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Objectives 
Upon completion of this talk the learner will be able to:

1. Identify patients who should receive screening 
and potential treatment for osteoporosis 

2. Make appropriate recommendations to patients 
regarding the use of Calcium and Vitamin D 

3. Understand the risks, benefits, and efficacy of all 
available drugs that are used to treat 

osteoporosis and reduce risk of fractures

Bury them deeper!

The Dog’s Solution to Bone Loss…..

K.T.

Untreated osteoporosis leads 
to immobility, disability and 

comorbidity



Sequelae of Fractures
• PAIN, DISABILITY, DEFORMITY, MORTALITY!

• Hip fractures are associated with an 8 to 36 % excess mortality within 1 year, 
with a higher mortality in men than in women following hip fracture!

• 20% of patients who have a fracture will have another fracture within 2 years!

• 20% of hip fracture patients require long term nursing home care!

• Only 40% fully regain pre-fracture level of independence!

• Depression, loss of self esteem, pain disability,!

• multiple thoracic vertebral fractures can lead to restrictive lung disease, 
difficulty reaching and bending!

• lumbar vertebral fractures can lead to constipation, early satiety
WHAT IS OSTEOPOROSIS?!

A skeletal disorder characterized by decreased bone strength!
predisposing to an increased risk of fracture 

Osteoporosis is costly.!
• Osteoporosis-related bone breaks cost patients, their 
families and the healthcare system $19 billion annually. 

• By 2025, experts predict that osteoporosis will be 
responsible for three million fractures resulting in $25.3 

billion in costs.



OSTEOPOROSIS !
IS UNDER-TREATED!

Despite the availability of  
effective therapy, 

only 1 in 5 women who had a  
fracture receive a DEXA 
scan or are prescribed  
treatment to lower their 

risk of fracture.

Our Target Audience for Osteoporosis Prevention

and with how bone mass is measured. Areal density, the
most commonly used measurement with dual-energy X-
ray absorptiometry (DXA), peaks prior to age 20 years at
the proximal femoral sites, while total skeletal mass1

peaks 6–10 years later [5]. But even here, ‘total’ hides
considerable heterogeneity. The skull never peaks,
increasing in mass throughout life; and certain bones
(e.g., the femur and vertebral bodies) continue to increase
in diameter as well [5–7]. Usually such expansion results
in a decrease in true structural density (mass per unit
structural volume), despite which there may be no loss, or
even an actual increase in mass. Whatever may be the
actual mass change, this periosteal expansion usually
results in an increase in stiffness and often in load bearing
capacity of the bone, i.e., in bone strength.
Bone strength, of course, is the primary concern, and

if we could easily measure it, this review would be
entitled ‘Peak Bone Strength’. Because, as already
noted, strength varies as roughly the square of the
structural density of bone (which is measurable in vivo),
bone mass functions as our only useful surrogate for
strength. Thus, ‘peak bone strength’ is more a concept
than it is a measurable reality. Nevertheless, it needs to
be borne in mind that strength and mass (or density) are
by no means perfectly correlated and that mass is only a
substitute measure and not identical with strength.
Additionally, the concern of this review is not so

much with what actually happens in growing indivi-
duals, as with what could happen if the controllable
influences on bone mass accumulation were optimized.
In other words, as used in this review, ‘peak’ bone mass
will connote achieving the full genetic potential for bone
strength. ‘Full genetic potential’ in this context means a
skeleton of a size and mass that have not been restricted
by an insufficient supply of nutrients and/or suboptimal
mechanical loading. As noted below (‘The Calcium
Requirement’), calcium is a threshold nutrient, which
means that adult bone mass is linearly related to intake
below the threshold but unrelated above it. The threshold
intake defines the intake requirement, while the thresh-
old mass defines the ‘full genetic potential’.

The Importance of Peak Bone Mass

At any age, the amount and quality of a person’s
skeleton reflects everything that has happened to it from
uterine existence through the years of growth into young
adult life when the maximum investment in bone is

achieved, and later, when progressive loss of bone often
predominates. Figure 1 summarizes many of the
influences to be discussed in this review, and illustrates
graphically how and why achieving a high adult peak
bone mass is protective against late-life fragility
fractures. Although greater emphasis has usually been
placed on understanding the mechanisms of adult bone
loss, there has been a nearly universal consensus that
early-life experiences are important as well. For
example, nearly 30 years ago osteoporosis was char-
acterized as a pediatric disorder that waited to manifest
itself in old age [8].

