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Abstract

The 18th Annual Santa Fe Bone Symposium was held on August 4–5, 2017, in Santa Fe, New Mexico, USA.
The symposium convenes health-care providers and clinical researchers to present and discuss clinical ap-
plications of recent advances in research of skeletal diseases. The program includes lectures, oral presenta-
tions by endocrinology fellows, case-based panel discussions, and breakout sessions on topics of interest, with
emphasis on participation and interaction of all participants. Topics included the evaluation and treatment
of adult survivors with pediatric bone diseases, risk assessment and management of atypical femur fractures,
nonpharmacologic strategies in the care of osteoporosis, and skeletal effects of parathyroid hormone with
opportunities for therapeutic intervention. Management of skeletal complications of rheumatic diseases was
discussed. Insights into sequential and combined use of antiresorptive agents were presented. Individualiza-
tion of patient treatment decisions when clinical practice guidelines may not be applicable was covered. Chal-
lenges and opportunities with osteoporosis drug development were discussed.There was an update on progress
of Bone Health TeleECHO (Bone Health Extension for Community Healthcare Outcomes),
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a teleconferencing strategy for sharing knowledge and expanding capacity to deliver best-practice skeletal
health care.

Key Words: Anabolic; atypical femur fracture; Bone Health ECHO; parathyroid; pediatric.

Introduction
The Santa Fe Bone Symposium is an annual meeting of

scientists, researchers, physicians, and other health-care pro-
fessionals to share information about the latest advances
in basic bone science and clinical research. All discus-
sions are focused on clinical implications and relevance for
patient care. The 18th Santa Bone Symposium was held on
August 4–5, 2017, in Santa Fe, New Mexico, USA. This is
a highly interactive meeting with numerous opportunities
for participants to collaborate with colleagues. Plenary pre-
sentations are followed by lively discussions of a broad range
of issues. There is a session with oral presentations of ab-
stracts by endocrinology fellows, as well as case-based open-
topic panel discussions. Progress of Bone Health TeleECHO
(Extension for Community Healthcare Outcomes;
http://echo.unm.edu/) program was also presented.

Highlights of past Santa Fe Bone Symposia have been
presented in peer-reviewed journals (1–11), monographs
in print and electronic formats (12–16), online slide pre-
sentations (17–19), and audiovisual webcasts. This is a
summary of clinical insights from presentations and dis-
cussions at the 18th Santa Fe Bone Symposium.

Skeletal Effects of Parathyroid Hormone and
Opportunities for Therapeutic Intervention

John P. Bilezikian, MD, PhD(Hon)
Disorders of parathyroid function are simply catego-

rized as parathyroid gland hyperfunction leading to
hyperparathyroidism or hypofunction leading to hypo-
parathyroidism. This presentation focuses on new in-
sights into both disorders and how therapeutic opportunities
for the use of parathyroid hormone (PTH) evolved into
clinically important options. The premise is that under-
standing the disorders of PTH excess or deficiency has led
to therapeutic opportunities in the management of disor-
ders of calcium homeostasis.

Primary Hyperparathyroidism
Primary hyperparathyroidism (PHPT) is a disorder of

excessive secretion of PTH from one or more of the 4 para-
thyroid glands. Hypercalcemia and elevated or inappro-
priately normal PTH levels are biochemical hallmarks of
the disease. PHPT is used to be characterized as a disease
of “bones, stones and groans” in the days of Fuller Al-
bright, but over the past 50 years, 2 other clinical pheno-
types have been recognized. The most widely recognized
form of PHPT is described as asymptomatic PHPT (20).
It is discovered in countries where biochemical screening
testing is routine and in which the serum calcium is an

integral component. These patients do not have the clas-
sical clinical features of PHPT. The third and most recent
presentation of PHPT is seen in individuals whose serum
calcium is virtually always normal but in whom the PTH
is consistently elevated, in the absence of a secondary cause
(21). Although these 3 clinical presentations of PHPT
evolved chronologically over time, with symptomatic disease
being the first, it is now appreciated that all 3 forms of PHPT
are seen concurrently in the world today. Several factors
determine which of these disorders is more likely to be
present in a given region of the world. If severe vitamin
D deficiency is present, the disease is likely to be symp-
tomatic. In countries where routine biochemical screen-
ing is employed, the asymptomatic form predominates. In
metabolic bone diseases units where PTH is commonly mea-
sured, even if the serum calcium is normal, normocalcemic
PHPT is seen.The point is that although chronology defined
these 3 presentations of PHPT, over a period of 75 years,
these 3 forms are concurrent throughout the world today.

Advances in noninvasive imaging technology, such
as high-resolution peripheral computed tomography
(HRpQCT), have given insights that were not readily dis-
cerned by routine skeletal imaging such as dual-energy
X-ray absorptiometry (DXA). By DXA, a characteristic
densitometric pattern is recognized in which the lumbar
spine, a site of mostly trabecular bone, is relatively well pre-
served, whereas the distal 1/3 radius, a site of mostly cor-
tical bone, is preferentially reduced (22). Because DXA is
a powerful risk factor for fracture, this observation gave
rise to the notion that the nonvertebral skeleton would be
at greater risk of fracture, whereas the vertebral spine would
not. This observation, however, was at odds with epide-
miologic observations that demonstrated as early as the
late 1990s that in PHPT, both nonvertebral and vertebral
fracture risk are increased (23,24). By HRpQCT and
trabecular bone score, it is now evident that in PHPT
microstructural abnormalities can be demonstrated in tra-
becular bone and cortical bone (25–29). These and other
advances have led to revised guidelines for the manage-
ment of PHPT (30).

PTH for the Treatment of Osteoporosis
Although it seemed paradoxical that a hormone known

for its devastating potential to destroy the skeleton could
be used as a therapeutic agent to build bone, the histori-
cal roots for this concept are not new but extend to the days
of Fuller Albright. However, the insight that low-dose, in-
termittent administration of PTH could lead to an
osteoanabolic effect in rats (31) paved the way to the de-
velopment of teriparatide [PTH (1–34)] as an osteoanabolic
therapy for osteoporosis (32). The time course of the
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teriparatide anabolic effect demonstrates an initial stimu-
lation of bone formation, thought to be a modeling effect,
followed by a stimulation of bone resorption, a remodel-
ing effect. The kinetics of these actions gave rise to the
notion of an anabolic window of time when the
osteoanabolic effects of PTH would be optimized (33).
Building on this idea, it seemed possible to develop an
analog of PTH that would give an even wider anabolic
window and, thus, be even more anabolic. To this end, the
PTH-related protein molecule, which shares intense se-
quence homology with PTH from amino acid residues 1–15,
was altered by the insertion of strategically placed resi-
dues between positions 22 and 34. The end result of this
search was abaloparatide, a drug that has been success-
fully developed for the treatment of osteoporosis. Used at
a daily subcutaneous dose that is 4 times higher than
teriparatide (80 µg vs 20 µg), abaloparatide reduces ver-
tebral and nonvertebral fractures with a time course that
suggests a rapid effect (34). Moreover, in keeping with the
notion of greater anabolic activity, abaloparatide is asso-
ciated with a lower incidence of hypercalcemia than is
teriparatide.

