
 
 
 
La osteoporosis se define como una enfermedad esquelética 
sistémica caracterizada por una baja masa ósea mineral y un 
deterioro de la microarquitectura del tejido óseo, más 
específicamente una disminución en el número de trabéculas 
junto con un adelgazamiento trabecular y pérdida de 
conectividad, así como una disminución del grosor cortical y 
un aumento de la su porosidad, que tiene como consecuencia 
una fractura o incremento del riesgo de sufrir la misma.  
 
Se considera en algunos países como un problema de salud pública, por su alta 
prevalencia, y se estima que cada 3 segundos se sufre una factura secundaria a 
osteoporosis en todo el mundo; por eso la importancia de realizar el diagnóstico 
de forma temprana para establecer el tratamiento adecuado y evitar fracturas.  
 
El diagnóstico de osteoporosis está vigente desde el año 1994, cuando el grupo 
del Dr. Kanis propuso esta definición basado en la medición de la densidad 
mineral ósea por medio de DXA (absorciometría de rayos X dual), en los sitios 
de: cadera total, cuello femoral, columna lumbar y después se incluyo antebrazo 
no dominante, todo esto fue aceptado por las OMS y sigue vigente hasta la 
fecha. 
 
En el año 2010, surge el software FRAX (Herramienta de Evaluación de Riesgo de 
Fractura, por sus siglas en inglés), que nos ayuda a determinar el riesgo de 
factura para cada paciente, estimado a 10 años, conociendo los factores de 
riesgo de nuestro paciente, contestando preguntas y colocando las respuestas 
en esta herramienta como lo son: peso, talla, edad, sexo, si padres padecieron 
fractura de cadera, tabaquismo, alcoholismo, consumo de esteroides, 
antecedente de fractura previa, causa secundaria de osteoporosis, artritis 
reumatoide y valorar de DMO (densidad mineral ósea). Al final nos da dos 
resultados que son el riesgo de fractura a 10 años para fractura de cadera (si su 
valorar es igual o mayor al 3%, requiere tratamiento), y el riesgo de fractrua 
osteoporótica mayor (si el resultado es igual o mayor al 20%, requiere 
tratamiento); cabe mencionar que esta herramienta también fue desarrollada 
por el grupo de trabajo del Dr. Kanis, de la Universidas de Shifield en Reino Unido. 
 
Actualmente han surgido nuevas guías sobre osteoporosis y en el 2014 la IOF 
(Fundación Internacional de Osteoporosis, por sus siglas en inglés) emitió una 
guía haciendo alusión a la determinación del riesgo de fractura con la 
herramienta FRAX y en el año 2019 la Endocrine Society en su guía hace hincapié 
en la utilización del FRAX y en 2020 la AACE (Asociación Americana de 
Endocrinólogos Clínicos, por sus siglas en inglés), recomienda lo mismo y emiten 
algoritmos para diagnóstico y tratamiento de osteoporosis. 
 



Durante la plática se dara un ejemplo de FRAX y su uso, así como la nueva 
actualización de esta herramienta que se llama FRAX Plus, la cual al parecer ya 
tendrá un costo adicional al utilizarla. 
 
Al final se hablará sobre las generalidades del tratamiento, haciendo enfasis de 
que el grupo más amplio: el de los antirresortivos y, dentro de estos, los 
bifosfonatos; se presentarán una parte de los algoritmos de las guías 
comentadas y una línea del tiempo sobre la historia de los criterios diagnósticos 
y las probables consecuencias. 
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Objective: The objective is to formulate clinical practice guidelines for the pharmacological
management of osteoporosis in postmenopausal women.

Conclusions: Evidence from clinical trials and insights from clinical experience with pharmacologic
therapies for osteoporosis were critically evaluated in formulating this guideline for themanagement
of postmenopausal osteoporosis. Patient preferences, data on adherence and persistence, and risks
and benefits from the patient and provider perspectives were also considered in writing committee
deliberations. A consensus by the Writing Committee members was achieved for four management
principles: (i) The risk of future fractures in postmenopausal women should be determined using
country-specific assessment tools to guide decision-making. (ii) Patient preferences should be
incorporated into treatment planning. (iii) Nutritional and lifestyle interventions and fall prevention
should accompany all pharmacologic regimens to reduce fracture risk. (iv) Multiple pharmacologic
therapies are capable of reducing fracture rates in postmenopausal women at risk with acceptable
risk-benefit and safety profiles. (J Clin Endocrinol Metab 104: 1–28, 2019)

List of Recommendations

Who to treat

1.1 We recommend treating postmenopausal women
at high risk of fractures, especially those who have
experienced a recent fracture, with pharmaco-
logical therapies, as the benefits outweigh the
risks. (1|!!!!)

Bisphosphonates

2.1 In postmenopausal women at high risk of fractures,
we recommend initial treatment with bisphosph-
onates (alendronate, risedronate, zoledronic acid,
and ibandronate) to reduce fracture risk.(1|!!!!)
Technical remark: Ibandronate is not recom-
mended to reduce nonvertebral or hip fracture
risk.
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Abbreviations: ACP, American College of Physicians; AFF, atypical femoral fracture;
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BTM, bone turnover marker; CKD, chronic kidney disease; CTX, C-terminal crosslinking
telopeptide; DVT, deep venous thrombosis; eGFR, estimated glomerular filtration rate;
FLEX, Fracture Intervention Trial Long-term Extension; FRAX, Fracture Risk Assessment
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procollagen type 1 N-terminal propeptide; RCT, randomized control trial; SmPC, summary
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2.2 In postmenopausal women with osteoporosis
who are taking bisphosphonates, we recommend
that fracture risk be reassessed after 3 to 5 years,
and women who remain at high risk of fractures
should continue therapy, whereas those who
are at low-to-moderate risk of fractures should
be considered for a “bisphosphonate holiday.”
(1|!!OO)
Technical remark: A bisphosphonate holiday is
operationally defined as a temporary discontin-
uation of bisphosphonate for up to 5 years. This
period may be longer depending on the bone
mineral density and clinical circumstances of
the individual patient. The evidence is stronger
for retention of benefits during a holiday for
alendronate and zoledronic acid where there are
randomized extension trials. A shorter reassess-
ment period of 3 years is more appropriate for
annual intravenous zoledronic acid (5 mg) based
on evidence from research control trials showing
residual effects after 3 years of annual use. Once
a bisphosphonate holiday is initiated, reassess
fracture risk at 2- to 4-year intervals and consider
reinitiating osteoporosis therapy earlier than the
5-year suggested maximum if there is a significant
decline in bone mineral density, an intervening
fracture, or other factors that alter the clinical risk
status.

Denosumab

3.1 In postmenopausal women with osteoporosis
who are at high risk for osteoporotic fractures, we
recommend using denosumab as an alternative
initial treatment. (1|!!!!)
Technical remark: The recommended dosage is
60mg subcutaneously every 6months. The effects
of denosumab on bone remodeling, reflected in
bone turnover markers, reverse after 6 months if
the drug is not taken on schedule. Thus, a drug
holiday or treatment interruption is not recom-
mended with this agent.

3.2 In postmenopausal women with osteoporosis
who are taking denosumab, we suggest that the
fracture risk be reassessed after 5 to 10 years and
that women who remain at high risk of fractures
should either continue denosumab or be treated
with other osteoporosis therapies. (2|!OOO)

3.3 In postmenopausal women with osteoporosis
taking denosumab, administration of denosumab
should not be delayed or stopped without sub-
sequent antiresorptive [e.g., bisphosphonates,
hormone therapy, or selective estrogen receptor

modulator] or other therapy administered to
prevent a rebound in bone turnover and to de-
crease the risk of rapid bone mineral density loss
and an increased risk of fracture. (Ungraded
Good Practice Statement)

Teriparatide and abaloparatide (parathyroid
hormone and parathyroid hormone–related
protein analogs)

4.1 In postmenopausal women with osteoporosis at
very high risk of fracture, such as those with
severe or multiple vertebral fractures, we rec-
ommend teriparatide or abaloparatide treatment
for up to 2 years for the reduction of vertebral and
nonvertebral fractures. (1|!!!O)

4.2 In postmenopausal women with osteoporosis
who have completed a course of teriparatide or
abaloparatide, we recommend treatment with
antiresorptive osteoporosis therapies to maintain
bone density gains. (1|!!OO)

Selective estrogen receptor modulators

5.1. In postmenopausal women with osteoporosis at
high risk of fracture and with the patient char-
acteristics below, we recommend raloxifene or
bazedoxifene to reduce the risk of vertebral
fractures. (1|!!!!)
Patient characteristics: With a low risk of deep
vein thrombosis and for whom bisphosphonates
or denosumab are not appropriate, or with a high
risk of breast cancer.

Menopausal hormone therapy and tibolone

6.1 In postmenopausal women at high risk of fracture
and with the patient characteristics below, we
suggest menopausal hormone therapy, using es-
trogen only in women with hysterectomy, to
prevent all types of fractures. (2|!!!O)
Patient characteristics: Under 60 years of age
or,10 years past menopause; at low risk of deep
vein thrombosis; those in whom bisphosphonates
or denosumab are not appropriate; with both-
ersome vasomotor symptoms; with additional
climacteric symptoms; without contraindications;
without prior myocardial infarction or stroke;
without breast cancer; willing to take menopausal
hormone therapy.

6.2 In postmenopausal women with osteoporosis
at high risk of fracture and with the patient
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characteristics below, we suggest tibolone to
prevent vertebral and nonvertebral fractures.
(2|!!!O)
Patient characteristics: Under 60 years of age
or ,10 years past menopause; with a low risk
of deep vein thrombosis; those in whom bi-
sphosphonates or denosumab are not appropri-
ate; with bothersome vasomotor symptoms; with
additional climacteric symptoms; without con-
traindications; without prior myocardial infarc-
tion or stroke or high risk for cardiovascular
disease; without breast cancer; willing to take
tibolone.
Technical remark: Tibolone is not available in the
United States or Canada.

Calcitonin

7.1 In postmenopausal women at high risk of fracture
with osteoporosis, we suggest that nasal spray
calcitonin be prescribed only in women who
cannot tolerate raloxifene, bisphosphonates, es-
trogen, denosumab, tibolone, abaloparatide, or
teriparatide or for whom these therapies are not
considered appropriate. (2|!OOO)

Calcium and vitamin D

8.1 In postmenopausal women with low bone min-
eral density and at high risk of fractures with
osteoporosis, we suggest that calcium and vitamin
D be used as an adjunct to osteoporosis therapies.
(2|!!OO)

8.2 In postmenopausal women at high risk of frac-
ture with osteoporosis who cannot tolerate
bisphosphonates, estrogen, selective estrogen re-
sponse modulators, denosumab, tibolone, ter-
iparatide, and abaloparatide, we recommend
daily calcium and vitamin D supplementation to
prevent hip fractures. (1|!!!O)

Monitoring

11.1 In postmenopausal women with a low bone
mineral density and at high risk of fractures who
are being treated for osteoporosis, we suggest
monitoring the bone mineral density by dual-
energy X-ray absorptiometry at the spine and
hip every 1 to 3 years to assess the response to
treatment. (2|!OOO)
Technical remark: Monitoring bone turnover
markers (serum C-terminal crosslinking telo-
peptide for antiresorptive therapy or procollagen

type 1 N-terminal propeptide for bone ana-
bolic therapy) is an alternative way of iden-
tifying poor response or nonadherence to
therapy.

Introduction

Postmenopausal osteoporosis is common, and fractures
are injurious to patients and costly to the health care
system; however, effective treatments are available. One
in two postmenopausal women will have an osteoporotic
fracture in her lifetime (1). Those who have had a fracture
are at high risk of subsequent fractures (2). Fractures can
cause pain, decreased mobility and function, and fear of
falling and are associated with decreased quality of life
and increased mortality (3–6). However, many post-
menopausal women at highest risk do not receive
treatment to prevent major osteoporotic fractures and
their associated morbidity and mortality (7). With on-
going reports of atypical femoral fractures (AFFs) and
osteonecrosis of the jaw (ONJ), there is uncertainty
among postmenopausal women and their health care
providers regarding the benefits and risks of different
management strategies for osteoporosis, who to treat,
when to monitor and what tests to do for monitoring, the
appropriate duration of therapy, and when to consider a
bisphosphonate holiday. In fact, there has been a decline
in the use of bisphosphonates (8), and the recent hip
fracture incidence among postmenopausal women is
higher than projected in the United States, suggesting a
leveling off and possible reversal in what had been a
decade-and-a-half-long decline (9, 10). Recently, the
American College of Physicians (ACP) published their
guidelines for the treatment of low bone mineral density
(BMD) or osteoporosis to prevent fractures in women
and men (11), but certain recommendations in those
guidelines have raised new questions and generatedmuch
discussion, especially with regard to the duration of
therapy and monitoring. The ACP recommends that
physicians should treat women with osteoporosis with
drug therapy for 5 years and recommends against
monitoring the BMD during that period. No differenti-
ation between bisphosphonates and denosumab was
made for duration of therapy even though the pharma-
cokinetics of the two classes of drugs are quite different.
The ACP guidelines also do not include recommenda-
tions regarding the use of abaloparatide, a new bone-
formation therapy, which was approved by the Food and
Drug Administration just prior to the release of the
guidelines. The ACP guidelines recommend against using
menopausal hormone therapy (HT) or raloxifene, a se-
lective estrogen receptor modulator, for osteoporosis
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treatment and do not consider teriparatide a poten-
tial treatment option for patients severely affected by
the disease. The Endocrine Society’s international
guideline Writing Committee has reviewed current evi-
dence and has different recommendations regarding phar-
macotherapies to treat osteoporosis in postmenopausal
women.

Systematic Review and Meta-Analyses

The guideline Writing Committee commissioned two
systematic reviews to support this guideline. The first
review synthesized the evidence derived from random-
ized controlled trials (RCTs) enrolling postmenopausal
women with primary osteoporosis (12). The review in-
cluded 107 trials (193,987 postmenopausal women;
mean age of 66 years; 55% white; median follow-up of
28 months). The maximum duration for most trials was
4 years. The meta-analyses were done in two ways: a
direct comparison with placebo and a combination of
direct and indirect comparisons, or network approach.
We have focused on the results of the direct approach in
this guideline except when there was a clear discrepancy.
In that case, we took into account the quality of the trials
of comparison with placebo and consistency within the
class.

Significant reduction in vertebral fractures was ob-
served with alendronate, risedronate, ibandronate, zole-
dronic acid, denosumab, teriparatide, abaloparatide,
raloxifene, bazedoxifene, HT, tibolone, calcitonin, PTH
(1-84), romosozumab, strontium ranelate, and lasofox-
ifene (Fig. 1). A significant reduction in hip fractures was
observed with alendronate, risedronate, zoledronic acid,
denosumab, menopausal HT (estrogen with or without
progestogen), and a calcium with vitamin D combina-
tion (Fig. 1). A significant reduction in nonvertebral
fractures was observed with alendronate, risedronate,
zoledronic acid, denosumab, teriparatide, abaloparatide,
HT, tibolone, calcium or vitamin D, romosozumab, and
lasofoxifene (Fig. 1).

The second review was aimed at evaluating values and
preferences relevant to the management of osteoporosis
in women and followed a qualitative approach (13).
Women in general seemed to consider effectiveness and
adverse events equally, followed by the convenience of
taking the drug and the impact on daily routines (less
frequent dosing was preferred, an oral route was pre-
ferred, but an injectable route was preferred over oral if
given less frequently). Cost and duration of treatment
were less important factors for decision-making. Fear
of breast cancer and refusal to resume uterine bleeding
were common reasons for not choosing menopausal
HT. Calcium and vitamin D were viewed as safe and

“natural.” Across studies, preference was not affected by
age, previous drug exposure, or employment.

1. Who to Treat

1.1 We recommend treating postmenopausal women
at high risk of fractures, especially those who have
experienced a recent fracture, with pharmacological

Figure 1. Relative risks of vertebral, hip, and nonvertebral fractures
(and 95% CIs) in response to the treatments for postmenopausal
osteoporosis, calculated directly and compared with placebo. Note
that the evidence is based on a direct meta-analysis of 107 trials of
drugs in postmenopausal women with primary osteoporosis in
which the trial duration lasted for 3 to 120 mo. In this analysis,
each agent was compared with placebo and so direct comparisons
should not be made between treatments based on this figure. (12).
[Adapted with permission from data presented in Moreno PB,
Kapoor E, Asi N, et al. Efficacy of pharmacological therapies for the
prevention of fractures in postmenopausal women: a network
meta-analysis. J Clin Endocrinol Metab. 2019;104(5):XXX-XXX].
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therapies, as the benefits outweigh the risks.
(1|!!!!)

Evidence
The goal of using pharmacological therapies to treat low

BMD or osteoporosis in postmenopausal women is to
decrease the burden of major osteoporotic fractures.
Various scientific bodies from different countries have
determined treatment thresholds based on either a BMD
T-score or various risk assessment tools such as the
Fracture Risk Assessment Tool (FRAX), Canadian Asso-
ciation of Radiologists and Osteoporosis Canada calcu-
lator, Osteoporosis Self-Assessment Tool, and Garvan
Institute fracture risk calculator, as well as the values,
preferences, and costs for their populations. Currently there
are 52 national guidelines in 36 countries. Some guidelines
use fracture-risk thresholds, such as those used in the
United States, Canada, and the United Kingdom (14–16),
whereas other guidelines use T-score–based thresholds,
such as those used in Austria, Belgium, India, and Brazil
(17–22). Of the 52 guidelines, 30 include the FRAX-based
10-year absolute fracture risk in their treatment threshold
(23). Some of these guidelines (such as those in the United
States and Canada) have fixed fracture-risk thresholds
across ages, whereas other guidelines, such as the United
Kingdom National Osteoporosis Guideline Group guide-
line, the Lebanon osteoporosis guideline, and the Chilean
guideline (14, 23, 24), are hybrid models, using age-
dependent intervention thresholds for certain age groups
and fracture-risk thresholds for other age groups (25). In
the United States, pharmacological therapy is recom-
mended for postmenopausal women with hip or vertebral
fractures; those with T-scores of 22.5 or less in the
femoral neck, total hip, or lumbar spine; and those with
T-scores of 21 to 22.5 and a 10-year probability
of $20% for major osteoporotic fractures or $3% for
hip fractures based on the US-adapted FRAX tool (15).
BMD T-score is defined as the number of SDs from the
mean BMD of white females age 20 to 29 years in the
Third National Health and Nutrition Examination
Survey database. For the treatment of osteoporosis,
only lumbar spine, total hip, and femoral neck BMD
T-scores are usually considered.

Data suggest that a recent fracture (within the past
2 years) is a better predictor of imminent fracture risk (i.e.,
risk of fracture within the next 2 years) than is a distant
fracture history (.5 years ago) (26, 27). This is true for
recent vertebral fractures (28, 29) as well as nonvertebral
fractures such as wrist and humerus fractures (30–33).
Pharmacological therapies should be initiated without
delay in patients with recent fractures to prevent more
fractures, based on their fracture risk. Data on optimal

timing of initiationof therapy after a fracture are scant. Based
on theHorizon trial (34),wewould suggest initiating therapy
2 weeks or more after a hip fracture. Women should also be
counseled regarding adequate calcium and vitaminD intake,
fall prevention strategies, smoking cessation, avoidance
of excessive alcohol intake, and weight-bearing, muscle-
strengthening exercises as well as balance training. Once
osteoporosis is diagnosed, strategies to prevent subsequent
fractures (pharmacologic and otherwise) need to be rein-
forced indefinitely, much like the management strategies for
hypertension and hypercholesterolemia.

Patient values and preferences
When making decisions regarding who to treat, pa-

tient preferences and patient-specific clinical factors
should be taken into account. Values and costs vary
across countries depending on the needs and resources of
the specific country. The Writing Committee is recom-
mending pharmacologic therapies for postmenopausal
women at high risk of fractures based on country-specific
risk assessment guidelines, especially for women who
have had a recent fracture.

2. Bisphosphonates

2.1 In postmenopausal women at high risk of frac-
tures, we recommend initial treatment with bi-
sphosphonates (alendronate, risedronate, zoledronic
acid, and ibandronate) to reduce fracture risk.
(1|!!!!)
Technical remark: Ibandronate is not recom-
mended to reduce nonvertebral or hip fracture risk.

2.2 In postmenopausal women with osteoporosis who
are taking bisphosphonates, we recommend that
fracture risk be reassessed after 3 to 5 years, and
women who remain at high risk of fractures should
continue therapy, whereas those who are at low-to-
moderate risk of fractures should be considered for a
“bisphosphonate holiday.” (1|!!OO)
Technical remark: A bisphosphonate holiday is
operationally defined as a temporary discontin-
uation of bisphosphonate for up to 5 years. This
period may be longer depending on the BMD and
clinical circumstances of the individual patient.
The evidence is stronger for retention of benefits
during a holiday for alendronate and zoledronic
acid where there are randomized extension tri-
als. A shorter reassessment period of 3 years is
more appropriate for annual IV zoledronic acid
(5 mg) based on evidence from RCTs showing
residual effects after 3 years of annual use. Once
a bisphosphonate holiday is initiated, reassess
fracture risk at 2- to 4-year intervals and consider
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reinitiating osteoporosis therapy earlier than the
5-year suggested maximum if there is a significant
decline in BMD, an intervening fracture, or other
factors that alter the clinical risk status.

Evidence

Bisphosphonate treatment up to 5 years
Three oral bisphosphonates available in the United States

and internationally include alendronate (weekly), ibandro-
nate (monthly), and risedronate (weekly or monthly). Ad-
ditionally, there are two IV agents: zoledronic acid, given
annually, and ibandronate, given quarterly. Note that all
results below are taken from the “direct” meta-analysis
comparing each drug with placebo [see appendix in Mor-
eno et al. (12)] unless otherwise specified.

Most of the evidence included in the meta-analysis re-
flects RCTs in older women (most .65 years of age) with
high fracture risk, as defined by varying combinations of
low BMD, prevalent vertebral fracture, or presence of other
risk factors. The meta-analysis comparison of alendronate
with placebo (Fig. 1) showed a 44% reduction in vertebral
fracture risk [hazard ratio (HR), 0.56; 95% CI, 0.46 to
0.67], a 40% reduction in hip fracture risk (HR, 0.60; 95%
CI, 0.39 to 0.92), and a 17% reduction in nonvertebral
fracture risk (HR, 0.83; 95% CI, 0.74 to 0.93). The meta-
analysis comparison of risedronate with placebo (Fig. 1)
showed a 36% reduction in vertebral fracture risk (HR,
0.64; 95% CI, 0.53 to 0.77), a 26% reduction in hip
fracture risk (HR, 0.74; 95% CI, 0.59 to 0.94), and a 20%
reduction in nonvertebral fracture risk (HR, 0.80; 95% CI,
0.72 to 0.89). Themeta-analysis comparison of ibandronate
with placebo (Fig. 1) showed a 31% reduction in the ver-
tebral fracture risk (HR, 0.69; 95%CI, 0.49 to 0.97). There
was no evidence for a reduction in hip or nonvertebral
fracture risk. The meta-analysis comparing zoledronic acid
with placebo (Fig. 1) showed a 56% reduction in vertebral
fracture risk (HR, 0.44; 95% CI, 0.23 to 0.84), a 42%
reduction in hip fracture risk (HR, 0.58; 95% CI, 0.43 to
0.79), and an 18% reduction in nonvertebral fracture risk
(HR, 0.82; 95% CI, 0.62 to 1.07). The absence of signif-
icance for the last result in the direct meta-analysis was one
of the few that was inconsistent with the network meta-
analysis, which showed a 21% (significant) reduction in
nonvertebral fracture risk (HR, 0.79; 95% CI, 0.67 to
0.94) (12).

One large trial of zoledronic acid conducted among
women and men after hip fracture found a 35% (signif-
icant) reduction (HR, 0.65; 95% CI, 0.50 to 0.84) in all
clinical fractures, supporting the value of bisphosphonate
treatment after a hip fracture (34). In this trial, there was
also evidence of 28% (significant) reduction (HR, 0.72;
95% CI, 0.56 to 0.93) in mortality (34), although a

reduction in mortality has not been shown in other trials
with zoledronic acid.

Long-term bisphosphonate treatment beyond
5 years

Bisphosphonates are distinct from other osteoporosis
therapies in that their positive effects persist for several years
after discontinuation. For alendronate and zoledronic acid,
two moderate-sized randomized, placebo-controlled trials
(1099 and 1233 women, respectively) of long-term use
(10 years vs 5 years for alendronate and 6 vs 3 years for
zoledronic acid) (35, 36) form the primary evidence base.
For the Fracture Intervention Trial Long-term Extension
(FLEX) trial with alendronate, during the 5 years of the
study, BMD (the primary endpoint) decreased gradually in
the placebo compared with the continued alendronate
group. Thus, at the end of 5 years, ;50% to 75% of the
BMD gains during the initial treatment period were lost in
those who discontinued alendronate. Similarly, bone turn-
over gradually increased. Among those who continued
alendronate compared with those who discontinued its use,
vertebral fracture riskwas significantly lower, but therewere
no significant reductions in nonvertebral or hip fractures.
However, the CIs for nonvertebral and hip fracture rates
were wide. In the extension study with zoledronic acid,
BMD fell more slowly after discontinuation compared with
the study with alendronate, and levels of bone turnover
markers (BTMs) rose more slowly. Fracture results in this
study were similar to the FLEX study with a reduction in
vertebral fractures but no significant effects on nonvertebral
fractures.

There aremore limited data regarding discontinuation of
risedronate and ibandronate. In the Tablets, Rings, and
Injectables as Options for Women (TRIO) study, osteo-
porotic women were randomized to receive alendronate,
risedronate, or ibandronate (37, 38). The effect of 2 years of
use followed by 2 years of discontinuation was compared
between the three groups (n = 57 women). Results showed
no difference between groups in BTMs or change in BMD
after discontinuation. These preliminary data did not show
that the rate of offset of action after stopping ibandronate and
risedronate on both BMD and BTMs differs from alendro-
nate. A larger study with treatment longer than 2 years,
however, is needed to obtain a more definitive compari-
son (39).

Bisphosphonate treatment holidays
The risk of AFFs andONJ, particularly with long-term

bisphosphonate use beyond 5 years, has prompted con-
cerns about defining the treatment course (see “Opti-
mal Duration of Treatment and Drug Holidays”).
The American Society for Bone and Mineral Research
(ASBMR) Task Force on Long-Term Bisphosphonates has
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proposed that AFF risk might be reduced, with little
compromise in reduction in osteoporotic fractures, by
taking a temporary holiday from oral bisphosphonates
after 5 years and after 3 years of IV bisphosphonates, in
patients who are not at high risk of fracture (40). That
fracture efficacy might be maintained during a holiday is
supported by several studies. First, results from the two
long-term randomized trials with alendronate and zole-
dronic acid discussed above suggest that after stopping
either of these treatments, BMD gains remain but are
slowly lost during 3 to 5 years. Levels of BTMs remain
decreased initially, but slowly increase, and the risk of
nonvertebral fractures is not increased over 5 years after
discontinuation. Second, a recent large observational study
also showed no increase in nonvertebral or hip fracture
risks for those discontinuing bisphosphonates compared
with persistent users (41).

An important assumption about the value of a bi-
sphosphonate holiday is that AFF risk would be reduced.
There is limited evidence that AFF risk will be reduced
during a bisphosphonate holiday: one large observational
study showed that AFF is reduced by.80% in the 3 years
after stopping bisphosphonates (42). Preliminary results
from a study in Kaiser Permanente Southern California
showed a similar reduction in AFF risk after stopping
bisphosphonates (41).

The ASBMR Task Force suggests that those at low to
moderate fracture risk can initiate a bisphosphonate
holiday, whereas those at high risk should continue the
bisphosphonate or switch to another therapy (Fig. 2)
(40). An algorithm based on the FLEX trial for identi-
fying candidates for a drug holiday, based on verte-
bral fracture status and femoral neck BMD at the time
of potential discontinuation, has been proposed (43).

Figure 2. Algorithm for the management of postmenopausal osteoporosis. Note that in this algorithm, we considered that a determination of
fracture risk would include measurement of lumbar spine and hip BMD and inserting the total hip or femoral neck BMD value into the FRAX
tool. Using that FRAX algorithm, we define the following risk categories: “low risk” includes no prior hip or spine fractures, a BMD T-score at
the hip and spine both above 21.0, and 10-year hip fracture risk ,3% and 10-year risk of major osteoporotic fractures ,20%; “moderate risk”
includes no prior hip or spine fractures, a BMD T-score at the hip and spine both above 22.5, or 10-year hip fracture risk ,3% or risk of major
osteoporotic fractures ,20%; “high risk” includes a prior spine or hip fracture, or a BMD T-score at the hip or spine of 22.5 or below, or
10-year hip fracture risk $3%, or risk of major osteoporotic fracture risk $20%; and “very high risk” includes multiple spine fractures and a
BMD T-score at the hip or spine of 22.5 or below.
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Once a holiday has begun, fracture risk and BMD should
be re-evaluated every 2 to 4 years after discontinuation
(Fig. 2). A significant drop in BMD (or a large increase in
BTMs) may lead to reinitiation of osteoporosis therapy,
depending on the individual’s fracture risk before the
5-year maximum holiday is completed.

Although there are some data suggesting that a lower
dose of alendronate (5 mg/d) begun after 5 years of
alendronate is equally effective in maintaining BMD and
levels of BTMs, as is continuing the full dose (10 mg/d)
(36), we do not know whether a dose reduction decreases
AFF risk. Further study of this question might establish
whether lowering the dose after 5 years might be an
alternative to a bisphosphonate holiday.

Balance of benefits and harms
Original safety concerns for oral bisphosphonates

focused on upper gastrointestinal irritation. However, in
practice, these adverse effects can beminimized by careful
adherence to correct dosing procedures even in patients
with esophageal disease (12, 44). For IV zoledronic acid,
an acute-phase reaction (flu-like symptoms, e.g., pyrexia
andmyalgia) is common (occurring in approximately one
in four patients), but usually only after the first infusion,
and lasts for 1 to 7 days. The frequency and severity
can be reduced by pretreatment with agents such as
acetaminophen or ibuprofen. Due to concerns about
renal toxicity, bisphosphonates are indicated only for
patients with estimated glomerular filtration rate (eGFR)
.30 mL/min for risedronate and ibandronate and .35
mL/min for alendronate and zoledronic acid. Although
there have been particular concerns about IV zoledronic
acid and renal damage, as long as a minimum of a 15-
minute infusion time is maintained and the patient is well
hydrated, there has been no evidence of any loss of renal
function with zoledronic acid treatment in randomized
clinical trials (45) when only patients with an eGFR
.35 mL/min are given the drug. A meta-analysis of the
effect of bisphosphonate treatment on atrial fibrillation
concluded that zoledronic acidmaymodestly increase the
risk, but not the other bisphosphonates (46).

ONJ and AFFs (discussed in detail in “Optimal Du-
ration of Treatment and Drug Holidays”) were first
reported in case studies in 2003 and both are extremely
rare (47). Epidemiologic studies suggest an association
with long-term bisphosphonate use, and these compli-
cations have also been observed with other osteoporosis
treatments (48). Despite these concerns, the benefits of
bisphosphonate therapy for up to 5 years strongly out-
weigh any AFF risks in postmenopausal women at high
risk for fracture. One analysis showed that treating 1000
osteoporotic women with bisphosphonates for 3 years
was associated with 0.08 AFF while preventing 100

fractures, including 11 hip fractures (49). However, there
are no comparable benefit/risk analyses for longer-term
bisphosphonate treatment.

Patient values and preferences
Compliance with oral bisphosphonates, as with other

medications used to lower chronic disease risks, is low
(;30% still continuing at 1 year) (50). In patients who
may have difficulties with adherence to oral medications
or who fail to respond, the use of zoledronic acid (given
annually as an IV infusion) or denosumab (given by
subcutaneous injection every 6 months, see “Denosu-
mab”) may be advantageous for effectively lowering the
fracture risk. Concerns of patients about risk of AFFs or
ONJ should be taken into account when considering
bisphosphonate holidays.

3. Denosumab

3.1 In postmenopausal women with osteoporosis
who are at high risk for osteoporotic fractures, we
recommend using denosumab as an alternative
initial treatment. (1|!!!!)
Technical remark: The recommended dosage is
60mg subcutaneously every 6months. The effects
of denosumab on bone remodeling, reflected in
BTMs, reverse after 6 months if the drug is not
taken on schedule. Thus, drug holiday or treat-
ment interruption are not recommended with this
agent.

3.2 In postmenopausal women with osteoporosis
who are taking denosumab, we suggest that the
fracture risk be reassessed after 5 to 10 years and
that women who remain at high risk of fractures
should either continue denosumab or be treated
with other osteoporosis therapies. (2|!OOO)

3.3 In postmenopausal women with osteoporosis
taking denosumab, administration of denosumab
should not be delayed or stopped without sub-
sequent antiresorptive (e.g., bisphosphonate, HT,
or selective estrogen receptor modulator) or other
therapy administered to prevent a rebound in
bone turnover and to decrease the risk of rapid
BMD loss and an increased risk of fracture.
(Ungraded Good Practice Statement)

Evidence
A meta-analysis that compared denosumab with

placebo (Fig. 1) showed a 68% reduction in the risk of
vertebral fractures (HR, 0.32; 95% CI, 0.26 to 0.40), a
39% reduction in the risk of hip fractures (HR, 0.61;
95%CI, 0.37 to 0.98), and a 19% reduction in the risk of
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nonvertebral fractures (HR, 0.81; 95% CI, 0.69 to
0.95) (12).

The duration of the double-blind, placebo-controlled
phase of the Fracture Reduction Evaluation of Deno-
sumab in Osteoporosis Every 6 Months (FREEDOM)
trial was 3 years. In the FREEDOM Extension study, all
patients received denosumab during the 7-year exten-
sion. There was no control group during this extension.
Continuing low rates of new radiographic vertebral
fractures (0.9% to 1.86% per year), nonvertebral frac-
tures (0.84% to 2.55% per year), and hip fractures (0%
to 0.61% per year) were noted in years 4 to 10. These
rates were comparable to those in the initial phase 3 study
in subjects taking denosumab, supporting a stable level of
fracture reduction up to 10 years (51). There are no
published data on the use of denosumab beyond 10 years
of treatment. Shorter courses of therapy with this agent
may be considered depending on the BMD response
and the ongoing fracture risk assessment done by the
treating clinician. However, BMD gains are rapidly lost
with cessation of denosumab and another therapy such
as a bisphosphonate should be given after a course of
denosumab is ended to maintain the BMD gains of the
treatment course.

Balance of benefits and harms
One limitation in the use of denosumab is the risk of

hypocalcemia due to concomitant medical conditions
such as malabsorption or chronic kidney disease (CKD).
In contrast to the bisphosphonates, denosumab may be
administered to patients with CKD and those with eGFRs
of#35 mL/min/1.73 m2. Denosumab has been shown to
be effective at reducing fracture rates and increasing the
BMD at all sites and (to a similar extent) in patients with
CKD stage 1 (eGFR $90 mL/min), 2 (eGFR of 60 to
89 mL/min), or 3 (eGFR of 30 to 59 mL/min). In stage 4
CKD (eGFR of 15 to 29 mL/min), compared with pla-
cebo, denosumab increased the BMD at hip sites (P ,
0.0002) but had no significant effects on fracture rates
(52). No subjects with stage 5 CKD were enrolled in the
FREEDOM trial. Denosumab should be administered
with caution in patients with CKD, however, because
the drug lowers bone turnover rapidly and substantially
and blocks calcium mobilization from bone in defense
of hypocalcemia. Two groups studied individuals with
varying degrees of renal impairment, including those
defined as severe (eGFR ,30 mL/min/1.73 m2) or re-
quiring dialysis (53, 54), and found that such individuals
were at greater risk of posttreatment hypocalcemia than
were those with normal renal function. The prescribing
information approved by the US Food and Drug Ad-
ministration states that clinical monitoring of the serum
levels of calcium, magnesium, and phosphorus should be

considered in patients predisposed to hypocalcemia
and disturbances of mineral balance within 14 days of
denosumab injection, as does the summary of prod-
uct characteristics (SmPC) of the European Medicines
Agency (55). Further recommendations from the SmPC
emphasize the importance of identifying patients at risk
for hypocalcemia and addressing this risk by assuring an
adequate intake of calcium and vitamin D before initi-
ating therapy. Serum calcium levels may be checked prior
to each dose of denosumab. Individuals at risk for hy-
pocalcemia should be educated about the signs and
symptoms of hypocalcemia before administration of the
agent.

Adverse events
Adverse events assessed in the phase 3 FREEDOM

trial included infections, inflammatory disorders, and
malignancies, as well as ONJ, AFFs, and hypocalce-
mia. In the first 3 years of the FREEDOM trial, there
were no statistically greater risks of cancer, infection,
delayed fracture union, hypocalcemia, or ONJ (56). In
the FREEDOM Extension during 10 years, adverse
events and serious adverse events did not increase with
time (57, 58). There were seven and six cases, re-
spectively, of ONJ in the long-term (10-year) vs crossover
(7-year) denosumab treatment groups and two AFFs
occurred during the 7-year extension study (one per
treatment group) (51).

In a meta-analysis of safety incorporating data from
11 trials, compared with placebo, denosumab increased
the risk of serious adverse events related to infection in
postmenopausal women (relative risk, 1.23; 95% CI,
1.00 to 1.52; P = 0.05) (59). No increased risk of ma-
lignancy or of skeletal fragility (reflected by a greater rate
of nonvertebral fractures) was noted. Infections reported
as serious adverse events in the FREEDOM trial included
several body sites, and the gastrointestinal and urinary
tracts, heart, skin, and ear were numerically greater in the
denosumab-treated group vs the placebo-treated group,
but the differences were not statistically significant (60).
Serious opportunistic and/or fatal infections were few in
number and were not significantly different between the
denosumab-treated and placebo-treated subjects (60).
Serious adverse events involving the skin (among them,
erysipelas and cellulitis) occurred in 1 placebo-treated
subject (,0.1%) but in 15 denosumab-treated subjects
(0.4%) (60). The eczema incidence was also higher (118
cases in denosumab-treated subjects vs 65 cases in
placebo-treated subjects during 3 years) (56).

