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The Problem
• 50% women and 20% of men have an
osteoporotic fracture after age 50
• 2 million fractures annually
• 350,000 hip fractures with
mortality of 20%
• Cost -- $19 billion annually

Topics
• Screening
• Calcium and vitamin D dilemma
• Bisphosphonates: atypical fractures and holidays
• Denosumab: new information regarding discontinuation
• Anabolic agents
• New ACP guidelines- what to do

Screening for Osteoporosis
• National Osteoporosis Foundation (2018)
– All women > 65 years
– Postmenopausal women < 65 years with a risk
factor
– All men > 70 years

• U.S. Preventive Services Task Force
(2018*)
– All women > 65 years
– Postmenopausal women < 65 years
prescreened with risk tool (FRAX, OST etc)
– Evidence insufficient in men
*USPSTF, JAMA, June 26, 2018

Issues Regarding USPSTF
Screening in Men

• Screening in men fulfilled by 3 criteria for screening:
– 1. Burden of disease is great
• 1/5 men will fracture after age 50
• Mortality of men with hip fx higher than in women
– 2. Effective screening tests are available
• BMD effective screening test
– 3. Efficacious treatments are accessible
• Therapies approved by FDA for men including
bisphosphonates, denosumab, teriparatide
• Target screening to men 70 and older who have high
probability of fracture
Cauley J, JAMA 2018

Fracture Risk Increases with Age
Incidence/1,000,000 Person-Years
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Hip fracture incidence in men reaches the same level
as in women, but at an age approximately 6 years older!
Cooper C, et al. J Bone Miner Res. 1992

Diagnosis of Osteoporosis
Using Central DXA
T-score
Normal

≥ -1

Osteopenia

< -1 and > -2.5

Osteoporosis

≤ -2.5

Rescreening: DXA Interval Time
Patients w/o Osteoporosis, No Rx
Study Osteoporotic Fractures
9700 women > 65 years followed ~ 15 years
Interval 10% transition to osteoporosis
BMD
Classification

T-score (total
Interval (years)
hip or fem neck)

Normal

-1.0 and higher

15

Mild Osteopenia

-1.0 to -1.5

5

Moderate
Osteopenia

-1.5 to -2.0

1
Gourlay ML, NEJM, 2012

Common Medical Causes of Bone
Loss, Osteoporosis, and Fractures
Diseases

Conditions

Drugs

Hypogonadism (premature)
Diabetes
Depression
COPD
GI diseases (malabsorption)
Rheumatoid arthritis
Cholestatic liver disease
Hyperthyroidism
Hyperparathyroidism
Myeloma

Anorexia
Alcoholism
Hypercalciuria
Vitamin D deficiency

Glucocorticoids
Excess thyroxine
Antiepileptics
Depo-Provera
GnRH agonists
Aromatase inhibitors
SSRIs
Proton pump inhibitors
TZDs

Some unsuspected

Evaluation of the Patient
With Osteoporosis
Careful history and examination
• Laboratory testing
– Chemistry (Ca, Phos, Cr, Alk Phos, LFTs, protein)
– CBC
– 24-hour urine calcium (and creatinine)
– 25-OH vitamin D
– TFTs if symptoms, elderly, or on thyroxine
– SPEP if elderly, anemic or fractures

Identified 92% of new diagnoses at cost of
$56 to $79 per patient (Medicare rates)
Data reanalyzed from Tannenbaum C, et al. J Clin Endocrinol Metab. 2002;87(10):4431-7
using current definition of vitamin D deficiency (personal communication: Luckey MM).

General Preventive Measures

• Calcium
• Vitamin D
• Exercise
• Fall reduction

Calcium Recommendations
• Total calcium intake: (IOM, NOF, AACE,
Endocrine Society)
– 1000 – 1200 mg/day (divided dose)
– Diet plus supplement = 1200 mg daily
– Most only need 1 pill daily (keep it simple)
• Upper intake: 2000 mg/day (IOM)
• More is not better
– No added bone benefit
– Excessive calcium intake (bringing total
above 2000 mg/day) increases the risk of
kidney stones and may increase CVD (still
controversial)
IOM guidelines Nov 2010

Calcium plus Vitamin D
Comparative Effectiveness
• Design: meta-analysis of 116 trials
(approved by task force Endo Soc)
– 139,647 patients, mean 64 yo, 86%
women, median f/u 24 months

• Results:
– Calcium and vitamin D ineffective if given
separately
– Reduced hip fracture risk if given together
• OR 0.81 (CI 0.68-0.96)
Murad MH, JCEM, 2012

