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Economic-Cosis:

° Not in diagnosis or
treatment costs, but in
fractures that lead to
hospitalization, long -
term care, disabillity,
and loss of
Independence




Economic Impact of Hip Fracture

"\

Direct Costs (U.S. estimates)

° Firstyear cost: $40,000 38%$65,000 per patient
© Hospitalization/Surgery/$15,000 -$25,000
° Rehab/SNF $10,000-$20,000

© Lifetime cost: $60,000 8$100,000+

° National burden:
© ~300,000 hip fractures/year
© $20030 billion annual U.S. cost

Why Hip Fractures Drive Cost
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@80% of costs occur in first year
A30% require long -term care
~50% never regain
~ad3@M@o mortality at 1 year
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Incidence of Fractures: Men vs Women

Women (O5pP vyears

A Vertebral fractures: MOST common
d Often asymptomatic
d Occur earlier after menopause

A Wrist fractures:

d Very common early fragility fracture
d Often first clinical presentation

A Hip fractures:
d Incidence rises sharply after age 75
d Major driver of disability and cost

Men (O50 year s)

A Vertebral fractures
d Frequently underdiagnosed
d Often present later and more severe

A Hip fractures:
d Occur at older ages
0 Higher 1 -year mortality than women

A Lower overall fracture incidence
- Osteoporosis diagnosed AFTER fracture

Pearl: Women experience more wrist and vertebral fractures, but men have higher mortality
after hip fracture. Any fragility fracture in either sex signals high future hip fracture risk.
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History X-ray DXA
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Scan nlormalos:

Region BMC BMD I - L -

(2) (g/em?) Seore Score

Neck 0.706 -1.2 0.3
I'roch 5.65 0.552 -1.5 04
Inter 0938 .0
Total 0.794 : 0.1
Ward's 0.7 0.581 . 1.0




Trabecular Bone Score?






BMD L1 L4 0.984

Patient 1
Well-structured
trabecular bone

Patient 2
Altered
trabecular bone

Micro- Experimental
computed variogram
tomography
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Evaluation of Osteoporosis -PMW

a
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Goals
Confirm bone loss
|dentify secondary
causes

N

4

p

Missed Causes
Hypercalciuria
Hyperparathyroidism
Thyroid disease
Celiac disease
Monoclonal
gammopathy

Not all osteoporosis is

primary (30% not) N

evaluate for reversible
causes

4




42% of DXA scans have major
Interpretation issues

Avrthritis ° The International Society for
Fractures Clinical Densitometry

Laminectomies
Pacer wires

Calcified aorta

Krueger er. Al J ClirDensitom 2019 JarMarch;22(1)



Region

BMD

L1
L2
L3
L4

#.821
1.899
0.864
#.843
8.917

1(38.8)

Z

-8.95 89«
»+8.65 167«
-2.08 806
-2.48 76
-1.47 85«

+8.85 113«
+2.65 136%
+0.11 181~
-8.31 96«
+0.63 188



Region Area
(em?)

L1 13.51
L2 13.35
L3 16.68
L4 16.88

Total 60.42




BMD (g/cm?)
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WA THE ANSWER-
TO BONE LOSS
\S TV BURY THEM DEEPER,




Treatment and:Their Side
Effects




The Yin and Yang of Osteoporosis Treatment

Antiresorptive Anabolic

Bisphosphonates

GuvtqigplUGTOXu Teriparatide
Denosumab Abaloparatide

Romosozumab Romosozumab




Osteoporotic Treatment Scale

Antiresorptive Anabolic

Bisphosphonates

Guvtqgqi gpulUGTOXu Teriparatide
Denosumab Abaloparatide

Romosozumab

Romosozumab

Hypocalcemia
Hypophosphatemia
Gastric intolerance
Osteonecrosis of the Jaw
Atypical Femoral Fracture