PTH for the Treatment of Hypoparathyroidism
Different from the development of PTH analog to treat

osteoporosis, the development of PTH (1–84) for the treat-
ment of hypoparathyroidism was more logical. However,
until PTH (1–84) was successfully developed, hypopara-
thyroidism was the last classical endocrine deficiency disease
for which the missing hormone was not available. One
reason for the delay in developing PTH as a therapy for
hypoparathyroidism is because it is a rare disease (35).
Recent data from the United States place the incidence of
hypoparathyroidism at less than 200,000, establishing it un-
equivocally as an orphan disease (36). The pivotal clinical
trial compared daily dosing of recombinant human PTH
(1–84) [rhPTH (1–84)] with placebo in reducing the needs
for supplemental calcium and active vitamin D by 50%
while maintaining a stable calcium concentration. This
primary endpoint was met, along with a major effect of
rhPTH (1–84), to eliminate the need for active vitamin D
completely and to reduce supplemental calcium needs to
500 mg or less (37), in comparison with the placebo arm.
Data on long-term use of rhPTH (1–84) in hypoparathy-
roidism continue to show efficacy and safety (38,39). The
acquisition of new data has led to guidelines for the man-
agement of hypoparathyroidism (40,41).

Other Therapeutic Applications of PTH
After Extensive Thyroid Surgery

Hypocalcemia due to transient hypoparathyroidism is
common after thyroid surgery. It can complicate the im-
mediate postoperative course, including prolongation of hos-
pitalization. Palermo et al recently compared teriparatide
(20 µg every 12 hours) with placebo in those whose circu-
lating PTH fell to <10 pg/mL within 4 hours after thyroid

surgery (42). In subjects who received PTH “rescue” therapy,
the incidence of postoperative hypocalcemia was much
lower (23% vs 85%) and hospitalization time was signifi-
cantly reduced (2 days vs 3 days).

To Accelerate Fracture Healing
Animal studies have amply demonstrated that PTH ac-

celerates fracture healing (43). It has been more difficult
to demonstrate that PTH accelerates fracture healing in
human subjects. Some data are available with regard to the
Colles’ fractures and pelvic fractures that suggest that this
might be the case (44,45). Further studies are clearly needed
to establish this potential clinical application of PTH.

Summary
The history of PTH over the past 80 years has given new

insights into the diseases associated with its excess or de-
ficiency as well as therapeutic applications that cover a broad
clinical spectrum from osteoporosis to replacement therapy
to more speculative applications such as its use after thyroid
surgery and to accelerate fracture healing.

Insights Into the Use of Anti-Remodeling and
Anabolic Agents for Osteoporosis: Developing
a Long-Term Management Plan

Michael R. McClung, MD
Osteoporosis is a chronic condition of skeletal fragility

that leads to fractures that can seriously alter physical func-
tion and general health. Although we have several classes
of medications that significantly reduce the risk of hip and
spine fracture, we do not yet have a cure for osteoporo-
sis. Thus, prolonged therapy is required, making it impor-
tant to develop a long-term management plan (46). This
is a review of the evidence for benefits and risks of long-
term therapy, the effects of discontinuing bisphosphonate
and non-bisphosphonate therapies and new information
about efficacy of sequential therapy, and to consider a strat-
egy for long-term management of patients with postmeno-
pausal osteoporosis.

Efficacy of Long-Term Therapy
Bisphosphonates and the receptor activator of nuclear

kappa-B ligand inhibitor denosumab are the 2 classes of
drugs indicated for both first-line therapy and long-term
treatment. Raloxifene reduces vertebral fracture risk and
has a role in the treatment of young postmenopausal women
at risk of spine fracture, especially if there is concern about
breast cancer risk, which can be reduced with raloxifene
therapy (47). As patients become more at risk of hip frac-
ture due to growing older or experiencing bone loss,
raloxifene is changed to a drug known to reduce the risk
of hip fracture. Teriparatide and abaloparatide are espe-
cially useful in patients at high risk of spine fracture but
are approved only for 18–24 months of use (48).
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Bisphosphonates and denosumab are the currently avail-
able drugs that significantly reduce the risk of vertebral,
hip, and nonspine fracture (47,49). With both drug classes,
fracture risk reduction occurs within the first few months
of treatment, and the effects on bone mineral density
(BMD) and fracture risk persist as long as treatment is ad-
ministered, with no evidence of resistance to therapy
(50–54). There is even a suggestion that the effectiveness
of denosumab on reducing nonvertebral fracture risk may
improve with long-term therapy (55), consistent with the
progressive increase in total hip BMD over 8–10 years of
treatment (54), which is in contrast with the plateau in proxi-
mal femur BMD after 4–5 years with bisphosphonate
therapy (50,53).

In patients with osteoporosis who have received
bisphosphonates for at least 1 year, switching to denosumab
results in greater increase in hip BMD than is observed if
they remain on a bisphosphonate (56,57). Recent evi-
dence, based on a meta-regression of large fracture end-
point trials, suggests that the effects of treatment on reducing
hip fracture risk is significantly correlated with the gain in
total hip BMD on treatment (r2 = 0.52) (58). In addition,
in the extension of the denosumab fracture prevention trial
(Fracture Reduction Evaluation of Denosumab in Osteo-
porosis every 6 months; FREEDOM), the risk of
nonvertebral fracture in individual patients was corre-
lated with the total hip BMD measured while on treat-
ment (59). This is the first evidence that the actual BMD
level achieved on treatment predicts current fracture risk,
providing justification for considering a BMD target toward
which we should strive in all patients with osteoporosis (60).

Safety of Long-Term Therapy
The safety of long-term osteoporosis treatments has been

evaluated over 7–10 years in open-label treatment exten-
sions of the original placebo-controlled trials (50–54). The
only adverse events of long-term bisphosphonate therapy
clearly associated with duration of treatment are subtro-
chanteric or shaft fractures of the femur with atypical ra-
diographic features (61). From a background incidence of
1–2/100,000 patient-year, the risk of these uncommon frac-
tures increases to about 1 per 1000 patient-year after 8–10
years of therapy. There is very modest evidence that dis-
continuing the bisphosphonate results in a rapid reduc-
tion in the risk of such fractures (62). Very rare femoral
fractures with atypical features were observed in the 10-
year FREEDOM extension study, but there were too few
events to determine whether the risk of these atypical frac-
tures was associated with the duration of therapy (54). In
that study, no other adverse events became evident with
long-term denosumab therapy that were not observed in
the 3-year placebo-controlled trial.

Effects of Discontinuing Treatment
As with most drugs, the skeletal benefits of osteoporo-

sis drugs are lost when treatment is stopped. With both es-
trogen and denosumab, BMD decreases substantially within

the first year of stopping treatment, and protection from
fragility fracture is quickly lost (63–66). Switching from es-
trogen or denosumab to alendronate prevents this rapid
bone loss, but the effect of such a strategy on fracture risk
has not been evaluated (67,68).

The pharmacology of bisphosphonates is unique. By
binding to bone mineral, the drugs remain in the skeleton
for many years, and the offset of the inhibition of bone re-
modeling and the loss of BMD occur gradually. However,
partial loss of protection from vertebral and nonvertebral
fracture occurs within 3–5 years of stopping these long acting
bisphosphonates (51,52,69,70). This gradual offset of pro-
tection from fragility fracture, coupled with the possibil-
ity of a reduction in the risk of fractures with atypical
features upon stopping bisphosphonate therapy, provides
the justification for the concept of a “bisphosphonate
holiday” (71).A task force of the American Society for Bone
and Mineral Research (ASBMR) recently provided clear
guidance about managing long-term bisphosphonate therapy
(70). For patients remaining at high risk of fracture after
3–5 years of therapy, continuing bisphosphonate treat-
ment or changing to another osteoporosis drug is recom-
mended.This includes patients with a history of hip or spine
fracture or of multiple other fragility fractures before or
during bisphosphonate therapy, with hip BMD values re-
maining in osteoporosis range (T-score less than or equal
to −2.5), or who are at high risk of fracture due to other
risk factors.This recommendation essentially suggests con-
tinuing treatment in patients who still meet the criteria for
being on an osteoporosis drug. For the smaller number of
patients who do not meet these criteria for being at high
risk, interruption of treatment for 1–2 years can be con-
sidered (but not mandated) with plans to restart treat-
ment if indications for therapy return (46).