Several case reports and series of patients have em-
phasized that the cessation of denosumab treatment
may be associated with a risk of multiple and/or severe
vertebral fractures (61). In the FREEDOM and the
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FREEDOM Extension trials (62), there was an excess
occurrence of multiple new vertebral fractures in pa-
tients who discontinued denosumab vs placebo, but
those rates did not exceed the baseline fracture rate.
BTM data (63, 64) show that the levels of serum
C-terminal crosslinking telopeptide (CTX) and pro-
collagen type 1 N-terminal propeptide (P1NP) increase
above baseline values within 3 to 6 month of denosu-
mab discontinuation. Concomitantly, levels of BMD at
the spine and hip decline to pretreatment levels within
24 months. The vertebral fractures occurring after drug
cessation have been ascribed to the rapid rebound in
bone turnover as the medication effect quickly wears
off. This situation has led to a cautionary note that doses
of denosumab should not be delayed and should be
administered on an every-6-month basis. The risk of
hypocalcemia (decline in serum calcium to,1.88 mmol/L
or 7.6 mg/dL) due to denosumab is estimated to be
;0.05% in data compiled from two large clinical trials (2
of 4050 patients) (55) and in the range of 14% to 25% of
subjects in small studies of subjects at risk for hypocal-
cemia (53, 65, 66). The key risk factor for that compli-
cation is underlying CKD, as noted above. Vitamin D
deficiency at baseline and higher rates of baseline bone
turnover, as assessed by turnover markers, may increase
the risk of hypocalcemia (66).

Overall, the rates of these adverse events in patients
with normal renal function are low, and there are sig-
nificant antifracture benefits with the use of denosumab
therapy. The agent acts rapidly, is straightforward to
administer, and produces marked suppression of bone
turnover (reduction in serum CTX levels) within the first
week of administration (67). The weight of evidence
supports the use of this agent for its strong antifracture
efficacy.

Patient values and preferences
Studies have compared adherence (combination of

persistence and compliance) and patient preference
for denosumab injections every 6 months to oral bi-
sphosphonates (weekly or monthly) (68). The Denosu-
mab Adherence Preference Satisfaction (DAPS) study
reported that regardless of the treatment sequence during
24 months (alendronate for 12 months, followed by
denosumab for 12 months or vice versa), trial partici-
pants significantly preferred denosumab to alendronate
based on questionnaires (69, 70). Subject scores for
denosumab showed greater preference and satisfaction
than with alendronate (69). In an observational study of
routine clinical practice, persistence with treatment was
estimated at ;87% to 95% and adherence at ;83% to
89% after 12 months (71). High rates of persistence and
adherence help to ensure that the fracture reduction

benefits reported in clinical trials are attained in clinical
practice.

Remarks
At the doses used to treat osteoporosis and with the

lack of incorporation of this monoclonal antibody into
bone, the drug’s actions reverse after 6months. Injections
should be given every 6 (61) months. If longer intervals
between doses occur, then the drug’s effect wears off and
bone resorption rates rise promptly. Bone turnover in-
creases to pretreatment levels or higher, and eventually
BMD declines by 18 to 24 months after treatment dis-
continuation (62, 63). In the period after treatment
discontinuation, patients may be more vulnerable to
sustaining vertebral fractures, and this vulnerability may
underlie the “rebound” vertebral fractures that have been
reported with denosumab discontinuation or missed
dosing, which is to be strictly avoided (see “Impact of
Stopping Non-Bisphosphonate Therapies”).

4. Teriparatide and Abaloparatide (PTH and
PTH-Related Protein Analogs)

4.1 In postmenopausal women with osteoporosis at
very high risk of fracture, such as those with
severe or multiple vertebral fractures, we rec-
ommend teriparatide or abaloparatide treatment
of up to 2 years for the reduction of vertebral and
nonvertebral fractures. (1|!!!O)

4.2 In postmenopausal women with osteoporosis
who have completed a course of teriparatide or
abaloparatide, we recommend treatment with
antiresorptive osteoporosis therapies to maintain
bone density gains. (1|!!OO)

Evidence
Anabolic agents increase BMD by increasing bone

formation when administered intermittently (i.e., daily).
There are now two licensed peptides that are anabolic
for bone: PTH(1–34) (teriparatide) and a PTH-related
protein analog (abaloparatide). Compared with other
agents, the evidence base for teriparatide and abalo-
paratide fracture reduction is more limited both in terms
of number of trials and number of patients who have
participated in the trials.

The meta-analysis comparison of teriparatide with pla-
cebo (Fig. 1) showed a 74% reduction in the risk of vertebral
fractures (HR, 0.26; 95% CI, 0.18 to 0.39) and a 39%
reduction in the risk of nonvertebral fractures (HR, 0.61;
95% CI, 0.44 to 0.85) (12). There is evidence that ter-
iparatide reduces fractures more than risedronate based on
the VERtebral Fracture Treatment Comparisons in Osteo-
poroticWomen (VERO) trial. In this study ofwomen at very
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high risk of fracture, teriparatide reduced vertebral and
clinical (nonvertebral plus clinical vertebral) fractures com-
pared with risedronate (72).

The meta-analysis comparison of abaloparatide with
placebo (Fig. 1) showed an 87% reduction in the risk of
vertebral fractures (HR, 0.13; 95% CI, 0.05 to 0.38)
and a 46% reduction in the risk of nonvertebral fractures
(HR, 0.54; 95% CI, 0.31 to 0.96) (12). In the meta-
analysis, hip fracture reductions for both agents were not
statistically significant, despite trends toward reductions
for both. However, the numbers of hip fractures in these
studies were small and the studies were inadequately
powered for this endpoint.

A significant increase in osteosarcoma in rats given
lifelong treatment with teriparatide or abaloparatide led
to black box warnings for both of these agents with limits
for lifetime therapy to a maximum of 24 months.
However, since the introduction of teriparatide in 2002,
with .1 million human users, the rate of osteosarcoma
has not been greater than expected, with only one case
reported as of 2016 (49). Side-effects of teriparatide
(20 mg dose) vs placebo included greater rates of diz-
ziness and leg cramps (73), while side-effects of abalo-
paratide that led to study discontinuation were nausea,
postural hypotension, dizziness, headache, and palpita-
tions (74). Teriparatide and abaloparatide have been
shown to increase serum calcium slightly and can result
in cases of hypercalcemia. Therefore, it is recommended
that serum calcium should be assessed prior to use and
that neither agent be used in patients with elevated serum
calcium.

The durability of the effect of anabolic drugs after they
are stopped has been tested for several anabolic agents.
For example, a randomized trial compared 1 year of PTH
(1–84) followed by a second year of placebo vs a second
year of alendronate. As assessed by decreases in dual-
energy X-ray absorptiometry BMD and trabecular BMD
by quantitative CT as well as finite element modeling of
bone strength, most of the effect of the drug had worn off
within 1 year of stopping use (75, 76). Studies of anti-
resorptive agents used after anabolic drugs are stopped
have shown that antiresorptive agents can maintain and
possibly slightly enhance their anabolic effects (74, 75,
77–79). Since the benefits of anabolic therapy are quickly
lost after discontinuation, we concur with most clini-
cal guidelines, which recommend that a course of ter-
iparatide or abaloparatide (up to 2 years) be followed
by a bisphosphonate, raloxifene, denosumab, or meno-
pausal HT.

Bisphosphonates are generally the initial therapy for
osteoporosis for most women. However, in cases where a
patient on bisphosphonates continues to lose bone mass
or sustains a fracture, a clinician may want to consider

switching to an anabolic treatment. Since bisphosphonate
effects as measured by BTMs and BMD persist after
stopping, there has been some controversy about the
efficacy of anabolic agents following bisphosphonate
therapy. Several studies have examined the effects of
teriparatide on BTMs and BMD following bisphospho-
nates. Those studies have suggested that teriparatide re-
tains its anabolic effect, although the timing of onset may
be somewhat delayed and the magnitude of the effect
somewhat blunted (80). A randomized trial of 24 months
of teriparatide vs risedronate (VERO trial) recently
published a subgroup analysis comparing fracture efficacy
in those with and without bisphosphonate use prior to
study entry (81). This analysis suggested similar fracture
reductions for vertebral and clinical fractures in prior
bisphosphonate users compared to treatment-naive pa-
tients. There was a suggestion (not significant) that frac-
ture reductionswere slightly delayed for prior bisphosphonate
users compared with treatment-naive patients. These
results provide support that anabolic therapy remains
efficacious in reducing fracture risk even after a prior
course of bisphosphonates.

Teriparatide and abaloparatide are the only anabolic
agents currently approved for osteoporosis. However,
other anabolic agents (e.g., romosozumab) have been or
are being tested and may be available in the future. PTH
(1–84) (82) was approved and used for several years in
Europe but is no longer available for this indication.

Patient values and preferences
The BMD increases with either teriparatide or aba-

loparatide are substantial, as are reductions in vertebral
fracture. However, there are two important limitations
of these medications. First, they require a daily in-
jection, which some patients may not be willing to
do or to which many patients may find adherence
challenging. Second, both teriparatide and abalo-
paratide are much more expensive than other thera-
pies, and this may be an important barrier for many
patients, particularly when insurance coverage may be
limited.

5. Selective Estrogen Receptor Modulators

5.1. In postmenopausal women with osteoporosis at
high risk of fracture and with the patient char-
acteristics below, we recommend raloxifene or
bazedoxifene to reduce the risk of vertebral
fractures. (1|!!!!)
Patient characteristics: With a low risk of deep
vein thrombosis (DVT) and for whom bisphosph-
onates or denosumab are not appropriate, or with a
high risk of breast cancer.
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Evidence
The meta-analysis that compared raloxifene with pla-

cebo (Fig. 1) showed a 40% reduction in the risk of
vertebral fractures (HR, 0.60; 95% CI, 0.52 to 0.69), but
no significant effect on reduction in the risk of hip or
nonvertebral fractures (12). Several side effects limit use,
including venous thromboembolism, hot flushes, and leg
cramps (83).

The effect of raloxifene (60 mg daily) on vertebral
fractures was present in women with osteoporosis (BMD
T-score of22.5 or less) with or without a prior vertebral
fracture (84). This effect was also present in women not
selected on the basis of fracture risk (85). The effect of
raloxifene on BMD is less than that of menopausal HT
(86), but there are no comparative fracture data.

The meta-analysis that compared bazedoxifene with
placebo (Fig. 1) showed a 39% reduction in the risk of
vertebral fractures (HR, 0.61; 95%CI, 0.48 to 0.77), but
no significant effect on the reduction in the risk of hip or
nonvertebral fractures (12). Several side effects limit use,
including venous thromboembolism, hot flushes, and leg
cramps (87). There is no evidence regarding the effects on
breast cancer. The effects of 3 years of treatment with
bazedoxifene (20 mg or 40 mg daily) on the risk of
vertebral fracture are similar to those of raloxifene
(60 mg daily) (87). The effect of bazedoxifene on ver-
tebral fracture risk after 5 years of treatment is similar to
that after 3 years of treatment (88).

Bazedoxifene is licensed in Germany, Lithuania, Swe-
den, Croatia, Japan, and Israel for the prevention of os-
teoporosis, but not in the United States or Canada (89).
Bazedoxifene is only licensed in the United States and
Canada as a combinationwith conjugated estrogens for the
treatment of hot flushes or prevention of osteoporosis in
patients for whom other treatments for osteoporosis are
not suitable. The combination of conjugated estrogens and
bazedoxifene results in less increase in spinal BMD at 1
year compared with conjugated estrogens and a progestin,
but less breast tenderness and more amenorrhea (90).
Conjugated estrogens/bazedoxifene have not been shown
to reduce the risk of fracture (11).

Balance of benefits and harms
Raloxifene has the added benefit of a reduced in-

cidence of invasive estrogen receptor–positive breast
cancer both during treatment and for at least 5 years after
completion (91). This benefit of treatment should be
taken into account when counseling patients.

Raloxifene may be well suited to younger women with
osteoporosis and no vasomotor symptoms, as we have
insufficient data to link this drug to long-term harm such
as AFFs. Furthermore, it may be particularly suitable in
women who are at increased risk of breast cancer. The

more minor adverse events (hot flushes, leg cramps) tend
to be worse in the first 6 months of administration.
Therefore, it is common practice to encourage perse-
verance with the drug during the first few months of
treatment.

The risk of thromboembolic events is similar to that
with the current use of HT. The SmPC (92) recommends
the following: “The risk-benefit balance should be con-
sidered in patients at risk of venous thromboembolic
events of any etiology. Raloxifene should be discontinued
in the event of an illness or a condition leading to a
prolonged period of immobilization. Discontinuation
should happen as soon as possible in case of illness, or
from 3 days before the immobilization occurs. Therapy
should not be restarted until the initiating condition has
resolved and the patient is fully mobile.”

6. Menopausal Hormone Therapy
and Tibolone

6.1 In postmenopausal women at high risk of fracture
and with the patient characteristics below, we
suggest menopausal HT, using estrogen only in
women with hysterectomy, to prevent all types of
fractures. (2|!!!O)
Patient characteristics: Under 60 years of age
or,10 years past menopause; at low risk of DVT;
those in whom bisphosphonates or denosumab
are not appropriate; with bothersome vasomotor
symptoms; with additional climacteric symptoms;
without contraindications; without prior myo-
cardial infarction or stroke; without breast can-
cer; willing to take menopausal HT.

6.2 In postmenopausal women with osteoporosis at
high risk of fracture and with the patient char-
acteristics below, we suggest tibolone to prevent
vertebral and nonvertebral fractures. (2|!!!O)
Patient characteristics: Under 60 years of age
or ,10 years past menopause; with a low risk of
DVT; those in whom bisphosphonates or deno-
sumab are not appropriate; with bothersome
vasomotor symptoms; with additional climacteric
symptoms; without contraindications; without
prior myocardial infarction or stroke or high risk
for cardiovascular disease; without breast cancer;
willing to take tibolone.
Technical remark: Tibolone is not available in the
United States or Canada.

Evidence
The meta-analysis that compared menopausal HT

(estrogen with or without progestogen) with placebo
(Fig. 1) showed a 34% reduction in the risk of vertebral
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fractures (HR, 0.66; 95% CI, 0.49 to 0.89), a 29% re-
duction in the risk of hip fractures (HR, 0.71; 95% CI,
0.52 to 0.98), and a 21% reduction in the risk of non-
vertebral fractures (HR, 0.79; 95% CI, 0.70 to 0.90)
(12). The fracture benefits are present in women at lower
risk of fractures (93–95) and at high risk of fractures (96,
97) and with oral conjugated equine estrogen (0.625 mg
daily) or with estradiol (100-mg patch or 2 mg daily oral)
use. However, the evidence of fracture benefit in women
is basedmainly on clinical trials in women not at high risk
of fracture.

Several potential side effects limit use, including ve-
nous thromboembolism, stroke, myocardial infarction,
cancer (breast, endometrial, ovary), dementia, gallblad-
der disease, and urinary incontinence (98). Recent data
from the Women’s Health Initiative Study covering
13 years showed reversal of most of these risks after
stopping therapy; furthermore, the risks with estrogen
alone (e.g., breast cancer) are less than those with the
combination (99). Benefits include relief of menopausal
symptoms (e.g., hot flushes), less diabetes, and a lower
risk of colon cancer.

The meta-analysis that compared tibolone with pla-
cebo (Fig. 1) showed a 44% reduction in the risk of
vertebral fractures (HR, 0.56; 95% CI, 0.42 to 0.74), no
significant effect on reduction in the risk of hip fractures,
and a 27% reduction in the risk of nonvertebral fractures
(HR, 0.73; 95% CI, 0.59 to 0.92) (12). Several side ef-
fects limit use, including stroke (HR, 2.19; 95% CI, 1.14
to 4.23), vaginal discharge, and bleeding. There are
benefits for menopausal symptoms such as hot flushes
and for the risks of breast cancer (HR, 0.32; 95% CI,
0.13 to 0.80) and colon cancer (HR, 0.31; 95% CI, 0.10
to 0.96), and patients taking tibolone have fewer falls
(100). Even though the risk of breast cancer was reduced
in the Long-Term Intervention on Fractures with Tibo-
lone (LIFT) study, there was an increased recurrence of
breast cancer in women with previous breast cancer in
the Livial Intervention Following Breast Cancer: Effi-
cacy, Recurrence and Tolerability Endpoints (LIBERATE)
study (101).

Balance of benefits and harms
The Writing Committee has no preference between

estrogen and tibolone; most of the evidence for HT is
based on women at low risk of fracture, whereas the
evidence for tibolone is based on women at high risk
of fracture. The benefits and risks of estrogen and
tibolone need to be evaluated on an individual basis
(102). These risks depend on the duration of treatment,
the woman’s age, and her underlying health and are
lower in healthy younger women, hence the recom-
mendation to select women ,60 years of age or within

10 years of menopause (102). The risk of venous throm-
boembolic disease may be lower with transdermal rather
than oral estrogen (103). The balance of risks and benefits
differs between individual women according to their needs
for treatment. If menopausal HT is prescribed for osteo-
porosis and it is stopped, then alternative treatments for
osteoporosis should be given.

7. Calcitonin

7.1 In postmenopausal women at high risk of fracture
with osteoporosis, we suggest that nasal spray
calcitonin be prescribed only in women who
cannot tolerate raloxifene, bisphosphonates, es-
trogen, denosumab, tibolone, abaloparatide, or
teriparatide or for whom these therapies are not
considered appropriate. (2|!OOO)

Evidence
The meta-analysis that compared calcitonin with pla-

cebo (Fig. 1) showed a 46% reduction in the risk of
vertebral fractures (HR, 0.54; 95% CI, 0.36 to 0.82), but
no significant effect on reduction in the risk of hip or
nonvertebral fractures (12). The trials with nasal spray
calcitonin were never powered to show fracture risk re-
duction; however, the Prevent Recurrence of Osteopo-
rotic Fractures (PROOF) trial did show efficacy for
vertebral fracture reduction (at the dose of 200 IU but not
100 or 400 IU of nasal spray calcitonin per day) (104).
Similarly, there is weak evidence for vertebral fracture pain
relief from calcitonin, with one randomized, placebo-
controlled trial of 68 postmenopausal women showing
efficacy (105).

Patient values and preferences
In patients who cannot tolerate denosumab, bi-

sphosphonates, hormone-based therapies, selective
estrogen response modulators, tibolone, or anabolic
treatments, nasal spray calcitonin may be used and is well
tolerated. However, there is considerable doubt about its
benefit in reducing fractures, particularly nonvertebral
fractures.

Balance of benefits and harms
Recent studies have raised doubt about the long-term

safety of nasal spray calcitonin due to an increased risk
(from cross-sectional and cohort studies and a meta-
analysis) of prostate and liver cancer and other malig-
nancies, although the pathophysiologic basis is unclear
(106, 107). The European Medicines Agency and Health
Canada have both withdrawn nasal spray calcitonin
from the market.
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8. Calcium and Vitamin D

8.1 In postmenopausal women with low BMD and
at high risk of fractures with osteoporosis, we
suggest that calcium and vitamin D be used as an
adjunct to osteoporosis therapies. (2|!!OO)

8.2 In postmenopausal women at high risk of fracture
with osteoporosis who cannot tolerate bisphos-
phonates, estrogen, selective estrogen response
modulators, denosumab, tibolone, teriparatide, and
abaloparatide, we recommend daily calcium and
vitaminD supplementation to prevent hip fractures.
(1|!!!O)

Evidence
The meta-analysis that compared calcium with pla-

cebo (Fig. 1) showed no significant effect on reduction in
the risk of vertebral or hip fractures, but a 37% reduction
in the risk of nonvertebral fractures (HR, 0.63; 95% CI,
0.45 to 0.90). The meta-analysis that compared vitamin
D with placebo (Fig. 1) showed no significant effect on
reduction in the risk of vertebral or hip fractures, but a
56% reduction in the risk of nonvertebral fractures (HR,
0.44; 95% CI, 0.22 to 0.88). The meta-analysis that
compared the combination of calcium and vitamin D
with placebo (Fig. 1) showed no significant effect on
reduction in the risk of vertebral fractures, but a 19%
reduction in the risk of hip fractures (HR, 0.81; 95% CI,
0.71 to 0.93), and a 5% reduction in the risk of
nonvertebral fractures (HR, 0.95; 95% CI, 0.90 to
1.00) (12).

The level of evidence for hip fracture prevention with
the combination of calcium and vitamin D supplemen-
tation is strong but only in selected circumstances, and
with the following caveats. First, the greatest risk re-
duction (33%) from calcium and vitamin D supple-
mentation is in elderly individuals living in residential
care (108). (The data are based on studies predominantly
of women 70 years and older in residential care.) Second,
the largest trial to date in postmenopausal women, the
Women’s Health Initiative, demonstrated risk reduction,
but the original analysis was per protocol and was not an
intention-to-treat analysis (109). Third, women in that
trial were also randomized to either HT or placebo. Only
those receiving calcium and vitamin D plus HT showed
significant hip fracture reduction. For the prevention of
vertebral fractures, calcium and vitamin D have no im-
pact on risk, but the level of evidence is weak. Expert
opinion suggests that increasing dietary calcium intake is
the most appropriate and safest way to enhance bone
mineralization.

As mentioned above, the strength of the evidence for
hip fracture risk reduction with calcium and vitamin D is

driven principally by one large randomized, placebo-
controlled trial in elderly women who were nursing
home residents in which there was a significant (i.e.,
33%) risk reduction in hip fractures (108). However, the
mean 25-hydroxyvitamin D levels in that cohort were
low (,16 ng/mL). In addition to fracture risk reduction,
with adequate vitamin D repletion, the mean PTH levels
decreased, almost certainly as a result of vitamin D and
calcium supplementation (108, 110, 111). No other
studies have shown this degree of hip fracture risk re-
duction. It has also been thought that calcium and vi-
tamin D could prevent falls, and that in turn could result
in a reduction in hip fractures (112). This led to the use of
high-dose supplementation with vitamin D administered
less frequently. However, a recent trial showed the op-
posite effect, with an increased risk of fracture (113).
Additionally, a new meta-analysis revealed inconsistent
or no effects from vitamin D supplementation on falls,
fractures, or BMD (114).

Note that virtually all the recent trials of drugs to treat
osteoporosis use a study design of drug plus calcium and
vitamin D supplementation vs calcium and vitamin D
alone. Hence, the proven antifracture efficacy for all
osteoporosis drugs includes the addition of calcium
and vitamin D supplementation. For example, in the
Women’s Health Initiative trial of calcium and vitamin
D, there was a 232 design in which some women who
received calcium (1000 mg/d) plus vitamin D supple-
mentation (400 IU/d) were also randomized to HT (es-
trogen or estrogen plus progesterone) or no treatment. In
that arm, women who received both active treatments
(calcium plus vitamin D plus HT) had a 42% reduction in
hip fractures (0.37 to 0.93) vs calcium plus vitamin D
alone. Similar results have been noted with other anti-
resorptive therapies (34, 36, 56).

The amount of calcium supplementation in random-
ized trials ranges from 500 to 1500 mg/d. Expert opinion
currently recommends #1000 mg/d in the form of
supplements, whereas the overall recommendation from
the National Osteoporosis Foundation and Institute of
Medicine (for women .50 years and men .70 years of
age) is a total calcium intake of 1200 mg/d. The total
calcium intake per day should include both dietary and
supplemental calcium. We prefer that this be achieved
through dietary intake, but this is often difficult, espe-
cially in older individuals. In the largest randomized,
placebo-controlled trial for calcium and vitamin D in
postmenopausal women, the Women’s Health Initiative,
the daily dietary intake in the active arm was;1100 mg/d
in addition to the 1000 mg of calcium supplementation,
resulting in a total intake of ;2100 mg/d (109). This
intake led to a 17% increase in the development of renal
stones (109).
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In the current meta-analysis, calcium plus vitamin D
supplementation reduced the risk of hip fractures but not
vertebral or nonhip fractures. The magnitude of risk re-
duction is consistent with that reported by a previous meta-
analysis (115), although not the most recent meta-analysis
(116), and is driven principally by trials in older individuals
(108). The highest absolute risk of hip fracture occurs in the
frail elderly, owing to both low bone mass and a higher rate
of falls.Notwithstanding, among allwomen in theWomen’s
Health Initiative trial (mean age, 61 years) who were ran-
domized to calcium (1000 mg/d) and vitamin D (400 IU/d),
and who were adherent after 6 months, there was a 29%
reduction in hip fractures, but no effect on other fractures.
As noted, however, those subjects included women who
were also randomized to HT (116). Although there are no
clinical trial data, most experts would agree that dietary
intake with calcium is the safest and most appropriate
approach for postmenopausal women undergoing treat-
ment for osteoporosis.

Balance of benefits and harms
With respect to cardiovascular safety, some meta-

analyses analyzing the effects of calcium supplementa-
tion alone (without vitamin D) on cardiovascular events
show a weak association with increased risk of myo-
cardial infarction and stroke, whereas others show no
association (117–119).

There is no evidence that supplementation with vi-
tamin D of up to 4000 IU/d (i.e., the tolerable upper limit
set by the Institute of Medicine) is associated with any
safety issues beyond hypercalciuria (118). However,
when combined with high amounts of supplemental
calcium, there is the potential for a greater risk of kidney
stones (109). Additionally, there is evidence from two
randomized trials that high-dose intermittent vitamin D
(500,000 IU/y or 20,000 IU/wk) can lead to a greater risk
of falls and fractures (113, 120).

Thus, most postmenopausal women in the United
States now consume close to 1000 mg of calcium per day
from their diet, which is an increase of .200 mg/d from
the late 1990s (109, 121). The Institute of Medicine
recommends 1000 to 1200 mg of calcium per day in diet
and/or supplements (121). Writing Committee mem-
bers prefer encouraging women to increase their dietary
intake of calcium and to keep calcium supplement
intake ,1000 mg/d because of potential safety concerns
with supplements, particularly renal calculi. There is no
consensus concerning a threshold level of vitamin D that
should be reached when supplementing postmenopausal
women. However, all postmenopausal women with a
confirmed diagnosis of osteoporosis should be screened
with a serum level of 25-hydroxyvitamin D. The pref-
erence of the Writing Committee is that adequate serum

25-hydroxyvitamin D levels in women with osteoporosis
should be at least 20 ng/mL (50 nmol/L) as noted by
European guidelines, althoughEndocrine Society guideline
recommends a threshold of 30 ng/mL (75nmol/L), either of
which can often be met by ingesting 1000 IU of vitamin D
per day.

Patient values and preferences
There is consensus that calcium and vitamin D should

be added to all osteoporosis treatment regimens to en-
hance mineralization and maintenance of bone mass in
high-risk postmenopausal women, many of whom also
consume diets low in calcium. There is no direct evidence
that the calcium and vitamin D added to other treatments
for osteoporosis contribute to the reduction in fracture
risk from clinical trials testing those agents, because
calcium and vitamin D supplements are the standard
baseline intervention at randomization. There may be a
small additional BMD benefit of calcium plus vitamin D
for individuals in addition to a prescribed osteoporosis
medication, particularly because calcium plus vitamin D
are thought to be important for mineralization (122).
Supplemental intake of calcium and vitamin D has in-
creased during the last two decades, but dietary calcium
intake, with the advent of more supplemented food
choices, has also increased.

9. Approach to Treatment or Choosing
Among Approved Therapies

The goal of treatment is to decrease fractures associated
with osteoporosis; thus, the overall approach is to rec-
ommend good bone health maintenance efforts. These
include adequate calcium and vitamin D intake, re-
sistance and balance exercises, smoking cessation, limited
alcohol use, decreased use of drugs, and optimization of
comorbid conditions that can harm bone for all post-
menopausal women. For those at high fracture risk, we
recommend treatment with approved medications. For
those at low-to-moderate fracture risk, we recommend
following the country-specific guidelines for treatment,
as the fracture risks, values, and costs of therapies vary
across populations.

Decisions regarding the choice of therapies must take
into account the country-specific availability of various
drugs, local guidelines, values, and preferences of the
patient, costs, and drug coverage (e.g., insurance, gov-
ernment coverage). Because of the lower costs and longer
experience with bisphosphonates, they are often used as
initial therapies for postmenopausal osteoporosis in most
countries. However, it is important to weigh risks,
benefits, and preferences on an individual basis, and there
may be individual patient characteristics that help to
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determine which drug is optimal. For example, a woman
in her late 50s with osteoporosis and at high risk of breast
cancer may consider raloxifene as an initial therapy,
whereas another woman with gastroesophageal reflux
disease at high risk of fracture may prefer to start with
denosumab or zoledronic acid. Theoretically, one may
want to use bone formation therapy as the initial therapy, if
the patient has sustained recent vertebral fractures. In
general, calcium and vitamin D aside, we recommend using
one drug therapy at a time, and not combining them.

The decision to switch therapy from one agent to an-
other is often based on availability, tolerability, costs, and
preferences. Health care providers may also want to
consider switching therapy because of adherence issues or
“failure” of therapy. As osteoporosis drug therapies do not
totally eliminate fracture risk, it is often unclear whether
sustaining a fracture while on therapy is considered a
failure of therapy. In general, we consider loss of BMD
greater than the least significant change (usually 5% in the
lumbar spine, 4% in the total hip, and 5% in the femoral
neck) over 2 years and BTM decrease on antiresorptive
drugs less than the least significant change as “failure” of
therapy. We would consider having two or more fractures
while on therapy as treatment failure, especially vertebral
fractures (123). In clinical practice, the occurrence of one
fracture while on effective therapy and in a compliant
patient will raise the consideration for changing therapy. In
such cases, we suggest switching to one of the alternative
therapies discussed in this guideline. It is important to rule
out secondary osteoporosis when a patient “fails” therapy,
as intervening medical conditions (such as multiple mye-
loma) or medications (such as tenofovir or oversupple-
mentation of thyroid hormone in hypothyroidism) may be
the root cause of BMD loss or fracture, rather than failure
of osteoporosis drug therapy. What is less clear is when to
switch from an antiresorptive therapy to a bone formation
therapy. Again, there is a lack of evidence to guide such
decisions. Patients for whom we would consider switching
from an antiresorptive to a bone formation therapy include
the following: a woman with recurrent vertebral fractures
due to osteoporosis, a woman at high fracture risk who has
been on long-term potent antiresorptive therapy and is
sustaining fractures, and a woman with ONJ or an AFF on
antiresorptive therapy.

There is an alternative to decision-making about the
choice of treatment and when to stop treatment, namely
“treat to target” BMD (124, 125). The idea of “treat to
target” is to choose therapy that will most likely achieve
the target BMD, change to a more potent agent if the
initial therapy is not achieving the BMD goal, and stop
when fracture risk is at an acceptable low level. Existing
therapies, however, may not be potent enough to achieve
the target or maintain the target BMD once it is stopped.

We propose that the algorithm in Fig. 2 be applied to an
individual postmenopausal woman when considering the
management of her osteoporosis. We considered those
women at high risk as being eligible for drug therapy and
defined this high-risk group as having a prior spine or hip
fracture, or a BMD T-score of 22.5 or below at either the
hip or spine, or a 10-year hip fracture risk$3%, or a risk of
major osteoporotic fracture $20% (Fig. 2).

10. Optimal Duration of Treatment and
Drug Holidays

There is an abundance of evidence that treatment of 3 to
5 years with osteoporosis therapies described in ear-
lier sections is highly beneficial with only minimal risk.
However, recent concerns about AFFs andONJ have led to
reconsideration of the optimal length of therapy. Con-
siderations for longer-term treatment are more complex
and depend on the individual woman’s fracture risk, risk
factors for AFF, ONJ, and vertebral, nonvertebral, and hip
fractures, as well as the type of therapy being used. The
ASBMR established a task force that reviewed the current
evidence and published guidelines for long-term treatment
in 2016 (40). These recommendations are incorporated
into Fig. 2. However, there are important evidence gaps
that, when filled, may help to establish more precise and
stronger evidence-based guidelines.

Considerations for continuation of therapy depend
strongly on the type of medication being used. The evidence
onwhich to base long-term therapy decisions ismost robust
for bisphosphonates, which represent the vast majority of
treatment in the United States and internationally. This
evidence is described in detail in the “Bisphosphonate”
section and includes two randomized trials (one of alendr-
onate and one of zoledronic acid) that inform decisions
about long-term continuation or temporary discontinuations
for this class of drugs (see “Long-term bisphosphonate
treatment beyond 5 years”). These studies support a residual
effect of bisphosphonates after stopping, which support
bisphosphonate holidays. However, for all other therapies,
as described below, after discontinuation, benefits are
quickly lost. Thus, these therapies must be continued in-
definitely or followed with bisphosphonates or another type
of therapy to retain the gains achieved.

In terms of continued efficacy for fracture reduction
with long-term continued therapy, there are some data
for bisphosphonates, denosumab, and HT that are de-
scribed in the respective earlier sections of this report for
each of those types of medications.

Impact of stopping nonbisphosphonate therapies
There are data showing that the effects of all non-

bisphosphonate therapies (denosumab, abaloparatide,
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teriparatide, selective estrogen response modulator, HT,
tibolone, and calcitonin) disappear with the discontin-
uation of therapy. When these therapies are discontinued,
the gains in BMD observed with these therapies are lost
rapidly. Discontinuation of denosumab is associated
with a BMD decrease of 6.6% in the lumbar spine and
5.3% in the total hip within the first 12 months of
treatment discontinuation (126, 127). In fact, there are
data to suggest that the discontinuation of denosumab, a
potent antiresorptive therapy, can result in increased
vertebral fractures (128–131). Whether this increased risk
is the return to the baseline risk of the individual if that
individual were not on therapy or whether there is a
“rebound” effect (an increased risk beyond the in-
dividual’s baseline risk) is unclear. Recent data from the
FREEDOM trial suggest that the increase in risk is likely
secondary to the absence of drug protection, rather than
to a rebound phenomenon (132). One study of alendro-
nate following 1 year of denosumab showed retention of
BMD gains for at least 12 months (133). Two small case
series examining zoledronic acid after denosumab sug-
gested that it was most effective in BMD retention when
administered 8months, rather than 6months, after the last
dose of denosumab (134, 135). The second study (134,
135) also suggested that a second annual infusion was
needed to continue retention of benefits. This study also
showed only a partial retention of benefits for risedronate
after denosumab. Several studies have shown that use of
alendronate after anabolic treatment will retain and per-
haps increase BMD gains (36, 136), and thus alendronate
after anabolic therapy is usually given.

Osteonecrosis of the jaw
ONJ is a nonhealing wound in the oral mucosa with

exposed bone that lasts .8 weeks, usually associated
with an invasive dental procedure such as dental ex-
traction or implantation but can occur de novo as well
(47). An international task force on ONJ reported on the
association of bisphosphonate therapy and ONJ; the
absolute risk of ONJ in osteoporosis patients was esti-
mated to range from 1 in 10,000 to 1 in 100,000 (or
0.001% to 0.01%) (137). Higher doses and more fre-
quent use of bisphosphonate and denosumab have been
associated with greater ONJ risks in the oncology setting
(138), but these patients have other risk factors such as
cancer, chemotherapy, radiation therapy, and antian-
giogenic therapies. In osteoporosis patients on long-term
oral bisphosphonate therapy, the risk of ONJ has been
reported to be as high as 21 in 10,000 (or 0.21%) for
patients on .4 years of therapy (139). Tooth extraction
in a patient exposed to bisphosphonate therapy car-
ries a 0.5% risk of developing ONJ (140). Currently,
the American Dental Association does not recommend

stopping bisphosphonates for dental procedures; how-
ever, if a tooth extraction or implant is planned or on-
going, initiation of potent antiresorptive therapy could be
deferred until the area healed (141). In contrast, the
American Association of Oral and Maxillofacial Sur-
geons recommends a 2-month drug holiday for those
who have taken .4 years of bisphosphonates (140).
Routine dental care is also important for the prevention
of ONJ in patients treated with potent antiresorptive
therapy (142, 143).

Conservative management such as antibacterial mouth
rinse is recommended as initial therapy for stage 0 to 2
ONJ, whereas surgical debridement and resection is rec-
ommended for stage 3 ONJ (140). Although there have
been case reports of using teriparatide as well as other
therapies (such as platelet-rich plasma, low-level laser ir-
radiation, and bonemorphogenic protein) in the successful
treatment of ONJ, controlled studies are needed to es-
tablish efficacy of these therapies (140).

Atypical femoral fractures
AFFs are insufficiency stress fractures of the femoral

shaft first noted in case reports in about 2007 (144, 145)
that suggested a possible association with bisphos-
phonate use. These fractures have specific radiological
characteristics that have been formalized in a case defi-
nition by the ASBMR (146, 147) based on radiographic
criteria and low trauma. AFFs have been most studied in
relationship to bisphosphonate use but have been noted
with other osteoporosis medications including denosu-
mab, odanacatib, and romosozumab (48). Patients often
present with pain or aching in the thigh or groin with or
after weight-bearing activities. The pathogenesis of these
fractures is not understood, although a number of hy-
potheses including factors related to femur shape, ge-
netics, and ethnicity have been advanced (48).

A large number of epidemiologic studies focusing on
bisphosphonate usage and duration have been published.
However, many have not had assessments of individual
radiographs and instead relied on femoral shaft fractures
as defined by ICD codes from population registries [e.g.,
see Refs (148) and (149)]. Unfortunately, this endpoint is
problematic because,5% of these femoral shaft fractures
would have met AFF criteria if radiographs had been
evaluated (42, 150). This nonspecific endpoint could have
maskedAFF increases in these studies, as well as in ameta-
analysis of AFFs published in 2013 (151), which included
many such studies.