Osteoporotic Treatment Scale

Antiresorptive Anabolic

Bisphosphonates
GuvtgigpulUGTOXu
Denosumab
Romosozumab

Teriparatide
Abaloparatide
Romosozumab

Hypocalcemia
Hypophosphatemia
Osteonecrosis of the jaw
Atypical femoral
Fracture

Calcium abnormalities
Headache, leg cramps
Dizziness/orthostasis



Wthh Of the 66-year -old female just began on
fellowing

alendronate complains of heartburn,

° Have her take PPI

WOU Id yOU ©  Switch to zoledronic acid (Reclast)
d 07? °  Change to liquid formulation

©  Switch to risedronate




Oral Bisphosphonates -
Concerns

° Gl-ulcers, esophagitis,
abdominal pain

° Arthralgia (5 -10%)
° QOsteonecrosis of the jaw

°  Atypical femoral fractures




Zoledronic-Acid - - €oncerns

° Hypocalcemia ° Osteonecrosis of the jaw (ONJ)
° Hypophosphatemia ° Atypical femoral fractures

° Bone/Joint/Muscle pain o Uveitis

° Acute Phase reactions o Atriakfibrillation (may be

° Acute Kidney injury (Can infuse protective)

over 45 minutes to reduce risk)



Wthh Of the 66-year -old female just began on
fellowing

alendronate complains of heartburn,

° Have her take PPI

WOU Id yOU ©  Switch to zoledronic acid (Reclast)
d 07? °  Change to liquid formulation

©  Switch to risedronate




\What should be done?

° A 58-year -old female on
teriparatide complains about a fast
heart rate and feeling lightheaded
after each injection.

Stop the drug
. Administer sitting, good hydration
. Take it at night -time

o0 ® >

. Trial of QOD administration




Anabolic Osteoporosis Therapies: Side Effects

Common:

A Arthralgia
A Headache

A 1 nj esitetrenctiams

Common:

A B Serum cal cium
A B Urine calcium
A - Nausea, headache

A Leg cramps _
Metabolic:

Important: A B Calcium

A Orthostatic dizziness

A Rare gout flare A Cardiovascular Warning:

A  Possible B MI |/ stroke

roi
Avoid if: Kidney stones A Avoid if MI or stroke <1:

Key Points: Predictable side effects A Strict duratio
Always follow with antiresorptive therapy



\What should be done? -

° A 58-year -old female on
teriparatide complains about a
fast heart rate and feeling
lightheaded after each injection.

A. Stop the drug

B. Administer sitting, good hydration
C. Take it at night -time

D. Trial of QOD administration




A 59-year -old woman presents for
recommendation regarding
osteoporosis.

Recently suffered a wrist fracture from
pickleball

T score Lumbar -2.9. Femoral neck 093.4
Ex smoker (quit 10 years ago),
Menopause age 44 - no hormonal Tx
Family history mom has osteoporosis

Labs normal



. Alendronate

. Teriparatide

1
2
\Which of the 3. Denosumab
following-would 4. |bandronate
be the carrect

treatment?




Sequential Therapy.:

° An anabolic agent followed by an antiresorptive agent is
the key.



Arch Trial: Osteoporotic Women with. |«

Fracture.

° ARCH Tri al : Romosozumab b osteoporot

A Design: 12 months romosozumab, then 12 months alendronate,
compared with 24 months of alendronate alone in high -risk
postmenopausal women. (4093)

A Key finding: Thesequence (r omo B al e n d pignflicardly u c e d
lower fractures vertebral (48 -%), hip (38%), Non -Vert (19%) risk than
alendronate alone



~RAME Study (Fracture Study.in Postmenopausal Women with.
OSte Ol‘:n:ﬂ(.‘i )

The study tested whether:
© 1-year anabolic tx. would reduce fractures vs placebo?

° If followed by denosumab therapy could gains be maintained?



