip « No Yes

pounentenenn e S N acture | Es. considerare i pazienti come se fossero affetti da

8. Glucocorticoids « NO Yes

9. Rheumatoid arthritis « No Yes a rt rite re u m atOi d e




Aspetti clinico-diagnhostici -
Morfometria vertebrale —in chi?

T4

Nei pazienti obesi: WARNING
Y

1) CON fratture cliniche (non solo fratture maggiori)

2) SENZA fratture cliniche MA con fattori di rischio per
fragilita scheletrica:

— con DMT2 se: lunga data, trattamento con insulina e/o
pioglitazone, complicanze croniche del diabete, livelli
persistenti di HbAlc > 8% per almeno un anno

— sottoposti chirurgia bariatrica (rischio di
malassorbimento) e/o a farmaci per il calo ponderale

(GLP-1 RA o GLP1/GIP)
taaoua [l



Trattamento — misure NON farmacologiche

Nei pazienti obesi con:

g — 25-0OH vit D < 20 ng/mL raccomandata supplementazione di vitamina D: da 400-800 Ul/die
fino 4000 Ul/die nei pazienti obesita severa o malassorbimento.

— apporto alimentare insufficiente (< 1000-1200 mg/die), oltre alla vitamina D &
raccomandata l'integrazione di calcio.

Calo ponderale - IMPATTO NEGATIVO SU 0SSO
@ — DIETA: calo ponderale del 10% determina perdita di BMD femorale precoce (entro 1 aa)
— CHIRUGIA BARIATRICA - CALO PONDERALE + MALASSORBIMENTO E MODIFICHE
ENDOCRINO-METABOLICHE >> rischio di frattura molto elevato nei PRIMI 2 anni e la perdita

di massa ossea continua anche dopo stabilizzazione del calo ponderale

— GLP-1 RAE GIP/GLP-1 (?)




Trattamento farmacologico— chi trattare?

A

Clinical fragility fractures

|
v v

Hip or vertebral

Othersites

y

Spinal X-ray

|

v

21 moderateor
severe vert. fractures

v

No moderate or
severe vert. fractures

y

DXA
I

T-score
<-2.0

v® V® N @

v

T-score
>-2.0

!

FRIAX a

v

FRAX+

l®

Active treatment

FRAX-

B

7 2 L
WARNING
L L

No Clinical Fractures

No major T2D
Risk factors

y

Follow-up

21 majorT2D

Risk factorsP

y

Spinal X-ray
|

v

21 moderateor
severevert. fractures

3O,

Active treatment

v

No moderateor
severe vert. fractures

DXAindication©:

Chiodini I, et al. Management of bone fragility in type 2 diabetes: Perspective from an interdisciplinary expert panel. Nutr Metab Cardiovasc Dis 2021

A @ (female265yrs cir male 265 yrs)
v ¥
no yes
! ! —
FR?X‘ T-score T-score
\l' J/ >-2.0 <-2.0
—— FRAX+ FRAX-
FR,IAXal
v v
FRAX- FRAX+
i ¢ @ V@

Active treatment

Zxaoua. I




Trattamento farmacologico — quali farmaci usare?

PROFILO FRAGILITA’ PROFILO SICUREZZA
SCHELETRICA del EFFICACIA FARMACO
€ FARMACO
PAZIENTE
TERAPIE ANABOLICHE Terapie anti-riassorbitive
P lasi Rischio di Insufficienza
regresse neoplasie Pregressi infarti o ictus infezionia Reflusso Fibrillazione renale con Infezioni ;
IperPTH primitvo gastro- . eGFR<40 . : Malassorbimento
partenza dal atriale ricorrenti
cavo orale esofageo ml/min/1.72
. . m?
EV|t.a re | Evitare 7 7 T — T T
Teriparatide Romosozumab Evitare
Precauzione zoledronato Precauzione Attenzionea
Valutazione Evitare BPs ccr:-n uel Prudenzacon c;n vl ipocalcemia
odontoiatrica orali. BPsperos con
zoledronato _ denosumab
Preferire denosumab
Denosumab
Preferire i BPs
oralirispetto
a denosumab . )
o Zoledronato BPs: bisfosfonati