Calculation of AFF incidence restricted to studies with
radiographic evaluation shows incidence to be very low.
For example, a study in Sweden using national data for
women and men .55 years of age for 2008 to 2010
showed that among a total of 50,325 femur (hip or
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femoral shaft) fractures, only 172 (about 3 AFFs per
1000 hip fractures) met ASBMR criteria. A similarly low
ratio of AFFs to hip fractures was shown in a study
performed in Kaiser Permanente Northwest (152). This
study showed very lowAFF incidence in their population
(about 5 per 100,000 person-years) compared with an
almost 100-fold higher incidence of hip fractures (300
to 400 per 100,000 person-years). Despite low inci-
dence rates, studies with radiographic assessment have
shown strong increases in AFFs with longer duration
of bisphosphonate use. For example, one widely cited
study from a large health maintenance organization in
California of people .45 years of age (;1.8 million)
showed AFF risk (unadjusted) for 2 years of use to be
;3 per 100,000 person-years, increasing to ;20 per
100,000 person-years with 5 years of use and ;50 per
100,000 with .8 years of use (153). Despite this in-
crease, risks of hip and other osteoporotic fractures that
can be prevented by treatment are much higher,
suggesting a positive benefit-risk ratio even for long-term
treatment, particularly in older women at highest risk
of hip and other osteoporotic fractures. Whereas one
analysis of benefit vs risk for bisphosphonate treatment
of 3 years showed that treating 1000 osteoporotic
women would prevent 100 fractures, including 11 hip
fractures, while causing about 0.1 AFF (49), similar data
for longer-term treatment are not available, and the
consistent increase shown for treatment beyond 5 years
suggests consideration of AFF risk in treating patients
for.5 years. As discussed in section 2, the ASBMR long-
term has proposed that the risk could be reduced by
taking a “holiday” from oral bisphosphonates after
5 years and from IV bisphosphonates after 3 years in
patients who are at low to moderate fracture risk (40).
Specific recommendations for bisphosphonate holidays
are discussed in “Bisphosphonates”. There are insuffi-
cient data about the relationship of long-term denosu-
mab to AFF risk to make a recommendation about
duration of use.

11. Monitoring

11.1 In postmenopausal womenwith a low BMD and
at high risk of fractures who are being treated for
osteoporosis, we suggest monitoring the BMD
by dual-energy X-ray absorptiometry at the
spine and hip every 1 to 3 years to assess the
response to treatment. (2|!OOO)
Technical remark: Monitoring BTMs (serum
CTX for antiresorptive therapy or P1NP for
bone anabolic therapy) is an alternative way of
identifying poor response or nonadherence to
therapy.

Evidence
Treatments for osteoporosis increase the BMD, but only

modestly. The usual time point for monitoring is after
2 years of treatment. The expected (mean) changes in lumbar
spine BMDafter alendronate at 70mgweekly, risedronate at
35 mg weekly, ibandronate at 150 mg monthly, zoledronate
at 5 mg annually, denosumab at 60 mg 6-monthly, and
raloxifene at 60 mg daily are 7%, 3%, 7%, 7%, 8%, and
3%, respectively (37, 56, 84, 154). The expected (mean)
changes in total hip BMDafter alendronate at 70mgweekly,
risedronate at 35 mg weekly, ibandronate at 150 mg
monthly, zoledronate at 5mg annually, denosumab at 60mg
6-monthly, and raloxifene at 60 mg daily are 5%, 2%, 3%,
4%, 5%, and 1%, respectively (37, 56, 84, 154). Ter-
iparatide (20 mg/d) increased the BMD of the spine and total
hip by ;13% and 4%, respectively, after 24 months (73).
Evidence to support the use of BMD for monitoring the
treatment response is weak but suggests that BMD can be
used for this purpose (155). It has been suggested that serial
BMDmeasurements in treated subjects may identify patients
who are not adhering to treatment or patients who have a
secondary cause for bone loss. Although there is evidence
that total hip BMD changes reflect medication compliance
(156), use of serial BMD measurements to identify subjects
with secondary osteoporosis is anecdotal. It has also been
suggested that serial BMD measurements may identify
subjects who fail therapy. A retrospective study showed that
BMDmonitoring was associated with improved compliance
(157, 158).

There is uncertainty over what constitutes an adequate
BMD response to treatment. Stable or increasing BMD
appears to indicate a good response (155). One approach is
to consider whether any BMD change exceeds that expected
due to normal intermeasurement variation (the least sig-
nificant change approach); this requires information about
the variability of BMD measurements. In women with
osteopenia, estimates of the least significant changes at the
spine and hipmade in research settings are between 4%and
5% in the short term (123). In all of the studies mentioned
above, the changes in the spine BMD were greater than the
least significant change in most women treated for 2 years,
whereas the changes in the hip BMD were generally within
the expected reproducibility error. It has been estimated that
the BMD response to treatment accounts for a substantial
proportion of the fracture risk reduction with treatments for
osteoporosis (159). The least significant change approach
can also be used to identify significant bone loss in women
who are untreated or to identify the offset of effects after
stopping treatment of osteoporosis. Because the expected
rate of bone loss is slower in these situations than the rate of
gain during treatment, it may be better to wait longer
between measurements (e.g., 2 to 4 years) in untreated
women. Assessing changes in BMDon serial measurements
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requires careful attention to detail. Using the same machine
and a trained technologist aware of the pitfalls of bone
densitometry can mitigate these problems. The provider
responsible for reporting the results also needs to be aware
of these limitations. Degenerative changes in the spine or a
new fracture in the region of the scan may falsely give the
impression of a gain in BMD.

Treatments for osteoporosis in women produce sig-
nificant changes in BTMs. In postmenopausal women,
alendronate reduces serumCTX and serum P1NP by 80%
and 60%, respectively (38). Reductions in BTMs become
maximalwithin severalmonths and remain stable throughout
therapy. Bone formation and resorption markers increase
dramatically during the first 6 to 12 months of teriparatide
therapy in women, after which they gradually decline toward
baseline levels (160).

There is uncertainty over what constitutes an optimal
BTM response to treatment. Decreasing bone resorption
markers (for antiresorptive agents) or increasing bone
formation markers (for anabolic agents) indicates a good
response to treatment. There is evidence that an in-
adequate response may be due to the presence of sec-
ondary osteoporosis or noncompliance with treatment
(161). A change in BTMs relates to fracture risk re-
duction with antiresorptive treatments (162, 163).

Monitoring treatment with BTMs requires attention
to detail. Because of diurnal variations (a higher turnover
in the morning) and the effects of food (bone resorption
markers decrease after eating), samples for bone re-
sorption markers (urinary N-terminal telopeptide and
serum CTX) should be collected with the patient in the
fasting state, in the morning. Because manual and au-
tomated assays give different results for the same anal-
ysis, changes can be compared only if the laboratory
continues to use the same assay (164).

As with changes in BMD, changes in BTMs can be
compared with the least significant change to determine
whether the observed changes exceed those likely to occur
as a result of normal variation. Least significant change
estimates are ;56% for serum CTX and 38% for serum
P1NP. With oral bisphosphonates, by 12 weeks on
treatment, between 70% and 90%of women are expected
to respond (38). The BTM response to treatment may
account for 30% to 75% of the fracture risk reduction
with standard treatments for osteoporosis (163). Addi-
tionally, the magnitude of the BTM response has been
shown to be associated with the level of compliance (156).

Some experts recommendmeasuring BTMs before and 3
to 6 months after starting treatment (165). If the change in
markers exceeds the least significant change (;40%), then
one goal has been met. In women, a low risk of fractures
while on treatment is associated with BTMs that are below
themedian of the reference interval for youngwomen (166).

If the markers do not change, there are several options,
including questioning the patient about her compliancewith
medication, considering causes of secondary osteoporosis,
or changing the medication or the route of administration.

Method of Development of Evidence-Based
Clinical Practice Guidelines

Participants
The Writing Committee consisted of five content

experts representing endocrinology and epidemiology.
Two of the committee members brought an interna-
tional perspective to this guideline topic. The Writing
Committee also included a clinical practice guideline
methodologist who led the team of comparative ef-
fectiveness researchers that conducted the systematic
reviews and meta-analyses. The methodologist also su-
pervised application of the GRADE methodological
framework for each recommendation, including quality
of evidence assessments and strength of recommendation
designations.

Guideline development process
The Endocrine Society’s guideline development process

combines elements of the GRADE framework (167) with,
when relevant, an approach thought to be appropriate for
rare endocrine diseases where scientific evidence is limited or
nonexistent. The Society applies the steps in the GRADE
framework to research questions forwhich there is an ample
body of knowledge of low quality or higher (see Table 1). In
these situations, GRADE provides the methodological and
statistical rigor that results in robust recommendations that
are classified using quality of evidence and strength of
recommendation as described by Guyatt et al. (168) and
also represented graphically in Table 1.

Where evidence is extremely limited and/or not
systematically analyzed, we provide recommendations
based on an expert review of the limited data. This
process is less systematic than the GRADE methodo-
logical framework; however, these recommendations are
also clearly classified using the GRADE classification
system.

Some of the Society’s clinical practice guidelines also
include ungraded good practice statements (169). This
unclassified clinical guidance can include expert opinion
statements on good practice, references to recommenda-
tions made in other guidelines, and observations on pre-
ventive care and shared decision-making.

Guideline recommendations include the relevant pop-
ulation, intervention, comparator, and outcome. When
further clarification on implementation is needed, we in-
clude technical remarks. These provide supplemental in-
formation such as timing, setting, dosing regimens, and
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necessary expertise. All recommendations are followed
by a synopsis of the evidence on which they are based.
Authors may also include short statements on patients’
values and preferences, the balance of benefits and harms,
and minority opinions, where relevant.

Internal and external review
Approximately 18 months into the development process,

Endocrine Society clinical practice guidelines undergo a
comment review period of 1 month when there is an op-
portunity for internal and external stakeholders to review the
guideline draft and provide comments. These stakeholders
include Endocrine Society members, the Society’s Clinical
Guidelines Subcommittee, representatives of any cospon-
soring organizations, a representative of Council, and an
expert reviewer. Following revisions to the guideline man-
uscript in response to comment reviewperiod comments, it is
returned to Clinical Guidelines Subcommittee, the Council
reviewer, and the expert reviewer for a second review and
ballot. Finally, the guideline manuscript is subject to the
Journal of Clinical Endocrinology & Metabolism pub-
lisher’s review prior to publication. This review is un-
dertakenby an individualwith expertise in the topic,without
relevant conflicts of interest, and external to the guideline

Writing Committee, Clinical Guidelines Subcommittee, and
Council.

Conflict of interest
The Endocrine Society’s conflict of interest (COI)

policy and procedures for the development of clinical
practice guidelines can be found on the Endocrine Society
Web site. In summary, the rules are as follows:

1. To be considered for membership of a Writing
Committee, nominees are required to disclose all
relationships with industry for the 12-month period
prior to guideline Writing Committee initiation.
This is consistent with the reporting timeframe for
the National Institutes of Health and the Food and
Drug Administration.

2. Potential COIs that should be declared include all
relationships with commercial, noncommercial, in-
stitutional, and patient/public organizations that are
(or may be) pertinent to the scope of the guideline.

3. The Chair of the Clinical Guidelines Subcom-
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COI.

Table 1. GRADE Classification of Guideline Recommendations
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4. The Chair of the Clinical Guidelines Subcom-
mittee selects Writing Committee Chairs and Co-
Chairs based on COI information, as well as the
individuals’ clinical expertise and other skills. The
Endocrine Society Council reviews and endorses
the nominees or makes appropriate changes. The

three Chairs then select and appoint Writing
Committee members.

5. The Chair and Co-Chair of the Writing Com-
mittee must be free of any COI or other biases that
could undermine the integrity or credibility of the
work.

Appendix Relevant COIs of the Osteoporosis Guideline Writing Committee

Writing
Committee
Member Employment

Uncompensated
Memberships

Uncompensated
Leadership Personal Financial

Organizational
Financial

Spousal/
Family
Info.

Clifford
Rosen,
Chair

Senior Scientist,
Director, Maine
Medical Center
Research Institute

None None None None None

Dennis
Black

Professor in Residence,
Division of Clinical
Trials and
Multicenter
Studies, University of
California San
Francisco

None None • Asahi-Kasei,
consultant

• EffRx, consultant
•Merck, CME
presentations

• Zuellig, speaker

None None

Angela
Cheung

Director, Osteoporosis
Program, University
of Toronto

Professor of Medicine,
University of Toronto

Director of Osteoporosis
Program, University
Health Network/Sinai
Health System

• International
Osteoporosis
Foundation
Committee of
Scientific Advisors,
member

• International Society
for Clinical
Densitometry
Position
Development
Conference
Monitoring Task
Force member

• Osteoporosis
Canada, Guidelines
Committee member

• 2019 Osteoporosis
Canada Clinical
Practice Guidelines
Fracture Risk
Assessment Task
Force member

• International Society
for Clinical
Densitometry
Canadian, Panel
Chair

• International Society
for Clinical
Densitometry, Board
Member

• Quantitative
Musculoskeletal
Imaging, 2019
Meeting Co-Chair

• Amgen, consultant
and speaker for
accredited CME
programs

• Eli Lilly, consultant
and speaker for
accredited CME
programs

• Amgen, educational
grant awardee

None

Richard
Eastell

Professor and Head of
the Academic Unit of
Bone Metabolism,
University of
Sheffield–Sheffield
Teaching Hospitals
NHS Trust

Director of the
Mellanby Centre for
Bone Research

• International
Osteoporosis
Foundation
Committee of
Scientific Advisors,
member

• National Institute for
Health Research,
Senior Investigator
Emeritus

• European Calcified
Tissue Society,
Program Co-Chair

• American Society for
Bone and Mineral
Research, grant
review

• IBMS, Treasurer
• Endocrine Reviews,
IAB

• Lancet Diabetes and
Endocrinology, IAB

• Immunodiagnostic
Systems, Nittobo,
and
Roche Diagnostics,
consultant

• D-Star, consultant
• GlaxoSmithKline
Nutrition, consultant

• Foundation for the
National Institutes of
Health, consultant

• Bone, Senior Editor
• Sandoz, consultant

• Amgen, grant
awardee

• Alexion, grant
awardee

• Immunodiagnostic
Systems, Nittobo,
and Roche
Diagnostics, grant
awardee

• D-Star, consultant
• GlaxoSmithKline
Nutrition, consultant

•Medical Research
Council, grant
awardee

• National Osteoporosis
Society, grant awardee

•Arthritis Research UK,
grant awardee

None

M. Hassan
Murad

Professor of Medicine,
Mayo Clinic

None None None None None

Dolores
Shoback

Professor, University of
California San
Francisco

None None None None None

doi: 10.1210/jc.2019-00221 https://academic.oup.com/jcem 21

http://dx.doi.org/10.1210/jc.2019-00221
https://academic.oup.com/jcem


6. A majority ($50%) of the Writing Committee
members must be free of relevant COIs.

7. Writing Committee members with relevant COIs
are required to declare the situation and recuse
themselves from any relevant discussions, votes,
and from drafting recommendations.

8. All Writing Committee members must refrain
from adding new relevant industry relationships
throughout the guideline development process.

9. If a member is aware of another person who
might have a conflict and has not declared it for
some reason, they are obliged to bring this to the
Writing Committee Chair’s attention.

10. Staff, Writing Committee Chairs, and members
must be alert for situations that might present a
potential or perceived COI.
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Khalil L, Fahrleitner-Pammer A. Persistence, adherence, and
medication-taking behavior in women with postmenopausal
osteoporosis receiving denosumab in routine practice in Ger-
many, Austria, Greece, and Belgium: 12-month results from a
European non-interventional study. Osteoporos Int. 2015;
26(10):2479–2489.

72. Kendler DL, Marin F, Zerbini CAF, Russo LA, Greenspan SL,
Zikan V, Bagur A, Malouf-Sierra J, Lakatos P, Fahrleitner-
Pammer A, Lespessailles E, Minisola S, Body JJ, Geusens P,
Moricke R, Lopez-Romero P. Effects of teriparatide and risedr-
onate on new fractures in post-menopausal women with severe
osteoporosis (VERO): a multicentre, double-blind, double-
dummy, randomised controlled trial. Lancet. 2018;391(10117):
230–240.

73. Neer RM, Arnaud CD, Zanchetta JR, Prince R, Gaich GA,
Reginster JY, Hodsman AB, Eriksen EF, Ish-Shalom S, Genant
HK, Wang O, Mitlak BH. Effect of parathyroid hormone (1-34)
on fractures and bone mineral density in postmenopausal women
with osteoporosis. N Engl J Med. 2001;344(19):1434–1441.

74. Miller PD, Hattersley G, Riis BJ, Williams GC, Lau E, Russo LA,
Alexandersen P, Zerbini CA, HuMY, Harris AG, Fitzpatrick LA,
Cosman F, Christiansen C; ACTIVE Study Investigators. Effect of
abaloparatide vs placebo on new vertebral fractures in post-
menopausal womenwith osteoporosis: a randomized clinical trial.
JAMA. 2016;316(7):722–733.

75. Black DM, Bilezikian JP, Ensrud KE, Greenspan SL, Palermo L,
Hue T, Lang TF, McGowan JA, Rosen CJ; PaTH Study In-
vestigators. One year of alendronate after one year of parathyroid
hormone (1–84) for osteoporosis. N Engl J Med. 2005;353(6):
555–565.

76. Keaveny TM, Hoffmann PF, Singh M, Palermo L, Bilezikian JP,
Greenspan SL, Black DM. Femoral bone strength and its relation
to cortical and trabecular changes after treatment with PTH,
alendronate, and their combination as assessed by finite element
analysis of quantitative CT scans. J BoneMiner Res. 2008;23(12):
1974–1982.

77. Cosman F,Miller PD,Williams GC, Hattersley G, HuMY, Valter
I, Fitzpatrick LA, Riis BJ, Christiansen C, Bilezikian JP, Black D.
Eighteen months of treatment with subcutaneous abaloparatide
followed by 6 months of treatment with alendronate in post-
menopausal women with osteoporosis: results of the activextend
trial. Mayo Clin Proc. 2017;92(2):200–210.

78. Eastell R, Nickelsen T, Marin F, Barker C, Hadji P, Farrerons J,
AudranM, Boonen S, BrixenK, Gomes JM,Obermayer-Pietsch B,
Avramidis A, Sigurdsson G, Glüer CC. Sequential treatment of
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ABSTRACT

	 Objective: The development of these guidelines 
is sponsored by the American Association of Clinical 
Endocrinologists (AACE) Board of Directors and 
American College of Endocrinology (ACE) Board of 
Trustees and adheres with published AACE protocols for 
the standardized production of clinical practice guidelines 
(CPGs). 
	 Methods: Recommendations are based on diligent 
reviews of the clinical evidence with transparent incor-
poration of subjective factors, according to established 
AACE/ACE guidelines for guidelines protocols. 
	 Results: The Executive Summary of this 2020 updat-
ed guideline contains 52 recommendations: 21 Grade A 
(40%), 24 Grade B (46%), 7 Grade C (14%), and no Grade 
D (0%). These detailed, evidence-based recommenda-
tions allow for nuance-based clinical decision-making that 
addresses multiple aspects of real-world care of patients. 
The evidence base presented in the subsequent Appendix 
provides relevant supporting information for the Executive 
Summary recommendations. This update contains 368 
citations: 123 (33.5%) evidence level (EL) 1 (highest), 
132 (36%) EL 2 (intermediate), 20 (5.5%) EL 3 (weak), 
and 93 (25%) EL 4 (lowest). New or updated topics in this 
CPG include: clarification of the diagnosis of osteoporosis, 
stratification of the patient according to high-risk and very-

high-risk features, a new dual-action therapy option, and 
transitions from therapeutic options.
	 Conclusion: This guideline is a practical tool for 
endocrinologists, physicians in general, regulatory bodies, 
health-related organizations, and interested laypersons 
regarding the diagnosis, evaluation, and treatment of 
postmenopausal osteoporosis. (Endocr Pract. 2020;26 
(Suppl 1):1-44)

INTRODUCTION

	 Osteoporosis is a growing major public health prob-
lem, with an impact on quality and quantity of life that 
crosses medical, social, and economic lines. These guide-
lines have been developed by the American Association of 
Clinical Endocrinologists (AACE) with hopes of reduc-
ing the risk of osteoporosis-related fractures and thereby 
maintaining the quality of life for people with osteopo-
rosis. The guidelines use the best evidence, taking into 
consideration the economic impact of the disease and the 
need for efficient and effective evaluation and treatment 
of postmenopausal women with osteoporosis. The intent 
is to provide evidence-based information about the diag-
nosis, evaluation, and treatment of postmenopausal osteo-
porosis for endocrinologists, physicians in general, regu-
latory bodies, health-related organizations, and interested  
laypersons.

METHODS

	 The AACE Board of Directors approved this 
2020 update of the 2016 AACE/American College of 
Endocrinology (ACE) Clinical Practice Guidelines for the 
Diagnosis and Treatment of Postmenopausal Osteoporosis. 
Selection of the co-chairs, primary writers, and expert 
reviewers as well as the logistics for creating this guide-
line update were conducted in adherence with the AACE 
Protocol for Standardized Production of Clinical Practice 
Guidelines, Algorithms, and Checklists–2017 Update 
(2017 Guidelines for Guidelines; 2017 G4G) (Tables 1 
through 4) (1). Methods established by AACE in 2004 
and clarified in 2010, 2014, and 2017 more clearly delin-
eate the mapping of recommendation grades for transpar-
ency and allow for more interpretative flexibility (Tables 1 
through 4) (1-4). This updated methodology provides for 
patient-first language, greater detail regarding ratings for 
evidence, and general oversight of the entire clinical prac-
tice guideline (CPG) production process. 
	 All members of the appointed task force and reviewers 
made disclosures regarding multiplicities of interests and 
attested that they are not employed by industry. Primary 
writers submitted contributions to specific clinical ques-
tions, which were subsequently reviewed, discussed, and 
integrated into the final document. This input provides 
the basis for the recommendations herein. This CPG was 
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approved by all primary writers, invited expert review-
ers, the AACE CPG Oversight Committee, and the AACE 
Board of Directors before submission to Endocrine 
Practice for peer review. 
	 Evidence was obtained through literature searches 
using the MEDLINE® database through PubMed® and 
other designated reference sources. Based on the 2017 
AACE protocols for standardized production of CPGs 
(1), the appointed task force of medical experts evaluated 
available literature and graded references with numerical 
descriptors (evidence level [EL] 1 [highest] to 4 [lowest]) 
according to semantic descriptors of study type (Table 1), 
analyzed the graded evidence in consideration of subjec-
tive factors related to interpretation of the quality of each 
individual study’s design and data analysis (Table 2), and 
then assessed recommendation qualifiers (such as risks and 
benefits, gaps in evidence, and cost-effectiveness when 
available) for the aggregate evidence base of an individual 
recommendation (Tables 3) (1). Based on identified subjec-
tive factors and qualifiers, the task force assigned recom-
mendations with grades A through D (strong, intermediate, 
weak, no conclusive evidence/expert opinion) by expert 
consensus, mapping to the best evidence level (BEL), or 
highest quality rating, of supporting literature (Table 4). 
The process leading to a final recommendation and grade 
is not rigid but incorporates expert integration of objec-
tive and subjective factors meant to reflect optimal real-
life clinical decision-making, options, and individualiza-
tion of care. This document is a guideline; since individual 
circumstances and clinical presentations differ from patient 
to patient, ultimate clinical management is based on what 
is in the best interest of the patient that would also involve 
the patient’s input (“patient-centered care”) and reasonable 
clinical judgment by the treating clinician.
	 The Executive Summary lists 12 clinical questions 
related to postmenopausal osteoporosis and 52 recommen-
dations, organized by corresponding question; some recom-
mendations include multiple statements. Recommendation 
grade and BEL are provided after each recommendation 
(labeled R and numbered) in the Executive Summary. The 
relevant evidence base with discussion to support each 
recommendation as well as tables and figures for the updat-
ed recommendations follow the Executive Summary in  
an Appendix.

KEY UPDATES FOR 2020

	 The following key updates highlight the most impor-
tant new recommendations in this CPG.  See also the updat-
ed AACE/ACE Postmenopausal Osteoporosis Treatment 
Algorithm included at the end of the Executive Summary.
•	 Postmenopausal women with osteoporosis can be 

stratified according to high-risk and very-high-risk 
features, which includes prior fractures. Stratification 
of the patient drives the choice of the initial agent as 

well as the duration of therapy.
•	 The new anabolic agent romosozumab is included in 

the treatment algorithm.
•	 Transitions from therapeutic agents, including deno-

sumab, are further elucidated.

EXECUTIVE SUMMARY 

	 To guide readers, recommendations (R) are organized 
into the following questions:
•	 Q1.	How is fracture risk assessed and osteoporosis 

diagnosed?
•	 Q2.	When osteoporosis is diagnosed, what is an 

appropriate evaluation?
•	 Q3.	What are the fundamental measures for bone 

health?
•	 Q4.	Who needs pharmacologic therapy?
•	 Q5.	What medication should be used to treat osteopo-

rosis?
•	 Q6.	How is treatment monitored?
•	 Q7.	What is successful treatment of osteoporosis?
•	 Q8.	How long should patients be treated?
•	 Q9.	What is the role of concomitant use of therapeutic 

agents?
•	 Q10. What is the role of sequential use of therapeutic 

agents?
•	 Q11. What is the role of vertebral augmentation for 

compression fractures?
•	 Q12. When should referral to a clinical endocrinolo-

gist or other osteoporosis specialist be considered?

Q1.  How Is Fracture Risk Assessed and Osteoporosis 
Diagnosed?

R1. Evaluate all postmenopausal women aged ≥50 years 
for osteoporosis risk (Grade B; BEL 1, downgraded due 
to gaps in evidence).

R2. A detailed history, physical exam, and clinical frac-
ture risk assessment with fracture risk assessment tool 
(FRAX®) or other fracture risk assessment tool should be 
included in the initial evaluation for osteoporosis (Grade 
B; BEL 1).

R3. Consider bone mineral density testing based on clini-
cal fracture risk profile (Grade B; BEL 2). 

R4. When bone mineral density is measured, axial dual-
energy X-ray absorptiometry (DXA) measurement 
(lumbar spine and hip; 1/3 radius if indicated) should be 
used (Grade B; BEL 2).

R5. Osteoporosis is diagnosed based on presence of fragil-
ity fractures in the absence of other metabolic bone disor-
ders and even with a normal bone mineral density (T-score) 
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Table 1
2017 AACE Protocol for Production of Clinical Practice Guidelines

Revised Logical Ranking of Scientific Methodologies (Step I: Evidence Rating)
Numerical Descriptor Semantic Descriptor Methodology Descriptor
STRONG EVIDENCE
1 (1) RCT Randomized controlled trial
1 (1) MRCT Meta-analysis of only randomized controlled trials
INTERMEDIATE EVIDENCE
2 (2) MNRCT Meta-analysis including nonrandomized prospective or case-controlled trials
2 (new) NMA Network meta-analysis
2(2) NRCT Nonrandomized controlled trial (or unconfirmed randomization)
2 (2) PCS Prospective cohort study (does not include open-label extension study)
2 (2) RCCS Retrospective case-control study
2 (new) NCCS Nested case-control study

2 (3; reassigned) ES Epidemiological study (hypothesis driven; includes survey, registry, data-mining, 
with or without retrospective uni-multivariate analyses or propensity matching)

2 (new) OLES Open-label extension study
2 (new) PHAS Post hoc analysis study
WEAK EVIDENCE

3 (new) DS Discovery science (explorative/inductive; includes -omics, “big data,” network 
analysis, systems biology, Bayesian inference, modeling) (48)

3 (new) ECON Economic study (includes Markov models, pharmacoeconomics) (49-53)
3 (3) CCS Consecutive case series (N > 1)
3 (3) SCR Single case report (N = 1)
3 (new) PRECLIN Preclinical study (e.g., feasibility, safety)
3 (new) BR Basic research (must be high impact and relevant)
NO EVIDENCE
4 (4) NE No evidence (theory, opinion, consensus, review, position, policy, guideline)
4 (new) O Other (e.g., lower impact/relevant basic research; any highly flawed study)
Abbreviations: EBM = evidence-based methodology; EL = evidence level.
Reprinted with permission from Mechanick et al. Endocr Pract. 2017;23:1006-1021 (1).

Table 2
2017 AACE Protocol for Production of Clinical Practice Guidelines

Revised Evaluation of Studies (Step II: Scientific Analysis and Subjective Factors)
Study design Data analysis Interpretation
Allocation concealment (randomization) Intent-to-treat Generalizability
Blinding Modeling (e.g., Markov) Incompleteness
Comparator group Network analysis Logical
Endpoints (real clinical vs. surrogate) Statistics Overstated
Hypothesis Appropriate follow-up Validity
Power analysis (too small sample size) Appropriate trial termination
Premise
Type 1 error (e.g., adjusted for PHAS)
Abbreviations: AACE = American Association of Clinical Endocrinologists; PHAS = post hoc analysis study. 
Reprinted with permission from Mechanick et al. Endocr Pract. 2017;23:1006-1021 (1).
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Table 3
2017 AACE Protocol for Production of Clinical Practice Guidelines

Revised Evaluation of Recommendations (Step III: Recommendation Qualifiers)
Cascades (are there other recommendation versions based on ethnocultural factors?)
Dissenting opinions (based on health-care professional and patient preferences)
Economic (e.g., cost-effectiveness, cost-benefit, value)
Evidence base (are there significant gaps or is there overwhelming evidence?)
Relevance (patient-oriented evidence that matters vs. disease-oriented evidence; social acceptability)
Resource availability (limited or sufficient)
Risk to benefit
Abbreviation: AACE = American Association of Clinical Endocrinologists.
Reprinted with permission from Mechanick et al. Endocr Pract. 2017;23:1006-1021 (1).

Table 4
2017 AACE Protocol for Production of Clinical Practice Guidelines

Revised and Detail Mapping Protocol (Step IV: Creating Initial Recommendation Grades)a

Best
Evidence
Level

Predominantly
Negative SF and/or 

RQ
Predominantly 

Positive SF and/or RQ

Consensus for 
Recommendation 

and for Grade
EL to Grade 

Mapping

Map to Final 
Recommendation 

Grade
1 No No >66% Direct 1 → A
Anyb No No 100% Rule Any → A (new)
2 No Yes >66% Adjust up 2 → A
2 No No >66% Direct 2 → B
1 Yes No >66% Adjust down 1 → B
3 No Yes >66% Adjust up 3 → B
3 No No >66% Direct 3 → C
2 Yes No >66% Adjust down 2 → C
4 No Yes >66% Adjust up 4 → C
4 No No >66% Direct 4 → D
3 Yes No >66% Adjust down 3 → D
Anyb Yes/no Yes/no >66% Rule Any → AD (new)
Abbreviations: AACE = American Association of Clinical Endocrinologists; BEL = best evidence level; EL = evidence level; RQ = 
recommendation qualifiers; SF = subjective factors.
aRecommendation Grade A = “Very Strong”; B = “Strong”; C = “Not Strong”; D = “Primarily Based on Expert Opinion.” Mappings 
are provided in online supplementary material from (1).
bRule-based adjustment wherein any recommendation can be a “Very Strong” Grade A if there is 100% consensus to use this 
designation. Similarly, if >66% consensus is not reached, even with some degree of scientific substantiation, a “Primarily Based on 
Expert Opinion” Grade D designation is assigned. The reasons for downgrading to D may be an inconclusive or inconsistent evidence 
base or simply failure of the expert writing committee to sufficiently agree. Note that any formulated recommendation is omitted from 
the document if sufficiently flawed, so any Grade D recommendation in the final document must be deemed sufficiently important. 
Rule-based adjustments are provided in online supplementary material from (1).
Reprinted with permission from Mechanick JI, et al. Endocr Pract. 2017;23:1006-1021 (1).
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(Grade B; BEL 2). Osteoporosis is also diagnosed based 
on a T-score of −2.5 or lower in the lumbar spine (antero-
posterior), femoral neck, total hip, or 1/3 radius (33% 
radius), even in the absence of a prevalent fracture (Grade 
B; BEL 4, upgraded by consensus). When the initial 
diagnosis of osteoporosis is made according to a T-score 
of −2.5 or below, the diagnosis persists even when a subse-
quent dual-energy X-ray absorptiometry (DXA) measure-
ment shows a T-score better than −2.5 (Grade B; BEL 4, 
upgraded by consensus).  

R6. Osteoporosis may also be diagnosed in patients with 
a T-score between −1.0 and −2.5 and increased fracture 
risk using FRAX® (fracture risk assessment tool) country-
specific thresholds (Grade B; BEL 2).

Q2. When Osteoporosis Is Diagnosed, What Is an 
Appropriate Evaluation?

R7. Evaluate for causes of secondary osteoporosis (Grade 
B; BEL 1, downgraded due to limited evidence).

R8. Evaluate for prevalent vertebral fractures (Grade B; 
BEL 2).

R9. Consider using bone turnover markers in the initial 
evaluation and follow-up of osteoporosis patients. Elevated 
levels can predict more rapid rates of bone loss and higher 
fracture risk (Grade A; BEL 1).

Q3.  What Are the Fundamental Measures for Bone 
Health?

R10. Measure serum 25-hydroxyvitamin D (25[OH]D) in 
patients who are at risk for vitamin D insufficiency, partic-
ularly those with osteoporosis (Grade B; BEL 2).

R11. Maintain serum 25-hydroxyvitamin D (25[OH]D) 
≥30 ng/mL in patients with osteoporosis (preferable range, 
30 to 50 ng/mL) (Grade A; BEL 1).

R12. Supplement with vitamin D3 if needed, with a daily 
dose of 1,000 to 2,000 international units (IU) typically 
required to maintain an optimal serum 25(OH)D level 
(Grade A; BEL 1). 

R13. Higher doses of vitamin D3 may be necessary in 
patients with present factors such as obesity, malabsorp-
tion, and older age (Grade A; BEL 1).

R14. Counsel patients to maintain adequate dietary intake 
of calcium, to a total intake (including diet plus supple-
ment, if needed) of 1,200 mg/day for women age ≥50 years 
(Grade B; BEL 1, downgraded due to limited evidence).

R15. Counsel patients to limit alcohol intake to no more 
than 2 units per day (Grade B; BEL 2).

R16. Counsel patients to avoid or stop smoking (Grade B; 
BEL 1, downgraded due to limited evidence).

R17. Counsel patients to maintain an active lifestyle, 
including weight-bearing, balance, and resistance exercis-
es (Grade A; BEL 1). 

R18. Provide counseling on reducing risk of falls, particu-
larly among the elderly (Grade B; BEL 1, downgraded 
due to limited evidence).
R19. Consider referral for physical therapy, which may 
reduce discomfort, prevent falls, and improve quality of 
life (Grade A; BEL 1).

Q4.  Who Needs Pharmacologic Therapy?

R20. Pharmacologic therapy is strongly recommended for 
patients with osteopenia or low bone mass and a history 
of fragility fracture of the hip or spine (Grade A; BEL 1).

R21. Pharmacologic therapy is strongly recommended for 
patients with a T-score of −2.5 or lower in the spine, femo-
ral neck, total hip, or 1/3 radius (Grade A; BEL 1).

R22. Pharmacologic therapy is strongly recommended 
for patients with a T-score between −1.0 and −2.5 if the 
FRAX® (fracture risk assessment tool) (or if available, 
trabecular bone score [TBS]-adjusted FRAX®) 10-year 
probability for major osteoporotic fracture is ≥20% or the 
10-year probability of hip fracture is ≥3% in the U.S. or 
above the country-specific threshold in other countries or 
regions (Grade A; BEL 1).

R23. Consider patients with a recent fracture (e.g., within 
the past 12 months), fractures while on approved osteopo-
rosis therapy, multiple fractures, fractures while on drugs 
causing skeletal harm (e.g., long-term glucocorticoids), 
very low T-score (e.g., less than −3.0), high risk for falls 
or history of injurious falls, and very high fracture prob-
ability by FRAX® (fracture risk assessment tool) (e.g., 
major osteoporosis fracture >30%, hip fracture >4.5%) or 
other validated fracture risk algorithm to be at very high 
fracture risk. Consider patients who have been diagnosed 
with osteoporosis but are not at very high fracture risk, as 
defined above, to be high risk (Grade B; BEL 1; down-
graded due to limited evidence). 

Q5.  What Medication Should Be Used to Treat 
Osteoporosis?

R24. Approved agents with efficacy to reduce hip, nonver-
tebral, and spine fractures including alendronate, denosum-
ab, risedronate, and zoledronate are appropriate as initial 
therapy for most osteoporotic patients with high fracture 
risk, as defined in R23 (Grade A; BEL 1).
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R25. Abaloparatide, denosumab, romosozumab, teripa-
ratide, and zoledronate should be considered for patients 
unable to use oral therapy and as initial therapy for patients 
at very high fracture risk, as defined in R23 (Grade A; 
BEL 1).

R26. Ibandronate or raloxifene may be appropriate initial 
therapy in some cases for patients requiring drugs with 
spine-specific efficacy (Grade B; BEL 1, downgraded 
due to limited evidence).

Q6.  How Is Treatment Monitored?

R27. Obtain a baseline axial (lumbar spine and hip; 1/3 
radius if indicated) dual-energy X-ray absorptiometry 
(DXA) and repeat DXA every 1 to 2 years until findings 
are stable. The 1/3 radius may be considered as an alternate 
site when the lumbar spine/hip are not evaluable or as an 
additional site in patients with primary hyperparathyroid-
ism. Continue with follow-up DXA every 1 to 2 years or 
at a less frequent interval, depending on clinical circum-
stances (Grade B; BEL 2).

R28. Monitor serial changes in lumbar spine, total hip, or 
femoral neck bone mineral density; if lumbar spine, hip, or 
both are not evaluable, monitoring with 1/3 radius site may 
be acceptable but is limited by a small area and a very large 
least significant change (LSC) (Grade B; BEL 1, down-
graded due to limited evidence).