© 7,180 postmenopausal women
° Most did not have a previous fx (70  -80%)

°  Study Design

Months 0 -12 Romosozumab Placebo

Months 12 -36 Denosumab Denosumab




12 months 73% Reduction
Extension 24 months 75% Reduction

Romo plus Denosumab

Denosumab




M SN
DATA-Switech

o Transition studies (Denosumab <« Teriparatide)

A Key: Switching from denosumab to teriparatide caused BMD
decreases (hip/spine) and progressive loss at the distal radius

A Conversely, t er i par ati de Bends &shos comiaubd
BMD gains (supporting oanabolic then



Take Away
AN

For those with severe bone loss or those at high risk
anabolic followed by antiresorptive




59-year -old woman :

© 1. Alendronate
© 2. Teriparatide
© 3. Denosumab

© 4. Ibandronate



o/-year -old female -

T- score in her lumbar spine of -2.7 and 9 2.7 in her femoral neck.

Terrified of medications and absolutely refuses to take an injectable
medication.

You are considering alendronate but, her dentist told her not to take
this medication due to it causing ONJ.

What does the real data say about this situation?



Osteonecrosis of
the Jaw: Should
you be worried?
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osteonecros

Exposed bone in the maxillofacial
region that does not heal within 8 weeks
of being identified by a healthcare
provider in a patient that is or has been
on bisphosphonate and who does not
have a history of radiation therapy in the
cranial facial region.

American Society of Bone and
Mineral Research



MOA

Bisphosphonates predispose to jaw osteonecrosis by
suppressing bone remodeling in high  -turnover, infection -
prone sites, impairing microdamage repair and

angiogenesis n especially after dental trauma




angiogenesis
inhibition

Tetsuro lkebe Oral Science
International March 2012

Micronecrosis

tooth released BP
extraction

osteoclast
recruitment

, - inhibition of bone turnover

|i_ \bone exposure

wound healing
accumulation of necrotic bone

(sequester formation)



https://onlinelibrary.wiley.com/authored-by/Ikebe/Tetsuro
https://onlinelibrary.wiley.com/authored-by/Ikebe/Tetsuro

Pathophysiology of BRONJ: DrugZelated osteoclastic disease of the jaw

Osteoclast HMG-CoA
& —— Statin l

Mevalonate

Isopentenyl-PP

Geranyl-PP

J
Farnesylated

Farnesyl-PP w——) Prataing
Squalene $ (i.e. Ras, Lamin)
Geranylgeranyl-PP Coenzyme Q

Cholesterol  Geranylgeranylated Proteins
(i.e. Rho, Rac, Rab, Rapl)

FPPS makes isoprenoid
lipids needed to

prenylate small GTPases;
without it, osteoclasts
canot attach
organize their
cytoskeleton, or

survive N so bone
resorption stops

t

o



Risk Comparison for ONJ

Annual Incidence (per 10,000)

900.01
800.01
700.01
600.01
500.01
400.01
300.01
200.01
100.01

001 I I I I -E

ONJ 0 Oral BP ONJ oIV BP ONJ o IV BP (Cancer Struck by Lightning Hi p Fractur
(Osteoporosis) (Osteoporosis) dosing)

2 15 800 .01 200



How often does this occur?

Cancer dosing truly
IS a different risk
category.

Osteoporosis
patients, the ONJ
bars are tinyn closer
to lightning than to
hip fracture.

Fractures are orders
of magnitude more
likely along with its
morbidity and
Increased mortality



Not classic avascular necrosis  like steroid -
induced femoral head AVN

’\A ("I l(’ (] ”‘Un Suppressed remodeling is the central
mechanism

s}t "d Dental trauma is the necessary trigger in most
cases.

. "] Infection is a secondary amplifier in presence
of necrotic bone

It exploits already compromised bone

Does not kill bone but prevents bone from
fixing itself




Prior to beginning bisphosphonate

Optimize oral health

Complete dental surgeries -implants and extraction first (filings,
cleanings, crowns are safe)

Maintain good dental hygiene

Note: drug holiday not effective in preventing ONJ



What about CTX?