Calcium or Vitamin D and
Fractures in Community
• Meta-analysis in community > 50 yo
• 33 trials included 51,115 participants
• No association between calcium, vit D
or both with fracture reduction
• Issues: few trials included patients
with osteoporosis, some trials no
baseline vit D, 21 RCT omitted
considered “potentially eligible”, majority
of WHI participants excluded
Zhao J, JAMA, 2018

Meta Analyses Study Issues
• Differences in
– Trial selection, inclusion, exclusion
– Patient inclusion
– Dose/duration calcium +/vitamin D
– Outcome definition
– Analytical methods

Calcium
• 1200 mg daily in divided doses
– 500-600mg at a time
• Diet or supplement
• Types of supplements
– Calcium carbonate (with food)
– Calcium citrate (with or without
food)

Almond Milk Cow’s Milk

Add a
zero to
Percent Daily
Value

Vitamin D Recommendations
• General population:
– IOM: 600-800 IU/day (target level 20 ng/mL)
Nov 2010
– USPSTF: more data needed, JAMA, 2018
• Patients:
– NOF: 800-1000 IU (target level 30 ng/mL)
– IOF: 800-1000 IU (target level 30 ng/mL)
– Daily dose: at least 1000 IU/day (many need
more ~ 1500 IU/day)
• Upper limit intake: 4000 IU/day (higher harmful)

Why Vitamin D Insufficiency
is Increasing
• Downward trend in milk consumption
• Upward trend for sun protection/sun avoidance
• Upward trend in obesity

Vitamin D Dilemma
•
•
•
•
•
•

Screening versus treatment
Vitamin D with or without calcium
Amount of vitamin D included
Duration of study
Healthy versus frail elderly
Type of analysis
– Meta analysis
– Review
– Studies included

Vitamin D
• 53 trials
• 91,791 participants
• Vitamin D plus calcium
– 16% reduction hip fracture
– High risk à NNT ~ 10 to prevent 1 hip fx
– 5% reduction in any type fracture
– Mortality not effected

• Vitamin D alone no impact on fractures
Avenell A, Cochrane Collaboration, 2014

Sources of Vitamin D
• Pure vitamin D 400 – 2000 IU/tablet
• Vitamin D3 (cholecalciferol) preferred over D2
(ergocalciferol)
• Multivitamin 400-800 IU/tablet
• Many calcium supplements contain vitamin D
• Sunshine (difficult in winter, in the north)

Exercise
What exercises should we do?
• Weight-bearing
• Muscle strengthening
• Focused to improve balance
What benefit should we expect from exercise?
• Small (1-2%) effect on adult bone mass
• Maximum effect seen in growing bone
• Reduces the loss of muscle mass
• Reduces risk for falls by improving strength
and balance

NOF Treatment Guidelines for
Postmenopausal Women and Men ≥ 50
Initiation of pharmacologic therapy
recommended in presence of any one of:
Osteoporosis
(Fracture)

A vertebral or
hip fracture

Osteoporosis
(T-score)

T-score ≤ -2.5 at
femoral neck,
hip or spine

Osteopenia
T-score
between
-1.0 and -2.5

FRAX : 10 year
probability of
fracture

Osteoporosis Therapies
Agent

Dose*

Effect on Fracture Risk
Vertebral

Nonvertebral

Hip

Calcitonin

200 IU IN/day

ü

—

—

Raloxifene

60 mg/day

ü

—

—

ü

—

—

Ibandronate

150 mg/month
3 mg every 3 months IV

Alendronate

70 mg/week

ü

ü

ü

Risedronate

35 mg/week (Atelvia)
150 mg/month

ü

ü

ü

5 mg every 12 months IV
5 mg every 24 months IV

ü

ü

ü

Teriparatide

20 mcg/day SC

ü

ü

—

Abaloparatide

80 mcg/day SC

ü

ü

—

60 mg every 6 months SC

ü

ü

ü

Zoledronic
acid

Denosumab

Bisphosphonates
Oral

Injectable

• Alendronate (Fosamax,

• Ibandronate (Boniva, generic)

generic)
– 35 or 70 mg weekly

• Risedronate (Actonel, Atelvia*
generic)
– 35 mg weekly *
– 150 mg monthly

• Ibandronate (Boniva, generic)
– 150 mg monthly
*can be taken after breakfast

– 3 mg IV quarterly

• Zoledronate (Reclast, generic)
– 5 mg IV annually for treatment
– 5 mg IV every 2 years for
prevention

Nitrogen Bisphosphonate Mechanisms
to Inhibit Bone Resorption
Mevalonate
Nitrogen Bisphosphonate
Farnesyl diphosphate
Geranylgeranyl diphosphate
Geranylgeranylation

Cytoskeleton

Vesicles

Osteoclast Survival

(Oc Attachment, Migration)

(Ruffled Border)

(Apoptosis)

BP

Clinical Points
• Reduction in fractures occurs early in 6-12 months
• Reduction sustained while on therapy
• Increase in BMD not required—stable BMD provides
fracture reduction

New York Times: June 1, 2016
• Reports of drugs’
Gina
Kolata
“Millions of
causing jaw bone
Americans are
missing out on a
chance to avoid
debilitating fractures
from weakened
bones, researchers
say, because they
are terrified of
exceedingly rare side
effects from drugs
that can help them.”

to rot and thigh
bones to snap…
• Drugs fell by 50%
from 2008-2012
but
• “Treat 50 to
prevent a
fracture.”
• “Treat 40,000 to
see atypical
fracture.”