The probable importance of achieved peak bone mass
for late life bone strength was first suggested by the
cross-sectional observation of Newton-John and Morgan
[9] that the dispersion of bone mass values did not widen
with age. Similarly, Matkovic et al., in their study of
bone mass in Croatia [10], noted that older age cohorts
had lower bone mass than younger cohorts, and that the
degree of difference between old and young was
proportionately the same for individuals with high and
low starting bone mass. Both observations suggested
that, other things being equal, bone mass tracks
throughout life, i.e., if an individual is on the high end
of the population distribution at age 30 years, he or she
will likely be on the high end at age 70 years. More
recently Ferrari et al. [11] and Dertina et al. [12]
demonstrated this same tracking longitudinally across
the pubertal growth spurt. Prepubertal children at the
high end of the bone mass distribution gained the most
bone across puberty and remained at the high end of the
distribution 2 years later. Longitudinal data in older
adults, also accumulated over relatively short time spans,
show the same pattern [13]. Both Ferrari et al. [11] and
Dertina et al. [12] have suggested that osteoporosis-

Fig. 1. Diagrammatic representation of the bone mass life-line in
individuals who achieve their full genetic potential for skeletal mass
and in those who do not. (The magnitude of the difference between
the curves is not intended to be to scale.) Along the bottom of the
graph are arrayed several of the factors known to be of particular
importance. (# Robert P. Heaney 1999, used with permission.)

1 DXA, while measuring bone mineral mass in a defined region,
usually expresses its results as an areal density, i.e., the mass behind
the shadow cast by the X-ray beam, with the area of the shadow
defining the region of interest. This is not a true density measure and
can be very misleading during growth, since by correcting for area, it
removes most of the change in bone size that is precisely
characteristic of growth. This discrepancy is illustrated dramatically
in a report by Lloyd et al. [3] on prepubertal girls aged 11.9 years. The
authors report that these girls had achieved 83% of adult bone mineral
density, but only 53% of adult bone mineral content. In fact, except
for a sharp transmenarcheal increase of about 15% [4], there is very
little change in true density with growth [5].

986 R. P. Heaney et al.

Heaney PP et al Peak Bone Mass,  Osteoporosis 
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CASE STUDY #2
L.T. is a 67 year old female who is seen in your primary 
care clinic for fatigue and a weak cough. Physical exam 
reveals rales in her right lower lobe and an increased 
thoracic kyphosis. She tells you she was once 5’5” but now 
stands 5’3” tall.  CXR show an right lower lobe infiltrate, 
increased thoracic kyphosis and a loss of vertebral height 
at T8 and T9 . You review her DEXA scan from 1 year 
earlier which revealed a T-score in her femoral neck of -1.2 
and a T score in her lumbar spine of -2.0.  Past Medical  
history is noted for GERD and seasonal affective  
disorder.  Medications include omeprazole 20 mg and 
sertaline 50 mg daily.

The correct diagnosis for this patient is pneumonia and: 
!

a. Osteopenia 
b. Osteoporosis 



75% of vertebral compression fractures are silent

!

Historical height loss (difference between the current height 
and peak height at age 20) of 1.5 in. or more (4 cm) 

!

Prospective height loss (difference between the current 
height and a previously documented height measurement) 

of 0.8 in. or more (2 cm)

Vertebral imaging should be performed:!
In all women age 70 and older and all men age 80 and older if BMD T-score 

is ≤−1.0 at the spine, total hip, or femoral neck!
!

In women age 65 to 69 and men age 70 to 79 if BMD T-score is ≤−1.5 at the 
spine, total hip, or femoral neck!

!
In postmenopausal women and men age 50 and older with specific risk 

factors:!
Low-trauma fracture during adulthood (age 50 and older)!

!
Historical height loss (difference between the current height and peak 

height at age 20) of 1.5 in. or more (4 cm)!
!

Prospective height loss (difference between the current height and a 
previously documented height measurement) of 0.8 in. or more (2 cm)!