N

Has not held up in trials (originally stated greater than 150)

A 2025 meta -analysis suggested a higher CTX threshold (around 260)
might correlate with very low MRONJ risk in ~ oral bisphosphonate users
for osteoporosis.

Notes CTX does not reliably identify risk in cancer  -dose tx. and has
not translated into guideline  -grade decision tools

Salgueiro M, et al. EPMA J, . 2019 Jan
Ghio et al PLOS ONE 20(5) 2025




66-year -old female presents with thigh
pain. She is in very good health
exercises regularly (treadmill)

Wrist fracture 3 years ago.

Received romosozumab, followed by
denosumab. Her current thigh pain is in
the general region of the lower third of
her leg .

Xray and MRI are reported as normal.

Current medications: Simvastatin,
Prolia, Lexapro.

Exam essentially normal. Some non -
specific tenderness anterior lateral
lower thigh.
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Region Areafcm’) BMC|(g)) BMD[g/cm’] T-score PR (Peak Reference) Zscore A\,

1179 1305 1107
1424

1 (Age Matched)

11 2| 2s

1221 i6

1530 1311 41

1793 L171 31
59.27 718 1.206 ; 3 34

10%. ACF ='1.025, BCF = 0,995, TH=R070
Y | T-score PR (Peak Referelce) Zscore | AM (Age Matched)
182 0742 0

Fracture Risk: Not Increased. WHO Classification: Normal
87 0.7 | 111

100 13 |

Region Arealen’] BMC|(g) BMD(g/em
Neck 514
Total 35.14

33.02 0.940 0.0
ACF = 1,025, BCF = 099, TH=5,
Wio Classificagiop, Nocwal

121




Is the thigh pain a

complication of her
Prolia?




Atypical Femoral -Fractures- .

Result from severely suppressed bone remodeling, leading to
accumulation of unrepaired microdamage and focal cortical
failure under repetitive loading.



Atypical Femoral fracture
with bump










Radiographs of atypical subtrochanteric femoral fractures (A and B) with apparent cortical
thickening, and magnetic resonance image scans (C) of the left and right femurs depicting
bilateral bone marrow edema in a patient with bilateral fractures.

J The Journal of

Rheumatology
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S0 why.the femur?

A The lateral cortex experiences high tensile stress
A Cortical bone &dominant region
A Repetitive cycling loading with gait ~ Ijgue

A Micro damage needs to be repaired



Atypical Femoral Fracture

Long-term
antiresorptive Antiresorptives
therapy (classically reduce osteoclast -
bisphosphonates; mediated resorption
denosumab)

Normal function of
osteoclasts is

targeted repair of
microcracks

With prolonged Remodeling units

suppression: are not activated
microdamage is not where stress
removed concentrates



Patients on
bisphosphonates

° Xray femurs (both) in anyone
who complains of achiness in
thighs

° Do not keep on
bisphosphonate greater than
o years

° Consider treatment with
teriparatide or abaloparatide




DXA scan

° Lumbar -2.4. femoral neck -2.0
History of foot fractures
Family history: negative for osteoporosis
Meds: Simvastatin, Lexapro
She exercises, eats two meals a day.
BMI 19.8 (125 pounds)

Drinks coffee 2 -3 days a week. Drinks Diet
Coke 1 daily. Protein 55 grams/d

Labs: Vitamin D 26



In addition to possibly optimizing her vitamin D what else.