The Perfect Storm

A “perfect storm” threatens to derail the progress that
has been made in protecting the bone health of
Americans.
Jane Brody, Feb 12, 2018, New York Times

The Perfect Storm Continued
• Bisphosphonate use
US Hip Fracture Trends 2002-2015
decreased
• Decrease in DXA
Medicare Payment
• DXA testing decreased
• Osteoporosis diagnosis
decreased
• Hip fracture decline
stopped 2012
• Hip fracture > than
predicted 2013-15
• “Call to Action”
Medicare fee for service 2002-2014
26%

Percent of Women Age 65+

22%
20%
18%

900

11,464 additional hip fractures
$459 million additional expenses
2,293 additional deaths

884

850
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DXA Medicare Payments

$139

738

700

Osteoporosis Diagnosis

17.9%

16%

750

693

650

$82

14.8%

14%
12%
10%

$42

DXA Testing

13.2%

600
550

11.3%

Fractures per 100,000 Women Age 65+
Age-adjusted to the 2014 Age Distribution

24%

Hip Fracture Rates

500

Adapted from Lewiecki EM et al. Osteoporos Int. 2018;29:717-722.

Lewiecki EM, OI, Dec 2017

Atypical Fractures of Femur
- Transverse fractures of femoral
diaphysis
- May begin with stress reaction or
stress fracture of lateral femoral
cortex (A)
- Often bilateral
- Prodromal pain in thigh or groin
in 70%

1 Shane

E, et al. J Bone Miner Res.
2010;25:2267
Watts NB and Diab D, J Clin Endocrinol Metab
2010;95:1555-1655
Park-Wyllie JY, JAMA. 2011;305(8):783-789

- Occur in untreated patients, but
increased incidence in patients
on oral bisphosphonates > 5
years3

Osteonecrosis of the Jaw
• Extremely rare
• Incidence:
1/10,000-1/100,000
• Exposed bone
• Cancer patients on IV
bisphosphonates
• Invasive dental
procedures like tooth
implant
• Conservative Rx
1 Woo

SB et al. Ann Intern Med. 2006;144:753
S et al. JBMR, 2007;22:1479
Long term BP, ASBMR Task Force, JBMR, 2016
2 Khosla

10-year Probabilities of AFF, ONJ and
Other Adverse Outcomes
72-year-old woman with FN T-score -2.9; parent with a hip fracture
35%
30%

30%

25%

20%
15%

15%

10%
5%

0%

0.11%

Fx Risk:
Fx Risk: Fatal MVA
Untreated * Treated *

0.06%
†

Murder

0.01%
†

ONJ

‡

0.50%

AFF

ξ

*Fracture risk typical of patient with osteoporosis.
National Vital Statistics Report 2008. www.cdc.gov.
‡ADA Council on Scientific Affairs. J Am Dent Assoc. 2006;137;1144.
ξSchilcher J, et al. N Engl J Med. 2011;364:1728.
†CDC

Messages to Improve Adherence
• Goal to maintain independence
– Avoid
• Wheel chair
• Walker
• Move to senior care facility

“Time for a Holiday?”
Means Reassess

• Bisphosphonate: Oral > 5y or IV > 3 y
– Consider holiday if:
•
•
•
•

No fractures
BMD T-scores > -2.5
Not a high risk patient
Recheck in 2-3 years

– If no holiday:
• Reassess risks/benefits
• Consider change in therapy (teriparatide,
abaloparatide, denosumab)
• Recheck in 2-3 years

Long-term BP, ASBMR Task Force,
JBMR, 2016

Alternatives to
Bisphosphonates
• Raloxifene
• Denosumab
• Anabolic agents:
– Teriparatide
– Abaloparatide

Denosumab: Antiresorptive
Not a Bisphosphonate
• Denosumab, a fully human IgG2 antibody
• Novelty: reversible, biannual subcutaneous
injection
• Indications: high risk postmenopausal
women, men prostate cancer on ADT, women
breast cancer on AI
• Risks: hypocalcemia, skin infections (rare)

McClung MR, et al. New Engl J Med. 2006;354:821-31.