R29. Follow-up of patients should ideally be conducted in 
the same facility with the same dual-energy X-ray absorp-
tiometry (DXA) system, provided the acquisition, analy-
sis, and interpretation adhere to International Society for 
Clinical Densitometry DXA best practices (Grade C; BEL 
2, downgraded due to limited evidence).

R30. Consider using bone turnover markers (BTMs) for 
assessment of patient compliance and efficacy of therapy. 
Significant reductions in BTMs are seen with antiresorp-
tive therapy and have been associated with fracture reduc-
tion, and significant increases indicate good response to 
anabolic therapy (Grade B; BEL 1, adjusted down due 
to limited evidence).

Q7.  What Is Successful Treatment of Osteoporosis?

R31. Consider stable or increasing bone mineral density, 
with no evidence of new fractures or vertebral fracture 
progression as a response to therapy for osteoporosis 
(Grade A; BEL 1).

R32. Consider bone turnover markers at or below the medi-
an value for premenopausal women as a target for response 
to therapy for patients taking antiresorptive agents. 

Consider significant increases in bone formation markers 
as a pharmacologic response to anabolic therapy (Grade 
B; BEL 1, adjusted down due to limited evidence). 

R33. Consider alternative therapy or reassessment for 
causes of secondary osteoporosis in patients who have 
recurrent fractures or significant bone loss while on ther-
apy. Although a single fracture while on therapy is not 
necessarily evidence of treatment failure, consider two or 
more fragility fractures are evidence of treatment failure 
(Grade B; BEL 1, downgraded due to limited evidence).

Q8.  How Long Should Patients Be Treated?

R34. Limit treatment with abaloparatide and teriparatide 
to 2 years and follow abaloparatide or teriparatide therapy 
with a bisphosphonate or denosumab (Grade A; BEL 1).

R35. Limit treatment with romosozumab to 1 year and 
follow with a drug intended for long-term use, such as a 
bisphosphonate or denosumab (Grade B; BEL 1, down-
graded due to limited evidence).

R36. For oral bisphosphonates, consider a bisphosphonate 
holiday after 5 years of treatment if fracture risk is no longer 
high (such as when the T score is greater than -2.5, or the 
patient has remained fracture free), but continue treatment 
up to an additional 5 years if fracture risk remains high 
(Grade B; BEL 2).

R37. For oral bisphosphonates, consider a bisphosphonate 
holiday after 6 to 10 years of stability in patients with very 
high fracture risk (Grade B; BEL 2). 

R38. For zoledronate, consider a bisphosphonate holiday 
after 3 years in high-risk patients or until fracture risk is no 
longer high, and continue for up to 6 years in very-high-
risk patients (Grade A; BEL 1).

R39. The ending of a bisphosphonate holiday should 
be based on individual patient circumstances such as an 
increase in fracture risk, a decrease in bone mineral density 
beyond the least significant change (LSC) of the dual-ener-
gy X-ray absorptiometry (DXA) machine, or an increase in 
bone turnover markers (Grade A; BEL 1).

R40. A holiday is not recommended for non-bisphospho-
nate antiresorptive drugs (Grade A; BEL 1), and treatment 
with such agents should be continued for as long as clini-
cally appropriate (Grade A; BEL 1).

R41. If denosumab therapy is discontinued, patients should 
be transitioned to another antiresorptive (Grade A; BEL 
1).
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Q9.  What Is the Role of Concomitant Use of 
Therapeutic Agents?

R42. Until the effect of combination therapy on fracture 
risk is better understood, AACE does not recommend 
concomitant use of these agents for prevention or treatment 
of postmenopausal osteoporosis (Grade A; BEL 1).

Q10.  What Is the Role of Sequential Use of 
Therapeutic Agents?

R43. Follow treatment with an anabolic agent (e.g., abalo-
paratide, romosozumab, teriparatide) with a bisphospho-
nate or denosumab to prevent bone density decline and loss 
of fracture efficacy (Grade A; BEL 1).

Q11.  What Is the Role of Vertebral Augmentation for 
Compression Fractures?

R44. Vertebroplasty and kyphoplasty are not recommend-
ed as first-line treatment of vertebral fractures, given an 
unclear benefit on overall pain and a potential increased 
risk of vertebral fractures in adjacent vertebrae (Grade A, 
BEL 1).

Q12.  When Should Referral to a Clinical 
Endocrinologist or Other Osteoporosis Specialist Be 
Considered?

R45. Patients who experience fragility fractures should be 
evaluated and treated. Referral to an osteoporosis specialist 
or a fracture liaison team, if available, should be considered 
(Grade C; BEL 2, downgraded due to limited evidence). 

R46. When a patient with normal bone mineral density 
sustains a fracture without major trauma, referral to a clini-
cal endocrinologist or other osteoporosis specialist should 
be considered (Grade C; BEL 2, downgraded due to 
limited evidence).

R47. When recurrent fractures or continued bone loss 
occur(s) in a patient receiving therapy without obvious 
treatable causes of bone loss, referral to a clinical endocri-
nologist or other osteoporosis specialist should be consid-
ered (Grade C; BEL 2, downgraded due to limited 
evidence). 

R48. When bone mineral density is unexpectedly low or 
when osteoporosis has unusual features such as young 
age, unexplained artifacts on bone density, and unex-
plained laboratory studies, including high or low alkaline 
phosphatase and/or low phosphorus, referral to a clinical 
endocrinologist or other osteoporosis specialist should be 
considered (Grade C; BEL 2, downgraded due to limit-
ed evidence).

R49. When a patient has a condition that complicates 
management (e.g., decreased kidney function, hyper-
parathyroidism, or malabsorption), referral to a clinical 
endocrinologist or other osteoporosis specialist should 
be considered (Grade C; BEL 2, downgraded due to  
limited evidence).

UPDATED EVIDENCE BASE FOR 2020 

	 In this update, there are 368 reference citations, of 
which 125 (33.5%) are EL 1 (strong), 133 (36%) are EL 2 
(intermediate), 20 (5.5%) are EL 3 (weak), and 95 (25%) 
are EL 4 (no clinical evidence). The evidence base present-
ed here provides relevant information for the recommenda-
tions in the Executive Summary.
	

Public Health Impact of Osteoporosis
	 Osteoporosis is a major public health problem. The 
National Osteoporosis Foundation (NOF) estimates that 
10.2 million Americans have osteoporosis and that an 
additional 43.4 million have low bone mass. More than 
2 million osteoporosis-related fractures occur annually in 
the U.S.; more than 70% of these occur in women (Fig. 
1) (5,6). In the U.S., Medicare currently pays for most of 
these costs; with an aging population, the costs of these 
fractures are estimated to be more than $25 billion by 2025. 
Despite these significant costs, less than 1 in 4 women aged 
67 years or older with an osteoporosis-related fracture gets 
their bone density measured or begins osteoporosis treat-
ment (7). A recent retrospective analysis demonstrated that 
the annual cost of caring for osteoporotic fractures exceeds 
the annual costs of caring for breast cancer, myocardial 
infarction, or stroke in women aged 55 years and older (8).
	 Osteoporosis is preventable and treatable, but only a 
small proportion of those at increased risk for fracture are 
evaluated and treated. Age is an important risk factor for 
bone loss; by age 60 years, half of white women have low 
bone mass (osteopenia) or osteoporosis (9). The average 
femoral neck T-score by dual-energy X-ray absorptiometry 
(DXA) for 75-year-old women is −2.5, meaning that more 
than half of women age 75 and older meet the criterion 
for osteoporosis (10). More than 20% of postmenopausal 
women have prevalent vertebral fractures (11). Although 
these guidelines focus only on the evaluation and treat-
ment of osteoporosis in postmenopausal women, osteo-
porosis may affect men as well as women before and  
after menopause.

Q1.	How Is Fracture Risk Assessed and Osteoporosis 
Diagnosed?

Q1.1. What Is the Definition of Postmenopausal 
Osteoporosis?
	 Osteoporosis is defined as “a [silent] skeletal disorder 
characterized by compromised bone strength predisposing 
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to an increased risk of fracture. Bone strength reflects the 
integration of two main features: bone density and bone 
quality” (12). 
	 In 1994, a Working Group of the World Health 
Organization (WHO) established an operational definition 
of postmenopausal osteoporosis (Table 5) (7). The T-score 
is defined as the standard deviation of an individual’s bone 
mineral density (BMD) from the mean value for young 
normal white women. Although the WHO diagnostic crite-
ria were not intended to serve as thresholds for treatment 
decisions, they are often used for this purpose. In addi-
tion, the WHO criteria are useful for making decisions 
about public health and health policy and are commonly 
accepted as standards for inclusion in clinical trials for  
research purposes.

Q1.2. What Are the Diagnostic Criteria?
	 Clinically, osteoporosis can be diagnosed if there is a 
low-trauma (i.e., fragility) fracture in the absence of other 
metabolic bone disease, independent of the BMD (T-score) 
value. A fragility fracture is usually a fracture sustained 
from force similar to a fall from a standing position or less 

that would not have occurred in healthy bone, excepting 
fractures of the skull, face, fingers, and toes. Thus, patients 
with low bone mass (osteopenia) or low bone mass defined 
as T-score between −1.0 and −2.5 based on BMD testing, 
but with a low-trauma (fragility) fracture of the spine, hip, 
proximal humerus, pelvis, or possibly distal forearm, are 
also at an increased risk for future fractures and should be 
diagnosed with osteoporosis and considered for pharma-
cologic therapy (see R20–R22) (Table 6) (12-16). While 
osteoporosis has traditionally been diagnosed based on 
low bone density in the absence of fracture (7), AACE 
agrees that osteoporosis may also be diagnosed in patients 
with osteopenia and increased fracture risk using FRAX® 
(Fracture Risk Assessment Tool) country-specific thresh-
olds (14-17). Patients diagnosed with osteoporosis should 
be treated. Indications for pharmacologic therapy are low 
T-score, increased fracture risk based on FRAX®, or fragil-
ity fracture. Once the diagnosis of osteoporosis is made, 
the diagnosis remains even if treatment results in a T-score 
better than −2.5.
	 All postmenopausal women age ≥50 years of age 
should undergo clinical assessment for osteoporosis and 

Table 5
World Health Organization Criteria for Classification of Osteopenia and Osteoporosis

Category T-score
Normal −1.0 or above
Low bone mass (osteopenia)a Between −1.0 and −2.5
Osteoporosis −2.5 or below
Severe or established osteoporosis −2.5 or below with fragility fracture
aFracture rates within this category vary widely. The category of “osteopenia” is useful for 
epidemiology studies and clinical research but is problematic when applied to individual patients and 
must be combined with clinical information to make treatment decisions.

Fig. 1. Incidence of new osteoporotic fractures among Medicare beneficiaries by fracture type in 
2015. Over 1.6 million new osteoporotic fractures were diagnosed in Medicare beneficiaries in 2015. 
Estimates of fracture incidence were based on diagnosis codes on medical claims for Medicare benefi-
ciaries. Adapted with permission from Hansen D, Bazell C, Pelizzari P, Pyenson B. Medicare cost 
of osteoporotic fractures: The clinical and cost burden of an important consequence of osteoporosis.
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fracture risk, including a detailed history and physical 
examination (Table 7) (18-25). Tools such as FRAX® 
should be utilized when available (26). The U.S. Preventive 
Services Task Force recommends BMD testing for all 
women aged 65 years or older and younger women whose 
fracture risk is equal to or greater than that of a 65-year-old 
white woman who has no additional risk factors (20,21). 

Q1.3. What Are the Clinical Features and Complications 
of Postmenopausal Osteoporosis?

Q1.3.1 Low BMD
	 Low BMD, as noted above, can be used to define post-
menopausal osteoporosis. A strong inverse relationship 
between BMD and risk of fracture exists. Therefore, low 
BMD is a major indicator of fracture risk, although it is 
important to realize that individual patients may sustain 
fractures at different BMD levels, and factors other than 
bone density influence fracture risk (see Q1.4 What Are 
the Risk Factors for Osteoporosis-related Fractures?). 
Low BMD and/or bone loss are not associated with symp-
toms prior to fracture.

Q1.3.2. Fracture
	 Fracture is the single most important manifestation of 
postmenopausal osteoporosis. Osteoporotic fractures are 
usually precipitated by low-energy injuries, such as a fall 
from standing height. Osteoporosis can also be diagnosed 
in patients with or without fragility fractures. Vertebral 
fractures, however, may occur during routine daily activi-
ties, without a specific fall or injury. In clinical practice, it 
may be difficult or impossible to reconstruct the mechani-
cal force applied to bone in a fall. 
	 Osteoporosis-related fractures often lead to pain, 
disability, and deformity and reduce quality and quantity 
of life. Hip fractures are the most serious consequences of 
osteoporosis. Women have an increased mortality of 12 to 
20% during the 2 years following hip fracture. More than 
50% of survivors of hip fractures are unable to return to 
independent living; many require long-term nursing-home 
care (27). Other low-trauma fractures that are consid-
ered related to osteoporosis include those of the proximal 
humerus and pelvis and some cases of distal forearm.

Q1.4 What Are the Risk Factors for Osteoporosis-
Related Fractures? 
	 BMD testing is a powerful tool, but clinical risk 
factors also significantly influence fracture risk in individ-
ual patients. The FRAX® tool is readily available (www.
shef.ac.uk/FRAX) and incorporates multiple clinical risk 
factors that predict fracture risk, largely independent of 
BMD (28-36). Clinical risk factors in FRAX® include age, 
sex, body mass index (BMI), smoking, alcohol use, prior 
fracture, parental history of hip fracture, use of glucocor-
ticoids, rheumatoid arthritis, secondary osteoporosis, and 
femoral neck BMD, when available. FRAX® predicts the 
10-year probability of hip fracture and major osteopo-
rotic fracture (hip, clinical spine, humerus, or forearm). 
Postmenopausal women aged 50 years or older with osteo-
penia (T-score between −1.0 and −2.5 with a 10-year prob-
ability ≥3% for hip fracture or ≥20% for major osteopo-
rotic fracture in the U.S. or above country-specific thresh-
old) are recommended to consider osteoporosis treatment 
(Table 8). 
	 It is important to note that FRAX® underestimates 
future fracture risk, as it reports risk for only hip fracture 
and major fractures, which comprise approximately half 
of all fragility fractures. Additionally, FRAX® underesti-
mates risk in patients with multiple osteoporosis-related 
fractures, recent fractures, lumbar spine BMD much lower 
than femoral neck BMD, those with secondary osteoporo-
sis, and in those at increased risk of falling (37-44). Fall 
events are not directly captured in the FRAX® tool. Falls 
magnify the risk due to other factors and are the proximate 
cause of most fractures in older adults (45). For individu-
als with a history of falls, the Garvan fracture risk calcula-
tor, though based on much less data than FRAX®, can be 
utilized to gain insight into fracture risk. Table 9 shows 
factors that increase the risk of falls and fractures. 

Q1.5. Bone Densitometry  

Q1.5.1. Bone Density Scores
	 Bone density results are reported as grams of miner-
al per square centimeter of projected bone area and are 
converted to T- and Z-scores. The T-score represents the 
number of standard deviations (SDs) from the normal 

Table 6
2020 AACE Diagnosis of Osteoporosis in Postmenopausal Women

1.	 T-score −2.5 or below in the lumbar spine, femoral neck, total proximal femur, or 1/3 radius 

2.	 Low-trauma spine or hip fracture (regardless of bone mineral density)

3.	 T-score between −1.0 and −2.5 and a fragility fracture of proximal humerus, pelvis, or distal forearm

4.	 T-score between −1.0 and −2.5 and high FRAX® (or if available, TBS-adjusted FRAX®) fracture probability based 
on country-specific thresholds

Abbreviations: AACE = American Association of Clinical Endocrinologists; FRAX® = fracture risk assessment tool; TBS = 
trabecular bone score.
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young-adult mean values, whereas the Z-score repre-
sents the number of SDs from the normal mean value 
for age-, race- or ethnicity-, and sex-matched control 
subjects. T-scores are used for diagnostic classification 
in postmenopausal women. Z-scores are recommended 
for premenopausal women, with a Z-score −2.0 or lower 
defined as “below the expected range for age” and greater 
than −2.0 defined as “within the expected range for age.” 
Postmenopausal women with very low Z-scores often have 
secondary osteoporosis and should undergo comprehen-
sive evaluation for these causes.

Q1.5.2. Indications for BMD measurement
	 Testing of BMD is useful for screening and monitoring 
therapy in people at high risk for osteoporosis (e.g., post-
menopausal women, patients with hyperparathyroidism or 
other bone disorders, or those being treated with medica-
tions associated with bone loss [e.g., glucocorticoids]), 
if evidence of bone loss would result in modification of 
therapy. A list of indications for BMD testing is shown in 
Table 10.
	 Testing of BMD is the gold standard in diagnosing 
osteoporosis; however, not everyone has access to BMD 

Table 8
Risk Factors Included in FRAX®

Country of residence
Ethnicity (U.S. models only—white, black, Hispanic, and Asian)
Age (accepts ages between 40 and 90 years)
Sex
Weight (kg) and height (cm) used to calculate body mass index; a converter from English to metric units is provided within the 

FRAX® tool
Family history (either parent with a hip fracture)
Personal history of fragility fracture, including radiographic vertebral fracture
Glucocorticoid use (prednisolone 5 mg daily or more for 3 months or longer, current or past)
Rheumatoid arthritis (confirmed diagnosis)
Smoking (current)
Alcohol use (2 or more units daily)
Secondary osteoporosisa (specifically mentioned are type 1 diabetes, osteogenesis imperfecta in adults, untreated long-standing 

hyperthyroidism, hypogonadism or premature menopause, chronic malnutrition or malabsorption, and chronic liver disease)
BMD. Femoral neck BMD should be entered. The model also works without BMD.
Abbreviations: BMD = bone mineral density; FRAX® = fracture risk assessment tool.
aBecause the effects of causes of secondary osteoporosis on fracture risk are assumed to be mediated through changes in BMD, a 
“yes” answer to this question does not change fracture risk if BMD is entered into the risk tool.
Reproduced with permission from Watts NB, et al. J Bone Miner Res. 2009;24:975-979 (274).

Table 7
Assessment for Fracture Risk and Osteoporosis in Postmenopausal Women

•	 Medical history and physical examination to identify:
Prior fracture without major trauma (other than fingers, toes, skull) after age 50 years
Clinical risk factors for osteoporosis

Age ≥65 years
Low body weight (<57.6 kg [127 lb])
Smoking
Early menopause
Excessive alcohol intake (more than 3 drinks daily)

Secondary osteoporosis
Height loss of kyphosis
Risk factors for falling (see Table 9)
Patient’s reliability, understanding, and willingness to accept interventions

•	 Lateral spine imaging with standard radiography or vertebral fracture assessment in patients with unexplained height loss, self-
reported but undocumented prior spine fractures, or glucocorticoid therapy equivalent to ≥5 mg of prednisone per day for 3 
months or more

•	 Bone mineral density measurements in those at increased risk for osteoporosis and fractures and willing to consider pharmaco-
logic treatment if low bone mass is documented:
All women 65 years of age or older
Younger postmenopausal women

With a history of fracture(s) without major trauma
Starting or taking long-term systemic glucocorticoid therapy
With radiographic osteopenia
With clinical risk factors for osteoporosis (low body weight, cigarette smoking, family history of spine or hip fractures, 
early menopause, or secondary osteoporosis)

•	 In women who are candidates for pharmacologic therapy, laboratory evaluation to identify coexisting conditions that may con-
tribute to bone loss or interfere with therapy (or both).
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testing. Therefore, the decision to measure BMD should be 
based on an individual’s clinical fracture risk profile and 
skeletal health assessment (46). AACE recommends BMD 
testing for women aged 65 years and older and younger 
postmenopausal women at increased risk for bone loss and 
fracture, based on analysis of fracture risk. Measurement 
of BMD is not recommended in children, adolescents, 
or healthy young men or premenopausal women, unless 
there is a significant fracture history or there are specific 
risk factors for bone loss, such as long-term glucocorticoid 
therapy. 
	 In addition to its role in diagnosis, BMD measurement 
is useful in monitoring response to therapy, as shown in 
Table 11.

Q1.5.3. BMD Measurement Sites and Techniques
	 DXA of the lumbar spine and proximal femur (hip) 
provides accurate and reproducible BMD measurements 
at important sites of osteoporosis-associated fracture. 
Optimally, both hips should be initially measured to 
prevent misclassification and to have a baseline for both 
hips in case a fracture or replacement occurs in one hip. 
These axial sites are preferred over peripheral sites for 
both baseline and serial measurements. The most reliable 
comparative results are obtained when the same instru-
ment and, ideally, the same technologist are used for serial 
measurements at a high-quality DXA facility (47).
	 Diagnostic criteria, therapeutic studies, and cost-
effectiveness data have been based primarily on DXA 

measurements of the total hip, femoral neck, and/or lumbar 
spine (L1 to L4) and are the preferred measurement sites 
(36,48,49). The 1/3 radius can also be used as a diagnostic 
site, particularly when other preferred sites are not avail-
able (50). Use of other subregions within the proximal 
femur (i.e., Ward’s triangle or trochanter) or of an individu-
al vertebra has not been validated and is not recommended.
For BMD measurement, several other techniques are avail-
able, including quantitative computed tomography for 
measurement of both central and peripheral sites, quanti-
tative ultrasonometry, radiographic absorptiometry, and 
single-energy X-ray absorptiometry. Peripheral bone densi-
ty measurements can identify patients at increased risk for 
fracture; however, the diagnostic DXA criteria established 
by the WHO and recommended by AACE apply only to the 
axial measurements (i.e., lumbar spine, femoral neck, and 
total hip) and distal 1/3 of the radius. Thus, other technolo-
gies should not be used to diagnose osteoporosis but may 
be used to assess fracture risk.

Q1.5.4. Role of BMD in Diagnosis and Clinical 
Decision-Making 
	 For women without prior fragility fractures, BMD is 
the single best predictor of osteoporotic fracture risk (for 
every 1–standard deviation [SD] decrease in age-adjusted 
BMD, the relative risk [RR] of fracture increases 1.6- to 
2.6-fold) (51). The relationship between bone density and 
fracture risk, however, is a continuum, without a clear 
“fracture threshold.” The WHO has defined T-score criteria 

Table 9
Factors that Increase Risk of Falling and Fracture

Neurologic disorders
	 Parkinson disease
	 Seizure disorder
	 Peripheral neuropathy
	 Prior stroke
	 Dementia
	 Impaired gait or balance (or both)
	 Autonomic dysfunction with orthostatic hypotension
Impaired vision
Impaired hearing
Frailty and deconditioning
Proximal myopathy
Sarcopenia
Medications
	 Sedatives and hypnotics
	 Antihypertensive agents
	 Narcotic analgesics
Environmental factors
	 Poor lighting
	 Stairs
	 Slippery floors
	 Wet, icy, or uneven pavement
	 Uneven roadways
	 Electric or telephone cords
	 Walking large dogs, being tripped up by small dogs
	 Throw rugs
	 Positioning in a wet or dry bathtub
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for the classification of osteoporosis (T-score at or below 
−2.5) and low BMD (i.e., low bone mass or “osteopenia”; 
T-score between −1.0 and −2.5) (Table 5) based on DXA 
measurements. Evidence supporting the association of 
BMD by DXA and fracture risk is well established, and 
a relationship between BMD change with therapy and 
reduction of fracture risk has also been shown (52). These 
criteria are useful for classification and risk stratification 
in individual patients, epidemiologic studies, and thera-
peutic trial design, but they are not intended as treatment 
thresholds. Although there is good evidence that the risk 
for fractures is sufficiently high in most postmenopausal 
women with osteoporosis to merit pharmacologic interven-
tion, cost-effective management of women with low bone 
mass (osteopenia) is less clear. While their overall rate of 
fractures is lower than that of patients with osteoporosis, 
more than 80% of fragility fractures occur in women with 
BMD in the “osteopenia” range. It is now recommended 
that treatment decisions include consideration of fracture 
probability. Thus, BMD results should be combined with 
other clinical risk factors for fractures for accurate assess-
ment of fracture risk and to guide treatment decisions. 
FRAX® integrates the contribution of BMD and other clin-
ical risk factors and calculates an individual’s probability 
of fracture over 10 years. Other fracture tools of varying 
complexity have been proposed, but FRAX® is the most 
widely used. 

Role of Trabecular Bone Score in Adjusting FRAX® Risk
	 Trabecular bone score (TBS) is a textural index that 
measures pixel gray-level variations in the lumbar-spine 
DXA image, providing an indirect index of trabecular 
microarchitecture. Variability in the 2-dimensional project-
ed DXA image is presumed to correlate with absorption 
parameters in 3-dimensional bone according to a mathe-
matical relationship (53). TBS is obtained using commer-
cially available U.S. Food and Drug Administration 
(FDA)-approved software that is installed in compatible 
DXA systems. High TBS values (note that TBS is unit-
less) correlate with homogeneous (i.e., normal) bone 
texture, while low values are indicative of more variable 
(i.e., weaker) bone texture. Numerous studies have shown 
that TBS predicts fracture risk independent of BMD (54) 
and that it enhances fracture risk prediction capabilities of 
FRAX® (55,56). Low TBS values increase FRAX® esti-
mated risk, while high TBS values reduce it. TBS adjust-
ment of FRAX® has been validated in 14 prospective inter-
national cohorts (56).
	 Age substantially alters the impact of TBS on FRAX® 
estimated risk, with the effect of TBS on fracture risk being 
much greater for younger women. Why TBS has less of an 
impact on FRAX® risk in older women is unclear, but a 
logical hypothesis is that falls become more common with 
advancing age and play a greater role in fracture risk. It 
is likely that bone strength is more important for fracture 

Table 10
Indications for Bone Mineral Density Testing

	 All women 65 years of age or older
	 All postmenopausal women 
	 With a history of fracture(s) without major trauma 
	 With osteopenia identified radiographically 
	 Starting or taking long-term systemic glucocorticoid therapy (≥3 months)
	 Other perimenopausal or postmenopausal women with risk factors for
	 osteoporosis if willing to consider pharmacologic interventions
	 Low body weight (<127 lb or body mass index <20 kg/m2)
	 Long-term systemic glucocorticoid therapy (≥3 months)
	 Family history of osteoporotic fracture
	 Early menopause
	 Current smoking
	 Excessive consumption of alcohol
	 Secondary osteoporosis 

Table 11
Bone Mineral Density Measurements: Potential Uses in Postmenopausal Women

Screening for osteoporosis
Establishing the severity of osteoporosis or bone loss in patients with suspected osteoporosis (for example, patients with fractures 

or radiographic evidence of osteopenia)
Determining fracture risk—especially when combined with other risk factors for fractures 
Identifying candidates for pharmacologic intervention
Assessing changes in bone density over time in treated and untreated patients
Enhancing acceptance of, and perhaps adherence with, treatment
Assessing skeletal consequences of diseases, conditions, or medications known to cause bone loss
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risk in younger women while falls play a greater role with 
advancing age. Adjustment of TBS in FRAX® may have 
greatest clinical utility in patients whose fracture risk is 
close to the therapeutic intervention threshold. In patients 
with low bone mass (osteopenia), TBS-adjusted FRAX®, 
which can be included with the DXA printout, can some-
times be the deciding factor in making treatment decisions. 
TBS may be especially useful in clinical situations, such as 
type 2 diabetes and primary hyperparathyroidism, where 
FRAX® without TBS may underestimate fracture risk.

Q1.5.5. Inaccuracies in Bone Density Reports
	 Inaccuracies in BMD readings can result from a variety 
of factors. These include the following: inadequate training 
in DXA testing and interpretation; positioning errors (of 
the patient as well as of the region of interest), inadequate 
knowledge of how to eliminate fractured vertebrae or 
vertebrae with more severe osteoarthritis and extra-articu-
lar calcification from the field, nonadherence to the guide-
line published by the International Society for Clinical 
Densitometry (ISCD) recommending measurement of at 
least two consecutive vertebrae, inclusion of artifacts in the 
analysis, errors in use of ethnic- or gender-specific data-
bases, faulty data input to the FRAX® calculator, failure 
to exclude extraskeletal calcifications, inaccurate reporting 
of results (e.g., “patient has lost 30% of BMD” or “bones 
are equivalent to an 80-year-old”), and failure to compare 
results or comparing results from different machines or 
following major software changes without appropriate 
adjustment or recalibration. Clinicians need to be aware of 
these potential pitfalls in the interpretation of DXA reports, 
which are described in the “Consensus Statement by the 
AACE/ACE on the Quality of DXA Scans and Reports” 
(57). Best Practices for high-quality technical performance 
and interpretation of DXA scans have been published by 
the ISCD (58).

Q2.	When Osteoporosis Is Diagnosed, What Is an 
Appropriate Evaluation?

Q2.1. What Laboratory Testing Is Recommended to 
Assess for Causes of Secondary Osteoporosis? 
	 An appropriate medical evaluation is indicated in all 
women with postmenopausal osteoporosis and at high 
fracture risk to identify coexisting medical conditions that 
cause or contribute to bone loss. Some of these disorders 
may be asymptomatic and require laboratory testing for 
detection. Some causes of secondary osteoporosis in adults 
are summarized in Table 12 
	 Because of the high prevalence of causes of second-
ary osteoporosis even in apparently healthy, postmeno-
pausal women, laboratory testing should be considered for 
all women with osteoporosis (59). This is reasonable, as a 
few simple laboratory tests provided useful information in 
40 to 85% of women who did not have clinical evidence 

of secondary osteoporosis in several studies (60-64). If 
medical history, physical findings, or laboratory test results 
suggest causes of secondary osteoporosis, additional labo-
ratory evaluation is warranted and may include, but is not 
limited to, the tests listed in Table 13. 
	 Laboratory evaluation should include a complete blood 
count, comprehensive metabolic panel, 25-hydroxyvitamin 
D (25[OH]D), intact parathyroid hormone (PTH), phos-
phate, and a 24-hour urine collection for calcium, sodium, 
and creatinine. The 24-hour urine calcium collection must 
occur after the patient is replete of vitamin D and has been 
on a reasonable calcium intake (1,000 to 1,200 mg/d) for at 
least 2 weeks. If the patient is receiving thyroid hormone or 
there is a suspicion for hyperthyroidism, thyroid-stimulat-
ing hormone should also be obtained. Celiac antibodies or 
serum/urine protein electrophoresis could also be obtained. 

Q2.2. Vertebral Fracture Detection 
	 Vertebral fracture is the most common osteoporotic 
fracture and indicates a high risk for future fractures, even 
when the T-score does not meet the threshold for osteo-
porosis. Prevalent fractures, therefore, may change an 
individual’s diagnostic classification, estimated risk of 
future fractures, and clinical management. Most vertebral 
fractures, however, remain undetected unless specifically 
sought by imaging techniques (spine X-ray or vertebral 
fracture assessment [VFA]) (65). VFA, a technique to 
assess vertebral fractures with DXA technology, can often 
be done at the same time with DXA (66-68). Both histori-
cal and prospective height loss have been associated with a 
new vertebral fracture (69,70). Lateral spine imaging with 
standard radiography or VFA with DXA is indicated when 
T-score is less than −1.0 and one or more of the following 
is present:
•	 Women aged ≥70 years or men aged ≥80 years
•	 Historical height loss >4 cm (>1.5 inches)
•	 Self-reported but undocumented prior vertebral frac-

ture
•	 Glucocorticoid therapy equivalent to ≥5 mg of predni-

sone or equivalent per day for ≥3 months (https://iscd.
app.box.com/OP-ISCD-2015-Adult) 

	 In patients with unexplained height loss or back pain, 
thoracic and lumbar spine radiography or VFA by DXA is 
indicated if prevalent vertebral fractures would alter clini-
cal management. Although these thresholds for height loss 
have >90% specificity, the sensitivity for detecting preva-
lent vertebral fractures is low. Other indications for verte-
bral radiographs include kyphosis and systemic glucocor-
ticoid therapy, both of which are associated with increased 
risk of vertebral fracture. The sensitivity and reliability of 
standard radiography to assess BMD are poor, and in the 
absence of vertebral fractures, this technique should not be 
used to diagnose osteoporosis. If fracture is diagnosed by 
VFA, then additional imaging should be done to confirm 
the impression of fracture.
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Table 12
Causes of Secondary Osteoporosis in Adultsa

Endocrine or metabolic 
causes

Nutritional/
GI conditions Drugs

Disorders 
of collagen 
metabolism Other

Acromegaly
Diabetes mellitus 

Type 1 
Type 2

Growth hormone 
deficiency

Hypercortisolism
Hyperparathyroidism
Hyperthyroidism
Hypogonadism
Hypophosphatasia
Porphyria
Pregnancy

Alcoholism
Anorexia nervosa
Calcium deficiency
Chronic liver disease
Malabsorption 

syndromes/ 
malnutrition 
(including celiac 
disease, cystic 
fibrosis, Crohn 
disease, and gastric 
resection or bypass)

Total parenteral 
nutrition

Vitamin D deficiency

Anti-epileptic drugsb

Aromatase inhibitors
Chemotherapy/ 

immunosuppressants
Medroxyprogesterone 

acetate
Glucocorticoids
Gonadotropin-releasing 

hormone agents
Heparin
Lithium
Proton pump inhibitors
Selective serotonin- reuptake 

inhibitors
SGLT2-inhibitors
Thiazolidinediones
Thyroid hormone (in 

supraphysiologic doses)

Ehlers-Danlos 
syndrome

Homocystinuria due 
to cystathionine 
deficiency

Marfan syndrome
Osteogenesis 

imperfecta

AIDS/HIV
Ankylosing spondylitis
Chronic obstructive 

pulmonary disease
Gaucher disease
Hemophilia
Hypercalciuria
Immobilization
Major depression
Myeloma and some 

cancers
Organ transplantation
Renal insufficiency/ 

failure
Renal tubular acidosis
Rheumatoid arthritis
Systemic mastocytosis
Thalassemia

AIDS = acquired immunodeficiency syndrome; GI = gastrointestinal; HIV = human immunodeficiency virus; SGLT2 = sodium-
glucose cotransporter 2.
aNot meant to be a complete list.
bPhenobarbital, phenytoin, primidone, valproate, and carbamazepine have been associated with low bone mass.

Table 13
Laboratory Tests to Consider in Detecting Secondary Osteoporosis

Complete blood cell count
Serum chemistry, including calcium, phosphate, total protein, albumin, liver enzymes, alkaline phosphatase, creatinine, 

and electrolytes
24-hour collection for calcium, sodium, and creatinine excretion (to identify calcium malabsorption or hypercalciuria)
Serum 25-hydroxyvitamin D

Additional tests if clinically indicated might include (but not limited to):
•	Serum intact parathyroid hormone concentration for possible primary or secondary hyperparathyroidism

•	Serum thyrotropin

•	Tissue transglutaminase antibodies for suspected celiac disease 

•	Serum protein electrophoresis and free kappa and lambda light chains for suspected myeloma

•	Urinary free cortisol or other tests for suspected adrenal hypersecretion

•	Serum tryptase, urine N-methylhistidine, or other tests for mastocytosis

•	Bone marrow aspiration and biopsy to look for marrow-based diseases

•	Undecalcified iliac crest bone biopsy with double tetracycline labeling

Recommended for patients with bone disease and renal failure to establish the correct diagnosis and direct 
management

May be helpful in the assessment of patients with the following:
Suspected osteomalacia or mastocytosis when laboratory test results are inconclusive
Fracture without major trauma despite normal or high bone density
Vitamin D–resistant osteomalacia and similar disorders to assess response to treatment

Genetic testing for unusual features that suggest rare metabolic bone diseases
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Q2.3. How Are Bone Turnover Markers Used in the 
Initial Evaluation and Follow-up of Postmenopausal 
Osteoporosis?
	 Bone turnover markers (BTMs) provide a dynamic 
assessment of skeletal activity and are useful modalities 
for skeletal assessment. Although they cannot be used to 
diagnose osteoporosis, elevated levels can predict more 
rapid rates of bone loss (71-73) and are associated with 
increased fracture risk independent of BMD in some 
studies (74-76). One recent study without data for BMD 
failed to verify prediction of hip fractures with BTMs (77). 
Automated immunoassays have improved reproducibility 
of BTMs. In addition, these markers respond quickly to 
therapeutic intervention; changes in markers have been 
associated with bone response to therapy and reduc-
tion of fracture risk (78-83). In 2010, the International 
Osteoporosis Foundation proposed that serum C-terminal 
telopeptide type-1 collagen (CTX) and serum carboxy-
terminal propeptide of type-I collagen (PINP) be used as 
reference analytes for BTMs in clinical and observational 
studies (76). The National Bone Health Alliance, working 
in association with the American Association for Clinical 
Chemistry, established that the preferred resorption marker 
is CTX and the preferred formation marker is PINP and 
defined the steps necessary to enhance the science and 
clinical utility of BTMs (84). Serum CTX must be drawn 
in the fasting state and ideally at the same time in the morn-
ing every time. Recommendations to reduce pre-analytical 
variability of BTMs have been published (85). Problems 
with the use of BTMs include their high cost (and variable 
insurance coverage), lack of appropriate reference ranges 
reported by commercial labs, and the influence of renal 
insufficiency on all markers except bone-specific alkaline 
phosphatase. Some experts routinely utilize BTMs in clini-
cal practice, while others do not. 
	 The most useful BTMs include the bone-formation 
osteoblast-derived products and the bone-resorption prod-
ucts of collagen degradation. Clinical trials have shown 
that early changes in BTMs are associated with long-term 
BMD changes in women taking antiresorptive (86) or 
anabolic (87) drugs. Thus, clinicians might use the results 
of BTMs obtained after 3 to 6 months of oral bisphospho-
nate therapy to counsel patients that the therapy is effec-
tive and to maintain their compliance, rather than waiting 
2 years for a DXA result. Significant reductions in BTMs 
for up to several months have also been shown to explain 
more of the fracture reductions associated with antiresorp-
tive therapy than do increases in BMD (82,88,89). The 
preferred BTMs for monitoring are PINP for bone forma-
tion and CTX for bone resorption, except in the setting of 
renal insufficiency or if there are insurance issues, then 
bone-specific alkaline phosphatase may be used. Use of a 
bone resorption marker, such as a fasting-morning CTX, 
may be helpful in determining the reason for bone loss 
despite antiresorptive therapy. For example, an elevated 

CTX level is associated with high bone turnover and could 
represent malabsorption of medication or poor compliance 
and the need for further evaluation for causes of second-
ary osteoporosis and/or the need to change to parenteral 
osteoporosis therapy. It must be noted, however, that a 
recent fracture will transiently raise BTMs, and thus, 
such elevations after an acute fracture should not be inter-
preted as treatment failure. Conversely, loss of BMD in 
the face of well-suppressed BTMs (greater than the least 
significant change [LSC] of the BTMs) and stable body 
weight might raise concern for factors that may confound 
DXA interpretation and prompt further scrutiny of DXA 
images (see section Q6). An additional potential use of 
BTMs is in the setting of a bisphosphonate drug holiday, 
where highly suppressed bone turnover (as compared with 
a baseline value) indicates continued antiresorptive effect 
and, theoretically, continued antifracture benefit. However, 
presently, there are no peer-reviewed trials supporting or 
refuting this approach. In summary, BTMs are useful in 
certain situations, such as assessment of fracture risk and to 
provide early feedback to patients that their drug is or is not 
working, which leads to discussions pertaining to medica-
tion compliance, drug absorption, and/or therapeutic effi-
cacy. BTMs do not need to be assessed in all osteoporosis 
patients. 