The concept of a “drug holiday” clearly does not pertain
to patients on other osteoporosis drugs such as denosumab
(72). Reports of rapid loss of vertebral fracture protec-
tion upon stopping denosumab led the US Food and Drug
Administration (FDA) to caution prescribers of this drug
about this phenomenon and to recommend that switch-
ing to another anti-remodeling agent (e.g., a bisphosphonate)
be considered if denosumab therapy is discontinued (73).

An algorithm for the long-term management plan used
in our clinic is presented in Fig. 1. Bisphosphonates and
denosumab are the drugs recommended for long-term use.
After 3–5 years of bisphosphonate therapy, patients at low
risk are considered for a “bisphosphonate holiday.” For pa-
tients remaining at high risk of fracture, switching to
denosumab is the only strategy to improve the BMD
further. Although there is no time limit for denosumab
therapy, discontinuation at anytime should be followed by
treatment with a bisphosphonate for at least 1–2 years.

Anabolic and Anti-Remodeling Drugs in Sequence
We can take advantage of the marked differences in the

mechanisms of action of anabolic and anti-remodeling thera-
pies by using them in sequence. Teriparatide therapy may
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be considered in patients who have not achieved the desired
gain in BMD or who have experienced fractures while
taking an anti-remodeling agent.Additional gains in BMD
at both the hip and the spine occur when bisphosphonate-
treated patients transition to teriparatide (74). Switching
from denosumab to teriparatide results in a further in-
crease in spine BMD but a transient decrease in bone
density of the proximal femur (75). If a patient on
denosumab therapy is considered a candidate for
teriparatide, adding the anabolic agent rather than discon-
tinuing denosumab may be preferable (76).

Following teriparatide with either a bisphosphonate or
denosumab results in large additional increases in BMD
(75,76). The effectiveness of treatment with an anabolic
agent followed by an anti-remodeling drug has been dem-
onstrated in 2 recent phase 3 fracture endpoint studies.The
substantial decrease in vertebral and nonvertebral frac-
ture risk observed with abaloparatide was sustained during
an additional 6 months of treatment with alendronate (77).
In patients who received romosozumab, an inhibitor of
sclerostin, for 12 months, switching to denosumab for an
additional 12 months resulted in large increases in BMD
and additional reduction in vertebral fracture risk com-
pared with patients who received a placebo for 12 months
followed by denosumab (78).These results are the first clear
evidence that beginning an anabolic agent followed by an
anti-remodeling drug is more effective in reducing frac-
ture risk than is starting with the anti-remodeling drug.The
primary endpoints in both the abaloparatide and the
romosozumab studies included fracture risk reduction with
this sequence. These studies provide both evidence and
probable regulatory approval for the use of an anabolic
drug as first-line treatment in patients with high or immi-
nent risk of fracture to be followed by a potent anti-
remodeling agent (48).

Summary
The availability of multiple effective treatments with dif-

ferent mechanisms of action provides us with both the op-
portunity and the challenge of using the drugs most
effectively. Decisions about therapy must be individual-
ized. For patients at high risk of fracture, anabolic therapy,
followed by an anti-remodeling agent, should and will
become the accepted treatment strategy.

Skeletal Complications of Rheumatic Diseases
John J. Carey, MBBChBAO, MS
Rheumatic diseases commonly affect bone, joints, and

other body tissues. Bone changes include new bone for-
mation, osteophytes, painful osteitis and osteosclerosis,
tendon, vessel and nerve impingement, bone loss, painful
erosions and osteolysis, fractures, and loss of joint func-
tion (Table 1). Most medical students and doctors list heart,
renal, and liver failure as causes of lower leg swelling, but
they do not often think of joint failure or bone failure.

Fig. 1. Algorithm for long-term management of osteoporosis.

Table 1
Skeletal Complications of Rheumatic Diseases

Loss of bone Gain of bone
Alteration

of bone

Focal erosions Osteosclerosis Osteonecrosis
Periarticular bone loss Osteophytes Fracture
Generalised bone loss/

osteoporosis
Osteitis Dysplasia

Osteolysis Exostosis Ankylosis
Cysts Heterotopic

ossification
Osteomalacia
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Osteoarthritis, the most common disease in the world
today, is associated with bone changes before and after the
onset of disease symptoms (79,80). These include osteo-
sclerosis, osteophytosis, microcracks, and microfractures
(79,80). Early bone changes can be seen on scintigraphy
(81) and magnetic resonance imaging (MRI) scans (82),
which indicate a more rapidly progressive disease. Phar-
macologic approaches for the treatment of skeletal lesions
of osteoarthritis have been disappointing, as results from
clinical trials of bisphosphonates and strontium have shown
little or no benefit (83,84), and studies with glucosamine
remain controversial (85,86).

Patients with inflammatory arthritis may suffer skel-
etal complications that include focal bone erosions and gen-
eralized bone loss resulting in joint damage, fractures, and
disability (80,87). Treatment with disease-modifying medi-
cations can slow or halt the progression of bone loss (87,88),
but does not repair it. The rate of progression depends on
disease activity (89), yet to be identified patient factors, time
to intervention, and the choice of arthritis therapy
(87,88,90,91). Although glucocorticoids reduce symptoms
and progression of erosions (92), they accelerate general-
ized bone loss and increase the risk of fracture (93,94). Com-
binations of disease-modifying therapy are more effective
than monotherapy for preventing skeletal complications in
most patients (88,90,91,95). The selection of therapeutic
agent for treating or preventing adverse skeletal effects of
chronic inflammatory diseases is confounded by differen-
tial effects of treatment options depending on the out-
comes being evaluated (96).

Bone erosions, cartilage loss, and joint damage can result
in end-stage joint disease. For many patients, joint replace-
ment therapy is a valuable option to relieve pain. Al-
though widely accepted and of great benefit for many
patients, recent evidence shows the risks are not trivial (97);
elective knee and hip replacement surgery has the highest
mortality rate for noncardiac elective surgery in older men
and women (98). Where possible, prevention of arthritis is
key. Today, in rheumatology clinic patients, crutches and
wheelchairs are uncommon.

Generalized bone loss and loss of joint function, muscle
strength, and gait all result in a greater propensity to frac-
ture among populations with inflammatory arthritis
(99–101). Patients with rheumatoid arthritis have a higher
risk of all types of fracture (99,101), whereas the risk of
ankylosing spondylitis is specific to the vertebrae (100).The
risk of osteoarthritis is more controversial, but recent evi-
dence suggests a small increase (101). A large case-control
study demonstrates patients with all types of rheumatic
disease may be at significantly higher risk of fracture (102).
Atypical fractures of the hip and other long bones can occur
in patients with active chronic rheumatic disease. Strate-
gies for effective control of rheumatoid arthritis include ef-
fective disease control, early use of disease-modifying
medications, minimizing glucocorticoid use, and recogniz-
ing and treating coexisting illnesses (103), which should be
applied to all rheumatic diseases.

Effective fracture prevention strategies are similar to pa-
tients without arthritis.Assessment of fall risk, bone strength
by DXA, diet, exercise, and other modifiable risk factors
is essential. Minimizing glucocorticoid use and maximiz-
ing disease control are critical as well (103). Finally, osteo-
porosis medications may be indicated in patients with
rheumatic diseases, in particular those receiving oral glu-
cocorticoid therapy (104–106). Experimental evidence sug-
gests osteoporosis therapies may have a role in preventing
focal bone erosions, although more evidence is needed
before definite conclusions can be reached.