!
Recent or ongoing long-term glucocorticoid treatment!

!
If bone density testing is not available, vertebral imaging may be 

considered based on age alone.



Who should get a DEXA 
SCAN?

For which patient should you order a DEXA scan?

a.  A 65 y.o. female with no history of fracture 
b. A 70 y.o. male with no family history of osteoporosis 
c. A 51 y.o. female who fell hiking and broke her wrist 
d. A 54 y.o. breast cancer surviver on tamoxifen 
e. All of the above

Bone mineral density (BMD) testing should be 
performed:!

!

In women age 65 and older and men age 70 and older!
!

In postmenopausal women and men above age 50–69, 
based on risk factor profile!

!

In postmenopausal women and men age 50 and older 
who have had an adult age fracture, to diagnose and 

determine degree of osteoporosis!

2016 ACE Guidelines for Using DEXA SCAN
DEXA Scan is NOT the Holy Grail of Osteoporosis



Labs: CBC, CMP, 25-hydroxyvitamin D, ionized Calcium, 
PTH, TSH and sometimes urine calcium, celiac panel, SPEP

2016 ACE guidelines:1 000 mg/day for men 50–70 
1200 mg/day for women 51 and older and men 71 and 

older), incorporating dietary supplements if diet is 
insufficient.
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25 Calcium-rich Foods 
 
Calcium is essential for bone health. The best way to get calcium is from the foods you eat. Below are 
some good choices from A to Z. Check the food label to see how much calcium is in the foods you buy. 

 
Food Item  Serving Size  Estimated Calcium  

Content in Milligrams (mg)*  
 

1. American cheese    1 oz.    175 

2. Bok choy (Chinese cabbage), raw   8 oz.    75 

3. Broccoli, cooked and drained   8 oz.     60 

4. Cereal with added calcium, without milk  8 oz.     100-1,000 

5. Cheddar cheese, shredded   1 oz.     205 

6. Cottage cheese, 1% milk fat   4 oz.      70 

7. Dried figs      2 figs     55 

8. Frozen yogurt, vanilla (soft serve)  4 oz.     105  

9. Fruit juice with added calcium   6 oz.     200-345 

10. Ice-cream, low-fat or high-fat   1 cup     140-210  

11. Kale, cooked      8 oz.      95 

12. Milk, low-fat or fat-free   1 cup      300  

13. Mozzarella cheese, part-skim  1 oz.     205 

14. Oranges      1 whole    50 

15. Parmesan cheese, grated   1 tbsp.    70 

16. Ricotta cheese, part-skim    4 oz.      335 

17. Salmon, pink, canned with bones   3 oz.     180 

18. Sardines, canned in oil with bones   3 oz.     325 

19. Shrimp, canned     3 oz.     125 

20. Soymilk with added calcium**   8 oz.      300 

21. Soybeans, mature, cooked and drained  8 oz.      175 

22. Swiss cheese     1 oz.     220-270 

23. Tofu prepared with calcium    4 oz.      200-400 

24. Yogurt, low-fat or fat free (Greek)   6 oz.     200 

25. Yogurt, low-fat or fat free (plain)  6 oz.    300  

*The calcium content listed is estimated and can vary due to multiple factors. 

**Choose milk alternatives like almond milk, coconut milk, rice milk and soymilk that are fortified with calcium.  

!

!

!

!

!

Measure 25-Hydroxy Vitamin D Levels  
Target Range 40-60 ng/dl 

2016 ACE Guidelines recommend Vitamin D>1000 iu daily 
Higher Doses May be needed to reach target level 

!

Rule of Thumb: on average 1000 iu Vitamin D3 
will raise the 25-Hydroxy Vitamin D 10 ng/dl



!

!

!

!

!

!

!

!

FALL PREVENTION!
!

• assess gait, leg strength, balance!
• evaluate for sarcopenia!
• evaluate for hypotension, poor vision!
• consider referral to physical therapy or exercise 

program!
!

!

N.H. is a 74 year old female with a prior history of !
wrist fracture.  Her mother fractured a hip 6 months!
prior to her death.  N.H. is not a smoker.  Her vitamin D!
is low.  DEXA scan shows a T-score in her femoral neck 
of -1.5 and T-score in her Lumbar spine of -1.0.!
!