Q3.	What Are the Fundamental Measures for Bone 
Health?

Q3.1. How Can Bone Loss and Fractures Be Prevented?
	 Several lifestyle modifications may improve muscu-
loskeletal integrity and balance, preserve bone strength, 
and prevent future fractures. These include an adequate 
intake of calcium and vitamin D; lifelong participation in 
regular, weight-bearing, resistance, and balance-improv-
ing exercises to minimize falls; avoiding use of tobacco 
and excessive use of alcohol; and elimination of potential 
risk factors for falling. This “bone healthy” lifestyle is 
important for everyone, not only patients with osteopenia  
and osteoporosis. 
	 Patients with osteoporosis may benefit from physical 
therapy or other activities and other nonpharmacologic 
measures to improve strength and reduce the risk of falls 
and fractures. Goals include the following:
•	 Optimize skeletal development and maximize peak 

bone mass at skeletal maturity
•	 Maintain skeletal mass and prevent age-related bone 

loss
•	 Preserve the structural integrity of the skeleton
•	 Prevent falls and fractures

Q3.2. Vitamin D 
	 Vitamin D plays a major role in calcium absorption 
and bone health and may be important in muscle perfor-
mance, balance, and risk of falling. Moreover, optimal 
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vitamin D status may increase response to bisphosphonate 
therapy (90), increase BMD, and prevent fractures (91). 
Many scientific organizations recommend intake of at least 
1,000 IU of vitamin D per day for adults aged 50 years and 
older. The Institute of Medicine (IOM) (now the National 
Academy of Medicine [NAM]) suggest 4,000 IU of vita-
min D per day as the safe upper limit in the general popula-
tion (92,93). 
	 Vitamin D deficiency is common in patients with 
osteoporosis (94) and hip fracture (95). It is advisable to 
measure serum 25(OH)D levels in patients at risk of defi-
ciency, especially in those with osteoporosis. The effec-
tiveness of anti-osteoporosis treatment may be hindered 
by vitamin D deficiency. The dose of vitamin D needed 
to correct vitamin D deficiency varies among individuals 
(96,97), with recent data suggesting daily vitamin D doses 
greater than 1,000 IU or even 4,000 IU may be needed 
(98,99). In addition, patient factors, including obesity and 
history of malabsorption, may influence vitamin D status 
and increase the vitamin D dose necessary to achieve 
adequate levels (100-105). 
	 An individual’s vitamin D status is assessed by 
measurement of serum 25(OH)D—not by measurement 
of 1,25-dihydroxyvitamin D. The optimal 25(OH)D level 
is controversial; AACE and the Endocrine Society recom-
mend serum 25(OH)D ≥30 ng/mL to define vitamin D 
sufficiency based on evidence that secondary hyperpara-
thyroidism is increasingly common as 25(OH)D levels fall 
below 30 ng/mL (93,106-108). Other groups recommend 
that 25(OH)D values ≥20 ng/mL be considered adequate 
(109,110). Controversy about the optimal upper limit for 
serum 25(OH)D remains, and evidence of the safety of 
higher levels in different populations is not conclusive. 
A reasonable upper limit, based on levels in sun-exposed 
healthy young adults, is 50 ng/mL until further evidence is 
available. Evidence from one randomized trial suggested 
no benefit to exceeding serum levels of 30 ng/mL (111). 
However, in patients with stage 3 or 4 chronic kidney 
disease, treatment with the calcifediol form of vitamin 
D (25[OH]D) to levels of 50 ng/mL has been shown to 
improve secondary hyperparathyroidism (112).
	 A meta-analysis of randomized studies in postmeno-
pausal women found a significant reduction in hip and 
nonvertebral fractures with vitamin D supplementation at 
doses of 700 to 800 IU/day or more (113). The Women’s 
Health Initiative (WHI) study showed a small but signifi-
cant increase in hip BMD (1%) in the group that received 
1,000 mg of calcium and 400 IU of vitamin D per day 
(114). In addition to the skeletal effects of vitamin D, 
some studies have also shown improvement in muscle 
strength, balance and fall risk (113,115,116), and survival 
(117). However, a randomized trial in frail elderly patients 
with baseline mean 25(OH)D levels of 18.4 to 20.9 ng/
mL comparing three different monthly doses of vitamin 
D (a low-dose control group receiving 24,000 IU of vita-

min D3, a group receiving 60,000 IU of vitamin D3, and a 
group receiving 24,000 IU of vitamin D3 plus 300 μg of 
calcifediol) showed an increase in falls with the two more-
aggressive doses of vitamin D, demonstrating that caution 
should be used with bolus dosing in this patient popula-
tion until the optimal dose and schedule are known (118). 
Single, larger annual bolus doses of vitamin D are also not 
recommended based on a placebo-controlled randomized 
trial in women with risk factors for hip fracture (median 
age of 76 years and baseline median 25[OH]D level of 21 
ng/mL), where 500,000 IU of vitamin D3 was given annu-
ally (119). Daily dosing has been hypothesized to more 
closely replicate serum vitamin D3 (cholecalciferol) levels 
achieved by cutaneous production (120). Additionally, the 
high vitamin D3 (cholecalciferol) concentrations obtained 
with bolus dosing may induce 24-hydroxylation, resulting 
in inactive vitamin D (121)—a concept supported by work 
finding that a single vitamin D3 dose of 150,000 IU led 
to greater 24,25-dihydroxyvitamin D3 than daily dosing of 
5,000 IU for 1 month (122). The possibility that daily and 
intermittent bolus dosing might have different effects on 
vitamin D metabolism raises the question whether these 
supplementation approaches should be considered equiva-
lent in randomized controlled trials.
	 Adults who are vitamin D insufficient or deficient 
(serum 25[OH]D 20 to 29 or <20 ng/mL, respectively) may 
be treated with 5,000 IU vitamin D3 daily for 8 to 12 weeks 
to achieve a 25(OH)D blood level >30 ng/mL (93,96). 
Vitamin D3 (cholecalciferol) rather than vitamin D2 should 
be used for replacement (123). Not every 25(OH)D assay 
measures 25(OH)D2. Moreover, due to unequal cross-reac-
tivity for 25(OH)D2, many current assays are inaccurate if 
there is a significant amount of 25(OH)D2 (124,125). As 
such, when substantial amounts of 25(OH)D2 are present, 
a spuriously low total 25(OH)D level will be reported. It 
should be noted that vegetarians may refuse to take vita-
min D3 given its animal source. In such individuals, and in 
those receiving high-dose ergocalciferol, use of an appro-
priate assay, generally one performed using liquid chroma-
tography–tandem mass spectrometry that accurately quan-
tifies both 25(OH)D2 and 25(OH)D3 with the sum of these 
defining the individual’s vitamin D status, is essential.
	 The above-noted repletion regimen should be followed 
by maintenance therapy of 1,000 to 2,000 IU of vitamin D3 
daily (or an appropriate dose to maintain an adequate target 
25[OH]D blood level). A higher dose may be required in 
patients with obesity or malabsorption and those on medi-
cations affecting metabolism of vitamin D, as well as other 
individuals. Only in uncommon clinical situations is there 
a need to prescribe high-dose (e.g., 50,000 IU) treatment 
with vitamin D.	
	 In patients with active granulomatous disease, reple-
tion of vitamin D must be undertaken with caution due to 
risk for hypercalciuria and/or hypercalcemia (96).
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Q3.3. Calcium 
	 Adequate calcium intake is a fundamental aspect of 
any osteoporosis prevention or treatment program and part 
of a lifestyle for healthy bones at any age. The recommend-
ed daily calcium intake for various populations is outlined 
in Table 14 (92). For adults aged 50 years and older, the 
recommended calcium intake (including diet, plus calcium 
supplements if necessary when dietary intake is insuffi-
cient) is 1,200 mg/day. Calcium supplementation has been 
shown to increase BMD slightly. A recent meta-analysis 
from the NOF showed a 15% reduced risk of total fractures 
(summary relative risk estimate [SRRE], 0.85; 95% confi-
dence interval [CI], 0.73 to 0.98) and a 30% reduced risk 
of hip fractures (SRRE, 0.70; 95% CI, 0.56 to 0.87) (126). 
Other studies have shown mixed results as far as calcium 
and fracture efficacy. This is likely due, in part, to problems 
with study design and patient compliance (114,127-129).
	 The optimal intake and utility of calcium supplements 
are controversial. In a Swedish prospective longitudinal 
cohort, calcium intake (both dietary and supplemental) 
of more than 1,500 mg/day was associated with a hazard 
ratio of 1.40 (95% CI, 1.17 to 1.67) for all-cause mortal-
ity (130). Three prospective cohort studies and a meta-
analysis, all from one group, suggested increased risk of 
cardiovascular disease and stroke among calcium supple-
ment users (131-134). The meta-analysis involved trials 
that did not collect cardiovascular outcomes as primary or 
secondary study endpoints, and thus, these events were not 
adjudicated. In contrast, low dietary calcium intake (<700 
mg/day compared with 1,400 mg/day) has been associated 
with increased cardiovascular risks (135). Other studies 
found no effect of calcium supplements on cardiovascu-
lar risk (136,137). A study of more than 9,000 participants 
followed for 10 years found that postmenopausal women 
taking 500 to 1,000 mg of supplemental calcium had a 
significant survival advantage over women not taking 
supplements (138). Moreover, there was no increase or 
decrease in mortality in women taking more than 1,000 
mg of supplemental calcium. A large study raised concerns 
about the risk of nephrolithiasis from calcium supplementa-
tion (114); however, hypercalciuria may worsen with calci-
um supplementation, and participants in the study were not 
evaluated for renal calcium wasting. Also, the absolute risk 
of kidney stones was small (2.5% in the calcium-supple-
mented group versus 2.1% in the control group). In addi-
tion, in these subjects, the mean total calcium intake from 
diet and supplements was much higher (~2,100 mg) than 
currently recommended. Patients with a history of nephro-
lithiasis should be evaluated for the etiology of renal stone 
formation or hypercalciuria prior to deciding about calci-
um supplementation. Patients who are found to have idio-
pathic hypercalciuria may be treated with thiazide diuret-
ics. Patients with kidney stones that have hyperoxaluria 
should be treated with calcium citrate. In summary, studies 
to date suggest that dietary calcium may be preferred over 

supplemental calcium and that total calcium intake should 
not exceed 1,500 mg/day (139). Increasing calcium intake 
beyond the recommended levels has not been shown to be 
useful and may be harmful (140-144). AACE, NOF, the 
IOM (now NAM), and the Endocrine Society recommend 
that women aged 51 years or older consume 1,200 mg per 
day of calcium from all sources (93,108,109,139). 
	 A dietary history to assess calcium intake prior to 
recommending calcium supplements is important. The 
average daily calcium intake among American adults 
is about half of what is recommended, with a median of 
approximately 600 mg/day (145). Patients with low dietary 
intake may increase their daily intake by consuming extra 
calcium-rich foods, including dairy products, nuts, and 
seeds. For individuals who are unable to increase dietary 
calcium due to lactose intolerance or lack of access to calci-
um-rich foods, use of calcium supplements is an option. 
	 Numerous calcium supplements are available. Calcium 
carbonate is generally the least expensive and requires the 
smallest number of tablets, due to a generous calcium 
content (40%). Calcium carbonate, however, may cause 
gastrointestinal (GI) complaints (e.g., constipation and 
bloating). In addition, it requires gastric acid for absorp-
tion and is best absorbed when taken with meals. Calcium 
citrate is often more expensive than calcium carbonate and 
requires more tablets to achieve the desired dose due to 
a lower calcium content (21%), but its absorption is not 
dependent on gastric acid, and it may be less likely to 
cause GI complaints. In addition to tablets, which can be 
large and difficult for some patients to swallow, calcium 
supplements are available as soft chews and gummy prepa-
rations. For optimal absorption, calcium supplementation 
should not exceed 500 to 600 mg per dose, irrespective of 
the preparation. For patients requiring more than 600 mg 
calcium supplement daily, the dose should be divided. 
	 It is advisable to assess adequacy of calcium and vita-
min D through laboratory evaluation prior to initiation of 
pharmacologic therapy for osteoporosis. It should be noted 
that a 24-hour urine calcium collection is the best commer-
cially available method of evaluating adequacy of calcium 
intake and absorption. Urinary creatinine excretion may be 
assessed in the same 24-hour urine collection as a gauge of 
the completeness of the collection. Urinary sodium excre-
tion may be measured as well if hypercalciuria is suspect-
ed. High sodium intake may increase urine calcium.

Q3.3.1. Other Supplements and Nutrition 
Considerations
	 Magnesium: Patients frequently question whether 
supplementation of magnesium is needed, but no random-
ized controlled study has evaluated the effect of magnesium 
intake on fracture risk or BMD. Most people have adequate 
dietary intake of magnesium. Individuals who are at risk 
for hypomagnesemia (e.g., those with GI malabsorption, 
chronic liver disease [including alcoholics], or renal tubu-
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lar loss or those using proton-pump inhibitors or diuretics 
long term), however, may benefit from supplementation of 
magnesium. Magnesium may also help counteract consti-
pation associated with calcium supplementation.
	 Although magnesium is required for adequate calcium 
absorption, if body stores are adequate, magnesium supple-
mentation does not increase BMD (146). In fact, there is 
no evidence that adding magnesium to calcium tablets 
increases the absorption of calcium. One study showed 
that adding 789 to 826 mg of magnesium per day did not 
increase rates of calcium absorption (147). 
	 Vitamins A and K and Phytoestrogens: Excessive 
chronic intake of vitamin A (i.e., more than 10,000 IU 
daily) should be avoided, as this has been shown to have 
detrimental effects on bone (148). Some data suggest that 
vitamin K (1 mg/day) may reduce bone turnover and bone 
loss in postmenopausal women (149). However, not all 
studies replicate this finding, and further studies are needed 
before vitamin K can be considered a part of the standard 
recommendation for osteoporosis prevention. “Natural” 
estrogen-receptor agonists, isoflavones, are promoted 
to prevent bone loss, but there are no conclusive data to 
support the use of these agents for increasing bone density 
or decreasing fracture risk (150-152).
	 Caffeine: Patients should be advised to limit caffeine 
intake to less than 1 to 2 servings (8 to 12 ounces/serv-
ing) of caffeinated drinks per day. Several observational 
studies have shown an association between consumption 
of caffeinated beverages and fractures (153-155). Caffeine 
intake leads to a slight decrease in intestinal calcium 
absorption and increase in urinary calcium excretion. 
	 Protein: Adequate protein intake (U.S. recommended 
daily allowance, 0.8 g/kg) helps minimize bone loss among 
patients who have suffered hip fractures (156,157). In one 
study, patients who received supplemental protein after hip 

fracture had shorter hospital stays and better functional 
recovery (157).

Q3.4. Alcohol 
	 Excessive intake of alcohol is associated with 
increased fracture risk (158). The mechanisms of increased 
fractures from alcohol are multifactorial and include a 
negative effect on bone formation, a predisposition to falls, 
calcium deficiency, and chronic liver disease. Chronic 
liver disease, in turn, predisposes to vitamin D deficiency. 
Postmenopausal women at risk for osteoporosis should be 
advised against consuming more than 2 drinks daily, with 
1 drink equivalent to 120 mL of wine, 30 mL of liquor, or 
260 mL of beer (158)  (http://www.shef.ac.uk/FRAX/).

Q3.5. Smoking 
	 Cigarette smoking has been validated by multiple stud-
ies to increase osteoporotic fracture risk and thus should 
be avoided (159,160). The exact mechanism is unclear but 
may relate to increased metabolism of endogenous estro-
gen or direct effects of cadmium on bone metabolism. No 
prospective studies have been done to determine whether 
smoking cessation reduces fracture risk, but a meta-anal-
ysis showed a higher risk of fractures in current smok-
ers compared with previous smokers (161). All smokers 
should be counseled on smoking cessation. The use of 
tobacco products is detrimental to the skeleton, as well as 
to overall health. 

Q3.6. Exercise 
	 Regular weight-bearing exercise (e.g., walking 30 to 
40 minutes per session, plus back and posture exercises for 
a few minutes, 3 to 4 days per week) should be advocated 
throughout life. Studies on early postmenopausal women 
have shown that strength training leads to small yet signifi-
cant changes in BMD; a meta-analysis of 16 trials includ-
ing 699 subjects showed a 2% improvement in lumbar 
spine BMD in the group that exercised compared with the 
group that did not (162). Among the elderly, these exer-
cises help slow bone loss attributable to disuse, improve 
balance and muscle strength, and, ultimately, help reduce 
the risk of falls (163-167). 
	 BMD effects of exercise are modest, but a meta-anal-
ysis concluded that the exercise-induced improvement 
in lumbar spine and femoral neck BMD would reduce 
osteoporosis fracture risk by approximately 10% (168). 
The reduction in fall risk is likely more important than 
the effects of exercise on BMD, as approximately 95% of 
hip fractures are due to a fall (169). Both home and group 
exercise programs reduce falls (170); exercises that chal-
lenge balance and improve trunk muscle strength produce 
a greater reduction in risk of falls (167,171).
	 Individuals with severe osteoporosis should use 
caution when engaging in activities that involve forward 
spine flexion and rotation, lifting heavy weights, or even 

Table 14
Recommended Dietary Allowance for Calcium

Age Sex

Recommended 
dietary allowance  

(mg/day)
0-6 months M + F 200
6-12 months M + F 260
1-3 years M + F 700
4-8 years M + F 1,000

9-18 years M + F 1,300
19-50 years M + F 1,000
51-70 years M 1,000
51-70 years F 1,200
71+ years M + F 1,200
Reproduced with permission from Ross AC, et al. J Clin 
Endocrinol Metab. 2011;96:53-58 (109). 
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side bending of the trunk, because these maneuvers exert 
compressive forces on the spine that may lead to fracture. 

Q3.7. Fall Prevention 
	 Falls are the precipitating cause of most fractures, and 
an effective osteoporosis treatment regimen must include 
a program for fall prevention. All patients should be coun-
seled on fall prevention. Particularly predisposed are indi-
viduals who are older or frail, have a stroke history, or are 
on medications that decrease mental alertness. Although 
several interventions have been shown to reduce the risk 
of falling, none have been shown to reduce the risk of frac-
tures, though it seems logical that they would.
	 Approximately one-third of people aged 65 years or 
older and roughly half of those aged 80 years or older 
fall each year (172,173). Twenty to 30% of persons who 
fall suffer moderate-to-severe injury (174,175). A higher 
percentage of women with osteoporosis have a history of 
falling within the prior year than women without osteopo-
rosis (176). This association has been ascribed to shared 
risk factors, such as age, muscle weakness, and seden-
tary lifestyle (177). Indeed, a French guideline supported 
BMD measurement in individuals at high risk of falling 
(177,178). 
	 Table 15 lists measures that can be taken to avoid falls 
at home. Individuals who are older or frail, have recently 
been hospitalized, have suffered a prior stroke, are receiv-
ing medications that decrease mental alertness, or have 
cognitive impairment are particularly vulnerable (179). In 
addition to minimizing the use of medications that impair 
balance, appropriate correction of visual impairment may 
improve mobility and reduce risk of falls. Several inter-
ventions reduce risk of falls (166,170,180); a meta-analysis 
found decreased fracture risk with exercise, but fracture 
numbers were small and the possibility of publication bias 
was raised (181). The relationship of vitamin D with falls 
is unclear; some, but not all, meta-analyses found vita-
min D supplementation reduced fall risk (182,183), and 
a randomized controlled trial failed to find a decrease in 
falls with vitamin D (184). Annual high-dose vitamin D, 
however, was associated with an increased risk of falls 
(119). Rigorous prospective studies are needed to clarify 
the role of vitamin D deficiency in risk of falls. In the inter-
im, assurance of a normal 25(OH)D status in patients with 
osteoporosis is appropriate.  

Q3.8. Exercises and Proper Body Mechanics 
	 Weight-bearing and resistance exercise can improve 
agility, strength, posture, and balance, which may reduce 
the risk of falls. In addition, exercise may modestly increase 
bone density. AACE strongly endorses lifelong physical 
activity for cardiovascular health, osteoporosis prevention, 
and overall health. Weight-bearing exercise includes walk-
ing, jogging, Tai Chi, stair climbing, and dancing, among 
other activities. Muscle-strengthening exercise includes 

weight training and other resistive exercises. Before initiat-
ing an exercise program in an individual with osteoporosis, 
a clinician’s evaluation is recommended. Physical therapy 
plays an important role in the effort to mitigate sarcopenia 
and reduce risk of falls.

Q3.9. Physical Therapy 
	 Elderly patients with significant kyphosis, back 
discomfort, and gait instability may benefit from refer-
ral for physical therapy. A treatment plan that focuses on 
weight-bearing exercises, back strengthening, and balance 
training with selective use of orthotics may help reduce 
discomfort, prevent falls and fractures, and improve qual-
ity of life (185). Table 16 summarizes the recommenda-
tions for lifestyle modifications.

Q4.	Who Needs Pharmacologic Therapy?

	 AACE strongly recommends pharmacologic therapy 
for the following patients:
a.	 Those with a T-score between −1.0 and −2.5 in the 

spine, femoral neck, total hip, or 1/3 radius and a 
history of fragility fracture of the hip or spine (186-
195).

b.	 Those with a T-score of −2.5 or lower in the spine, 
femoral neck, total hip, or 1/3 radius (189,193,194,196-
205). 

c.	 Those with a T-score between −1.0 and −2.5 in the 
spine, femoral neck, total hip, or 1/3 radius, if the 
FRAX® (or if available, TBS-adjusted FRAX®) 
10-year probability for major osteoporotic fracture is 
≥20% or the 10-year probability of hip fracture is ≥3% 
(in the U.S.) or above the country-specific threshold in 
other countries or regions (206-208).

Table 15
Measures for Prevention of Falls

Anchor rugs
Minimize clutter
Remove loose wires
Use nonskid mats
Install handrails in bathrooms, halls, and long stairways
Light hallways, stairwells, and entrances
Encourage patient to wear sturdy, low-heeled shoes

Table 16
Recommendations Regarding Lifestyle Issues

Ensure adequate intake of calcium 
Ensure adequacy of vitamin D intake
Consume a balanced diet
Regularly perform weight-bearing and balance exercises
Avoid use of tobacco
Limit alcohol consumption
Take measures to avoid falls
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Q4.1. Decision-Making on Pharmacologic Therapy 
	 Therapeutic intervention thresholds vary from country 
to country based on the cost of treatments, the approach 
taken to setting the intervention threshold, and available 
therapeutic modalities and resources (206,209). To be most 
effective, clinical experience of the treating physician is 
incorporated with best practices in a given country and 
locally available resources. Potential risks and benefits of 
available osteoporosis interventions should be reviewed 
and incorporated into local guidelines, while allowing 
physicians to individualize treatment decisions for patient 
preferences and circumstances. 

Q4.2. Stratification of Fracture-Risk Categories
	 Pharmacologic therapy to reduce fracture risk is indi-
cated when fracture risk is high based on T-scores between 
−1.0 and −2.5 and a history of fragility fracture of the 
hip or spine, and T-scores between −1.0 and −2.5 and a 
FRAX® 10-year probability of major osteoporotic fracture 
≥20% or 10-year probability of hip fracture ≥3% in the 
U.S. or above country-specific threshold in other countries 
or regions. It is important to note that these criteria were 
based on a pharmacoeconomic analysis from a decade ago. 
Were the same quality-adjusted life year criterion applied 
today, the treatment thresholds would be notably lower.
	 When starting treatment, it is appropriate to stratify 
patients by level of fracture risk, since this may influence 
selection of initial treatment. Most patients are started on 
treatment because of high fracture risk. Some who are at 
very high fracture risk may require more aggressive treat-
ment to achieve an acceptable level of fracture risk. There 
is evidence supporting superiority of anabolic agents over 
antiresorptive agents in reducing vertebral fracture risk in 
very high fracture risk patients (210-213). Patients at very 
high fracture risk include those with a recent fracture (e.g., 
within the past 12 months), those that have fractures while 
on approved osteoporosis therapy, multiple fractures, frac-
tures while on drugs causing skeletal harm (e.g., long-term 
glucocorticoids), those with a very low T-score (e.g., less 
than −3.0), high risk of falls or history of injurious falls, 
and those with a very high fracture probability by FRAX® 
(e.g., major osteoporosis fracture >30%, hip fracture 
>4.5%) or other validated fracture risk algorithm (214-
217).

Q4.3. Assessment of Fracture Risk in Special 
Populations
	 FRAX® underestimates fracture risk among patients 
with diabetes mellitus (218). Analyses from three prospec-
tive cohort studies (Study of Osteoporotic Fractures, 
Osteoporotic Fractures in Men Study, and the Health, 
Aging, and Body Composition study) found that for the 
same T-score, age, and FRAX® score, those with diabetes 
had higher fracture risks than those without. Conversely, 
for similar fracture risks, individuals with diabetes had 

higher T-scores than those without diabetes (219). This 
could be due to several pathophysiologic processes that 
occur in diabetes and could even be medication induced 
(thiazolidinediones, canagliflozin).
	 Significantly lower TBS and higher TBS-adjusted 
FRAX® scores are found in patients with type 2 diabe-
tes mellitus with prevalent vertebral fractures compared 
with patients with type 2 diabetes mellitus without verte-
bral fractures; however, no BMD differences were found 
between these two groups (220).
	 Rheumatoid arthritis may be entered into the FRAX® 
algorithm as a surrogate for fracture risk associated with 
type 2 diabetes mellitus (221). Additionally, adjusting 
FRAX® scores using TBS could be a useful tool for this 
population. 

Q4.4. Review of Evidence or Expert Opinion to Support 
Recommendations for Medication Based on Category of 
Fracture Risk 
	 Many large randomized trials have documented the 
efficacy of various pharmaceutical agents in reducing frac-
ture risk (186-189,192-194,201,202,222-224). It is intuitive 
that agents which stimulate bone formation (anabolic treat-
ment) and restore degraded bone microarchitecture could 
be expected to have greater effects on BMD and fracture 
reduction than those that inhibit bone breakdown (antire-
sorptive therapies). Consistent with this, an increasing body 
of evidence documents superiority of anabolic agents. For 
example, from results among patients treated with gluco-
corticoids, teriparatide produced a greater lumbar spine 
BMD increase (7%) than did alendronate (3.4%) and a 
greater reduction in vertebral fracture incidence (6.1% vs. 
0.6%) (210). Similarly, in high-risk patients, teriparatide 
produced greater increase in BMD and greater reduction in 
incidence of vertebral fracture than risedronate (211,212). 
Providing further support for the superiority of anabolic 
therapy, patients who received 1 year of an anti-sclerostin 
agent (romosozumab) experienced substantially reduced 
vertebral fracture and incidence of clinical fracture than 
alendronate (213). Moreover, in the setting of prior antire-
sorptive therapy, initiation of teriparatide is followed by a 
reduction in hip BMD, causing some experts to advocate 
anabolic therapy as initial osteoporosis treatment for high-
risk patients or any patient with a T-score of −2.5 or worse, 
followed by antiresorptive therapy (225). 

Q5.	What Medication Should Be Used to Treat 
Osteoporosis?

	 Several agents are approved by the FDA for preven-
tion and/or treatment of postmenopausal osteoporosis, as 
shown in Table 17. Full prescribing information should be 
reviewed before recommending any specific agent.
	 Head-to-head trial data are limited (212). Four agents 
(alendronate, risedronate, zoledronate, and denosumab) 
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have evidence for “broad-spectrum” antifracture efficacy 
(spine, hip, and nonvertebral fracture risk reduction) and 
should, in the absence of contraindications, be considered 
as initial options for most patients who are candidates 
for treatment (Table 18) (52,188,189,202,212,223,226). 
Those who have “high fracture risk” (for example, post-
menopausal women with no prior fractures and moderate-
ly low T-scores) can be started on oral agents. Injectable 
agents such as abaloparatide, denosumab, romosozumab, 
teriparatide, or zoledronate can be considered as initial 
therapy for those who are at very high fracture risk (for 
example, older women who have had multiple vertebral 
fractures or hip fractures, or who have very low T-scores), 
those who have GI problems and might not tolerate or 
absorb oral medication, and for patients who have trouble 
remembering to take oral medications or coordinating an 
oral bisphosphonate with other oral medications or daily 
routine. Importantly, patients taking the anabolic agents or 
denosumab are advised to transition to an oral bisphospho-
nate when the course of therapy is complete to avoid bone 
loss after stopping those drugs. Anabolic and dual-action 
agents may be preferable for patients at very high risk of 
fracture as initial therapy. For patients at high risk of spine 
fracture but not at risk for hip or nonvertebral fractures, 
raloxifene may be appropriate and has a “side benefit” of 
reducing the risk of breast cancer.
	 Denosumab is not contraindicated in patients with 
renal insufficiency, and no dose adjustment is required in 
these patients. However, the risk of hypocalcemia upon 
starting denosumab appears to be greater in patients with 
significantly impaired renal function. There is minimal 
experience with the use of denosumab in dialysis patients.

Q5.1. How Are Bisphosphonates Used?
	 Bisphosphonates, first introduced in the 1990s, have 
been the most widely used drugs for treatment of osteo-
porosis. Bisphosphonates bind to hydroxyapatite in bone, 
particularly at sites of active bone remodeling, and reduce 
the activity of bone-resorbing osteoclasts. In the U.S., four 
bisphosphonates are available (alendronate, ibandronate, 
risedronate, and zoledronate) (187-189,202,223,227); 
three of the four (alendronate, risedronate, and zoledro-
nate) have evidence for broad-spectrum antifracture effi-
cacy (188,189,202,223). All of these agents are available 
as generic preparations. 
	 Orally administered bisphosphonates (most commonly 
used are alendronate 70 mg weekly and risedronate 35 mg 
weekly or 150 mg monthly) must be taken after a prolonged 
fast (usually fasting overnight and taken in the morning 
soon after arising) and swallowed with a full glass of water 
(with at least a 30-minute wait after ingestion before other 
medications, food, or beverages other than water). Orally 
administered bisphosphonates should be used with caution 
in patients with active esophageal disease. Other contra-
indications to oral bisphosphonate administration include 

the inability to follow the dosing regimen for oral use (i.e., 
inability to remain upright for 30 to 60 minutes), the pres-
ence of anatomic or functional esophageal abnormalities 
that might delay transit of the tablet (e.g., achalasia, stric-
ture, or dysmotility), and the presence of documented or 
potential GI malabsorption (e.g., gastric bypass procedures, 
celiac disease, Crohn’s disease, infiltrative disorders, etc.) 
(228). A special formulation of risedronate (Atelvia) can be 
taken with or after food and, because the delayed-release 
coating does not dissolve until after exiting the stomach, 
may be considered for patients with upper-GI problems. 
The incidence of upper-GI adverse events, however, is 
not lower with the coated preparation compared with the 
conventional preparation (229).
	 Contraindications to oral or intravenous (IV) bisphos-
phonate therapy include drug hypersensitivity or hypocal-
cemia. Bisphosphonates should be used with caution, if 
at all, in patients with reduced kidney function (glomeru-
lar filtration rate [GFR] <30 mL/min for risedronate and 
ibandronate or <35 mL/min for alendronate). Prior to 
the administration of zoledronate, a creatinine clearance 
should be calculated based on the serum creatinine and 
actual body weight using the Cockcroft-Gault formula 
before each dose. For most patients, there is little differ-
ence between estimated GFR and Cockcroft-Gault, but it 
can be significant. The prescribing information says not 
to give to “patients with creatinine clearance less than 35 
mL/min and in those with evidence of acute renal impair-
ment” (230). Rapid IV administration of nitrogen-contain-
ing bisphosphonates may cause transient or permanent 
decreases in kidney function, especially in older patients, 
with dehydration or those using diuretics or potentially 
nephrotoxic drugs (231,232). 
	 IV or high-dose oral administration of nitrogen-
containing bisphosphonates may cause acute-phase reac-
tions in up to 30% of patients receiving their first dose 
(233). These reactions are characterized by fever and 
muscle aches—a flu-like illness—lasting several days. 
Acetaminophen, given 1 to 2 hours before treatment, may 
reduce the likelihood of these reactions and can also be 
given to treat the symptoms.
	 Although not seen in clinical trials, there are post-
marketing reports of patients treated with an oral or IV 
bisphosphonate who experienced bone, joint, or muscle 
complaints that may be severe (234) but usually resolve on 
discontinuation. The possible association between orally 
administered bisphosphonates and esophageal cancer has 
been explored. One study suggested no increased risk (235), 
and one suggested that risk was increased with long-term 
use but small in absolute terms—from 1 case per 1,000 in 
untreated subjects to 2 cases per 1,000 with bisphospho-
nate use of 5 years or more (236). The FDA concluded that 
there is no definite association between bisphosphonate 
use and esophageal cancer (237). Atrial fibrillation as a 
serious adverse event was noted in the Health Outcomes 
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and Reduced Incidence with Zoledronic acid (zoledronate) 
ONce yearly (HORIZON) Pivotal Fracture Trial (202), but 
was not seen in other trials of zoledronate or other bisphos-
phonates and is thought by the FDA to be a chance finding.
	 Osteonecrosis of the jaw (ONJ) and atypical femo-
ral fractures (AFFs) are safety concerns not only with 
bisphosphonates but with other agents as well and will be 
discussed elsewhere.

Q5.2. How Is Denosumab Used?
	 Denosumab is a fully humanized monoclonal antibody 
that prevents receptor activator of nuclear factor kappa-B 
ligand from binding to its receptor, receptor activator of 
nuclear factor kappa-B, thereby reducing the differentia-
tion of precursor cells into mature osteoclasts and decreas-
ing the function and survival of activated osteoclasts. For 
treatment of osteoporosis, the dose is 60 mg by subcutane-
ous injection every 6 months. In a 3-year, pivotal placebo-
controlled clinical trial of 7,808 women with postmeno-
pausal osteoporosis (Fracture Reduction Evaluation of 
Denosumab in Osteoporosis Every 6 Months [FREEDOM] 
Trial), denosumab showed “broad-spectrum” antifracture 
efficacy as early as 12 months after starting therapy. Studies 

of denosumab treatment with duration of up to 10 years 
indicate persistent fracture protection and a good safety 
profile (238). Switching from bisphosphonates to denosum-
ab results in additional gains in BMD (239). Denosumab is 
contraindicated in patients with hypocalcemia, who often 
have hypoparathyroidism or osteomalacia (240). Intakes 
of calcium and vitamin D should be adequate upon start-
ing denosumab treatment to minimize the risk of hypocal-
cemia (193,226,240-242). In the FREEDOM study, there 
was an imbalance in some low-frequency events (skin rash 
and cellulitis, serious adverse events related to infection) 
that did not seem causally related to denosumab treatment 
(243), did not increase in frequency with long-term therapy 
(238), and have not been reported with higher-dose deno-
sumab (Xgeva) used to treat patients with advanced cancer.
	 When treatment with denosumab was stopped after 2 
or 8 years, BMD decreased rapidly, and BTMs increased 
to values above baseline by 12 months after discontinu-
ation (237,240). Protection from vertebral fractures is 
quickly lost, but the risk does not usually exceed that in 
untreated patients (244). Case reports of multiple verte-
bral fractures upon stopping denosumab therapy have been 
reported (245,246). Drug holidays from denosumab are 

Table 17
Drugs Approved by the U.S. Food and Drug Administration for Prevention 

and Treatment of Postmenopausal Osteoporosisa

Postmenopausal Osteoporosis
Drug Prevention Treatment
Abaloparatide (Tymlos)

Alendronate (Fosamax)

—

5 mg PO daily
35 mg PO weekly

80 μg SQ daily

10 mg PO daily
70 mg PO weeklyb

70 mg + Dc

Calcitonin (Miacalcin, Fortical) — 200 IU intranasally once daily, or 100 
IU SQ qod

Denosumab (Prolia) — 60 mg SQ every 6 months
Estrogen (multiple formulations; estrogen-
bazodoxifene)

Multiple regimens —

Ibandronate (Boniva, generic form) 2.5 mg PO daily
150 mg PO monthly

2.5 mg PO daily
150 mg PO monthly
3 mg IV every 3 months

Raloxifene (Evista) 60 mg PO daily 60 mg PO daily
Risedronate (Actonel, Atelvia, generic form)d 5 mg PO daily

35 mg PO weekly
150 mg PO monthly

5 mg PO daily
35 mg PO weekly
150 mg PO monthly

Romosozumab (Evenity)                                                     
Teriparatide (Forteo)

—
—

20 μg SQ daily
210 mg SQ monthly

Zoledronate (Reclast, generic infusion form) 5 mg IV every 2nd year 5 mg IV once yearly
Abbreviations: IV = intravenously; PO = orally; qod = every other day; SQ = subcutaneously.
aPlease review the package inserts for specific prescribing information. 
bFosamax 70 mg is available as both a tablet and a unit dose liquid. Alendronate (generic Fosamax) is available.
cFosamax Plus D is a tablet containing 70 mg of alendronate and 2,800 IU or 5,600 IU of vitamin D for weekly administration.
dRisedronate 150 mg once monthly tablet is available.
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not recommended due to this potential increased fracture 
risk. However, it should be noted that it is uncertain how 
commonly multiple vertebral fractures occur and how best 
to optimally prevent this phenomenon.
	 Although much more data are needed to determine 
the clinical magnitude of this issue, patients should be 
informed about the importance of not missing a dose of 
denosumab. If treatment is discontinued, patients should 
be transitioned to an alternative antiresporptive therapy.
There is concern that using an IV antiresorptive may not 
be effective if it is given before the inhibitory effect of the 
denosumab has worn off.