Other skeletal complications of rheumatic diseases are
common, but receive less attention, including hyperosto-
sis, osteitis, sclerosis, osteonecrosis, and ankylosis. Osteo-
necrosis in particular can be very problematic for patients
and occurs spontaneously in some patients, but has also
been associated with rheumatoid arthritis, vasculitis, sys-
temic lupus erythematosus, and patients on glucocorti-
coids. Robust evidence for effective treatment is lacking.
A strong clinical suspicious is warranted. Patients with os-
teonecrosis of the jaw need expert dental and oral surgery
care, whereas patients with osteonecrosis of the hip, knee,
or other sites benefit from rest, non–weight-bearing, and
analgesia. Limited evidence suggests more severe cases
may benefit from more specific medical or surgical
intervention.

Identification of skeletal complications should prompt
clinicians to evaluate and treat patients aggressively for their
underlying disorder. Studies show management of the
primary disease reduces the risk of skeletal complica-
tions. Some manifestations require specific therapy. Evi-
dence for treatments that specifically target skeletal
complications is emerging but limited to date. Osteoporo-
sis medications appear to reduce the risk of fracture, par-
ticularly among patients on glucocorticoid therapy.

Pediatric Bone Disease in Children and
Survivors to Adulthood

Catherine M. Gordon, MD, MSc
The foundation of adult bone health is built during the

childhood and teenage years (107,108). Peak bone mass
is established by the third decade, a compromise of
which may be associated with an increased lifetime risk of
osteoporosis and fractures (109). Numerous childhood dis-
eases and pharmaceutical interventions can result in bone
loss, suboptimal accrual of bone mass, or a combination of
both (108).Therefore, clinicians have sought to identify the
diagnostic testing that most optimally enables an accu-
rate evaluation of bone health in young children and ado-
lescents. The goal of bone densitometry in pediatrics is to
identify individuals at risk of skeletal fragility, to deter-
mine the magnitude of compromised bone mass in chil-
dren with established bone fragility, and to guide and
monitor treatment. Although the rationale for densitom-
etry is the same in children as adults, performing and
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interpreting bone density results is much more complex in
young, growing patients whose bone maps may represent
a “moving target” (108,109).

DXA is the most commonly used densitometric tech-
nique for children throughout the world, preferred over
other modalities because of its speed, precision, safety, low
cost, and widespread availability (108,109). However, for
a given patient, the clinician must consider the need for a
bone density evaluation, including both the duration and
the severity of the chronic illness, and/or frequency and
nature of fractures. There are significant knowledge gaps
in this area, such as the paucity of large representative nor-
mative databases from healthy youth, especially for certain
ethnic groups, and the need for validated adjustment
methods that are needed to interpret densitometric tests
in children with abnormal growth or maturity patterns
(110–114).Adjustments for height (110) and in select cases
bone age (108) lead to the most accurate interpretations
of BMD Z-score. There is also debate over the issue of
whether it is appropriate to compare the bone density of
a child with chronic disease with data obtained from healthy
youth; the need for disease-specific reference databases has
been questioned.

In 2013, the International Society for Clinical Densi-
tometry convened its second Pediatric Position Develop-
ment Conference (115). Pediatric experts from around the
world were assigned to task forces focused on the follow-
ing topics: (1) fracture prediction and definition of osteo-
porosis, (2) DXA assessment in children and adolescents
with diseases that may affect the skeleton, (3) DXA inter-
pretation and reporting in children and adolescents, (4) use
of QCT and pQCT in children and adolescents, and (5)
infant densitometry. The group endorsed the whole body
and spine as the preferred skeletal assessment sites for
growing children and adolescents. Of note, measure-
ments of the hip are not recommended as the bony land-
marks are not well-developed in a child to enable reliable
replication of measurements, among other limitations. The
lateral distal femur was an alternate site discussed for bone
health assessments for children and adolescents with move-
ment disorders, cerebral palsy, and other neuromuscular dis-
orders. Reference data are also available for this site.
However, there is not sufficient evidence at this time to
support full endorsement of measurements from this skel-
etal site throughout all clinical centers.

The pediatric bone health field is moving toward alter-
nate modalities to evaluate bone health in children and ado-
lescents.Axial QCT and pQCT have emerged as techniques
that warrant careful consideration (115). Studies are un-
derway examining the utility of both standard pQCT and
high resolution or HRpQCT, the latter of which affords an
assessment of bone microarchitecture. Use of pQCT led
to confirmation of the components of a skeletal dysplasia
in young children with the rare disease, progeria (116).This
bone assessment tool enables investigators to understand
changes in both bone density and structure that are present
in children with this disease.

Atypical Femur Fracture Update
Richard M. Dell, MD
The following observations are commonly overlooked

in discussions of atypical femur fractures (AFFs).

1. AFFs can occur in patients with no exposure to
antiresorptive medications such as bisphosphonates
and/or denosumab (117).

2. It remains uncertain whether there are causative links
between bisphosphonates and other antiresorptive
medications and AFFs, although there are now quite
a few studies strongly suggesting associative links
(70,117).

3. There are about 162 fragility fractures prevented with
bisphosphonate treatment for every 1 AFF that occurs
(70).

4. The incidence of AFFs appears to decrease when cli-
nicians follow rather simple policies on the use of
antiresorptive medications concerning criteria for ini-
tiating treatment, duration of treatment, and correct
workup, and treatments are done when an incom-
plete or complete AFF has occurred (118).

5. There is no standardized risk stratification tool for as-
sessing the risk of AFF (118).

6. Genetic testing to assess risk is still lacking, although
some recent studies suggest some associations (119).

Over the last 10 years, knowledge concerning AFFs has
grown tremendously, but many questions still remain. The
most pressing clinical questions deal with balancing ways
to reduce the risk of osteoporosis-related fragility frac-
tures yet at the same time decrease the rate of AFFs. What
follows are recommendations developed from analysis of
over 600 AFFs managed in the Kaiser Permanente Health-
care System and a review of the published literature on
AFFs, presented in categories of phases of care.

Initial Decision to Treat With an Anti-
Osteoporosis Medication

Essentially every osteoporosis or fracture prevention
guideline has a bisphosphonate as the initial drug of choice
because of the low cost and low risk of adverse effects.The
risk of AFFs can be decreased by carefully selecting
patients for treatment based on these accepted guide-
lines. Bisphosphonates should be used only in patients with
risk of fragility fractures above set criteria in each country
(Fig. 2).

Bisphosphonate Holiday
After 3–5 years of treatment with a bisphosphonate,

fracture risk should be reassessed for every patient to de-
termine subsequent treatment strategies. Depending on the
level of risk, continuing the same treatment or switching
to anabolic therapy may be appropriate, or a bisphosphonate
holiday may be considered (69). No randomized clinical
trials are available to determine which patients fit the criteria
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for a bisphosphonate holiday, but in general if reassess-
ment suggests a reduction risk below accept treatment
thresholds, then the bisphosphonate should be temporar-
ily discontinued.

Thigh or Hip Pain While on Bisphosphonates or
Denosumab

If thigh or hip pain occurs while on antiresorptive treat-
ment, then the possibility of a stress reaction or incomplete

AFF should be considered. Evaluation usually begins with
imaging with conventional radiography followed by MRI
and/or bone scan if there is suspicion of a stress fracture
or a stress reaction is visible. At this time, laboratory tests
have not been found to be helpful in most cases.