FRAX score reveals a 10 year probability of major !
osteoporotic fracture of 25.1% and a 10 year probability !
of hip fracture of 10%.  !
!

Should this patient be prescribed a medication to lower!
her risk of fracture?

Case study

!

FRAX RISK ASSESSMENT TOOL

10 year Probability of Major Osteoporotic Fracture > 20% 
!

 10 year Probability of hip fracture of > 3% 
!

Meets World Health Organization criteria for cost 
effectiveness treatment with pharmacologic agent

Use of FRAX risk assessment tool in the USA!
(Fracture Risk Algorithm (FRAX®); www.NOF.org and 

www.shef.ac.uk/FRAX)

Limitations of FRAX
Intended for postmenopausal women and men > 50 
years!
(not intended for use in younger patients)!
!

Not intended for use in patients who have who have 
had previous treatment for osteoporosis!

!

Underestimates risk in patients with recent fracture, 
patients with multiple osteoporotic fractures and those 
with !
increased risk of falling!
!

Underestimates Risk in patients who have a low bone 
mineral density in the lumbar spine but a higher bone 
mineral density in the femoral neck.!

!

• All Hip and Vertebral Fractures (clinical and silent) 
!
• Those with T-scores < -2.5 at the femoral neck, total  
 hip or lumbar spine by DEXA 
!
• Those withT-scores between -1.0 and -2.4 and a 10  
 year probability of hip fracture > 3% or a 10 year  
 probability of major osteoporotic fracture > 20% by  
 FRAX

Who should be treated with a drug?



Therapies for Osteoporosis in the USA
hormone therapy : no longer holds label for this use 
calcitonin: no longer holds label for this use 
SERM: Raloxifene (trade name Evista) 
Bisphosphonates: 
•  Alendronate (trade name Fosamax)  
• Risedronate (trade name Actonel) 
• Ibandronate (trade name Boniva) 
• Zolendronate (trade name Zometa, Aclasta or Reclast) 
Anti-Rank Ligand Antibody 
• Denosumab (trade name Prolia) 
Anabolic Agents 
• Teraparatide (trade name Forteo) 
• Abaloparatide (trade name Tymlos) 
Soon to come:  
Romosozumab (trade name Evenity) 
!

Injectable and Nasal Calcitonin 
Drug Related Adverse Events of Osteoporosis Therapy 
Registration Removed due to weak efficacy and serious 

adverse events. 
!

(Metab Clin North Am 2017)

American College of Physicians (ACP) guidelines state 
that “moderate-quality evidence showed no difference 
in reduced fracture with estrogen treatment in 
postmenopausal women with established 
osteoporosis.”!
!

Hormone Therapy: protective but not therapeutic once 
osteoporosis is established!
!

Consider Risk Profile!
!

WHI Study showed found 5 years of HT reduced risk of!
vertebral and Hip Fractures 34% and other fractures 
23%

Raloxifene (trade name Evista)!
Estrogen Agonist/Antagonist!

!

Decreased risk of vertebral fracture 30% in those with !
prior vertebral fracture and 55% in those with no 
previous vertebral fracture.!
!

No documented risk reduction in Non-vertebral fracture!
!

Also indicated to reduce risk of invasive breast cancer!
!

Adverse events: increase risks of deep vein 
thrombosis, can increase hot flashes and leg cramps

BISPHOSPHONATES!
inactivate Osteoclasts

!

BISPHOSPHONATES
• Available in oral tablets and IV infusions 
!
• consistent evidence to reduce fractures at multiple 

skeletal sites 
!
• Not metabolized 
!
• No drug to drug interaction 
!
• Safe 
!
• Long term history of efficacy going back to 1980s 
!

reference: Diab DL & Watts Endocrinology Metabolic Clinics of North America 2012



alendronate 
Fosamax® 

!
50% less hip fx 

!
!

50% less vert fx 
!

reduction over 3 yrs 

!
available in liquid 

& with Vit D 

daily or weekly dosing 
!
!