Q5.3. How Is Calcitonin Used?
	 Injectable and nasal spray recombinant salmon calci-
tonin are approved by the FDA for treatment of postmeno-
pausal osteoporosis (247,248). The approved dosage of 
injectable calcitonin for treatment of postmenopausal 
osteoporosis is 100 IU daily given subcutaneously or intra-
muscularly. The approved dose of nasal spray calcitonin is 
200 IU (1 spray) daily. Injectable calcitonin is available in 
a sterile solution. The main contraindication to use of calci-
tonin is drug hypersensitivity (247,248). For patients with 
suspected sensitivity to the drug, skin testing is recom-
mended before treatment.
	 There are no published studies with injectable calcito-
nin that show antifracture efficacy. Nasal spray calcitonin 
(200 IU daily) has been shown to reduce the risk of new 
vertebral fractures in women with postmenopausal osteo-
porosis, but neither a lower dose (100 IU daily) nor a high-
er dose (400 IU daily) was effective in reducing vertebral 
fractures, and the approved dose was not shown to reduce 
hip or nonvertebral fracture risk (191). Calcitonin produces 
a minimal increase in BMD in the spine in women >5 years 

after onset of menopause but does not increase BMD at 
sites other than the spine (191,249).
	 A clinical study of 5 years’ duration indicated a good 
safety profile (191). Common side effects of parenterally 
administered calcitonin include nausea, local inflammatory 
reactions at the injection site, and vasomotor symptoms, 
including sweating and flushing. The most common side 
effect of nasally administered calcitonin is nasal discom-
fort, including rhinitis, irritation of the nasal mucosa, and 
occasional epistaxis. Use of calcitonin with either route of 
administration is well tolerated (247,248).
	 Safety and efficacy data are available through 5 years 
(191). When use of calcitonin is stopped, the skeletal bene-
fits are lost relatively quickly during the subsequent 1 or  
2 years.
	 Primarily because more effective agents are avail-
able to increase bone density and reduce fracture risk, we 
recommend limiting the use of calcitonin as long-term 
treatment for osteoporosis. Because of a suggestive anal-
gesic effect (250-254), short-term prescriptions are often 
given to patients with acute painful vertebral fractures with 
hopes of an analgesic effect.
	 A meta-analysis of 21 randomized clinical trials of 
nasal spray calcitonin and an investigational oral calcito-
nin formulation showed a higher incidence of malignancy 
in the calcitonin-treated patients (255,256). The FDA did 
not find sufficient evidence to establish a causal relation-
ship between calcitonin administration and cancer risk but 
urged that the risks and benefits of the various osteoporosis 
treatment options be weighed for individual patients.

Q5.4. How Is Raloxifene Used?
	 Raloxifene is approved by the FDA for prevention 
and treatment of postmenopausal osteoporosis as well as 

Table 18
Summary of Evidence for Reduction of Fracture Risk with Pharmacologic Agents

Reduction of Fracture Risk 
Drug Vertebral Nonvertebral Hip
Abaloparatide (Tymlos) (273, 282)
Alendronate (Fosamax) (223)

Yes
Yes

Yes
Yes

No effect demonstrateda

Yes
Calcitonin (Miacalcin, Fortical) (191) Yes No effect demonstrateda No effect demonstrateda

Denosumab (Prolia) (193, 242) Yes Yes Yes
Ibandronate (Boniva) (187, 227) Yes No effect demonstrateda No effect demonstrateda

Raloxifene (Evista) (192) Yes No effect demonstrateda No effect demonstrateda

Risedronate (Actonel, Atelvia) (188, 189)
Romosozumab (Evenity) (213, 283)

Yes
Yes

Yes
b

Yes
b

Teriparatide (Forteo) (194, 306) Yes Yes No effect demonstrateda

Zoledronate (Reclast) (202) Yes Yes Yes
aThe lack of demonstrable effect at these sites should be considered in the context that the studies may not have been adequately 
powered.
bClinical fracture reduction was shown in both trials. Nonvertebral and hip fracture reductions were shown at month 24 for patients 
receiving 12 months of romosozumab followed by 12 months of alendronate compared with patients receiving 24 months of 
alendronate (213).
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for the reduction of risk of breast cancer in women with 
postmenopausal osteoporosis or at high risk of breast 
cancer (257) and is available in a generic formulation. The 
approved dose is 60 mg daily. Raloxifene is contraindicat-
ed in women of childbearing potential, those who have had 
venous thromboembolic disease, and those who are known 
to be hypersensitive to any component of raloxifene tablets 
(257). Raloxifene has been shown to reduce the risk of 
fractures of the spine (192), but neither nonvertebral nor 
hip fracture efficacy has been demonstrated (238). 
	 In an osteoporosis trial with raloxifene, a significant 
reduction in breast cancer was seen (258). This finding was 
confirmed in a larger trial of women at high risk of breast 
cancer (259). Of note, raloxifene is not indicated for the 
treatment of invasive breast cancer, for reduction of the 
risk of recurrence of breast cancer, or for reduction of the 
risk of noninvasive breast cancer.
	 Because raloxifene has not been shown to reduce hip 
or nonvertebral fracture, it may not be the best treatment 
option in many patients with osteoporosis. For patients 
with low BMD in the spine but not in the hip (discordance), 
however, it may be an acceptable initial choice, and it may 
be particularly attractive in these patients who are also at 
high risk of breast cancer. Although we recommend against 
the use of two antiresorptive drugs in combination for treat-
ment of osteoporosis, patients at high risk of hip fracture 
who are taking raloxifene with the main goal of reducing 
their risk of breast cancer can reasonably have a bisphos-
phonate or denosumab added for hip fracture risk reduc-
tion. The risk-benefit ratio of combined treatment with 
raloxifene and bisphosphonate or denosumab is unclear, as 
data on fracture risk reduction and adverse events, such as 
ONJ and AFF, are lacking. 
	 Raloxifene is associated with an approximately 3-fold 
increase in occurrence of venous thromboembolic diseas-
es (similar to estrogen), although the absolute risk is low 
(259). Other side effects include menopausal symptoms 
(e.g., hot flashes and night sweats) and leg cramps (260).
	 When use of raloxifene is stopped, the skeletal bene-
fits appear to be lost relatively quickly during the following 
1 or 2 years.

Q5.5. Selective Estrogen-Receptor Modulators/
Conjugated Equine Estrogens
	 The selective estrogen-receptor modulator, bazedoxi-
fene, has been studied and is FDA approved in a combina-
tion pill with conjugated equine estrogen. The rationale was 
that such a combination would improve BMD and reduce 
hot flashes, but without some of the other adverse effects 
on the endometrium and breast associated with estrogen 
therapy alone (261,262). In a study by Lindsey et al (263), 
the combination of bazedoxifene and estrogen in 3,997 
postmenopausal women showed a statistically significant 
increase in BMD at multiple sites over 2 years compared 
with placebo, along with a decrease in BTMs. In addition 

to the favorable effects on bone, bazedoxifene-conjugated 
estrogen therapy significantly reduced the frequency and 
severity of hot flushes and improved vulvar-vaginal atro-
phy and its symptoms compared with placebo, with a good 
tolerability profile (264).
	 A 3-year, randomized, double-blind study performed 
in 7,492 postmenopausal women with osteoporosis showed 
a reduction in new vertebral fractures with bazedoxifene 
but not in nonvertebral fractures (265). An extension of this 
study demonstrated the efficacy and safety of bazedoxifene 
over 7 years in this group with similar fracture data (266). 
The bazedoxifene-conjugated estrogen combination comes 
as a once-a-day tablet. It carries a boxed warning that there 
is an increased risk for endometrial cancer in women with 
a uterus who take unopposed estrogens. There are data 
that this medication reduces the risk of endometrial hyper-
plasia, which may be a precursor to endometrial cancer. 
Other warnings that come with estrogen therapy alone also 
apply, including that this medication should be given for 
the shortest duration necessary consistent with the goals 
and risks for the individual patient. Unlike raloxifene, the 
effect of treatment with this combination medication on the 
risk of breast cancer is unknown. A recent review of this 
formulation concluded that there was a significant reduc-
tion in vasomotor symptoms, improved sleep, protection of 
bone tissue, and improvement in vaginal atrophy with no 
stimulation of breast tissue, endometrial tissue, or increase 
in cardiovascular risk (267). This medication has not been 
studied in patients over 75 years of age.
	 Indications for bazedoxifene-conjugated estrogens are 
for women with a uterus with moderate-to-severe vasomo-
tor symptoms associated with menopause and the preven-
tion of postmenopausal osteoporosis. The package insert 
states that when this medication is prescribed solely for 
the prevention of postmenopausal osteoporosis, therapy 
should only be considered for women at significant risk of 
osteoporosis, and non-estrogen medication should be care-
fully considered (268). Based on its data and mechanism 
of action, this medication serves a very limited use in the 
prevention or treatment of postmenopausal osteoporosis 
and likely would not be selected except for in very specific 
situations and ideally in conjunction with a gynecologist. 

Q5.6. What Is the Role of Estrogen and Menopausal 
Hormone Therapy in Treatment of Postmenopausal 
Osteoporosis?
	 Although once considered the treatment of choice for 
postmenopausal osteoporosis, estrogen was never specifi-
cally approved for this use. Estrogen is approved by the 
FDA for prevention of postmenopausal osteoporosis with 
the added caveat, “when prescribing solely for the preven-
tion of postmenopausal osteoporosis, therapy should only 
be considered for women at significant risk of osteoporosis 
and for whom non-estrogen medications are not considered 
to be appropriate” (268).
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	 When estrogen is prescribed for a patient with an 
intact uterus, a progestin should also be used, either daily 
or cyclically, to protect against endometrial stimulation. 
In the WHI, conjugated equine estrogen (0.625 mg daily), 
with or without medroxyprogesterone acetate, was shown 
to reduce the risk of fractures of the spine, hip, and nonver-
tebral sites in postmenopausal women (269,270). The 
extraskeletal effects of estrogen have generated consid-
erable controversy, particularly regarding cardiovascular 
disease and breast cancer. Current recommendations are to 
use estrogen for the relief of menopausal symptoms in the 
lowest dose necessary and for the shortest time possible. 

Q5.7. How Are Anabolic Agents (Abaloparatide and 
Teriparatide) Used?
	 Abaloparatide (modified PTH-related peptide 1-34) 
(271) and teriparatide (recombinant human PTH1-34) are 
considered “anabolic” agents (by contrast, the medications 
discussed above work by reducing bone resorption). Both 
are approved by the FDA for initial treatment of women 
with postmenopausal osteoporosis who are at high risk of 
fracture or have failed or been intolerant of previous osteo-
porosis therapy (271,272). Teriparatide is also approved 
for treatment of glucocorticoid-induced osteoporosis and 
treatment of osteoporosis in men. Both are injected subcu-
taneously. Abaloparatide does not require refrigeration 
after use. The dose of abaloparatide is 80 μg daily, while 
teriparatide is given at 20 μg daily. It is prudent to measure 
serum calcium, PTH, and 25(OH)D levels, and alkaline 
phosphatase (to rule out Paget disease) before treatment 
with either medication.
	 Both abaloparatide and teriparatide have been shown 
to increase BMD and reduce the risk of vertebral and 
nonvertebral fractures in women with postmenopausal 
osteoporosis in randomized controlled trials (194,273), 
but the incidence of hip fracture was low in these trials; 
whether anabolic agents protect against hip fracture is not 
known. In a head-to-head trial, gains in BMD were greater 
with abaloparatide compared with teriparatide, especially 
in the femoral neck, total hip, and 1/3 radius. Fracture 
reduction was numerically greater with abaloparatide than 
with teriparatide, although the difference between active 
arms was only significant for major osteoporosis-related 
fractures. Patients who lose BMD in the hip with teripara-
tide treatment are still protected against vertebral fracture 
compared with placebo related to improvements in bone 
geometry and microarchitecture (274).
	 Side effects of both abaloparatide and teriparatide 
have been mild and transient and include nausea, ortho-
static hypotension (which usually does not necessitate 
discontinuation of the drug, occurs in association with the 
first few doses, and responds to assumption of a recumbent 
posture), and leg cramps. Hypercalcemia, usually mild, 
asymptomatic, and transient, has been observed but is not 
common (271,272) and less likely with abaloparatide than 

with teriparatide. If serum calcium is measured, the blood 
should be drawn at least 16 hours after drug administration.
	 Both abaloparatide and teriparatide have boxed warn-
ings because of the occurrence of osteosarcomas in rats 
treated with very high doses (275). Subsequent studies in 
the same strain of rats showed no development of malig-
nant bone tumors with doses of teriparatide up to 3 times 
higher than the human equivalent dose (276). Because of 
the increased incidence of osteosarcomas in rats, abalo-
paratide and teriparatide should not be used in patients at 
increased risk of osteosarcoma (those with Paget disease 
of bone, open epiphyses, a history of irradiation involving 
the skeleton, or an unexplained elevation of alkaline phos-
phatase level of skeletal origin) (271,272). The annual inci-
dence of osteosarcoma in women aged 50 years or older 
in the general population is approximately 1 in 250,000. 
The actual incidence of osteosarcoma in users of teripa-
ratide is unknown; there are rare reports, consistent with 
the background incidence (277,278). Abaloparatide and 
teriparatide also should not be administered to patients 
with primary or any form of secondary untreated or unre-
solved hyperparathyroidism (271,272). Both abaloparatide 
and teriparatide are limited to no longer than 2 years in 
total duration (271,272).
	 When treatment with teriparatide is stopped, bone 
density declines quickly during the following year, 
although fracture reduction may persist for 1 or 2 years 
(279). Use of bisphosphonates or denosumab after teripa-
ratide therapy prevents this loss and may result in a further 
increase in BMD (272,280,281). Alendronate has also 
been studied after abaloparatide, with similar results (282). 
Available data demonstrate that treatment with either terip-
aratide or abaloparatide should routinely be followed by 
antiresorptive therapy, typically with either a bisphospho-
nate or denosumab followed by an oral bisphosphonate. 
There is no apparent rationale for a “washout period” or 
“drug holiday” between the end of anabolic therapy and 
the initiation of antiresorptive treatment.
	 There are several studies in which teriparatide was 
used in patients treated with oral bisphosphonates, either 
previously or concurrently. None were large enough to 
assess fracture risk reduction, but BMD and BTM changes 
appeared to be “blunted” because of the previous bisphos-
phonate therapy. In a small study in which patients first 
received 2 years of denosumab, BMD decreased for 6 
to 12 months after they were changed to teriparatide 
(281). It is probably not advisable to use teriparatide (or 
abaloparatide) if denosumab is stopped, but teriparatide 
(and probably abaloparatide) may be added to ongoing  
denosumab therapy.

Q5.8. What Is Romosozumab and What Is Its Role?
	 Romosozumab is a monoclonal antibody directed 
against sclerostin. Sclerostin binds with the Wnt recep-
tor and inhibits the differentiation of precursor cells into 
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mature bone-forming osteoblasts. Blocking scleros-
tin binding to osteoblasts allows osteoblast activity to 
increase. BTMs suggest an early anabolic effect, bone 
density increases are dramatic, and biopsies indicate an 
anabolic effect through both modeling (increase in cross-
sectional area) and remodeling (bone repair).  Approval 
of romosozumab for postmenopausal women at high risk 
of fracture was based on two large trials. In the larger of 
the two trials (N = 7,180) (283), patients received either 
subcutaneous romosozumab 210 mg monthly or placebo 
for 12 months; then, all patients received denosumab. In 
the other trial (N = 4,093) (213), patients received monthly 
romosozumab or oral alendronate (double-blind, double-
dummy) for 12 months; then, all received open-label alen-
dronate. Both trials showed significant reductions in radio-
graphic vertebral fractures at 12 months (73% reduction 
vs. placebo, 34% reduction vs. alendronate) and 24 months 
(75% for romosozumab followed by denosumab compared 
with placebo followed by denosumab, 48% for denosumab 
followed by alendronate compared with alendronate for 2 
years). Clinical fractures were also significantly reduced in 
both trials at 12 and 24 months by 27 to 33%. Nonvertebral 
fracture reduction (19%) and hip fracture reduction (38%) 
were significant only in the smaller trial at 24 months (213). 
In a 12-month study of romosozumab versus teriparatide 
versus placebo (N = 367), Genant et al (284) found chang-
es in total spine (17.7%, 12.9%, −0.8%, respectively) and 
total hip (4.1%, 1.2%, and 0.3%, respectively) with QCT 
(high-resolution computed tomography scan). Langdahl et 
al (285) enrolled 436 patients with at least 3 years of oral 
bisphosphonate therapy (mean, 6.2 years) who were then 
assigned to 12 months of either romosozumab or teripara-
tide. Greater gains in BMD were seen with romosozumab 
in the lumbar spine (9.8% vs. 5.4%), femoral neck (3.2% 
vs. −0.2%), and total hip (2.9% vs. −0.5%). 
	 Romosozumab will likely be viewed as a “rescue 
drug” for patients at very high fracture risk” in the near 
term. It is an option for patients previously treated with 
teriparatide or abaloparatide, and future retreatment with 
romosozumab may be possible.  Romosozumab can be 
used in patients with prior radiation exposure. In the small-
er of the phase 3 trials (N = 4,093), serious cardiovascular 
events were significantly more common with romosozum-
ab compared with the alendronate control group (213), but 
the increased risk did not persist and was small. Because 
of this, the black-box warning for romosozumab states that 
it should not be used in patients at high risk for cardiovas-
cular events or who have had recent myocardial infarction  
or stroke.  
	 Romosozumab has also been studied in men (286) but 
is not currently approved for male osteoporosis.

Q6.	How Is Treatment Monitored?

	 Serial BMD testing may be done to determine if or 
when to initiate treatment and to monitor the response to 

treatment. In untreated patients, the frequency of testing 
depends on the results of the initial test (e.g., how close the 
patient is to an intervention threshold) and the likelihood of 
significant future bone loss. Age-related bone loss, which 
begins in the fifth decade of life, occurs at an average rate 
of 0.5 to 1.0% per year (287). Menopause-related bone 
loss, which begins 3 to 5 years before the last menstrual 
period and continues for 3 to 5 years after the cessation of 
menses, occurs at an average rate of 1 to 2% per year (288). 
More rapid bone loss (3 to 5% in a year) may occur in some 
women after natural menopause, after stopping postmeno-
pausal estrogen therapy, or after initiation of glucocorticoid 
or aromatase inhibitor therapy (64,289,290). A bone-loss 
calculator can be found on the ISCD website (www.iscd.
org). One SD is about a 10% deviation from the young-
adult mean. Thus, a 10% bone loss (which typically occurs 
over 10 to 20 years of age-related bone loss or 5 to 10 years 
of menopause-related bone loss) will result in a decrease 
of about 1.0 T-score units. Serial monitoring is based on 
absolute BMD and not T-scores. 
	 For patients on treatment or with a baseline evaluation 
near a fracture intervention threshold, BMD testing every 
1 to 2 years is often appropriate. This frequency of BMD 
testing may be appropriate in recently postmenopausal 
women, for whom rates of bone loss are increased, and in 
women of any age with other disorders or medications that 
adversely affect bone. The frequency of testing is individu-
alized, depending on the patient’s clinical state (291). 
	 The goal of monitoring osteoporosis therapy is to 
identify those who have significant bone loss. In patients 
on treatment, stable or increasing BMD at the spine and hip 
indicates a satisfactory response (292). In treated patients, 
if BMD decreases significantly, patients should be evalu-
ated for noncompliance, secondary causes of osteoporosis, 
or use of medications that might cause bone loss (293). 
	 Differences between BMD results may simply reflect 
the inherent variability of the test measurement; thus, test-
ing facilities must calculate the LSC for relevant measure-
ment sites to determine the magnitude of difference that 
represents a real change. This is determined using a facili-
ty’s regular technologist(s), patients, and device (294,295). 
The ISCD has established guidelines for determining the 
number of patients and repetitive scans needed to deter-
mine the LSC (30 patients in duplicate or 15 patients in 
triplicate) (294,295). The LSC is usually set at the 95% 
confidence limit for change. The manufacturer’s LSC 
should not be used, because it does not account for differ-
ences in patients who will be tested and the performance 
and skill of the technologist. If serial studies show a differ-
ence that exceeds the LSC, the probability that the differ-
ence is real is greater than 95%. 
	 In addition to knowing the LSC, it is important to note 
that differences in regions of interest (ROIs), local struc-
tural change, or skeletal artifacts may result in an apparent 
“change” in BMD that does not reflect true progression of 
bone loss or gain. Before accepting a report of significant 
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loss, images and numeric results of the studies should be 
viewed to assess comparability. 
	 Ideally, BMD monitoring should occur at the same 
facility, using the same DXA machine and, if possible, the 
same technologist as the previous DXA and should involve 
the same ROIs for both the spine and hip (58,296). The 
1/3 radius site is also acceptable, when spine and hip sites 
are not evaluable (7,297,298). It must be noted that two 
of the three manufacturers of DXA instruments calibrate 
their spine BMD for the same ROI (spine), so that, for the 
same patient, GE’s Lunar DXA gives a BMD 20% higher 
than Hologic’s DXA. Other peripheral sites (e.g., heel, 
finger, and tibia) should not be used for monitoring. Most 
third-party payers and some Medicare carriers financially 
support yearly BMD testing in appropriate circumstances 
(e.g., with a diagnosis of osteoporosis or high risk for rapid 
bone loss); all Medicare carriers financially support test-
ing every 2 years. AACE recommends a repeat DXA 1 
to 2 years after initiation of therapy until bone density is 
stable, and longer intervals between testing with evidence 
of continued BMD stability, based on expert opinion. 
Because sites rich in trabecular bone, such as the postero-
anterior spine, are more metabolically active, a significant 
change is likely to occur earlier at the spine than at the hip. 
	 Skeletal status also can be examined by assessing the 
development or progression of asymptomatic vertebral 
fractures, using lateral X-rays of the thoracic and lumbar 
spine or VFA (66-70,299,300).
	 BTMs are useful for assessing patient compliance and 
efficacy of therapy. Significant reductions in BTMs are 
seen with antiresorptive therapy and have been associated 
with fracture reduction, and significant increases indicate 
good response to anabolic therapy (292).

Q7.	What Is Successful Treatment of Osteoporosis?

	 Pharmacologic and nonpharmacologic treatments for 
osteoporosis aim to prevent fractures by improving bone 
strength, preventing falls, and reducing the impact force 
of falls. Randomized trials have demonstrated a reduction 
in fracture risk in patients with stable or increasing BMD 
receiving pharmacologic therapy, in particular, use of 
bisphosphonates for osteoporosis treatment compared with 
those receiving placebo (188,189,202,223). In addition, 
larger increases in BMD may result in increased reduc-
tion of fracture risk; however, this association has not been 
consistently shown (301-303).
	 The goal of treatment is prevention of fractures, but 
no treatment can eliminate risk of fracture. A fracture 
during therapy is not necessarily a treatment failure but 
should trigger reconsideration of risk factors for fracture 
and possibly a change in treatment strategies. The risk of 
fracture is highest after a recent fracture and diminishes 

over time (40,304). The number, severity, and recency of 
vertebral fractures are directly correlated with the risk of 
future fractures (305,306). 
	 The concept that response to therapy is not necessarily 
the same as achieving an acceptable level of fracture risk 
has led to proposals for the development of treat-to-target 
goals (307,308), as are used in the management of some 
other chronic silent diseases, such as hypertension and 
diabetes. Consequently, an American Society for Bone and 
Mineral Research (ASBMR)/NOF task force was formed 
to review the medical evidence, determine the feasibil-
ity of developing treat-to-target goals, propose targets (if 
possible), and recommend an agenda for further study. At 
this time, treatment targets have not been identified. 
	 The definition of a “nonresponder” to therapy is 
complex, and the proportion of nonresponders for differ-
ent therapies varies. Treatment failure may be defined by 
a significant decrease in BMD or recurrent fractures in a 
patient who is compliant to therapy. In clinical trials, some 
patients experienced bone loss and/or fractures; however, 
these patients may still have benefited from treatment by 
preventing even greater bone loss or postponing the occur-
rence of fractures (292). Nevertheless, it is reasonable that 
a patient with significant bone loss or one or more new 
fragility fractures be evaluated for compliance with medi-
cation, secondary causes of bone loss, and new medica-
tions or diseases that can cause bone loss. Furthermore, 
the change in BMD accounts for <20% of the fracture 
risk reduction following antiresorptive therapy (88, 309). 
Finally, although it has been suggested that BMD moni-
toring might improve patient compliance, nonadherence to 
therapy usually occurs early (after 6 to 7 months), before 
the second BMD would be performed (310).
	 When treatment is initiated due to a low DXA T-score 
(such as −2.5 or lower), it is intuitive that the treatment 
target be a higher T-score. When treatment is started due 
to high fracture probability with an algorithm such as 
FRAX®, it is also intuitive that fracture probability should 
be reduced to a level that is less than the threshold for start-
ing treatment, perhaps to a level that is similar to an age-
matched person with normal BMD by WHO criteria and 
no clinical risk factors for fracture. A change in BTMs is 
also a possible treatment target. There are strengths and 
weaknesses to each of these strategies, which have been 
described in detail elsewhere (307). There are many chal-
lenges to identifying one or more treatment targets, includ-
ing limited data on comparative effectiveness of thera-
peutic agents in reducing fracture risk, lack of consensus 
on what an acceptable level of fracture risk should be, 
and limited effectiveness of current therapeutic agents to 
reduce risk of fracture, particularly nonvertebral fractures. 
Treat-to-target goals may achieve greater clinical utility 
as more data comparing fracture risk with different agents 
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become available and drugs with a more robust antifracture 
effect are developed. 

Q8.	How Long Should Patients Be Treated?

Q8.1. What Are the Safety Concerns of Antiresorptive 
Therapy?  
	 ONJ was first reported in patients with advanced 
cancer receiving high-dose bisphosphonate therapy. Head-
to-head trials in advanced cancer patients showed an inci-
dence of 1 to 2% per year with zoledronate (at an annual 
dose 10 times higher than that used to treat osteoporosis) 
and denosumab (at an annual dose 12 times higher than 
that used to treat osteoporosis in patients who do not have 
cancer). The incidence of ONJ is much lower with oral or 
IV bisphosphonate therapy for osteoporosis, on the order 
of 1/10,000 to 1/100,000 patients per year (311-314) and 
appears to be low with denosumab therapy for osteopo-
rosis, with 5.2 cases per 10,000 patient-years (193,315). 
Risk factors include dental pathologic conditions, invasive 
dental procedures, and poor dental hygiene. An oral exam-
ination should be done in patients being considered for 
treatment with these agents. If significant dental issues are 
present, delaying the initiation of bisphosphonate or deno-
sumab therapy until the dental issues have been correct-
ed should be considered. For patients already receiving 
bisphosphonates or denosumab who require invasive 
dental procedures, there is no evidence that discontinu-
ing or interrupting treatment will change the outcome or 
reduce the risk of ONJ. Nonetheless, stopping should at 
least be considered for patients undergoing extensive inva-
sive dental procedures such as extraction of several teeth 
(316).
	 AFF of the subtrochanteric region is another rare 
event that seems to be increased with long-term bisphos-
phonate therapy (>5 years duration) and is also rarely 
seen with the higher dosing frequencies used in advanced 
cancer treatment (317-320). It is estimated that treatment 
of 1,000 women with osteoporosis for up to 3 years would 
be associated with fewer than 1 AFF per 100 osteopo-
rotic fractures prevented (321). Such fractures are some-
times described as “chalk stick” because of their radio-
logic appearance. They occur after little or no trauma. A 
literature review of AFF cases by the ASBMR reported a 
history of prodromal groin or thigh pain in approximately 
70% of patients with AFF, bilateral fractures, and bilateral 
radiographic abnormalities in 28%, and delayed healing in 
26% (322). Any patient with a history of bisphosphonate 
therapy who presents with persistent thigh or groin pain 
should interrupt bisphosphonate treatment while appro-
priate imaging studies are obtained. In the early stages, a 
lateral periosteal stress reaction may be seen radiologically. 
It has been hypothesized that these patients may have very 
low bone turnover, although this point has not been rigor-
ously substantiated. Whether a direct etiologic relationship 

exists between ONJ or AFFs and the use of bisphospho-
nates is not clear. Evidence for AFFs has been reviewed 
by a task force of the ASBMR (318,322). Subtrochanteric 
femur fractures are also seen in patients with low BMD 
not on bisphosphonates and with other therapies for osteo-
porosis, such as denosumab. A causal relationship has not 
been established (323). Because these fractures can occur 
in patients not on any treatment, unless a new drug for 
osteoporosis prevents this type of fracture, “atypical” frac-
tures will be seen eventually with any agent. Interestingly, 
a recent cohort study suggested that these fractures are not 
associated with excess mortality (324). There is evidence 
that using anabolic therapy when AFF is diagnosed accel-
erates fracture healing (325-327).
	 Definitions and diagnostic criteria for ONJ and AFF 
are given in Table 19. It is important to remember that the 
number of fractures that are prevented with osteoporo-
sis treatment far outweighs the risk of ONJ or AFFs (see 
section on risk communication, Fig. 2 (328).

Q8.2. Bisphosphonate Holidays 
	 Because bisphosphonates accumulate and may have a 
prolonged residence time in bone (and residual therapeutic 
effect after stopping), “bisphosphonate holidays” may be 
considered. A post hoc analysis of results from Fracture 
Intervention Trial (FIT) Long-Term Extension (FLEX) 
Trial of 10 versus 5 years of alendronate assessed the influ-
ence of fracture status and T-score on treatment effect. 
Higher-risk women (those with a T-score −2.5 or lower) 
who stopped treatment had nearly twice as many nonver-
tebral fractures: 21 (28%) versus 16 (15%) with continued 
treatment (329), suggesting that longer treatment is better 
for higher-risk patients. In the first 2 years, the Kaplan-
Meier curve for clinical vertebral fractures, however, 
showed no difference between those who stopped and 
those who continued, indicating a residual benefit. A 3-year 
extension study of the zoledronate arms of the HORIZON 
study showed significantly fewer morphometric spine frac-
tures in patients who continued yearly zoledronate for 6 
years versus those who switched to placebo after 3 years 
of treatment. No differences in clinical vertebral fractures 
or nonvertebral fractures, however, were noted (330). In 
the second extension of the HORIZON trial, postmeno-
pausal women previously treated with zoledronate for 6 
years were randomized to continue treatment or switched 
to placebo for an additional 3 years. Three morphometric 
vertebral fractures were reported with 9 years of treat-
ment compared with 5 reported with 6 years of treatment. 
Clinical fractures were similar between the two groups, 
reported in 10 of the patients who continued treatment 
for 9 years and in 9 patients who received 6 years of  
therapy (331).
	 AACE agrees with the ASBMR algorithm for manage-
ment of patients on long-term bisphosphonate treatment 
that recommends that patients who are initially at very high
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 risk and remain at high risk receive a treatment duration 
of 10 years for an oral bisphosphonate (328,329) or 6 years 
for IV zoledronate (330-332). The risk-benefit ratio for 
treatment beyond 10 years has not been investigated and 
remains unknown. For patients at “high fracture risk,” a 
drug holiday can be considered after 5 years of stability 
on oral bisphosphonates or 3 years of IV zoledronate. For 
patients at very high fracture risk, a non-bisphosphonate 
treatment (teriparatide) may be offered during the holiday 
from the bisphosphonate.
	 The optimal duration of a bisphosphonate holiday has 
not been established. Two recent retrospective studies have 
suggested that the risk of new clinical fractures is higher 
in patients on a bisphosphonate holiday (333,334), espe-
cially if their T-scores equal or are worse than −2.5  (283). 
Patient selection and monitoring during bisphosphonate 
holidays are important. The rank order for binding affinity 
for bone is zoledronate > alendronate > risedronate; logic 
suggests that the holiday might be longest after treatment 
with zoledronate, shortest after treatment with risedronate, 
and intermediate after treatment with alendronate (335). 
In addition, consider resuming therapy in patients who 
experience fracture or show significant BMD loss. Some 
experts feel that a rise in bone resorption markers (e.g., 
CTX or N-terminal telopeptide type-I collagen) to pretreat-
ment levels might be a signal that the holiday should be 
over, but this is debatable and may not apply to patients 
with osteoporosis who had low bone resorption markers 
before treatment was started.

Q9.	What Is the Role of Concomitant Use of 
Therapeutic Agents?

	 There are no studies showing that combination treat-
ment with two or more osteoporosis drugs has a greater 
effect on fracture reduction than treatment with a single 
agent (336). Modest additive effects on BMD and bone 
turnover have been observed with combinations of two 
antiresorptive agents. The combined use of an antiresorp-
tive drug and teriparatide or PTH may alter the BMD and 
bone turnover response, depending on which antiresorptive 
agent is used (337). 
	 There is evidence that some combinations may enhance 
the rapidity of BMD changes. For example, while teripa-
ratide increases lumbar spine BMD more than zoledronate 
and zoledronate increases hip BMD more than teriparatide, 
a single dose of IV zoledronate given at the same time as 
starting teriparatide results in the most rapid increase in 
BMD at both the lumbar spine and hip (222). The most 
robust additive BMD effect is seen with the combination 
of teriparatide and denosumab, which results in a larger 
increase in BMD than either agent alone (338). However, 
in contrast to the effects of teriparatide monotherapy, 
markers of bone formation are reduced with combination 
therapy, and no fracture data are available.
	 Combination therapy substantially increases the cost 
and probably increases the potential for side effects. Until 
the effect of combination therapy on fracture risk is better 
understood, AACE does not recommend concomitant use 

Table 19
ONJ and AFF: Definitions and Diagnostic Criteria (313, 318, 369)

Osteonecrosis of the jaw 
(ONJ)

The presence of exposed bone in the maxillofacial region that did not heal within 8 weeks after 
identification by a health-care professional.

Atypical femoral fracture 
(AFF)

The fracture must be located along the femoral diaphysis from just distal to the lesser trochanter to just 
proximal to the supracondylar flare.
Major features (at least 4 of 5)
•	 The fracture is associated with minimal or no trauma, as in a fall from a standing height or less.

•	 The fracture line originates at the lateral cortex and is substantially transverse in its orientation, 
although it may become oblique as it progresses medially across the femur.

•	 Complete fractures extend through both cortices and may be associated with a medial spike; 
incomplete fractures involve only the lateral cortex.

•	 The fracture is noncomminuted or minimally comminuted.

•	 Localized periosteal or endosteal thickening of the lateral cortex is present at the fracture site 
(“beaking” or “flaring”).

Minor features (none required)
•	 Generalized increase in cortical thickness of the femoral diaphysis.

•	 Unilateral or bilateral prodromal symptoms such as dull or aching pain in the groin or thigh.

•	 Bilateral incomplete or complete femoral diaphysis fractures.

•	 Delayed fracture healing.
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Fig. 2. Comparative risk of fracture, osteonecrosis of the jaw (ONJ), and other events in 
women age 65 to 69 years (A) (371-373); 10-year probability of fracture in treated and 
untreated patients, ONJ in treated patients, and other events in an 80-year-old woman 
(B) (313, 369); and benefits and risks of treatment in osteoporosis compared with seat-
belt intervention in motor vehicle accidents (C). AFF = atypical femoral fracture; ERs = 
emergency rooms; FN = femoral neck; Fx = fracture; MVA = motor vehicle accident; NM 
= New Mexico; PCN = penicillin.

A

B

C



32  Postmenopausal Osteoporosis Guidelines, Endocr Pract. 2020;26(Suppl 1) Copyright © 2020 AACE

of these agents for prevention or treatment of postmeno-
pausal osteoporosis. However, in certain situations when 
the patient needs a stronger agent because fracture risk 
is especially high or there is demonstrated suboptimal 
effect from raloxifene or hormone replacement therapy 
(i.e., recurrent fractures, high bone resorption markers, or 
progression of BMD loss), yet the patient has specific non-
bone reasons, such as breast protection with raloxifene, to 
continue with these agents, another antiresorptive agent or 
anabolic therapy could be added to the therapy.

Q10. What Is the Role of Sequential Use of 
Therapeutic Agents?

	 Upon discontinuation of an anabolic agent (i.e., abalo-
paratide, romosozumab, teriparatide), therapy with an anti-
resorptive agent, such as denosumab, bisphosphonates, 
or raloxifene, is recommended to prevent loss of BMD 
and fracture efficacy (222,224,337,339-345). Switching 
from a bisphosphonate to an anabolic agent can be done, 
but switching from denosumab to a currently available 
anabolic agent is associated with loss of hip BMD and is 
not recommended (281,346). 