» LU

would you recommend?. - -

. Alendronate
Denosumab
Observation

Stop her soda consumption

mo O © »

Increase her protein consumption



©  China Health and Nutrition Survey
2004- 2011

17,383 adults /20 to 75 years old - daily
consumption of soft drinks & odds ratio
of 2.72 for fracture

° Nurses Health Study:
PMW- each additional soda per day

| was associated with a 14% increased
Th | ngS are nOt risk of hip fracture (RR: 1.14)
always better ° Women's Health Initiative Observational
. Study :
W|th CO ke 72,342 Consuming more than two

servings of soda per/day showed a 26%
higher risk of hip fracture among
postmenopausal women

Li Chen et al Nutrients (12 )2020 , Fung, T.T, et al. Am. J. Clin.
Nutr. 2014, Kremer, Pedro A.et al Menopause 26(11):2019




Physiologic Effects of Increasing Soda Intake on Bone Metabolism

Phosphorus Load

Net Calcium Balance
—— PTH
— 1,25-dihydroxyvitamin D
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0.5 1.0 15 2.0 2.5 3.0 3.5 4.0
Daily Soda Servings (Conceptual)

Increasing soda intake N especially cola fi raises phosphorus
load, worsens calcium balance, stimulates PTH and calcitriol, and
chronically shifts bone toward resorption, increasing fracture risk

over time.



Your patient presents witha T score -

lumbar -2.6 and femur of -1.9. She

wants to be treated o0hna
calcium and vitamin D.




E Does Vitamin D increase
> BMD?

Questions?

Does it prevent fractures?

Does it prevent cancer or
reduce cancer mortality?




TOP 15 MOST POPULAR SUPPLEMENTS IN THE U.S.

Vitamin D

Magnesium
Fish Oil
CoQ10

Multivitamin

Probiotic

Turmeric

Vitamin C

B-Complex
B-12

Calcium

Melatonin
Zinc 22.2%
Vitamin K 21.8%
Apple Cider Vinegar 21.3%

0 40% 60%
Share of Americans

www.zippia.com/advice/supplements -industry -
statistics/



Vitamin D

Sunlight

Seasonal changes
Dietary exposure

Body mass index
Race/ethnicity

Vitamin D binding protein



o—— Vitamin D — the HEALTHY Range —e

20 ng/mL 30 ng/mL 100 ng/mL

‘ ‘ Ry RxHomeTest‘ |

From The Endocrine Society Guidelines on Vitamin D Deficiency, by Michael F. Holick et al., ‘Evaluation, Treatment, and Prevention of
Vitamin D Deficiency: an Endocrine Society Clinical Practice Guideline’, J Clin Endocrinol Metab, July 2011, vol 96(7) pages 911—-1930




VITAL ViIT:amin Drand Omeg- : A-3 Tria L

° VITAL was a randomized, controlled trial that investigated whether supplemental

vitamin D, (2000 IU per day),-8 fatty acids (1 g per day), or both would prevent
cancer and cardiovascular disease in men 50 years of age or older and women 5!
years of age or older.

° Secondary end point was fracture reduction.



© 25,871 participants (50.6% age 55 or >)
© 1991 fractures in 1551 participants over a median followup of 5.3 years.

° 769 vitamin D group
© 782 in placebo group

Conclusion: No benefit from supplemental vitamin D on fractures



52 VITAL Trial: Cancer Outcomes

Wi

! !ti t}\jf
Cancer Incidence Cancer Mortality

X No reduction in risk of developing cancer /\ Possible modest § in cancer death

] g after several years*.
« Vitamin D vs Placebo: HR 0.96 (95% Cl 0.88-1.06)

N L . % x
» Omega-3 vs Placebo: HR 1.03 (95% Cl 0.93-1.13) Vitamin D vs Placebo: HR 0.88 (95% Cl 0.77-1.01)

* Omega-3 vs Placebo: HR 1.10 (95% ClI 0.94-1.28)
0.7

o
U

Placebo Placebo

o

o
o
o

Divergence @ 2 Years

»

N
U
©
U

HR 0.96 (088-1.06)
— Vitamin D —959% Cl 0.8.88-1.06)
— Omega-3 95% Cl 0.93-1.13)

| F— |

1 2 3 4 5 6
Years Since Randomization (N =25,871)

Placebo

N

U
©
-

— Vitamin D[HR 0.88
95% Cl 0.77-1.01)

O
o

o
o
o

— Omega-3

altive Incidence of Cance (%)
e Imdence of Cance” Densh (%)

o

3 4 5 6 6




Vitamin: D and -Fractures

A Brtish trial, supplemental vitamin Marginal reduction in the relative risk of first

D; (100,000 IU every 4 months) compared hip, wrist, forearm, or spine fracture in men

with placebo for 5 years and women.