Incomplete AFF
If a stress reaction (local and/or generalized lateral cortex

thickening in the setting of thigh and/or hip pain) is seen

Fig. 2. Decision points for patients on an antiresorptive medication. This figure represents the decision points for pa-
tients on an antiresorptive medication such as a bisphosphonate. Patients at high risk of AFF should be evaluated after
3 years on treatment with a DXA scan and metabolic bone workup to see if further treatment is justified. Currently, no
AFF risk calculator has been published but groups at high risk of AFF have been identified such as younger Asian women.
Regardless of duration of treatment, patients with thigh or hip pain on antiresorptive medication should be considered
as possibly having a stress reaction or incomplete AFF and an appropriate workup should be considered. The consid-
erations for a drug holiday and when to restart antiresorptive medication are also outlined and discussed in the paper.
AFF, atypical femur fracture; DXA, dual-energy X-ray absorptiometry; MRI, magnetic resonance imaging; Rx, treatment.
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with skeletal imaging, then it is important to evaluate for
the presence of a lucent line (“dreaded black line”). This
finding suggests high risk of progression to a complete frac-
ture (120).

Complete AFF
The workup and management of a complete AFF have

been discussed by Donnelly et al (121), as adapted in Fig. 3.

Osteoporosis Treatment After an AFF
Continuing antiresorptive therapy after the index AFF

may increase the risk of AFF in the contralateral femur.
That risk of a contralateral AFF is 18.5% when the
bisphosphonate is continued for less than 1 year but over
50% if the bisphosphonate in continued for 3 years or longer
after the index AFF (122).

Treatment of Osteoporosis in Special
Circumstances

Paul D. Miller, MD
Not all bones are alike and not all patients with low

trauma fractures have osteoporosis. The 5 cases pre-
sented here illustrate some of the challenges in managing
patients with low trauma fractures when the T-score by
DXA is greater than −2.5, not meeting the World Health
Organization criterion for a densitometric diagnosis of
osteoporosis.

Case 1
A 28-year-old Caucasian male with type 1 diabetes since

the age of 8 years experiences the acute onset of low back
pain without trauma.Vertebral fracture assessment by DXA
revealed a Grade 3 vertebral fracture at L1 that was con-
firmed with lateral spine X-ray. MRI of the spine showed
no evidence of malignancy. Evaluation for secondary causes
of osteoporosis was unrevealing. BMD testing by DXA
showed L2-L4 T-score = 1.2, femoral neck T-score = 0.4,
total hip T-score = 0.2, and 1/3 radius T-score = 0.2.

It is now well recognized that many patients with fra-
gility fractures have T-scores better than −2.5, classified as
“osteopenia” or “normal” (123). Why do patients with
normal or slightly low BMD have fragility fractures? The
answer lies in recognizing that about one-half of the bone
strength is due to “bone quality.” The microarchitectural
arrangement in cancellous bone and the porosity of cor-
tical bone can deteriorate with age or in specific disease
states (such as diabetes mellitus), explaining why older bone
(aging) and the bone of diabetics have greater risk of frac-
ture independently of BMD. The National Institutes of
Health (NIH) original definition of osteoporosis, pub-
lished in 1991, is still relevant now, as it gives credence to
the importance of bone quality in determining bone strength
(124).

Bone quality cannot be measured in clinical practice at
this time. In research, bone quality can be measured by
micro-MRI, HRpQCT, and in part, clinically by trabecu-
lar bone score (125). In clinical practice, one has to assume
that patients who have low trauma fractures with normal
T-scores must have some impairment in bone quality and
manage them accordingly with agents that improve bone
quality, such as anabolic therapy with teriparatide or
abaloparatide (126).

Case 2
The patient is a healthy 24-year-old premenopausal

woman who recently graduated from college. She has no
history of eating disorder and no weight change in the
past 5 years. She is physically active, running about 2 miles
daily.While doing a daily run, she experience sudden sharp
pain in her right thigh. X-rays at a local hospital showed
a “stress” fracture in the lateral femoral cortex. While
walking 3 days later, she felt a “snap” in her thigh and fell
to the ground with her right femur angulated at about 30
degrees. Her evaluation for factors contributing to skel-
etal fragility was unremarkable except for a very high serum
sclerostin level. Her double tetracycline-labeled bone biopsy
showed nearly no tetracycline staining, indicating low bone
formation. Her femur fracture was treated with placement

Fig. 3. Proposed guidelines for management of patients on with an atypical femoral fracture, adapted from multiple
sources. AFF, atypical femur fracture; BP, bisphosphonate.
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of rod and treatment was started with an anabolic agent,
teriparatide.

Midshaft femur fractures in otherwise normal and healthy
premenopausal women have been carefully studied by
Cohen et al (127). The mechanism whereby these pa-
tients develop low bone formation and fracture is uncer-
tain but may be related to the elevated sclerostin seen in
these individuals.

Case 3
A 45-year-old male has bilateral low trauma midshaft

femur fractures treated with bilateral rods.A previous DXA
study showed femoral neck and total hip T-scores = –4.0.
Serum total alkaline phosphatase = 18 IU/L (normal > 40).
He was diagnosed with hypophosphatasia (HPP).

HPP in adults is a rare but increasingly genetic meta-
bolic bone disease with clinical manifestations that include
atypical femur fractures, recurrent metatarsal fractures, and/
or poor dentition (128). Adults with HPP may be mistak-
enly diagnosed with osteoporosis because of having low
T-scores.The key to recognizing this disorder is the finding
of a low age-adjusted total serum alkaline phosphatase
(<40 IU/L). Other conditions have been associated
with a low total serum alkaline phosphatase, including
antiresorptive therapy for osteoporosis, renal adynamic bone
disease, hypoparathyroidism, vitamin D intoxication, celiac
disease, cardiac bypass surgery, clofibrate, Cushing syn-
drome, massive blood transfusions, milk alkali syndrome,
vitamin C deficiency, and Wilson disease. However, most
of these conditions are already known or easily recog-
nized. The finding of an elevated serum vitamin B6, a sub-
strate for alkaline phosphate, provides clinical confirmation
of HPP. Abnormal genetic testing is also confirmatory, al-
though some patients with HPP may have mutations that
are not detected. Enzyme replacement therapy with asfotase
alfa is now available, and teriparatide has been shown in
case reports to help mineralize the bone in these patients
(129). The indications for treatment of adult HPP pa-
tients and the duration of treatment, if started, are not well
established.

Case 4
A 41-year-old Caucasian male with stage 5D chronic

kidney disease has been on hemodialysis for 20 years. Over
the past 8 years, he sustained a nontraumatic pelvic frac-
ture, wrist fracture, and hip fracture. Metabolic testing show
high serum calcium levels in the range of 11.0–11.5 mg/
dL, high serum intact PTH = 170–280 pg/mL, and low serum
bone-specific alkaline phosphatase = 10 IU/L. He was
treated with nasal calcitonin, vitamin D3, calcitriol, and
teriparatide, with transiliac bone biopsies performed before
and 12 months after starting teriparatide. Bone
histomorphometry showed substantial improvement in bone
microarchitecture and dynamic parameters of bone re-
modeling, such as an increase in the mineralizing surface
or bone surface, the best indicator by bone biopsy of an
increase in osteoblast activity.

Patients with chronic kidney disease who have low bone
remodeling may have fractures, low BMD, and serum al-
kaline phosphatase and intact PTH in the lower quartile
of the normal range (PTH < 150 pg/mL), as distinguished
from iatrogenic disease due to excessive suppression of PTH
by vitamin D analogs or cinacalcet). Although there is no
approved therapy for these patients, an anabolic agent seems
logical. Because these patients often have elevated serum
sclerostin levels, anti-sclerostin therapy, if approved, may
offer clinical benefit (130).