Q11. What Is the Role of Vertebral Augmentation for 
Compression Fractures?

	 Vertebral fractures can be associated with pain and 
limit mobility. Surgical procedures, including vertebro-
plasty and kyphoplasty, have been considered for relief 
of vertebral fracture pain. Initial data on two random-
ized, controlled studies comparing vertebroplasty versus a 
control procedure on a primary outcome of overall pain 
showed no significant benefit from vertebroplasty up to 1 
month (347) and up to 6 months (348). A meta-analysis of 
individual patient data from two blinded trials of vertebro-
plasty failed to show an advantage of vertebroplasty over 
placebo for participants with acute fractures (<6 weeks) or 
severe pain (349). A study with 2-year follow-up data of 
patients with acute osteoporotic vertebral fractures found 
no beneficial effects of vertebroplasty over a sham proce-
dure at 12 or 24 months (350).
	 Both vertebroplasty and kyphoplasty have been 
suggested to increase the risk of vertebral fractures in the 
adjacent vertebrae. Despite a potential benefit with faster 
pain relief, a significantly increased incidence of addi-
tional vertebral fractures in patients undergoing vertebro-
plasty compared with placebo was noted in a randomized, 
controlled trial of 125 patients with vertebral fractures at 
12 months’ follow-up (351). By contrast, another study 
found no difference in new fractures in patients receiving 
vertebroplasty versus usual care at a mean of 11.4 months, 
with decreased severity of further height loss in treated 
vertebrae (352). In a meta-analysis assessing the safety of 
balloon kyphoplasty in patients with symptomatic osteo-

porotic vertebral fractures, new vertebral fractures were 
detected in 20.7% of treated patients, and more than half of 
the cases had fractures adjacent to the treated level (353). 
Given the limitations to these published studies, the role 
for surgical procedures in treatment of vertebral fractures 
remains uncertain.

Q12. When Should Referral to a Clinical 
Endocrinologist or Other Osteoporosis Specialist Be 
Considered?

	 Referral to a clinical endocrinologist or other osteopo-
rosis specialist may be important in patients with normal 
BMD and fracture without major trauma, those with recur-
rent fractures or continued bone loss while receiving ther-
apy without obvious treatable causes of bone loss, those 
with less common secondary conditions (e.g., hyperthy-
roidism, hyperparathyroidism, hypercalciuria, or elevated 
prolactin), those with osteoporosis with unexpectedly 
severe or unusual features such as young age or abnormal 
laboratory testing (e.g., low phosphorus, high or low alka-
line phosphatase), artifacts on DXA that are unexplained, 
and those with a condition that complicates management 
(e.g., decreased kidney function, hyperparathyroidism, or 
malabsorption). Patients who experience fragility fractures 
should be evaluated and treated. Referral to an osteoporo-
sis specialist or a fracture liaison team, if available, should 
be considered (354,355). 

COMMUNICATING RISK TO PATIENTS

	 Risk communication has been defined in general terms 
as “the study and practice of collectively and effectively 
understanding risks” (356). When applied to health-care 
interactions, including those concerned with the manage-
ment of osteoporosis, it can be characterized as “one-to-
one communication in which the intervention includes a 
stimulus to patients to weigh the risks and benefits of a 
treatment choice or behavioral (risk reducing) change” 
(357). In addition to understanding the potential risk and 
expected benefits of osteoporosis treatments, patients must 
fully appreciate the risk of fractures and their consequenc-
es (e.g., pain, disability, loss of independence, and death) 
when no treatment is given (358). It is incumbent on the 
clinician to provide this information to each patient in a 
manner that is fully understood, and it is equally impor-
tant to learn from the patient about cultural beliefs, previ-
ous treatment experiences, fears, and concerns. Estimation 
of fracture risk should consider that T-score must be 
combined with clinical risk factors, especially advanced 
age and previous fracture, and recognize that absolute frac-
ture risk is more useful than RR in developing treatment 
plans. Treatment recommendations may be quite different; 
an early postmenopausal woman with a T-score of −2.5 has 
osteoporosis, although fracture risk is much lower than an 
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80-year-old woman with the same T-score. Effective risk 
communication imparts to the patient a good understand-
ing of fracture risk with no treatment compared with the 
balance of benefits and risks with treatment.
	 With effective risk communication, the clinician and 
the patient are both privy to the same information. This 
is the first step toward shared decision-making (358-360), 
a process by which a plan of management is developed 
with active participation of the patient. Shared decision-
making often begins with a recommendation from the 
clinician followed by a response, perhaps with an alterna-
tive plan, from the patient. In the end, the desired result is 
a treatment plan that is medically reasonable and accept-
able to the patient, often involving compromises from  
both participants. 
	 There are many obstacles to risk communication 
(361). The medical evidence on efficacy and safety of 
treatment options may be complex, incomplete, and uncer-
tain. Patients often distrust medical experts and pharma-
ceutical companies. Statistical illiteracy is common in both 
clinicians and patients. The risk of fracture and its conse-
quences may not be fully appreciated. Clinicians may lack 
the necessary skills or time needed to explain the balance 
of benefits and risks. Competing health-care priorities may 
detract from attention paid to osteoporosis. Patients may be 
reluctant to reveal their fears and concerns. Risks that may 
seem trivial or nonexistent to the clinician may neverthe-
less be frightening for the patient. News media reports of 
rare possible adverse effects of osteoporosis treatment and 
questionable overuse of diagnostic procedures sometimes 
generate concern that osteoporosis treatment is dangerous 
or overused. Postmarketing case reports of undesirable 
medical occurrences in patients treated for osteoporosis 
do not necessarily represent a causal relationship with the 
medication being used. For a variety of reasons, patients 
may fail to fill a prescription when it is written. When 
treatment is started, it may not be taken correctly or for a 
sufficient length of time to achieve the desired reduction in 
fracture risk. 
	 Strategies to overcome obstacles to effective risk 
communication include recognition and acceptance of the 
limitations of medical evidence (361). Treatment decisions 
for osteoporosis must be individualized with the under-
standing that many or most patients would not qualify for 
participation in the clinical trial that demonstrated efficacy 
and safety of the medications under consideration (362). 
Patients can be educated on the current state of medical 
knowledge using credible information sources. Media 
reports can be put in perspective by describing the benefits 
of treatment in proportion to the possible risks. Data can 
be presented in simple language that is understandable for 
the patient, sometimes with the use of decision aids such 

as brochures, graphs, videos, and models to enhance what 
is spoken and facilitate treatment decisions. The concerns 
of the patient must be considered and validated. Finally, 
shared decision-making allows the patient to be an active 
participant in the management of osteoporosis.
	 Studies to evaluate the effectiveness of communica-
tion interventions have been difficult to compare due to 
the diversity of measured outcomes. Study endpoints have 
included those that are behavioral (e.g., compliance and 
persistence), cognitive (e.g., knowledge and risk percep-
tion), and affective (e.g., anxiety and satisfaction) (357). 
A systematic review of randomized controlled trials of 
communication tools found that most formats (verbal, 
written, video, provider-delivered, and computer-based) 
increased patients’ understanding of the medical evidence 
(363). Understanding was enhanced when the methods 
were individualized and/or interactive, with decision 
aids such as cartoons or graphs helping, as well. It was 
concluded that there is increasing evidence supporting the 
design of evidence-based communication tools, although 
access to these tools in clinical practice was limited. 
Attentive listening to patients is an important component 
of risk communication and shared decision-making, with 
evidence that this is a skill that can be learned (364). A 
randomized controlled trial of risk communication for 
treatment to prevent hip fractures for patients in primary-
care practices found that presentation of treatment benefit 
and harm using absolute risk estimates (expressed by icon 
array graphs with human figures with hip fracture risk 
calculated by FRAX®) led to greater treatment acceptance 
than presentation of the same information as RRs (365). 
Another randomized controlled trial evaluated postmeno-
pausal women with low BMD receiving a decision aid (a 
tailored pictograph of 10-year fracture probability, abso-
lute risk reduction with bisphosphonates, side effects, and 
cost) compared with controls receiving a standard brochure 
(366). The decision aid improved the quality of clinical 
decisions (i.e., patient understanding of benefit and risk) 
and may have improved adherence but did not affect rates 
of initiating treatment. Regular contact with a health-care 
professional after starting osteoporosis treatment appears 
to be one of the few interventions shown to improve adher-
ence (367,368). Examples of decision aids that illustrate 
risk in a visual, patient-friendly manner are given in Figure 
2. Figure 3 A through C provides comparisons of risk for 
osteoporosis, fracture, ONJ, and other events.
	 More study is needed to determine the most effective 
means of communicating benefit and risk in the manage-
ment of osteoporosis. The best available evidence at this 
time suggests that communication skills can be learned, 
decision aids may be helpful, and that shared decision-
making may improve clinical outcomes.



34  Postmenopausal Osteoporosis Guidelines, Endocr Pract. 2020;26(Suppl 1) Copyright © 2020 AACE

DISCLOSURE

Co-Chairs
Pauline Camacho, MD, FACE: Amgen Inc and Shire, 
Principal Investigator, research grant support.

Steven M. Petak, MD, JD, FACP, FCLM, MACE, CCD: 
NASA-JSC, consultant; Takeda, Alexion, Amgen, Radius, 
speaker. 

Task Force Members
Neil Binkley, MD: Amgen, consultant; Radius Health, GE 
Healthcare, research grant support.

Dima L. Diab, MD, FACE, FACP, CCD; Leslie S. 
Eldeiry, MD; Daniel L. Hurley, MD, FACP; Jennifer 

Kelly, DO, FACE; and Sunil J. Wimalawansa, MD, 
PhD, MBA, FCCP, FACP, FRCP, DSc, FACE: The 
authors have no multiplicity of interest to disclose. 

Azeez Farooki, MD: Alexion, Novo Nordisk, Novartis, 
Sanofi, Genentech, consultant; Amgen, Alexion, speaker; 
Johnson & Johnson, stock owner.

Steven T. Harris, MD, FACP: Myovant Sciences, Radius 
Health, Shire, consultant; Eli Lilly & Company, Amgen, 
Radius Health, speaker. 

E. Michael Lewiecki, MD, FACE, FACP, CCD: Amgen, 
Radius Health, Alexion, Samsung Bioepis, Sandoz, consul-
tant; Radius, Alexion, speaker; Radius Health, Amgen, 
Mereo, Bindex, research grant support.

Fig. 3. Examples of visual depictions of fracture risk for use with patients.



Postmenopausal Osteoporosis Guidelines, Endocr Pract. 2020;26(Suppl 1)  35 Copyright © 2020 AACE

Rachel Pessah-Pollack, MD, FACE: Boehringer 
Ingelheim/Eli Lilly, speaker and advisor; Sanofi, consul-
tant; Radius, advisor.

Michael McClung, MD, FACP, FACE: Amgen, Myovant, 
consultant; Amgen, speaker.

Nelson B. Watts, MD, FACP, CCD, FASBMR, MACE: 
Amgen, AbbVie, Sanofi, consultant; Amgen, Radius, 
speaker. 

Reviewers
Donald A. Bergman, MD: Clinical Professor of Medicine, 
Icahn School of Medicine at Mount Sinai, New York, NY. 
Dr. Bergman has no multiplicity of interest to disclose. 

Paul D. Miller, MD: Distinguished Clinical Professor of 
Medicine, University of Colorado Health Sciences Center, 
Medical Director, Colorado Center for Bone Research at 
Panorama Orthopedics and Spine Center, Golden, CO. 
Dr. Miller has received research grants from Alexion and 
Radius Health.



36  Postmenopausal Osteoporosis Guidelines, Endocr Pract. 2020;26(Suppl 1) Copyright © 2020 AACE

Ev
al

ua
te

 fo
r 

ca
us

es
 o

f s
ec

on
da

ry
 o

st
eo

po
ro

si
s

Co
rr

ec
t c

al
ci

um
/v

ita
m

in
 D

 d
efi

ci
en

cy
 a

nd
 a

dd
re

ss
 c

au
se

s 
of

 s
ec

on
da

ry
 o

st
eo

po
ro

si
s

• 
Re

co
m

m
en

d 
ph

ar
m

ac
ol

og
ic

 th
er

ap
y

• 
Ed

uc
at

io
n 

on
 li

fe
st

yl
e 

m
ea

su
re

s,
 fa

ll 
pr

ev
en

tio
n,

 b
en

efi
ts

 a
nd

 r
is

ks
 o

f m
ed

ic
at

io
ns

H
ig

h 
ri

sk
/n

o 
pr

io
r 

fr
ac

tu
re

s*
*

• 
Al

en
dr

on
at

e,
 d

en
os

um
ab

, r
is

ed
ro

na
te

, z
ol

ed
ro

na
te

**
*

• 
Al

te
rn

at
e 

th
er

ap
y:

 Ib
an

dr
on

at
e,

 r
al

ox
ife

ne

Ve
ry

 h
ig

h 
ri

sk
/p

ri
or

 fr
ac

tu
re

s*
*

• 
Ab

al
op

ar
at

id
e,

 d
en

os
um

ab
, r

om
os

oz
um

ab
, t

er
ip

ar
at

id
e,

 z
ol

ed
ro

na
te

**
*

• 
Al

te
rn

at
e 

th
er

ap
y:

 A
le

nd
ro

na
te

, r
is

ed
ro

na
te

Re
as

se
ss

 y
ea

rl
y 

fo
r 

re
sp

on
se

 to
 th

er
ap

y 
an

d 
fr

ac
tu

re
 r

is
k 

In
cr

ea
si

ng
 o

r 
st

ab
le

 B
M

D
 a

nd
 

no
 fr

ac
tu

re
s

Re
su

m
e 

th
er

ap
y 

w
he

n 
a 

fr
ac

tu
re

 
oc

cu
rs

, B
M

D
 d

ec
lin

es
 b

ey
on

d 
LS

C,
 B

TM
’s 

ri
se

 to
 p

re
tr

ea
tm

en
t 

va
lu

es
 o

r 
pa

tie
nt

 m
ee

ts
 in

iti
al

tr
ea

tm
en

t c
ri

te
ri

a

• 
As

se
ss

 c
om

pl
ia

nc
e

• 
Re

-e
va

lu
at

e 
fo

r 
ca

us
es

 o
f 

se
co

nd
ar

y 
os

te
op

or
os

is
 a

nd
 

fa
ct

or
s 

le
ad

in
g 

to
 s

ub
op

tim
al

 
re

sp
on

se
 to

 th
er

ap
y

• 
Sw

itc
h 

to
 in

je
ct

ab
le

 
an

tir
es

or
pt

iv
e 

if 
on

 o
ra

l a
ge

nt
• 

Sw
itc

h 
to

 a
ba

lo
pa

ra
tid

e,
  

ro
m

os
oz

um
ab

, o
r 

te
ri

pa
ra

tid
e 

if 
on

 in
je

ct
ab

le
 a

nt
ir

es
or

pt
iv

e 
or

 a
t v

er
y 

hi
gh

 r
is

k 
of

 fr
ac

tu
re

• 
Fa

ct
or

s 
le

ad
in

g 
to

 s
ub

op
tim

al
 

re
sp

on
se

Re
as

se
ss

 y
ea

rl
y 

fo
r 

re
sp

on
se

 to
 th

er
ap

y 
an

d 
fr

ac
tu

re
 r

is
k

Co
nt

in
ue

 th
er

ap
y 

un
til

 th
e 

pa
tie

nt
 

is
 n

o 
lo

ng
er

 
hi

gh
 r

is
k 

an
d 

en
su

re
 tr

an
si

tio
n 

w
ith

 a
no

th
er

 
an

tir
es

or
pt

iv
e 

ag
en

t.

Se
qu

en
tia

l 
th

er
ap

y 
w

ith
 o

ra
l o

r 
in

je
ct

ab
le

 
an

tir
es

or
pt

iv
e 

ag
en

t

Se
qu

en
tia

l t
he

ra
py

 
w

ith
 o

ra
l o

r 
in

je
ct

ab
le

 
an

tir
es

or
pt

iv
e 

ag
en

t

• I
f s

ta
bl

e,
 c

on
tin

ue
 

th
er

ap
y 

fo
r 6

 y
ea

rs
**

**
• I

f p
ro

gr
es

si
on

 o
f b

on
e 

lo
ss

 o
r 

re
cu

rr
en

t 
fr

ac
tu

re
s,

 c
on

si
de

r 
sw

itc
hi

ng
 to

 a
ba

lo
pa

-
ra

tid
e,

 te
ri

pa
ra

tid
e 

or
 

ro
m

os
oz

um
ab

Pr
og

re
ss

io
n 

of
 b

on
e 

lo
ss

 o
r 

re
cu

rr
en

t f
ra

ct
ur

es
D

en
os

um
ab

Ro
m

os
oz

um
ab

 
fo

r 
1 

ye
ar

Ab
al

op
ar

at
id

e 
or

 
te

ri
pa

ra
tid

e 
fo

r 
up

 to
 

2 
ye

ar
s

Zo
le

dr
on

at
e

Co
ns

id
er

 a
 d

ru
g 

ho
lid

ay
 a

ft
er

 5
 

ye
ar

s 
of

 o
ra

l a
nd

 3
 y

ea
rs

 o
f I

V 
bi

sp
ho

sp
ho

na
te

 th
er

ap
y

A
A

CE
/A

CE
 2

02
0 

PO
ST

M
EN

O
PA

U
SA

L 
O

ST
EO

PO
R

O
SI

S 
TR

EA
TM

EN
T 

A
LG

O
R

IT
H

M
Lu

m
ba

r 
sp

in
e 

or
 fe

m
or

al
 n

ec
k 

or
 to

ta
l h

ip
 T

-s
co

re
 o

f ≤
 -2

.5
, a

 h
is

to
ry

 o
f f

ra
gi

lit
y 

fr
ac

tu
re

, o
r 

hi
gh

 F
RA

X®
 fr

ac
tu

re
 p

ro
ba

bi
lit

y*

* 
10

 y
ea

r 
m

aj
or

 o
st

eo
po

ro
tic

 fr
ac

tu
re

 r
is

k 
≥ 

20
%

 o
r 

hi
p 

fr
ac

tu
re

 r
is

k 
≥ 

3%
. N

on
-U

S 
co

un
tr

ie
s/

re
gi

on
s 

m
ay

 h
av

e 
di

ff
er

en
t t

hr
es

ho
ld

s.
**

 
In

di
ca

to
rs

 o
f v

er
y 

hi
gh

 fr
ac

tu
re

 ri
sk

 in
 p

at
ie

nt
s 

w
ith

 lo
w

 b
on

e 
de

ns
ity

 w
ou

ld
 in

cl
ud

e 
ad

va
nc

ed
 a

ge
, f

ra
ilt

y,
 g

lu
co

co
rt

ic
oi

ds
, v

er
y 

lo
w

 T
 s

co
re

s,
 o

r i
nc

re
as

ed
 fa

ll 
ris

k.
**

* 
 

M
ed

ic
at

io
ns

 a
re

 li
st

ed
 a

lp
ha

be
tic

al
ly

.
**

**
  

Co
ns

id
er

 a
 d

ru
g 

ho
lid

ay
 a

ft
er

 6
 y

ea
rs

 o
f I

V 
zo

le
dr

on
at

e.
 

D
ur

in
g 

th
e 

ho
lid

ay
, a

n 
an

ab
ol

ic
 a

ge
nt

 o
r 

a 
w

ea
ke

r 
an

tir
es

or
pt

iv
e 

su
ch

 a
s 

ra
lo

xi
fe

ne
 c

ou
ld

 b
e 

us
ed

.

AB
BR

EV
IA

TI
O

N
S 

G
U

ID
E

BM
D

 –
 b

on
e 

m
in

er
al

 d
en

si
ty

LS
C 

– 
le

as
t s

ig
ni

fic
an

t c
ha

ng
e

BT
M

 –
 b

on
e 

tu
rn

ov
er

 m
ar

ke
r

C
O

PY
R

IG
H

T 
©

20
20

 A
A

C
E.

 M
A

Y 
N

O
T 

B
E 

R
EP

R
O

D
U

C
ED

 I
N

 A
N

Y 
FO

R
M

 W
IT

H
O

U
T 

EX
PR

ES
S 

W
R

IT
TE

N
 P

ER
M

IS
SI

O
N

 F
R

O
M

 A
A

C
E.



Postmenopausal Osteoporosis Guidelines, Endocr Pract. 2020;26(Suppl 1)  37 Copyright © 2020 AACE

REFERENCES

Note: Reference sources are followed by an evidence level [EL] rating of 
1, 2, 3, or 4. The strongest evidence levels (EL 1 and EL 2) appear 
in red for easier recognition.

	 1.	 Mechanick JI, Pessah-Pollack R, Camacho P, et al. American 
Association of Clinical Endocrinologists and American College 
of Endocrinology protocol for standardized prodcution of clini-
cal practice guidelines, algorithms, and checklists -- 2017 update. 
Endocr Pract. 2017;23:1006-1021.[EL 4; NE]

	 2.	 Mechanick JI, Camacho PM, Garber AJ, et al. American 
Association of Clinical Endocrinologists and American College 
of Endocrinology protocol for standardized production of clinical 
practice guidelines, algorithms, and checklists--2014 update and 
the AACE G4G program. Endocr Pract. 2014;20:692-702.[EL 4; 
NE]

	 3.	 Mechanick JI, Camacho PM, Cobin RH, et al. American 
Association of Clinical Endocrinologists protocol for standardized 
production of clinical practice guidelines--2010 update. Endocr 
Pract. 2010;16:270-283.[EL 4; NE]

	 4.	 Mechanick JI, Bergman DA, Braithwaite SS, Palumbo PJ. 
American Association of Clinical Endocrinologists protocol for 
standardized production of clinical practice guidelines. Endocr 
Pract. 2004;10:353-361.[EL 4; NE]

	 5.	 Wright NC, Looker AC, Saag KG, et al. The recent prevalence 
of osteoporosis and low bone mass in the United States based on 
bone mineral density at the femoral neck or lumbar spine. J Bone 
Miner Res. 2014;29:2520-2526.[EL 2; ES]

	 6.	 Burge R, Dawson-Hughes B, Solomon DH, Wong JB, King A, 
Tosteson A. Incidence and economic burden of osteoporosis-relat-
ed fractures in the United States, 2005-2025. J Bone Miner Res. 
2007;22:465-475.[EL 3; DS]

	 7.	 Kanis JA, Melton LJ 3rd, Christiansen C, Johnston CC, 
Khaltaev N. The diagnosis of osteoporosis. J Bone Miner Res. 
1994;9:1137-1141.[EL 4; NE]

	 8.	 Singer A, Exuzides A, Spangler L, et al. Burden of illness for 
osteoporotic fractures compared with other serious diseases among 
postmenopausal women in the United States. Mayo Clin Proc. 
2015;90:53-62.[EL 2; ES]

	 9.	 Looker AC, Orwoll ES, Johnston CC Jr, et al. Prevalence of 
low femoral bone density in older U.S. adults from NHANES III. 
J Bone Miner Res. 1997;12:1761-1768.[EL 2; ES]

	10.	 Faulkner KG, von Stetten E, Miller P. Discordance in patient 
classification using T-scores. J Clin Densitom. 1999;2:343-350.
[EL 2; ES]

	11.	 Melton LJ, 3rd, Lane AW, Cooper C, Eastell R, O’Fallon WM, 
Riggs BL. Prevalence and incidence of vertebral deformities. 
Osteoporos Int. 1993;3:113-119.[EL 2; ES]

	12.	 NIH Consensus Development Panel on Osteoporosis Prevention 
D, and Therapy. Osteoporosis prevention, diagnosis, and therapy. 
JAMA. 2001;285:785-795.[EL 4; NE]

	13.	 Guglielmi G, Muscarella S, Bazzocchi A. Integrated imag-
ing approach to osteoporosis: state-of-the-art review and update. 
Radiographics. 2011;31:1343-1364.[EL 4; NE]

	14.	 Leslie WD, Majumdar SR, Lix LM, et al. High fracture prob-
ability with FRAX usually indicates densitometric osteoporosis: 
implications for clinical practice. Osteoporos Int. 2012;23:391-
397.[EL 2; ES]

	15.	 Siris ES, Adler R, Bilezikian J, et al. The clinical diagnosis of 
osteoporosis: a position statement from the National Bone Health 
Alliance Working Group. Osteoporos Int. 2014;25:1439-1443.[EL 
4; NE]

	16.	 Siris ES, Boonen S, Mitchell PJ, Bilezikian J, Silverman S. 
What’s in a name? What constitutes the clinical diagnosis of osteo-
porosis? Osteoporos Int. 2012;23:2093-2097.[EL 4; NE]

	17.	 Wainwright SA, Marshall LM, Ensrud KE, et al. Hip frac-
ture in women without osteoporosis. J Clin Endocrinol Metab. 
2005;90:2787-2793.[EL 2; PCS]

	18.	 Barr RJ, Stewart A, Torgerson DJ, Reid DM. Population 
screening for osteoporosis risk: a randomised control trial of medi-
cation use and fracture risk. Osteoporos Int. 2010;21:561-568.[EL 
1; RCT]

	19.	 Hiligsmann M, Gathon HJ, Bruyère O, Ethgen O, Rabenda 
V, Reginster JY. Cost-effectiveness of osteoporosis screening 

followed by treatment: the impact of medication adherence. Value 
Health. 2010;13:394-401.[EL 3; ECON]

	20.	 Nayak S, Roberts MS, Chang CC, Greenspan SL. Health beliefs 
about osteoporosis and osteoporosis screening in older women and 
men. Health Educ J. 2010;69:267-276.[EL 2; ES]

	21.	 Nelson HD, Haney EM, Dana T, Bougatsos C, Chou R. 
Screening for osteoporosis: an update for the U.S. Preventive 
Services Task Force. Ann Intern Med. 2010;153:99-111.[EL 4; NE]

	22.	 Thompson M, Evitt CP, Whaley MM. Screening for falls and 
osteoporosis: prevention practice for the hand therapist. J Hand 
Ther. 2010;23:212-228; quiz 229.[EL 4; NE]

	23.	 Rubin KH, Rothmann MJ, Holmberg T, et al. Effectiveness of 
a two-step population-based osteoporosis screening program using 
FRAX: the randomized Risk-stratified Osteoporosis Strategy 
Evaluation (ROSE) study. Osteoporos Int. 2018;29:567-578.[EL 
1; RCT]

	24.	 Shepstone L, Lenaghan E, Cooper C, et al. Screening in the 
community to reduce fractures in older women (SCOOP): a 
randomised controlled trial. Lancet. 2018;391:741-747.[EL 1; 
RCT]

	25.	 Viswanathan M, Reddy S, Berkman N, et al. Screening to 
prevent osteoporotic fractures: updated evidence report and 
systematic review for the US Preventive Services Task Force. 
JAMA. 2018;319:2532-2551.[EL 2; MNRCT]

	26.	 Kanis JA, Group obotWHOS. Assessment of osteoporosis at 
the primary health care level. WHO Collaborating Center for 
Metabolic Bone Disease Technical Report: University of Sheffield, 
UK, 2008.[EL 4; NE]

	27.	 Orwig DL, Chan J, Magaziner J. Hip fracture and its conse-
quences: differences between men and women. Orthop Clin North 
Am. 2006;37:611-622.[EL 4; NE]

	28.	 Kanis JA, Hans D, Cooper C, et al. Interpretation and use of 
FRAX in clinical practice. Osteoporos Int. 2011;22:2395-2411.
[EL 4; NE]

	29.	 Lewiecki EM, Compston JE, Miller PD, et al. FRAX® Bone 
Mineral Density Task Force of the 2010 Joint International 
Society for Clinical Densitometry & International Osteoporosis 
Foundation position development conference. J Clin Densitom. 
2011;14:223-225.[EL 4; NE]

	30.	 Kanis JA, Johansson H, Oden A, Cooper C, McCloskey EV. 
Worldwide uptake of FRAX. Arch Osteoporos. 2014;9:166.[EL 2; 
ES]

	31.	 Kanis JA, McCloskey E, Johansson H, Oden A, Leslie WD. 
FRAX® with and without bone mineral density. Calcif Tissue Int. 
2012;90:1-13.[EL 4; NE]

	32.	 Hillier TA, Cauley JA, Rizzo JH, et al. WHO absolute fracture 
risk models (FRAX): do clinical risk factors improve fracture 
prediction in older women without osteoporosis? J Bone Miner 
Res. 2011;26:1774-1782.[EL 2; ES]

	33.	 van Staa TP, Leufkens HG, Cooper C. Does a fracture at one 
site predict later fractures at other sites? A British cohort study. 
Osteoporos Int. 2002;13:624-629.[EL 2; ES]

	34.	 Gehlbach S, Saag KG, Adachi JD, et al. Previous fractures at 
multiple sites increase the risk for subsequent fractures: the Global 
Longitudinal Study of Osteoporosis in Women. J Bone Miner Res. 
2012;27:645-653.[EL 2; PCS]

	35.	 Lindsay R, Silverman SL, Cooper C, et al. Risk of new vertebral 
fracture in the year following a fracture. JAMA. 2001;285:320-
323.[EL 2; PHAS]

	36.	 Johnell O, Kanis JA, Oden A, et al. Predictive value of BMD for 
hip and other fractures. J Bone Miner Res. 2005;20:1185-1194.[EL 
2; MNRCT]

	37.	 McCloskey E, Kanis JA. FRAX updates 2012. Curr Opin 
Rheumatol. 2012;24:554-560.[EL 4; NE]

	38.	 Silverman SL, Calderon AD. The utility and limitations of 
FRAX: A US perspective. Curr Osteoporos Rep. 2010;8:192-197.
[EL 4; NE]

	39.	 Watts NB, Ettinger B, LeBoff MS. FRAX facts. J Bone Miner 
Res. 2009;24:975-979.[EL 4; NE]

	40.	 van den Bergh JP, van Geel TA, Lems WF, Geusens PP. 
Assessment of individual fracture risk: FRAX and beyond. Curr 
Osteoporos Rep. 2010;8:131-137.[EL 4; NE]

	41.	 Kreidieh OI, El-Hajj Fuleihan G. Impact of changes in mortality 
on FRAX-derived fracture probabilities. Bone. 2014;62:43-50.[EL 
2; ES]



38  Postmenopausal Osteoporosis Guidelines, Endocr Pract. 2020;26(Suppl 1) Copyright © 2020 AACE

	42.	 Kanis JA, Johansson H, Oden A, McCloskey EV. Guidance for 
the adjustment of FRAX according to the dose of glucocorticoids. 
Osteoporos Int. 2011;22:809-816.[EL 2; ES]

	43.	 Leslie WD, Lix LM, Johansson H, Oden A, McCloskey E, Kanis 
JA. Spine-hip discordance and fracture risk assessment: a physi-
cian-friendly FRAX enhancement. Osteoporos Int. 2011;22:839-
847.[EL 2; ES]

	44.	 Leslie WD, Lix LM, Johansson H, Oden A, McCloskey E, 
Kanis JA. Does osteoporosis therapy invalidate FRAX for frac-
ture prediction? J Bone Miner Res. 2012;27:1243-1251.[EL 2; ES]

	45.	 Sambrook PN, Cameron ID, Chen JS, et al. Influence of fall 
related factors and bone strength on fracture risk in the frail elderly. 
Osteoporos Int. 2007;18:603-610.[EL 2; PCS]

	46.	 Kanis JA, Oden A, Johnell O, et al. The use of clinical risk 
factors enhances the performance of BMD in the prediction of 
hip and osteoporotic fractures in men and women. Osteoporos Int. 
2007;18:1033-1046.[EL 3; DS]

	47.	 Densitometry TISfC. 2015 ISCD Official Positions--Adult.  
Accessed October 7, 2015. https://www.iscd.org/official-
positions/2015-iscd-official-positions-adult/. [EL 4; NE]

	48.	 Stone KL, Seeley DG, Lui LY, et al. BMD at multiple sites and 
risk of fracture of multiple types: long-term results from the Study 
of Osteoporotic Fractures. J Bone Miner Res. 2003;18:1947-1954.
[EL 2; PCS]

	49.	 Cummings SR, Black DM, Nevitt MC, et al. Bone density at 
various sites for prediction of hip fractures. The study of osteo-
porotic fractures research group. Lancet. 1993;341:72-75.[EL 2; 
PCS]

	50.	 Black DM, Cummings SR, Genant HK, Nevitt MC, Palermo L, 
Browner W. Axial and appendicular bone density predict fractures 
in older women. J Bone Miner Res. 1992;7:633-638.[EL 2; PCS]

	51.	 Marshall D, Johnell O, Wedel H. Meta-analysis of how well 
measures of bone mineral density predict occurrence of osteopo-
rotic fractures. BMJ. 1996;312:1254-1259.[EL 2; MNRCT]

	52.	 Austin M, Yang YC, Vittinghoff E, et al. Relationship between 
bone mineral density changes with denosumab treatment and risk 
reduction for vertebral and nonvertebral fractures. J Bone Miner 
Res. 2012;27:687-693.[EL 2; ES]

	53.	 Pothuaud L, Carceller P, Hans D. Correlations between grey-
level variations in 2D projection images (TBS) and 3D microarchi-
tecture: applications in the study of human trabecular bone micro-
architecture. Bone. 2008;42:775-787.[EL 3; DS]

	54.	 Silva BC, Leslie WD, Resch H, et al. Trabecular bone score: a 
noninvasive analytical method based upon the DXA image. J Bone 
Miner Res. 2014;29:518-530.[EL 4; NE]

	55.	 Harvey NC, Gluer CC, Binkley N, et al. Trabecular bone score 
(TBS) as a new complementary approach for osteoporosis evalua-
tion in clinical practice. Bone. 2015;78:216-224.[EL 4; NE]

	56.	 McCloskey EV, Odén A, Harvey NC, et al. A meta-analysis of 
trabecular bone score in fracture risk prediction and its relationship 
to FRAX. J Bone Miner Res. 2016;31:940-948.[EL 2; MNRCT]

	57.	 Licata A, Binkley N, Petak SM, Camacho P. Consensus state-
ment by the American Association of Clinical Endocrinologists 
and American College of Endocrinology on the quality of DXA 
scans and reports. Endocr Pract. 2018;24:220-229.[EL 4; NE]

	58.	 Lewiecki EM, Binkley N, Morgan SL, et al. Best practices for 
dual-energy X-ray absorptiometry measurement and reporting: 
International Society for Clinical Densitometry Guidance. J Clin 
Densitom. 2016;19:127-140.[EL 4; NE]

	59.	 Gallagher JC, Sai AJ. Bone: is screening for secondary causes 
of osteoporosis worthwhile? Nat Rev Endocrinol. 2010;6:360-362.
[EL 4; NE]

	60.	 Barzel US. Recommended testing in patients with low bone densi-
ty. J Clin Endocrinol Metab. 2003;88:1404-1405; author reply 
1405.[EL 2; ES]

	61.	 Tannenbaum C, Clark J, Schwartzman K, et al. Yield of 
laboratory testing to identify secondary contributors to osteo-
porosis in otherwise healthy women. J Clin Endocrinol Metab. 
2002;87:4431-4437.[EL 2; CSS]

	62.	 Edwards BJ, Bunta AD, Simonelli C, Bolander M, Fitzpatrick 
LA. Prior fractures are common in patients with subsequent hip 
fractures. Clin Orthop Relat Res. 2007;461:226-230.[EL 3; ECON]

	63.	 Camacho PM, Dayal AS, Diaz JL, et al. Prevalence of secondary 
causes of bone loss among breast cancer patients with osteopenia 
and osteoporosis. J Clin Oncol. 2008;26:5380-5385.[EL 2; RCCS]

	64.	 Lane NE. An update on glucocorticoid-induced osteoporosis. 
Rheum Dis Clin North Am. 2001;27:235-253.[EL 4; NE]

	65.	 Lewiecki EM, Laster AJ. Clinical review: Clinical applications 
of vertebral fracture assessment by dual-energy X-ray absorptiom-
etry. J Clin Endocrinol Metab. 2006;91:4215-4222.[EL 4; NE]

	66.	 Greenspan SL, von Stetten E, Emond SK, Jones L, Parker RA. 
Instant vertebral assessment: a noninvasive dual X-ray absorpti-
ometry technique to avoid misclassification and clinical misman-
agement of osteoporosis. J Clin Densitom. 2001;4:373-380.[EL 2; 
ES]

	67.	 Schousboe JT, Debold CR. Reliability and accuracy of vertebral 
fracture assessment with densitometry compared to radiography in 
clinical practice. Osteoporos Int. 2006;17:281-289.[EL 2; PCS]

	68.	 Binkley N, Krueger D, Gangnon R, Genant HK, Drezner MK. 
Lateral vertebral assessment: a valuable technique to detect clini-
cally significant vertebral fractures. Osteoporos Int. 2005;16:1513-
1518.[EL 2; PCS]

	69.	 Siminoski K, Jiang G, Adachi JD, et al. Accuracy of height loss 
during prospective monitoring for detection of incident vertebral 
fractures. Osteoporos Int. 2005;16:403-410.[EL 2; PCS]

	70.	 Siminoski K, Warshawski RS, Jen H, Lee K. The accuracy of 
historical height loss for the detection of vertebral fractures in 
postmenopausal women. Osteoporos Int. 2006;17:290-296.[EL 2; 
PCS]

	71.	 Chesnut CH, 3rd, Bell NH, Clark GS, et al. Hormone replace-
ment therapy in postmenopausal women: urinary N-telopeptide of 
type I collagen monitors therapeutic effect and predicts response of 
bone mineral density. Am J Med. 1997;102:29-37.[EL 1; RCT]

	72.	 Ross PD, Knowlton W. Rapid bone loss is associated with 
increased levels of biochemical markers. J Bone Miner Res. 
1998;13:297-302.[EL 2; PHAS]

	73.	 Garnero P, Sornay-Rendu E, Duboeuf F, Delmas PD. Markers 
of bone turnover predict postmenopausal forearm bone loss over 4 
years: the OFELY study. J Bone Miner Res. 1999;14:1614-1621.
[EL 2; PCS]