Effect of Denosumab Retreatment on
Lumbar Spine and Total Hip BMD
Placebo

Percent Change (LS Mean ± SE)

14

30 mg Q3M

Lumbar Spine
Discon8nued
Treatment

12
10

Retreatment
60 mg Q6M

*
9.0

8.8

8
6

Discon8nued
Treatment

6

Retreatment
60 mg Q6M

5.0

4

3.9

*

2

4

*1.9

2

0

0

-1.2

-2

-2

-1.3

-4
-6

8

Total Hip
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Months
*P = 0.004 at month 36 and < 0.001 at month 48 vs placebo
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*P < 0.001 at month 48 vs placebo
Miller PD et al Bone 2009
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Discontinuation of Denosumab
• Increase in the risk of multiple vertebral fx
– Patients with previous vertebral fracture at
greatest risk

• Can start as early as 7 months after
discontinuation, mean 19 months
• FDA recommends switching to an
alternative therapy
– Oral bisphosphonate prevents bone loss

• Bottom Line: if denosumab discontinued,
switch to another agent
Cummings SR, Vertebral Fractures after Discontinuation of
Denosumab, JBMR, 2017.

Anabolic Therapy
• Teriparatide
• Abaloparatide

What the antiresorptives
don’t do…

Anabolic Therapy
• Daily subcutaneous injection with automatic
pen
• Teriparatide refrigerated; abaloparatide NOT
refrigerated
• Start at night to avoid side effects of nausea,
leg cramps, fatigue, headache
• Black box warning of osteosarcoma in rats –
not seen in humans
• Abaloparatide may be a patch in the future

Non-skeletal Selection Issues
Medication

Pro

Con

Bisphosphonates

GI irritation oral; don’t use if
Extended dosing interval GFR < 30 mL/min (orals)
or < 35 mL/min (zoledronate)

Raloxifene

Breast cancer
prevention

Exacerbate hot flashes
DVT

Denosumab

Extended dosing
interval, not cleared by
kidney

Eczema, skin infections,
hypocalcemia (if no calcium),
Rx after discontinuation

Teriparatide
Abaloparatide

Anabolic

Daily injection, expense, 24month limit; nausea, leg cramps

Response to 2017 ACP Guidelines
• Important points but a few corrections:
• #1 and #3: Rx with bisphosphonates and
denosumab in women, only
bisphosphonates in men
– Anabolic therapy and denosumab improve
BMD and reduce fractures in men and women
• Denosumab approved in men with osteoporosis

– Women: include anabolics (teriparatide and
abaloparatide)
– Men: Include anabolic (teriparatide) and
denosumab
Qaseem A et al, Osteoporosis guideline update ACP, AIM 2017

Response to 2017 ACP Guidelines
• #2: Treat for 5 years
– Holiday applies to bisphosphonates only
– If stop treatment with denosumab can see bone
loss and increase in vertebral fractures
– We don’t stop treating diabetes, hypertension,
hyperlipidemia after 5 years in patients who still
have the problem
– Treat for 5 years and reassess response to
treatment (FDA, ASBMR taskforce, others)
– If osteoporosis, continue treatment but may
change to alternative therapy

Response to 2017 ACP Guidelines
• #4 No BMD monitoring for 5 years
– Looking for patient with bone loss
– Need monitoring to ensure targeted Rx
– Assess BMD ~ 2 years on Rx
– Standard of care of any chronic disease is to
monitor over time and manage treatment

• #5 No Rx with ERT, HRT or raloxifene
– ERT/HRT appropriate for vasomotor symptom
and osteoporosis
– Alternative in early postmenopausal women

Response to 2017 ACP Guidelines
• #6 Women > 65 years with osteopenia but high risk
for fracture: discussion with patient
• Similar fracture reduction for those < 75 to > 75
• Zoledronic acid
• Denosumab
• Teriparatide
• Abaloparatide
• BMD trials
• Alendronate in healthy
• Zoledronic acid in frail elderly
• Medications safe and effective in older adults

Summary
• Screening:
– Women > 65 years, men > 70 years
– Rescreening if mod-severe osteopenia, no Rx
• Calcium:
– Goal 1200 mg daily, divided dose, diet plus
supplement
• Vitamin D: ~1000 IU daily
• Treatment:
– Hip or vertebral fracture
– BMD T-score below -2.5 at hip, spine, or radius
– FRAX qualifications

Summary continued
• Treatment options: Depends on contraindications,
adverse events, route of administration
• Atypical fractures: rare
– Associated with bisphosphonate > 5 yrs
– Thigh, hip, groin pain prodrome
– Stop bisphosphonate and evaluate
• Bisphosphonate holiday:
– Consider in low risk after 5 yrs oral or 3 yrs IV
– Reassess in 2-3 years
• Denosumab: Discontinuation means switch

Questions?