Case 5
A 51-year-old female has breast cancer with skeletal me-

tastases treated for 4 years with monthly intravenous
zoledronic acid and frequent radiation. She was losing
weight, with difficulty eating and in severe distress due to
osteonecrosis of the jaw (Fig. 4A). After extensive discus-
sions with her family and other medical specialists, it was
decided to treat off-label with teriparatide in an effort to
stimulate bone healing in the jaw.Within 6 months of start-
ing teriparatide, her osteonecrosis of the jaw (ONJ) was
completely healed (Fig. 4B). ONJ did not recur despite
continuing monthly zoledronic acid for 4 more years. She

Fig. 4. (A) Osteonecrosis of the jaw in a patient with high bisphosphonate therapy for metastatic cancer. (B) Healing
after 6 months of treatment with teriparatide.
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also gained weight and had no further jaw pain until she
ultimately succumbed to metastatic cancer.

These cases represent unusual situations where pa-
tients appear to have osteoporosis, but do not, or have con-
ditions that may benefit from treatments that are not
typically used. Low T-scores and/or fragility fractures may
represent other metabolic bone diseases that require special
expertise to diagnose and treat. Off-label use of pharma-
cologic agents, after full transparency and discussions with
the patient and families, was based on knowledge of the
pathogenesis of disease and drug mechanism of action.

Challenges in Osteoporosis Drug
Development: Where Do We Go From Here?

Michael Rosenblatt, MD
A series of events and developments, arising both from

within and outside the osteoporosis field over the last 2
decades, have converged to create a highly unusual situa-
tion in modern medicine. A public health-scale disorder,
with relatively effective, safe, and often inexpensive medi-
cines widely available for treatment and prevention
(131–133), is increasingly going undiagnosed and un-
treated (134). The impact on patients and the US popula-
tion are substantial.At the same time, comparative success
in other fields of medicine leads to declining effort and in-
vestment to invent new drugs for osteoporosis by the
research-driven biopharmaceutical industry. All this is oc-
curring at a time when the population is increasing both
in numbers and in age: the number of women and men with
osteoporosis is growing. In the period 2000–2011, more than
5 million women over the age of 55 were hospitalized for
osteoporotic fractures; this number is greater than the
number hospitalized for stroke, myocardial infarction, or
breast cancer.

Just as statins (combined with other health measures)
decreased cardiovascular mortality in the United States by
40% over the last 3 decades, the introduction of
bisphosphonates has been accompanied by a 40% decline
in osteoporotic fractures in the United States. By several
parameters of comparison, bisphosphonates are to osteo-
porosis what statins are to coronary artery disease. It is not
surprising that the bisphosphonates are considered by phy-
sicians to be among the most transformative drugs of the
last 25 years (135).

So why is there a crisis in clinical practice around os-
teoporosis (136)? There are several reasons:

1. The consequences of osteoporosis, namely, fractures
and resulting morbidity and mortality are not well un-
derstood by patients and physicians.There is no simple
message to them, such as “broken bones and “nursing
homes.”

2. Osteoporosis drugs are associated with rare, but serious
side effects, such as ONJ and AFF. Although benefit-
risk ratio is clearly favorable for treatment with

osteoporosis drugs (137), this has not been success-
fully communicated to patients and physicians.

3. Because the putative side effects are fractures, and pa-
tients are placed on osteoporosis therapy specifi-
cally to avoid fractures, the media have focused on this
ironic situation (138). As a result, many patients who
should be treated are too fearful to take prescribed
drugs.

4. Other diseases, such as hypertension, diabetes, or lipid
disorders, are diagnosed and monitored by a single
simple measurement such as blood pressure, hemo-
globin A1c (HgbA1c), or low-density lipoprotein cho-
lesterol. For osteoporosis, primary care doctors are
uncertain about: How to make the diagnosis of os-
teoporosis? Who and when to treat? Treat to what
goal? And treat for how long? BMD is not univer-
sally accepted as a predictive measure.A fracture risk
assessment algorithm, such as FRAX, may be more
highly predictive of risk, but it is not as simple as a
single measurement.

5. Osteoporosis diagnosis and treatment is not part of
“quality of care” metrics in many health systems.

6. BMD testing has experienced a major decline in
reimbursement.

7. Promotion of osteoporosis drugs to physicians and
direct-to-consumer advertising by pharmaceutical com-
panies has ceased.

8. Insurance companies do not actively promote “pre-
vention” because most fractures occur after patients
have “graduated” from their plan to Medicare. The
result is that prescriptions for osteoporosis drugs have
fallen by 50% since 2008 and the previously steady
decline in fractures has now leveled off (are we heading
toward a reversal, namely, an increase in fractures in
the US population?). Treatment rates in the United
States are abysmal: in 2003, only 15% of patients who
experienced a hip fracture were placed on a
bisphosphonate; in 2013, only 3% were placed on a
bisphosphonate.Try to imagine US healthcare if these
were the treatment rates for high blood pressure, el-
evated cholesterol, or diabetes.

The problem is compounded by recommendations from
the FDA to discontinue treatment with bisphosphonates
after 5 years. However, evidence of a benefit to discon-
tinuation is lacking and guidance to practitioners on what
to do if BMD declines is absent. Compounding the problem
has been the view of experts that osteoporosis is over-
treated in the United States because too many women with
osteopenia received prescriptions in the past. This may be
an issue, but the overriding public health problem is
undertreatment of the “at risk” population, not overtreat-
ment.The experts have contributed as well by focusing the
field on rare putative side effects of drugs without com-
municating simultaneously favorable benefit-risk ratio.

The professional societies in our field have contrib-
uted inadvertently.They have not effectively explained the
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seriousness of osteoporosis outside of the “bone” commu-
nity. Also, their inexperience in dealing with the media led
to failure to respond quickly and definitively to reporting
about AFF. Instead, the ASPMR issued a scholarly 28-
page statement that a task force took months to prepare.
This is in contrast with handling of similar situations by the
American Heart Association and American Diabetes
Association.

How does the current context impact decision-making
by biopharmaceutical companies? Inventing a drug is the
longest, most expensive, most risky, most regulated process
of product development. Factors that inhibit the under-
taking of research and development in osteoporosis include:

1. Diagnostic criteria and approach to treatment are not
clear or widely accepted.

2. The goal of treatment is ill-defined.
3. The presence of effective inexpensive oral medica-

tions sets the bar high for entry of novel therapies.
4. Clinical trials in the osteoporosis field are long, involve

many patients to demonstrate safety and efficacy, pose
patient recruitment challenges, are very expensive, and
complex.

5. Fracture outcomes are required; a surrogate such as
BMD is not acceptable.

6. Although the market is growing in theory, in reality,
it is shrinking.

7. Consolidation of the industry through mergers and ac-
quisitions has led to fewer large companies that can
support an osteoporosis research and development ini-
tiative and franchise.

8. There is an “opportunity cost” to working in the bone
field vs other fields (oncology, hepatitis C, orphan dis-
eases), where the regulatory requirements are less
daunting and the commercial opportunity is greater.

For these reasons, following the approval of abaloparatide
and the possible approval of romosozumab, it is unlikely
that any new drug for osteoporosis will be developed
for another 10–20 years. To our knowledge, there are no
major research and development efforts underway in
osteoporosis.

The hope for new and better drugs in the future comes
from genomics and precision medicine. These disciplines
promise to identify subpopulations of patients for whom
targeted agents might have greater efficacy and fewer side
effects. In the meantime, what can we do to impact clini-
cal practice? Here are a few suggestions:

1. Mobilize experts and professional societies to rectify
the current situation regarding understanding of os-
teoporosis by patients and physicians and fear of medi-
cines used for treatment of osteoporosis.