Trattamento farmacologico —

Efficacia

Subgroup
VFx incidence (%)
ZOL vs placebo P value
Age (years) < +—— 2.0vs 10.0 <0.0001
70-74 ——t 25vs104 <0.0001
2754 P 48vs 120 <0.0001
Race Caucasian— ——t 35vs 102 <0.0001
Other+ r——e—y 20vs 81 0.0087
Asian-{ +—e— 29vs 149 <0.0001
Region Americas - - 32vs76 <0.0001
Asia~ e 30vs 150 <0.0001
Europe —— 34vs 116 <0.0001
Smoking No —e— 33vs 108 <0.0001
Yes+ +—o—— 26vs 119 0.0004
Femoral neck OP, no VFx —— 20vs 66 <0.0001
T-score OP, VFx- =y 39vs 137 <0.0001
& VFx status No OP, VFx— ——— 47vs 138 <0.0001
No OP, No VFx - 14vs 28 0.3451
Weight (kg) <55+ ——t 38vs 107 <0.0001
55-64 - r—— 36vs 119 <0.0001
>64 —— 23vs 99 <0.0001
Height loss (cm) <545+ —— 38vs 153 <0.0001
545294 Lo 33vs97 <0.0001
>.2.94 B 28vs717 <0.0001
Fal No r—-— 33vs 107 <0.0001
Yes —— 33vs 114 <0.0001
Walking distance 0-7- —— 3.0vs 10.2 <0.0001
_hrsiweak) B=21 e 36vs11.0 <0.0001
22-90— —— 31vs115 <0.0001
BM (kg/nT) <15 ¢——— 00vs 127 0942
18-24 9 —— 39vs 97 <0.0001
25-04 r—e—t 29vs 1286 <0.0001
>30 4 o ——— 27vs100 0.0002
Total hip BMD 0.23-0.61 — — 41vs 14.2 <0.0001
(glem 3 >0.61-0.68 —— 3.0vs 10.0 <0.0001
>0.68-1,32 —— 28vs B84 <0.0001
Prior BP use No - —— 31vs107 <0.0001
Yes - P— 42vs 121 0.0003
Stratum* 14 —.— 33vs 109 <0.0001
crC < B0 - ———t 43vs 115 <0.0001
(ml/min) 60— — 23vs 103 <0.0001
2R 1] L L T |

L T T 1
00 02 04 06 08 10 12 14 16 18 20
Odds ratio (95% Cl)

quali farmaci usare?

008 HORIZON PFT trial

" Acido zoledronico 5 mg ev/aa vs
= placebo

v Follow-up 3 aa

025 Riduzione rischio fratture

071 vertebrali (e non vertebrali) in
il tutte le categorie di BMI

o8t BMI > 30 kg/m?2: Effetto

075 predittivo di efficacia

004 ANTIFRATTURATIVA

taaoua [l

R Eastell, et al. Effect of once-yearly zoledronic acid five milligrams on fracture risk and change in femoral neck bone mineral density; J Clin Endocrinol Metab, 94 (2009)



Trattamento farmacologico — quali farmaci usare?
Efficacia

Subgroup

Overall FREEDOM Population

Age (years)
<5
275

Body mass index (kg/m?)
<25
25t0< 30
230

Estimated creatinine clearance (mL/min)
<60
260

Region
Western EU, Australia, New Zealand
Eastern EU
Latin America
North America

Race
White
Non-white

Prior use of osteoporosis medications
Yes
No

Femoral neck BMD T-score
<-25
>-25

Prevalent vertebral fracture
Yes
No

Prior nonvertebral fracture
Yes
No

Placebo
(N = 3906)
% (n/N)

7.2% (264/3691)

6.5% (166/2545)
8.6% (98/1146)

7.3% (117/1605)
7.0% (104/1492)
7.3% (42/575)

7.1% (95/1342)
7.2% (169/2346)

8.0% (138/1730)
7.1% (88/1248)
5.3% (23/436)
5.4% (15/277)

7.3% (251/3427)
4.9% (13/264)

7.7% (93/1208)
6.9% (171/2483)

9.9% (130/1309)
5.6% (132/2367)

13.6% (116/853)
5.2% (143/2727)

9.4% (105/1118)
6.2% (159/2568)

Denosumab
(N =3902)
% (n/N)

2.3% (86/3702)

2.0% (50/2547)
3.1% (36/1155)

2.0% (33/1626)
2.8% (41/1462)
1.8% (11/599)

2.9% (39/1363)
2.0% (47/2337)

1.9% (32/1721)

2.8% (36/1270)
2.7% (12/447)
2.3% (6/264)

2.3% (80/3424)
2.2% (6/278)

2.4% (27/1119)
2.3% (59/2583)

3.1% (40/1303)
1.9% (45/2380)

4.6% (41/883)
1.7% (45/2727)

3.5% (39/1101)
1.8% (47/2599)

Risk Ratio
(95% CI)

0.32(0.26,0.41)

0.30 (0.22, 0.41)
0.36 (0.25, 0.53)

0.41(0.28, 0.58)
0.28 (0.20, 0.38)

0.23 (0.16, 0.34)
0.40 (0.28, 0.59)
0.51 (0.26, 1.01)
0.41(0.16, 1.04)

0.32 (0.25, 0.41)
0.44 (0.17,1.14)

0.31(0.21, 0.48)
0.33 (0.25, 0.44)

0.31(0.22, 0.44)
0.34 (0.24, 0.47)

0.34 (0.24, 0.48)
0.31(0.22, 0.44)

0.38 (0.26, 0.54)
0.29 (0.21, 0.40)
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vertebrali INDIPENDENTE dal
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Conclusioni

La fragilita scheletrica € emersa recentemente come una complicanza dell’obesita

| pazienti obesi hanno un elevato rischio di frattura anche in presenza di una BMD normale o
elevata, ad indicare un’alterata qualita dell’osso

Ad obesita metabolicamente differenti corrispondono quadri di osteopatia diversi, ognuno con
specifico rischio fratturativo

La valutazione osteo-metabolica in questi pazienti presenta diverse difficolta tecniche e pitfalls
diagnostici

Considerando il rapido aumento dell’obesita e la prevalenza della fragilita scheletrica in questo
contesto, e necessario iniziare ad pensare di sottoporre a valutazione osteo-metabolica i pazienti
maggiormente a rischio di fragilita scheletrica

t3aoua. B



Grazie per I'attenzione!!!
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