Ibandronate 
Boniva® 

!
no reduction  
in nonvert fx 

!
50% less vert fx 

!
reduction over 3 yrs 

!
!
!
!

monthly tablet or IV  
infusion every 3 mo 

!
!

Risedronate 
Actonel® 

!
36% less non vert fx 

!
!

41-49% less vert fx 
!

reduction over 3 yrs 
with vert fx reduction 

after 1 year 
!

available with calcium 
!

daily, weekly or monthly 
dosing 

!

Efficacy of Oral Bisphosphonates
ZOLEDRONIC ACID 
brand name: Reclast®

• IV infusion over 15 minutes!
!
• every 2 years for prevention and year for treatment!
!
• 70% reduction in vertebral fractures at 1 year!
!
• 41% reduction in hip fractures over 3 years!
!
• 25% reduction in nonvertebral fractures over 3 years!
!
• Acute Phase reaction: myalgias, fever, arthalgia, headache !
• 32% of patients with first dose, 7% with second dose, 3% with third dose!
!
• Contraindicated in Patients with Creatinine Clearance < 35mg/min!

FEAR OF BISPHOSPHONATES

             ONJ 
1 in 100,000 person years

Atypical Femur Fracture 
1.78-113/100,000 person years 

RARE!
BUT SERIOUS

Adverse Events with Bisphosphonates

• Esophagitis: (the pill before you pee!)!
• Contraindicated with Crt Clearance < 30 mg/min !
• Osteonecrosis of Jaw (exceedingly rare)!
• Atypical Femur fractures!
! risk increases with prolonged use

KEY POINTS!
• Excluding those with GERD or Renal dysfunction, the!

benefits outweigh the risk. With GERD use IV dosing.!
• Risk of rare side effects increases with treatment > 3 yr!
• Consider Duration of Treatment

• 2106 ACE Guidelines: patients with a moderate fracture 
risk take a drug holiday after 5 years of oral and 3 years 
of intravenous (IV) bisphosphonate treatment.  If there!

• is a history of fracture, postpone drug holiday for after 
6 years of IV or oral bisphosphonate.!

!
• Consider response to treatment!
! repeat DEXA, bone markers, fracture history!
!

! If they fracture, the Holiday is over, consider changing!
! to a different drug

When to prescribe a drug holiday?
!

Denosumab  
brand name Prolia®

RANKL Inhibitor 
(the other antiresporptive)



Denosumab Efficacy 
brand name Prolia®

!

Administered as subcutaneous injection in infusion !
center every 6 months!
Over three years:!
• Reduces the incidence of Vertebral Fractures 68%!
• Reduces the incidence of hip fractures 40%!
• Reduces non-vertebral fractures 20%

• Indicated to treat bone loss in women with breast  
 cancer on aromatase inhibitors 
!
• Indicated to treat bone loss in men receiving 
 gonadotropin reducing hormone treatment for prostate  
 cancer who are at high risk of fracture

Denosumab in Cancer Patients with Bone Loss

Denosumab: Drug Safety
• Can cause hypocalcemia!
! hypocalcemia must be corrected before use!
!

!

!
• Increase risk of cellulitis and rash!
!

!
• Association with ONJ (RARE)!
!
• Association of atypical femur fracture (RARE)!
!
• When discontinued, bone loss can be rapid !
! incidence of vertebral compression fractures 
increase

Anabolic (Bone Building) Agents

®

!

!

PTH(1-34), teriparatide, brand name: Forteo®!
!

PTHrP analog, abaloparatide, brand name: Tymlos!
(PTHrP: parathyroid hormone related protein)

!

PTH(1-34), teriparatide, brand name: Forteo®

FDA approved in 2002, as of 2012 more than!
!   1 million people worldwide have been treated!
!

Given as once daily subcutaneous injection for !
18-24 months   !
!

65% reduction in vertebral compression fractures after !
18 months!
!

53% reduction in non-vertebral fragility fractures after!
18 months!
!

Upon completion, it is recommended to use an anti-!
resorptive treatment to maintain increased BMD       

teriparatide drug safety
most common adverse events are leg cramps, nausea 
and dizziness, orthostatic hypotension 
!