2. Work with patient advocacy groups.
3. Educate the media.
4. Professional societies should anticipate and prepare

for incorrect or misleading media reports by having
“off-the-shelf” responses ready to distribute.

5. Develop clear criteria for diagnosis that are “primary
care-friendly.” A single measure, such as BMD, would
be ideal.

6. Develop clear goals for treatment.
7. Provide fracture liaison services.

There is hope, but we have a deep hole to dig out of.

Nonpharmacologic Therapy for Osteoporosis:
Helpful or Harmful?

Steven T. Harris, MD
Since the mid-1990s, there has been great interest in the

pharmacologic management of osteoporosis, both in pre-
vention and in treatment.Accompanying that, however, has
been a focus on nonpharmacologic options, often with the
hope that such nonpharmacologic options would prove ef-
fective substitutes for drug management.Although diverse
options have shown interesting effects on surrogate markers
such as BMD or the biochemical markers of bone turn-
over, there is very little evidence that such alternatives
reduce fracture risk, or even meaningfully impact the rate
of bone loss over time in patients over age 50 years. It is
the intent of this brief review to touch on selected aspects
of nonpharmacologic management.

In assessing the impact of various interventions on os-
teoporosis, it is important to keep in mind that the ulti-
mate metric by which intervention is judged is the
prevention of fracture not the impact on surrogate markers.
The assessment of every intervention, whether pharmaco-
logic or nonpharmacologic, depends on an artful balanc-
ing of risks and benefits. The risk of any intervention can
include economic cost, nuisance value, and possible adverse
consequences (“side effects”) of that intervention. In
general, pharmacologic treatment options have proven ef-
fective in reducing fracture risk, with a relatively low risk
of major complications such as osteonecrosis of the jaw and
atypical femoral fracture. In the public forum, however, dis-
cussion of those relatively rare problems has dominated,
leading many patients to seek nonpharmacologic options.
Taken as a whole, those nonpharmacologic options are rela-
tively inexpensive, with probable modest benefit, but the
risks of those options are typically not explicitly dis-
cussed. Under any circumstance, nonpharmacologic options
really should not be viewed as competitors to pharmaco-
logic options, but rather complements. Fall prevention and
the optimization of lifestyle, diet, and exercise should rea-
sonably be considered adjuncts to any drug therapy of os-
teoporosis that is considered.

The latest iteration of the Clinician’s Guide from the Na-
tional Osteoporosis Foundation reasonably states: “Rec-
ommend regular weight-bearing and muscle-strengthening
exercise to improve agility, strength, posture, and balance;
maintain or improve bone strength; and reduce the risk of
falls and fractures (139).” The guide goes on to highlight
uncertainty, however, “Conclusions and remaining ques-
tions. . .What are the precise components (type, intensity,
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duration, frequency) of an effective exercise program for
osteoporosis prevention and treatment?”

In addressing the somewhat contentious issue of
calcium and vitamin D supplementation, the guide sug-
gests, “Advise on a diet that includes adequate amounts
of total calcium intake (1000 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 insuf-
ficient.” It also suggests, “Advise on vitamin D intake
(800–1000 IU/day) including supplements if necessary for
individuals 50 and older.”

Long-term studies of isolated dietary constituents are
challenging because free-living humans do not in fact main-
tain constant diets over time.Adding or subtracting a single
dietary constituent in isolation can be challenging, and it
is essentially impossible in long-term studies to distin-
guish between association and causation. Populations that
differ in consumption of a particular dietary element may
well differ in other respects that cannot be fully corrected
by adjustment for known confounders.

The dietary supplement industry in the United States
is a multibillion-dollar industry and operates under the
auspices of the Dietary Supplement Health and Educa-
tion Act of 1994 (“DSHEA”) (140).That legislation dictates
that labeling for a supplement includes: “. . .prominently
displayed and in boldface type, the following: ‘This state-
ment has not been evaluated by the Food and Drug
Administration. This product is not intended to diagnose,
treat, cure, or prevent any disease. . ..’ A statement
under this subparagraph may not claim to diagnose, miti-
gate, treat, cure, or prevent a specific disease or class of
diseases.”

Dietary Protein
The role of dietary protein in bone health is complex.

Sufficient dietary protein is necessary for the achieve-
ment of peak bone mass and for the maintenance of mus-
culoskeletal health, including postfracture recovery (141).
It is also true, however, that the metabolism of sulfur-
containing amino acids—particularly rich in animal
protein—generates an “acid load” that must be excreted
or buffered or neutralized in some way. The exposure of
bone to an acid load enhances bone resorption and the lib-
eration of base. Physiologically, the administration of an ab-
sorbable base such as potassium bicarbonate should then
prove beneficial. Providing potassium bicarbonate (60–
120 mmol per day) for 18 days in postmenopausal women
on a high-protein diet largely neutralized endogenous acid
production, improved calcium and phosphorus balance, and
decreased markers of bone remodeling (142). Despite these
encouraging short-term observations, larger outpatient clini-
cal trials with absorbable base have shown no consistent,
clinically meaningful benefit on bone density. Generally,
however, a diet with sufficient protein but rich in fresh fruits
and vegetables is likely to be better for bone health than
a diet centered on animal protein.

Caffeine
In the Framingham Study, consumption of at least 2.5

“units” of coffee each day increased the risk of hip frac-
ture over 12 years. The authors cautioned, however, “Since
caffeine use may be associated with other behaviors that
are, themselves, risk factors for fracture, the association may
be indirect (143).” Caffeine increases urinary and fecal
calcium, producing a negative calcium balance—at least with
a low calcium intake (144). Calcium balance and epide-
miologic data suggest, however, that a negative effect of
caffeine can probably be offset by increasing calcium intake
by 40 mg per 6-oz cup of coffee (144,145).

Phytoestrogens
The term “phytoestrogen” is used to describe more than

20 compounds found in hundreds of plants, including herbs,
grains, and fruits. Those compounds, including isoflavones,
lignans and coumestans, exhibit estrogen-like effects in
certain test systems. The biological relevance of
phytoestrogens is largely supported by the prevention of
bone loss in the ovariectomized rodent model, but is also
supported by epidemiologic data showing that fracture rates
tend to be lower in those populations in which dietary
phytoestrogen intake is high, but there are multiple con-
founding variables. Small human studies have shown vari-
able effects on markers of bone remodeling and BMD, and
the studies have been too small to examine fracture rates
as an outcome.

In addressing the role of isoflavones in particular, the
North American Menopause Society offered the follow-
ing position statement: “Clinical trial data do not support
the use of isoflavones (a class of phytoestrogens found in
rich supply in soybeans and soy products as well as in red
clover) to prevent or treat osteoporosis.Although some data
suggest that isoflavones may favorably affect bone health,
accumulating data from several more recent studies indi-
cate a lack of bone benefits from isoflavones, regardless of
the source (i.e., extracted from red clover or soy or con-
sumed in soy foods). Ipriflavone, a synthetic isoflavone avail-
able without a prescription in the United States and Canada,
has not demonstrated a positive effect on bone density, bone
turnover markers, or fracture risk in women with osteo-
porosis (146).”