An Australia study showed that very high Increased fracture risk among women, who
""" oral doses of vitamin D (500,000 IU per were found to have reached a 2560H -

year) vitamin D level of 48 n/m

No effect on incident nonvertebral fractures

and women) in New Zealand investigated :
over a period of 3.3 years

The Vitamin D Assessment Study (5110 men
vitamin D (100,000 1U/month)

Sanders et alAMA2010:303:18151822, . KhawKT,, et alLancet
Diabetes Endocrin@017:5:438447. Trivedi DP, et
al BM.J12003: 32646469



Weighted mean difference in

0-7 (0-0 to 14)
-0-2 (-1-Oto O-6)
0-9 (-2-9 to 4-7)
-0-7 (-0-9 to 2-3)
-0-1(-1-4 to 1-2)

“Dawson-Hughes, 199119
|Dawson-Hughes, 199520
! Tuppurainen, 199822

l |Komulainen, 1999*41

|| Komulainen, 199041
||Hunter, 20004 -0-1(-19 to 17)
|| Patel, 200125 -0-6 (-1-3 to 0-2)
|| Cooper, 200327 02 (-1-7 to 1-4)
|| Harwood, 200428 14 (-3-3to 0-5)
| Aloia, 200529 ) -0-1(-0-5 to 0-4)
{ JAndersen, 2008 0-6 (-0-6 to 1-9)
||Islam, 201034 1-7 (-0-5to 3-9)
‘w‘ Jorde 201035 0-1(-O-7to 0-8)
Grimnes, 201137 -0-1 (-0-8 to 0-7)
| Rastelli, 201138 0-5 (-1-7to 2-7)
Steffensen, 201139 -0-2 (-1-7 to 1-3)
Nieves, 201240 0-1(-0-8 to 1-1)
ITotal 0-0 (-0-2to 0-3) p=0-8

~Test for heterogeneity:
{1'=0%, p=0-6

e IR Reid et al.
eighted mean difference in total

hip/trochanter BMD (%) (95% Cl) | LancetVVolume
383, Issue
9912



https://www.sciencedirect.com/journal/the-lancet/vol/383/issue/9912
https://www.sciencedirect.com/journal/the-lancet/vol/383/issue/9912
https://www.sciencedirect.com/journal/the-lancet/vol/383/issue/9912
https://www.sciencedirect.com/journal/the-lancet/vol/383/issue/9912

Endocrine Society. Practice-Guidelines 2024 -~

May benefit from Vitamin D supplements above the RDA:

° Children and adolescents to prevent rickets and lower risk of respiratory infections
° Adults > or equal to 75 (to potential lower mortality risk - especially in frail)

° Pregnancy (to lower risk of preeclampsia)

° High risk pre -diabetes (to lower risk of progression to type 2 diabetes)

° Possibly slow cancer progression

Demay MB, et. Al. Endocrine Society Clinical Practice Guidelines. JCEM 2024



Vitamin D Dosing:

° Check patients at risk
° The higher the baseline the longer it takes to achieve goal
° D2vs D3



D2

° Pro
° Repletion protocols
° Vegan

° Con
Lower potency
More fluctuations
May lower D3
Lower binding to DBP

Pro

o

D3

Most from lanolin
Longer half life
Better binding to DBP

Same form produced in skin



° Vitamin D2 works for repletion, but  vitamin D3 is more potent,

longer -lasting, and preferred for maintaining adequate vitamin D
[SVETES

°1f a patient

O i
ss& switch D2 b

sndt respondingo
D3
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