Black box warning: increase in the incidence of 
osteosarcoma in rats (high doses, long duration treatment 
in the rodent) 
!

favorable post marketing surveillance with no increased 
incidence of otseosarcoma in patients using teriparatide  
!

patients that are at increase risk of osteosarcoma should  
not use teriparatide.  Includes patients with history of 
skeletal malignancy, radiation to the skeleton, Paget’s 
disease of bone, hypercalcemia



!

PTHrP analog, abaloparatide, brand name: Tymlos!
(PTHrP: parathyroid hormone related protein)
FDA approved in 2017 
!

administered as once daily SQ injection for 18-24 
months 
!

83% relative risk reduction in vertebral fractures 
!

43% relative risk reduction in non vertebral fractures 
!

increase in BMD is lost after discontinuation so  
conversion to antiresorptive treatment recommended 
!

!

abaloparatide: drug safety

Same black box warning as teriparatide 
!

It is not known whether abaloparatide increases 
risk of osteosarcoma in humans.   
!

Should not be used in patients at increased risk of 
osteosarcoma 
!

may cause hypercalciuria, renal calculi 
!

most common side effects include dizziness, nausea, 
headache, palpitations, fatigue, abdominal pain

On the Horizon……!
Romosozumab (brand name Evenity)!

• human monoclonal antibody that binds sclerostin!
!

• sclerostin inhibits the WNT signaling pathway in bone, & 
inhibits bone formation!

!
• Phase 3 clinical trials (FAME, STRUCTURE & ARCH!

• 73% relative risk reduction in vertebral fractures!
• 36% relative risk reduction in clinical fracture!

!
Authorized for use in postmenopausal females with !
history of osteoporotic fracture and multiple risk factors!
for osteoporotic fracture and those who have failed other!
osteoporosis therapies!
!
!

!

M.P. is a 61 year old patient with a history of wrist  
fracture.  Lateral spine x-ray reveals silent compression  
fractures at T7, T8 and T9.  DEXA scan reveals a  
T-score in the femoral neck of -2.6 and T-score in the 
lumbar spine of -2.5.  She is currently taking Calcium  
and Vitamin D and her 25-hydroxy-vitamin D level is  
40 ng/dl.   She has a normal CBC, normal serum calcium, 
normal CMP, normal TSH and PTH.   
!

Is the FRAX score an important part of your decision 
making? 

Case Study
In addition to fall risk assessment, recommending 
strategies for fall prevention, and continuation of  
calcium and Vitamin D, what is the best course of  

of action at this time?

a.  an oral bisphosphonate 
b. an Intravenous bisphosphonate 
c. subcutaneous denosumab 
d. subcutaneous anabolic agent such as  
 teriparatide or abaloparatide



Sequential Monotherapy preferred to combination TX 
!

For younger patients with osteoporosis or patients with 
severe osteoporosis, sequential treatment with anabolic 
therapy followed by antiresorptive therapy is generally 

preferred. 
!

Combination Therapy with two antiresorptive agents is only 
appropriate in a few clinical settings such as active 
bone loss while on HT for menopausal symptoms or  

raloxifene for breast cancer prevention. 

Case study continued

You decide to treat her with 18 months of SQ  
teriparatide.  She has no additional fractures or loss of 
height while on this therapy.  After 18 months on this 
treatment, what do you recommend the patient to do? 
!

a.  continue calcium, vitamin D, and exercise only 
b.  a. and change to abaloparatide 
c. continue a. and start an oral or IV bisphosphonate 
d. continue a. and start SQ denosumab 
f.  a. & c. or a. & d. 

Case study continued

Together, you and the patient decide to use 
denosumab.  Should you recommend a drug holiday 
after 6 years on denosumab?

Duration of Treatment

All nonbisphonate medications produce temporary effects 
when discontinued benefits rapidly disappear 
!
bisphosphonates may allow residual benefits after  
discontinuation for a least a few years 
!
increase in VCF after discontinuation of denosumab 
!
Anabolics: 18-24 months followed by antiresorptive 
!
Individualized therapy, but consider bisphosphonate drug 
holiday after 3-6 years  
!
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Resources

NOF.org 
!

Clinicians Guide to Prevention and Treatment of  
Osteoporosis 
!

www.aace.com 
!

AACE/ACE Osteoporosis Treatment Decision Tool
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