Medical Food
The term medical food, as defined in Section 5(b) of the

Orphan Drug Act (21 U.S.C. 360ee [b] (3)) is “a food which
is formulated to be consumed or administered enterally
under the supervision of a physician and which is in-
tended for the specific dietary management of a disease or
condition for which distinctive nutritional requirements,
based on recognized scientific principles, are established by
medical evaluation (147).” The manufacturer of 1 medical
food, Fosteum Plus, which is available by prescription, states
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that, “The ingredients in Fosteum Plus are Generally Rec-
ognized As Safe (GRAS). This is the statutory safety
standard that the US Food and Drug Administration (FDA)
require [sic] of all ingredients added to food products. The
standard for an ingredient to achieve GRAS status re-
quires technical demonstration of nontoxicity and safety,
general recognition of safety through widespread usage
and agreement of that safety by experts in the field.”
Fosteum Plus is a proprietary mixture of calcium, phos-
phorus, the phytoestrogen genistein, zinc, vitamin K, and
vitamin D.

Vitamin K
Vitamin K1 (phylloquinone) is the major dietary form

of vitamin K and is found in plants and green vegetables.
Vitamin K2 (menaquinone), in contrast, is produced nor-
mally by gut bacteria; MK-4 and MK-7 are distinguished
by the length of the side chain.

Vitamin K promotes the carboxylation of osteocalcin,
promotes osteoblast-to-osteocyte transition, and limits
osteoclastogenesis. Serum vitamin K levels are positively
associated with BMD and negatively associated with frac-
ture risk (148). Despite the described biology, the long-
term use of a vitamin K antagonist such as warfarin has
not consistently been linked to a change in BMD or frac-
ture risk. MK-4 is approved for the treatment of osteopo-
rosis in Japan, but in general, studies of supplementation
with K1, K2, MK-4, and MK-7 have shown inconsistent
results vis-à-vis biochemical markers, BMD, and fracture
risk. Likely confounders in those studies include supple-
ment formulation and dose, as well as patient-related vari-
ables such as age, gender, ethnicity, baseline BMD and
vitamin K status.

Magnesium
Roughly 60% of the body’s magnesium is in the skel-

eton, and that magnesium is important for normal crystal
formation during bone mineralization. Magnesium defi-
ciency leads to impaired PTH secretion—and end-organ
resistance to the effects of PTH. Magnesium is found in
green vegetables, nuts, seeds, unprocessed grains, and some
legumes, but dietary magnesium intake is often less than
the Recommended Dietary Allowance. Risk factors for mag-
nesium deficiency include alcoholism, gastrointestinal mal-
absorption, and the use of various medications, including
diuretics, antacids, proton pump inhibitors, and the
aminoglycoside antibiotics (149). High magnesium intake
may adversely affect crystal formation and bone mineral-
ization. In a large epidemiologic study, the Women’s Health
Initiative Observational Study, women in the highest quintile
of magnesium intakes (>422.5 mg/day) had hip and total
BMD 2%–3% higher than women in the lowest quintile
(<206.5 mg/day). Nevertheless, total fractures and hip frac-
tures did not differ between the 2 groups. Lower arm and
wrist fractures were increased in women with the highest

intake, but those women were more active and had more
falls (150). Magnesium is a laxative, which can prove prob-
lematic. There is no convincing evidence that magnesium
supplements reduce fracture risk, or that magnesium must
be administered in a critical ratio to calcium in a supple-
ment to optimize bone health.

Strontium Ranelate
The oral administration of strontium, in the form of stron-

tium ranelate, increases BMD due in large part to the stron-
tium itself being incorporated into bone. Studies have
demonstrated small changes in biochemical markers of bone
turnover—an increase in bone formation and a decrease
in bone resorption—but without histologic evidence for an
anabolic, bone building effect. Those same studies dem-
onstrated a reduction in vertebral and nonvertebral frac-
ture risk in postmenopausal women with osteoporosis,
leading to regulatory approval in Europe. No strontium
preparation has been approved for administration in the
United States, but various strontium salts are available as
dietary supplements, unsupported by any clinical studies
showing either efficacy or safety (151).

Boron
There is no Recommended Daily Allowance for boron.

Raisins and nuts are particularly rich dietary sources of
boron, and a high-boron diet would include approx 3.25 mg
daily.A low-boron diet would include roughly 0.25 mg daily.
In a clinical study, 12 postmenopausal women between the
ages of 48 and 82 were fed a low-boron diet for 119 days.
Boron supplementation was then given at a daily dose of
3 mg. That supplementation decreased urinary calcium ex-
cretion, raised total serum estradiol from 15.5 to 38.0 pg/
mL, and raised serum testosterone from 3.8 to 6.5 ng/dL
(152). In rats, boron deprivation impaired cortical bone
strength and decreased trabecular bone volume (153). Boron
seems to have interesting effects on bone, but it is not clear
with what frequency biologically relevant boron defi-
ciency is present in a population likely to use supplemen-
tation. There are no studies showing the impact of boron
supplementation on the clinically relevant human end-
point of fracture (or even clinically interesting surrogate
endpoints). If one were to use a boron supplement, 3 mg/
day would be a reasonable choice (154).

Exercise
Weight-bearing and muscle-strengthening exercises are

often advocated to increase BMD. The maximum effect of
exercise on BMD is seen in children, but the effect on
density in mature adults seems to be on the order of 1%–
2%. That effect is both site-specific, the density increases
only in the part of the skeleton being mechanically loaded,
and transient; the density decreases again if the exercise
regimen in interrupted. Even though the effect of exer-
cise on bone density is small, regular exercise reduces the
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loss of muscle mass with aging and may reduce the risk of
falling by improving muscle strength and balance. Al-
though certain commercial exercise devices have been pro-
moted as uniquely beneficial, there are no controlled clinical
trials demonstrating that such devices have unique effects
on BMD or fracture risk.

Summary
Taken as a whole, nonpharmacologic options seem to

be relatively inexpensive, and modestly effective, but the
risks and benefits of the options are not typically explic-
itly discussed. Exercise in particular has other health ben-
efits, although the same is likely to be true for diet
optimization; in adults, the effect of exercise on BMD per
se is quite small. Fall prevention and the optimization of
lifestyle, diet, and exercise should be viewed as important
adjuncts to the treatment of osteoporotic patients. There
is no convincing evidence, however, that such adjuncts will
prevent all bone loss, or adequately substitute for phar-
macologic treatment.

Bone Health TeleECHO
E. Michael Lewiecki, MD
There are not enough osteoporosis specialists to care for

the patients who need them. The osteoporosis treatment
gap is large and worsening (155). The crisis in osteoporo-
sis care (136) has generated a call to action for measures
to reduce the treatment gap (156). One approach out of
many that have been suggested is to use teleconferencing
technologies to mentor interested health-care providers in
underserved communities to achieve advanced levels of
knowledge about skeletal diseases. Bone Health TeleECHO
has been conducting weekly teleconferences since October
2015, linking osteoporosis experts and learners to share
knowledge through discussion of real but de-identified
patient cases. This is much the same learning method as
occurs in medical training programs, but is often lost in real-
world medical practice settings. Developed through a col-
laboration of the ECHO Institute at the University of New
Mexico Health Sciences Center and the Osteoporosis Foun-
dation of New Mexico, Bone Health TeleECHO offers relief
of professional isolation and the opportunity for local pro-
viders to eventually develop centers of excellence for bone
care. Patients benefit by receiving better care, closer to home,
with greater convenience and lower cost (157,158). By
moving knowledge rather than patients, ECHO learners
(e.g., physicians, nurse practitioners, physician assistants)
can provide better care closer to home at greater conve-
nience and lower cost than referral to a specialty center.
The ECHO model of learning aims to reduce health dis-
parities and expand capacity to deliver best-practice os-
teoporosis care. During the first 21 months of Bone Health
TeleECHO, 263 health-care professionals registered to par-
ticipate, representing a wide range of medical specialties
and geographic diversity. Favorable outcomes were

demonstrated with self-efficacy questionnaires. Other Bone
Health TeleECHO programs have been launched and more
are expected to follow.
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