	74.	 Garnero P, Hausherr E, Chapuy MC, et al. Markers of bone 
resorption predict hip fracture in elderly women: the EPIDOS 
Prospective Study. J Bone Miner Res. 1996;11:1531-1538.[EL 2; 
PCS]

	75.	 Garnero P, Sornay-Rendu E, Claustrat B, Delmas PD. 
Biochemical markers of bone turnover, endogenous hormones and 
the risk of fractures in postmenopausal women: the OFELY study. 
J Bone Miner Res. 2000;15:1526-1536.[EL 2; PCS]

	76.	 Vasikaran S, Eastell R, Bruyère O, et al. Markers of bone turn-
over for the prediction of fracture risk and monitoring of osteo-
porosis treatment: a need for international reference standards. 
Osteoporos Int. 2011;22:391-420.[EL 2; MNRCT]

	77.	 Crandall CJ, Vasan S, LaCroix A, et al. Bone turnover markers 
are not associated with hip fracture risk: a case-control study in 
the Woment’s Health Initiative. J Bone Miner Res. 2018;33:1199-
1208.[EL 2; NCCS]

	78.	 Eastell R, Barton I, Hannon RA, Chines A, Garnero P, 
Delmas PD. Relationship of early changes in bone resorption to 
the reduction in fracture risk with risedronate. J Bone Miner Res. 
2003;18:1051-1056.[EL 2; PHAS]

	79.	 Bauer DC, Black DM, Garnero P, et al. Change in bone turn-
over and hip, non-spine, and vertebral fracture in alendronate-
treated women: the Fracture Intervention Trial. J Bone Miner Res. 
2004;19:1250-1258.[EL 2; ES]

	80.	 Naylor KE, Jacques RM, Paggiosi M, et al. Response of bone 
turnover markers to three oral bisphosphonate therapies in post-
menopausal osteoporosis: the TRIO study. Osteoporos Int. 
2016;27:21-31.[EL 1; RCT]

	81.	 Glover SJ, Eastell R, MCloskey EV, et al. Rapid and robust 
response of biochemical markers of bone formation to teriparatide 
therapy. Bone. 2009;45:1053-1058.[EL 2; PCS]

	82.	 Eastell R, Vrijens B, Cahall DL, Ringe JD, Garnero P, Watts 
NB. Bone turnover markers and bone mineral density response 
with risedronate therapy: relationship with fracture risk and patient 
adherence. J Bone Miner Res. 2011;26:1662-1669.[EL 2; PHAS]

	83.	 Eastell R, Christiansen C, Grauer A, et al. Effects of denosumab 
on bone turnover markers in postmenopausal osteoporosis. J Bone 
Miner Res. 2011;26:530-537.[EL 1; RCT]

	84.	 Bauer D, Krege J, Lane N, et al. National Bone Health Alliance 
Bone Turnover Marker Project: current practices and the need for 



Postmenopausal Osteoporosis Guidelines, Endocr Pract. 2020;26(Suppl 1)  39 Copyright © 2020 AACE

US harmonization, standardization, and common reference ranges. 
Osteoporos Int. 2012;23:2425-2433.[EL 4; NE]

	85.	 Szulc P, Naylor K, Pickering ME, Hoyle N, Eastell R, Leary E. 
Use of CTX-I and PINP as bone turnover markers: Nationall Bone 
Health Alliance recommendations to standardize sample handling 
and patient preparation to reduce pre-analytical variability. Ann 
Biol Clin (Paris). 2018;76:373-391.[EL 4; NE]

	86.	 Greenspan SL, Resnick NM, Parker RA. Early changes in 
biochemical markers of bone turnover are associated with long-
term changes in bone mineral density in elderly women on alen-
dronate, hormone replacement therapy, or combination therapy: a 
three-year, double-blind, placebo-controlled, randomized clinical 
trial. J Clin Endocrinol Metab. 2005;90:2762-2767.[EL 1; RCT]

	87.	 Bauer DC, Garnero P, Bilezikian JP, et al. Short-term changes in 
bone turnover markers and bone mineral density response to para-
thyroid hormone in postmenopausal women with osteoporosis.  
J Clin Endocrinol Metab. 2006;91:1370-1375.[EL 1; RCT]

	88.	 Hochberg MC, Greenspan S, Wasnich RD, Miller P, Thompson 
DE, Ross PD. Changes in bone density and turnover explain the 
reductions in incidence of nonvertebral fractures that occur during 
treatment with antiresorptive agents. J Clin Endocrinol Metab. 
2002;87:1586-1592.[EL 1; MRCT]

	89.	 Bauer DC, Schwartz A, Palermo L, et al. Fracture prediction 
after discontinuation of 4 to 5 years of alendronate therapy: the 
FLEX study. JAMA Intern Med. 2014;174:1126-1134.[EL 2; 
PHAS]

	90.	 Carmel AS, Shieh A, Bang H, Bockman RS. The 25(OH)D level 
needed to maintain a favorable bisphosphonate response is ≥33 ng/
ml. Osteoporos Int. 2012;23:2479-2487.[EL 2; ES]

	91.	 Bischoff-Ferrari HA, Dietrich T, Orav EJ, Dawson-Hughes 
B. Positive association between 25-hydroxy vitamin D levels and 
bone mineral density: a population-based study of younger and 
older adults. Am J Med. 2004;116:634-639.[EL 2; ES]

	92.	 Ross AC. The 2011 report on dietary reference intakes for calcium 
and vitamin D. Public Health Nutr. 2011;14:938-939.[EL 4; NE]

	93.	 Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Evaluation, 
treatment, and prevention of vitamin D deficiency: an Endocrine 
Society clinical practice guideline. J Clin Endocrinol Metab. 
2011;96:1911-1930.[EL 4; NE]

	94.	 Holick MF, Siris ES, Binkley N, et al. Prevalence of vitamin 
D inadequacy among postmenopausal North American women 
receiving osteoporosis therapy. J Clin Endocrinol Metab. 
2005;90:3215-3224.[EL 2; PCS]

	95.	 LeBoff MS, Hawkes WG, Glowacki J, Yu-Yahiro J, Hurwitz 
S, Magaziner J. Vitamin D-deficiency and post-fracture changes 
in lower extremity function and falls in women with hip fractures. 
Osteoporos Int. 2008;19:1283-1290.[EL 2; PCS]

	96.	 Wimalawansa SJ. Vitamin D in the new millennium. Curr 
Osteoporos Rep. 2012;10:4-15.[EL 4; NE]

	97.	 Wimalawansa SJ. Non-musculoskeletal benefits of vitamin D.  
J Steroid Biochem Mol Biol. 2018;175:60-81.[EL 4; NE]

	98.	 Baron JA, Barry EL, Mott LA, et al. A trial of calcium and vita-
min D for the prevention of colorectal adenomas. N Engl J Med. 
2015;373:1519-1530.[EL 1; RCT]

	99.	 Arora P, Song Y, Dusek J, et al. Vitamin D therapy in individu-
als with prehypertension or hypertension: the DAYLIGHT trial. 
Circulation. 2015;131:254-262.[EL 1; RCT]

100.	 Mason C, Xiao L, Imayama I, et al. Vitamin D3 supplementation 
during weight loss: a double-blind randomized controlled trial. Am 
J Clin Nutr. 2014;99:1015-1025.[EL 1; RCT]

101.	 Dhaliwal R, Mikhail M, Feuerman M, Aloia JF. The vitamin d 
dose response in obesity. Endocr Pract. 2014;20:1258-1264.[EL 1; 
RCT]

102.	 Knutsen KV, Madar AA, Lagerløv P, et al. Does vitamin D 
improve muscle strength in adults? A randomized, double-blind, 
placebo-controlled trial among ethnic minorities in Norway. J Clin 
Endocrinol Metab. 2014;99:194-202.[EL 1; RCT]

103.	 Chaney A, Heckman MG, Diehl NN, Meek S, Keaveny AP. 
Effectiveness and outcomes of current practice in treating vitamin 
D deficiency in patients listed for liver transplantation. Endocr 
Pract. 2015;21:761-769.[EL 2; ES]

104.	 Farahati J, Nagarajah J, Gilman E, et al. Ethnicity, clothing 
style, and body mass index are significant predictors of vitamin D 

insufficiency in Germany. Endocr Pract. 2015;21:122-127.[EL 2; 
ES]

105.	 Li Y, Chen C, Liu HL, Qian G. Vitamin D, parathyroid hormone, 
and heart failure in a Chinese elderly population. Endocr Pract. 
2015;21:30-40.[EL 2; CSS]

106.	 Chapuy MC, Preziosi P, Maamer M, et al. Prevalence of vita-
min D insufficiency in an adult normal population. Osteoporos Int. 
1997;7:439-443.[EL 2; ES]

107.	 Boonen S, Lips P, Bouillon R, Bischoff-Ferrari HA, 
Vanderschueren D, Haentjens P. Need for additional calcium 
to reduce the risk of hip fracture with vitamin D supplementa-
tion: evidence from a comparative metaanalysis of randomized 
controlled trials. J Clin Endocrinol Metab. 2007;92:1415-1423.
[EL 1; MRCT]

108.	 Camacho PM, Petak SM, Binkley N, et al. American 
Association of Clinical Endocrinologists and American College of 
Endocrinology clinical practice guidelines for the diagnosis and 
treatment of postmenopausal osteoporosis-2016. Endocr Pract. 
2016;22(suppl 4):1-42.[EL 4; NE]

109.	 Ross AC, Manson JE, Abrams SA, et al. The 2011 report 
on dietary reference intakes for calcium and vitamin D from 
the Institute of Medicine: what clinicians need to know. J Clin 
Endocrinol Metab. 2011;96:53-58.[EL 4; NE]

110.	 Manson JE, Brannon PM, Rosen CJ, Taylor CL. Vitamin D defi-
ciency-is there really a pandemic? N Engl J Med. 2016;375:1817-
1820.[EL 4; NE]

111.	 Hansen KE, Johnson RE, Chambers KR, et al. Treatment of 
vitamin D insufficiency in postmenopausal women: a randomized 
clinical trial. JAMA Intern Med. 2015;175:1612-1621.[EL 1; RCT]

112.	 Sprague SM, Crawford PW, Melnick JZ, et al. Use of extend-
ed-release calcifediol to treat secondary hyperparathyroidism in 
stages 3 and 4 chronic kidney disease. Am J Nephrol. 2016;44:316-
325[EL 1; RCT]

113.	 Bischoff-Ferrari HA, Willett WC, Wong JB, Giovannucci E, 
Dietrich T, Dawson-Hughes B. Fracture prevention with vita-
min D supplementation: a meta-analysis of randomized controlled 
trials. JAMA. 2005;293:2257-2264.[EL 1; MRCT]

114.	 Jackson RD, LaCroix AZ, Gass M, et al. Calcium plus vita-
min D supplementation and the risk of fractures. N Engl J Med. 
2006;354:669-683.[EL 1; RCT]

115.	 Bischoff-Ferrari HA, Conzelmann M, Stahelin HB, et al. Is 
fall prevention by vitamin D mediated by a change in postural or 
dynamic balance? Osteoporos Int. 2006;17:656-663.[EL 2; PHAS]

116.	 Pfeifer M, Begerow B, Minne HW, Abrams C, Nachtigall D, 
Hansen C. Effects of a short-term vitamin D and calcium supple-
mentation on body sway and secondary hyperparathyroidism in 
elderly women. J Bone Miner Res. 2000;15:1113-1118.[EL 2; 
NRCT]

117.	 Autier P, Gandini S. Vitamin D supplementation and total mortal-
ity: a meta-analysis of randomized controlled trials. Arch Intern 
Med. 2007;167:1730-1737.[EL 1; MRCT]

118.	 Bischoff-Ferrari HA, Dawson-Hughes B, Orav EJ, et al. 
Monthly high-dose vitamin D treatment for the prevention of 
functional decline: a randomized clinical trial. JAMA Intern Med. 
2016;176:175-183.[EL 1; RCT]

119.	 Sanders KM, Stuart AL, Williamson EJ, et al. Annual high-dose 
oral vitamin D and falls and fractures in older women: a random-
ized controlled trial. JAMA. 2010;303:1815-1822.[EL 1; RCT]

120.	 Heaney RP, Armas LA. Quantifying the vitamin D economy. 
Nutr Rev. 2015;73:51-67.[EL 4; NE]

121.	 Vieth R. How to optimize vitamin D supplementation to prevent 
cancer, based on cellular adaptation and hydroxylase enzymology. 
Anticancer Res. 2009;29:3675-3684.[EL 4; NE]

122.	 Ketha H, Thacher TD, Oberhelman SS, Fischer PR, Singh RJ, 
Kumar R. Comparison of the effect of daily versus bolus dose 
maternal vitamin D3 supplementation on the 24,25-dihydroxyvita-
min D3 25-hydroxyvitamin D3 ratio. Bone. 2018;110:321-325.[EL 
1; RCT]

123.	 Binkley NC, Wiebe DA. It’s time to stop prescribing ergocalcif-
erol. Endocr Pract. 2018;24:1099-1102.[EL 4; NE]

124.	 Tolan NV, Yoon EJ, Brady AR, Horowitz GL. Price of high-
throughput 25-hydroxyvitamin D immunoassays: frequency of 
inaccurate results. J Appl Lab Med. 2018;2:868-879.[EL 3; BR]



40  Postmenopausal Osteoporosis Guidelines, Endocr Pract. 2020;26(Suppl 1) Copyright © 2020 AACE

125.	 Wyness SP, Straseski JA. Performance characteristics of six 
automated 25-hydroxyvitamin D assays: mind your 3s and 2s. Clin 
Biochem. 2015;48:1089-1096.[EL 3; BR]

126.	 Weaver CM, Alexander DD, Boushey CJ, et al. Calcium plus 
vitamin D supplementation and risk of fractures: an updated meta-
analysis from the National Osteoporosis Foundation. Osteoporos 
Int. 2016;27:367-376.[EL 1; MRCT]

127.	 Porthouse J, Cockayne S, King C, et al. Randomised controlled 
trial of calcium and supplementation with cholecalciferol (vita-
min D3) for prevention of fractures in primary care. BMJ. 
2005;330:1003.[EL 1; RCT]

128.	 Shea B, Wells G, Cranney A, et al. Meta-analyses of therapies 
for postmenopausal osteoporosis. VII. Meta-analysis of calcium 
supplementation for the prevention of postmenopausal osteoporo-
sis. Endocr Rev. 2002;23:552-559.[EL 1; MRCT]

129.	 Grant AM, Avenell A, Campbell MK, et al. Oral vitamin D3 
and calcium for secondary prevention of low-trauma fractures in 
elderly people (Randomised Evaluation of Calcium Or vitamin 
D, RECORD): a randomised placebo-controlled trial. Lancet. 
2005;365:1621-1628.[EL 1; RCT]

130.	 Michaëlsson K, Melhus H, Warensjö Lemming E, Wolk A, 
Byberg L. Long term calcium intake and rates of all cause and 
cardiovascular mortality: community based prospective longitudi-
nal cohort study. BMJ. 2013;346:f228.[EL 2; PCS]

131.	 Bolland MJ, Barber PA, Doughty RN, et al. Vascular events 
in healthy older women receiving calcium supplementation: 
randomised controlled trial. BMJ. 2008;336:262-266.[EL 1; RCT]

132.	 Bolland MJ, Avenell A, Baron JA, et al. Effect of calcium 
supplements on risk of myocardial infarction and cardiovascular 
events: meta-analysis. BMJ. 2010;341:c3691.[EL 1; MRCT]

133.	 Bolland MJ, Grey A, Avenell A, Gamble GD, Reid IR. Calcium 
supplements with or without vitamin D and risk of cardiovascular 
events: reanalysis of the Women’s Health Initiative limited access 
dataset and meta-analysis. BMJ. 2011;342:d2040.[EL 1; MRCT]

134.	 Khan SU, Khan MU, Riaz H, et al. Effects of nutritional supple-
ments and dietary intervention on cardiovascular outcomes: an 
umbrella review and evidence map. Ann Intern Med. 2019;171:190-
198.[EL 1; MRCT]

135.	 Bostick RM, Kushi LH, Wu Y, Meyer KA, Sellers TA, Folsom 
AR. Relation of calcium, vitamin D, and dairy food intake to isch-
emic heart disease mortality among postmenopausal women. Am J 
Epidemiol. 1999;149:151-161.[EL 2; ES]

136.	 Zhu K, Devine A, Dick IM, Wilson SG, Prince RL. Effects of 
calcium and vitamin D supplementation on hip bone mineral densi-
ty and calcium-related analytes in elderly ambulatory Australian 
women: a five-year randomized controlled trial. J Clin Endocrinol 
Metab. 2008;93:743-749.[EL 1; RCT]

137.	 Zhu K, Bruce D, Austin N, Devine A, Ebeling PR, Prince RL. 
Randomized controlled trial of the effects of calcium with or with-
out vitamin D on bone structure and bone-related chemistry in 
elderly women with vitamin D insufficiency. J Bone Miner Res. 
2008;23:1343-1348.[EL 1; RCT]

138.	 Langsetmo L, Berger C, Kreiger N, et al. Calcium and vitamin 
D intake and mortality: results from the Canadian Multicentre 
Osteoporosis Study (CaMos). J Clin Endocrinol Metab. 
2013;98:3010-3018.[EL 2; PCS]

139.	 Silverman SL, Cummings SR, Watts NB. Recommendations 
for the clinical evaluation of agents for treatment of osteoporosis: 
consensus of an expert panel representing the American Society for 
Bone and Mineral Research (ASBMR), the International Society 
for Clinical Densitometry (ISCD), and the National Osteoporosis 
Foundation (NOF). J Bone Miner Res. 2008;23:159-165.[EL 4; 
NE]

140.	 Bauer DC. Clinical practice. Calcium supplements and fracture 
prevention. N Engl J Med. 2013;369:1537-1543.[EL 4; NE]

141.	 Prentice RL, Pettinger MB, Jackson RD, et al. Health risks and 
benefits from calcium and vitamin D supplementation: Women’s 
Health Initiative clinical trial and cohort study. Osteoporos Int. 
2013;24:567-580.[EL 2; PHAS]

142.	 Reid IR, Bolland MJ. Calcium supplements: bad for the heart? 
Heart (British Cardiac Society). 2012;98:895-896.[EL 4; NE]

143.	 Bolland MJ, Grey A, Gamble GD, Reid IR. Calcium and vitamin 
D supplements and health outcomes: a reanalysis of the Women’s 

Health Initiative (WHI) limited-access data set. Am J Clin Nutr. 
2011;94:1144-1149.[EL 1; RCT]

144.	 Moyer VA. Vitamin D and calcium supplementation to prevent 
fractures in adults: U.S. Preventive Services Task Force recom-
mendation statement. Ann Intern Med. 2013;158:691-696.[EL 2; 
MNRCT]

145.	 Alaimo K, McDowell MA, Briefel RR, et al. Dietary intake 
of vitamins, minerals, and fiber of persons ages 2 months and 
over in the United States: Third National Health and Nutrition 
Examination Survey, Phase 1, 1988-91. Adv Data. 1994:1-28.[EL 
2; ES]

146.	 Kim MH, Kim EJ, Jung JY, Choi MK. Effect of water-soluble 
silicon supplementation on bone status and balance of calcium and 
magnesium in male mice. Biol Trace Elem Res. 2014;158:238-242.
[EL 3; BR]

147.	 Spencer H, Fuller H, Norris C, Williams D. Effect of magnesium 
on the intestinal absorption of calcium in man. J Am Coll Nutr. 
1994;13:485-492.[EL 2; NRCT]

148.	 Jackson HA, Sheehan AH. Effect of vitamin A on fracture risk. 
Ann Pharmacother. 2005;39:2086-2090.[EL 4; NE]

149.	 Braam LA, Knapen MH, Geusens P, et al. Vitamin K1 supple-
mentation retards bone loss in postmenopausal women between 50 
and 60 years of age. Calcif Tissue Int. 2003;73:21-26.[EL 1; RCT]

150.	 Alexandersen P, Toussaint A, Christiansen C, et al. Ipriflavone 
in the treatment of postmenopausal osteoporosis: a randomized 
controlled trial. JAMA. 2001;285:1482-1488.[EL 1; RCT]

151.	 Atkinson C, Compston JE, Day NE, Dowsett M, Bingham 
SA. The effects of phytoestrogen isoflavones on bone density in 
women: a double-blind, randomized, placebo-controlled trial. Am 
J Clin Nutr. 2004;79:326-333.[EL 1; RCT]

152.	 Gallagher JC, Satpathy R, Rafferty K, Haynatzka V. The 
effect of soy protein isolate on bone metabolism. Menopause. 
2004;11:290-298.[EL 1; RCT]

153.	 Hallstrom H, Wolk A, Glynn A, Michaelsson K. Coffee, tea and 
caffeine consumption in relation to osteoporotic fracture risk in 
a cohort of Swedish women. Osteoporos Int. 2006;17:1055-1064.
[EL 2; ES]

154.	 Kiel DP, Felson DT, Hannan MT, Anderson JJ, Wilson PW. 
Caffeine and the risk of hip fracture: the Framingham Study. Am J 
Epidemiol. 1990;132:675-684.[EL 2; ES]

155.	 Barrett-Connor E, Chang JC, Edelstein SL. Coffee-associated 
osteoporosis offset by daily milk consumption. The Rancho 
Bernardo Study. JAMA. 1994;271:280-283.[EL 2; ES]

156.	 Rizzoli R, Ammann P, Chevalley T, Bonjour JP. Protein intake 
and bone disorders in the elderly. Joint Bone Spine. 2001;68:383-
392.[EL 4; NE]

157.	 Schürch MA, Rizzoli R, Slosman D, Vadas L, Vergnaud P, 
Bonjour JP. Protein supplements increase serum insulin-like 
growth factor-I levels and attenuate proximal femur bone loss 
in patients with recent hip fracture. A randomized, double-blind, 
placebo-controlled trial. Ann Intern Med. 1998;128:801-809.[EL 
1; RCT]

158.	 Kanis JA, Johansson H, Johnell O, et al. Alcohol intake as a risk 
factor for fracture. Osteoporos Int. 2005;16:737-742.[EL 2; ES]

159.	 Giampietro PF, McCarty C, Mukesh B, et al. The role of 
cigarette smoking and statins in the development of postmeno-
pausal osteoporosis: a pilot study utilizing the Marshfield Clinic 
Personalized Medicine Cohort. Osteoporos Int. 2010;21:467-477.
[EL 3; DS]

160.	 Daniell HW. Osteoporosis of the slender smoker. Vertebral 
compression fractures and loss of metacarpal cortex in relation to 
postmenopausal cigarette smoking and lack of obesity. Arch Intern 
Med. 1976;136:298-304.[EL 2; ES]

161.	 Kanis JA, Johnell O, Oden A, et al. Smoking and fracture risk: a 
meta-analysis. Osteoporos Int. 2005;16:155-162.[EL 2; MNRCT]

162.	 Kelley GA, Kelley KS, Tran ZV. Exercise and lumbar spine 
bone mineral density in postmenopausal women: a meta-anal-
ysis of individual patient data. J Gerontol A Biol Sci Med Sci. 
2002;57:M599-M604.[EL 2; ES]

163.	 Gardner MM, Phty M, Robertson MC, McGee R, Campbell 
AJ. Application of a falls prevention program for older people to 
primary health care practice. Prev Med. 2002;34:546-553.[EL 2; 
PCS]



Postmenopausal Osteoporosis Guidelines, Endocr Pract. 2020;26(Suppl 1)  41 Copyright © 2020 AACE

164.	 Robertson MC, Campbell AJ, Gardner MM, Devlin N. 
Preventing injuries in older people by preventing falls: a meta-
analysis of individual-level data. J Am Geriatr Soc. 2002;50:905-
911.[EL 2; MNRCT]

165.	 Wolff I, van Croonenborg JJ, Kemper HC, Kostense PJ, Twisk 
JW. The effect of exercise training programs on bone mass: a 
meta-analysis of published controlled trials in pre- and postmeno-
pausal women. Osteoporos Int. 1999;9:1-12.[EL 2; MNRCT]

166.	 Choi M, Hector M. Effectiveness of intervention programs in 
preventing falls: a systematic review of recent 10 years and meta-
analysis. J Am Med Dir Assoc. 2012;13:188.e113-121.[EL 1; 
MRCT]

167.	 Sherrington C, Whitney JC, Lord SR, Herbert RD, Cumming 
RG, Close JC. Effective exercise for the prevention of falls: 
a systematic review and meta-analysis. J Am Geriatr Soc. 
2008;56:2234-2243.[EL 1; MRCT]

168.	 Kelley GA, Kelley KS, Kohrt WM. Effects of ground and 
joint reaction force exercise on lumbar spine and femoral neck 
bone mineral density in postmenopausal women: a meta-anal-
ysis of randomized controlled trials. BMC Musculoskel Disord. 
2012;13:177.[EL 1; MRCT]

169.	 Scott V, Wagar L, Elliott S. Falls & related injuries among older 
Canadians. Canada.2010. Prepared on behalf of the Public Health 
Agency of Canada, Division of Aging and Seniors. 2011; Victoria, 
BC: Victoria Scott Consulting.[EL 2; ES]

170.	 Gillespie LD, Robertson MC, Gillespie WJ, et al. Interventions 
for preventing falls in older people living in the community. 
Cochrane Database Syst Rev. 2012: CD007146.[EL 4; NE]

171.	 Granacher U, Gollhofer A, Hortobágyi T, Kressig RW, 
Muehlbauer T. The importance of trunk muscle strength for 
balance, functional performance, and fall prevention in seniors: a 
systematic review. Sports Med. 2013;43:627-641.[EL 2; MNRCT]

172.	 Tinetti ME, Speechley M, Ginter SF. Risk factors for falls 
among elderly persons living in the community. N Engl J Med. 
1988;319:1701-1707.[EL 2; PCS]

173.	 Hausdorff JM, Rios DA, Edelberg HK. Gait variability and fall 
risk in community-living older adults: a 1-year prospective study. 
Arch Phys Med Rehabil. 2001;82:1050-1056.[EL 2; PCS]

174.	 Prevention. CfDCa. Web-based Injury Statistics Query System 
(WISQARS): Injury Prevention & Control. Accessed January 15, 
2007. https://www.cdc.gov/injury/wisqars/index.html.[EL 2; ES]

175.	 Centers for Disease Control and Prevention. Fatalities and inju-
ries from falls among older adults-United States, 1993-2003 and 
2001-2005. Morb Mortal Wkly Rep. 2006;55:1221-1224.[EL 2; 
ES]

176.	 da Silva RB, Costa-Paiva L, Morais SS, Mezzalira R, Ferreira 
Nde O, Pinto-Neto AM. Predictors of falls in women with and 
without osteoporosis. J Orthop Sports Phys Ther. 2010;40:582-
588.[EL 2; ES]

177.	 Blain H, Rolland Y, Beauchet O, et al. Usefulness of bone densi-
ty measurement in fallers. Joint Bone Spine. 2014;81:403-408.[EL 
4; NE]

178.	 Briot K, Cortet B, Thomas T, et al. 2012 update of French guide-
lines for the pharmacological treatment of postmenopausal osteo-
porosis. Joint Bone Spine. 2012;79:304-313.[EL 4; NE]

179.	 van Doorn C, Gruber-Baldini AL, Zimmerman S, et al. 
Dementia as a risk factor for falls and fall injuries among nurs-
ing home residents. J Am Geriatr Soc. 2003;51:1213-1218.[EL 2; 
PCS]

180.	 Goodwin VA, Abbott RA, Whear R, et al. Multiple component 
interventions for preventing falls and fall-related injuries among 
older people: systematic review and meta-analysis. BMC Geriatr. 
2014;14:15.[EL 1; MRCT]

181.	 Kemmler W, Häberle L, von Stengel S. Effects of exercise on 
fracture reduction in older adults: a systematic review and meta-
analysis. Osteoporos Int. 2013;24:1937-1950.[EL 2; MNRCT]

182.	 Bischoff-Ferrari HA, Dawson-Hughes B, Staehelin HB, et 
al. Fall prevention with supplemental and active forms of vita-
min D: a meta-analysis of randomised controlled trials. BMJ. 
2009;339:b3692.[EL 1; MRCT]

183.	 Bischoff-Ferrari HA, Dawson-Hughes B, Willett WC, 
et al. Effect of vitamin D on falls: a meta-analysis. JAMA. 
2004;291:1999-2006.[EL 1; MRCT]

184.	 Uusi-Rasi K, Patil R, Karinkanta S, et al. Exercise and vitamin 
D in fall prevention among older women: a randomized clinical 
trial. JAMA Intern Med. 2015;175:703-711.[EL 1; RCT]

185.	 Li WC, Chen YC, Yang RS, Tsauo JY. Effects of exercise 
programmes on quality of life in osteoporotic and osteopenic post-
menopausal women: a systematic review and meta-analysis. Clin 
Rehabil. 2009;23:888-896.[EL 1; MRCT]

186.	 Black DM, Cummings SR, Karpf DB, et al. Randomised trial 
of effect of alendronate on risk of fracture in women with existing 
vertebral fractures. Fracture Intervention Trial Research Group. 
Lancet. 1996;348:1535-1541.[EL 1; RCT]

187.	 Chesnut CH, 3rd, Skag A, Christiansen C, et al. Effects of oral 
ibandronate administered daily or intermittently on fracture risk in 
postmenopausal osteoporosis. J Bone Miner Res. 2004;19:1241-
1249.[EL 1; RCT]

188.	 Harris ST, Watts NB, Genant HK, et al. Effects of risedro-
nate treatment on vertebral and nonvertebral fractures in women 
with postmenopausal osteoporosis: a randomized controlled trial. 
Vertebral Efficacy With Risedronate Therapy (VERT) Study 
Group. JAMA. 1999;282:1344-1352.[EL 1; RCT]

189.	 Reginster J, Minne HW, Sorensen OH, et al. Randomized trial 
of the effects of risedronate on vertebral fractures in women with 
established postmenopausal osteoporosis. Vertebral Efficacy 
with Risedronate Therapy (VERT) Study Group. Osteoporos Int. 
2000;11:83-91.[EL 1; RCT]

190.	 Kanis JA, Barton IP, Johnell O. Risedronate decreases fracture 
risk in patients selected solely on the basis of prior vertebral frac-
ture. Osteoporos Int. 2005;16:475-482.[EL 2; PHAS]

191.	 Chesnut CH, 3rd, Silverman S, Andriano K, et al. A random-
ized trial of nasal spray salmon calcitonin in postmenopausal 
women with established osteoporosis: the prevent recurrence of 
osteoporotic fractures study. PROOF Study Group. Am J Med. 
2000;109:267-276.[EL 1; RCT]

192.	 Ettinger B, Black DM, Mitlak BH, et al. Reduction of verte-
bral fracture risk in postmenopausal women with osteoporosis 
treated with raloxifene: results from a 3-year randomized clini-
cal trial. Multiple Outcomes of Raloxifene Evaluation (MORE) 
Investigators. JAMA. 1999;282:637-645.[EL 1; RCT]

193.	 Cummings SR, San Martin J, McClung MR, et al. Denosumab 
for prevention of fractures in postmenopausal women with osteo-
porosis. N Engl J Med. 2009;361:756-765.[EL 1; RCT]

194.	 Neer RM, Arnaud CD, Zanchetta JR, et al. Effect of parathyroid 
hormone (1-34) on fractures and bone mineral density in postmeno-
pausal women with osteoporosis. N Engl J Med. 2001;344:1434-
1441.[EL 1; RCT]

195.	 Lyles KW, Cólon-Emeric CS, Magaziner JS, et al. Zoledronic 
acid in reducing clinical fracture and mortality after hip fracture.  
N Engl J Med. 2007;357:1799-1809.[EL 1; RCT]

196.	 Black DM, Thompson DE, Bauer DC, et al. Fracture risk reduc-
tion with alendronate in women with osteoporosis: the Fracture 
Intervention Trial. FIT Research Group. J Clin Endocrinol Metab. 
2000;85:4118-4124.[EL 2; PCS]

197.	 Bone HG, Hosking D, Devogelaer JP, et al. Ten years’ experi-
ence with alendronate for osteoporosis in postmenopausal women. 
N Engl J Med. 2004;350:1189-1199.[EL 1; RCT]

198.	 Miller PD, McClung MR, Macovei L, et al. Monthly oral iban-
dronate therapy in postmenopausal osteoporosis: 1-year results 
from the MOBILE study. J Bone Miner Res. 2005;20:1315-1322.
[EL 1; RCT]

199.	 Reginster JY, Adami S, Lakatos P, et al. Efficacy and tolerabil-
ity of once-monthly oral ibandronate in postmenopausal osteo-
porosis: 2 year results from the MOBILE study. Ann Rheum Dis. 
2006;65:654-661.[EL 1; RCT]

200.	 Efficacy and tolerability of intravenous ibandronate injections in 
postmenopausal osteoporosis: 2-year results from the DIVA study. 
J Rheumatol. 2008;35:488-497.[EL 1; RCT]

201.	 McClung MR, Geusens P, Miller PD, et al. Effect of risedro-
nate on the risk of hip fracture in elderly women. Hip Intervention 
Program Study Group. N Engl J Med. 2001;344:333-340.[EL 1; 
RCT]

202.	 Black DM, Delmas PD, Eastell R, et al. Once-yearly zoledronic 
acid for treatment of postmenopausal osteoporosis. N Engl J Med. 
2007;356:1809-1822.[EL 1; RCT]



42  Postmenopausal Osteoporosis Guidelines, Endocr Pract. 2020;26(Suppl 1) Copyright © 2020 AACE

203.	 Sorensen OH, Crawford GM, Mulder H, et al. Long-term effi-
cacy of risedronate: a 5-year placebo-controlled clinical experi-
ence. Bone. 2003;32:120-126.[EL 1; RCT]

204.	 Rossouw JE, Anderson GL, Prentice RL, et al. Risks and bene-
fits of estrogen plus progestin in healthy postmenopausal women: 
principal results From the Women’s Health Initiative randomized 
controlled trial. JAMA. 2002;288:321-333.[EL 1; RCT]

205.	 Black DM, Schwartz AV, Ensrud KE, et al. Effects of continu-
ing or stopping alendronate after 5 years of treatment: the Fracture 
Intervention Trial Long-term Extension (FLEX): a randomized 
trial. JAMA. 2006;296:2927-2938.[EL 1; RCT]

206.	 Dawson-Hughes B, Tosteson AN, Melton LJ, 3rd, et al. 
Implications of absolute fracture risk assessment for osteoporosis 
practice guidelines in the USA. Osteoporos Int. 2008;19:449-458.
[EL 3; ECON]

207.	 Kanis JA, Johansson H, Oden A, Dawson-Hughes B, Melton 
LJ 3rd, McCloskey EV. The effects of a FRAX revision for the 
USA. Osteoporos Int. 2010;21:35-40.[EL 3; DS]

208.	 Ettinger B, Black DM, Dawson-Hughes B, Pressman AR, 
Melton LJ, 3rd. Updated fracture incidence rates for the US 
version of FRAX. Osteoporos Int. 2010;21:25-33.[EL 3; DS]

209.	 Tosteson AN, Melton LJ, 3rd, Dawson-Hughes B, et al. Cost-
effective osteoporosis treatment thresholds: the United States 
perspective. Osteoporos Int. 2008;19:437-447.[EL 3; ECON]

210.	 Saag KG, Shane E, Boonen S, et al. Teriparatide or alendro-
nate in glucocorticoid-induced osteoporosis. N Engl J Med. 
2007;357:2028-2039.[EL 1; RCT]

211.	 Hadji P, Zanchetta JR, Russo L, et al. The effect of teriparatide 
compared with risedronate on reduction of back pain in postmeno-
pausal women with osteoporotic vertebral fractures. Osteoporos 
Int. 2012;23:2141-2150.[EL 1; RCT]

212.	 Kendler DL, Marin F, Zerbini CA, et al. Effects of teriparatide 
and risedronate on new fractures in post-menopausal women with 
sever osteoporosis (VERO): a multicentre, double-blind, double-
dummy, randomised controlled trial. Lancet. 2017;391:230-240.
[EL 1; RCT]

213.	 Saag KG, Petersen J, Brandi ML, et al. Romosozumab or alen-
dronate for fracture prevention in women with osteoporosis. New 
Engl J Med. 2017;377:1417-1427.[EL 1; RCT]

214.	 Roux C, Briot K. Imminent fracture risk. Osteoporos Int. 
2017;28:1765-1769.[EL 4; NE]

215.	 Johansson H, Siggeirsdóttir K, Harvey NC, et al. Imminent risk 
of fracture after fracture. Osteoporos Int. 2017;28:775-780.[EL 2; 
ES]

216.	 Bonafede M, Shi N, Barron R, Li X, Crittenden DB, Chandler 
D. Predicting imminent risk for fracture in patients aged 50 or 
older with osteoporosis using US claims data. Arch Osteoporos. 
2016;11:26-33.[EL 2; ES]

217.	 Deloumeau A, Moltó A, Roux C, Briot K. Determinants of short 
term fracture risk in patients with a recent history of low-trauma 
non-vertebral fracture. Bone. 2017;105:287-291.[EL 2; ES]

218.	 Giangregorio LM, Leslie WD, Lix LM, et al. FRAX underes-
timates fracture risk in patients with diabetes. J Bone Miner Res. 
2012;27:301-308.[EL 2; ES]

219.	 Schwartz AV, Vittinghoff E, Bauer DC, et al. Association of 
BMD and FRAX score with risk of fracture in older adults with 
type 2 diabetes. JAMA. 2011;305:2184-2192.[EL 2; PCS]

220.	 Choi YJ, Ock SY, Chung YS. Trabecular Bone Score (TBS) and 
TBS-adjusted Fracture Risk Assessment Tool are potential supple-
mentary tools for the discrimination of morphometric vertebral 
fractures in postmenopausal women with type 2 diabetes. J Clin 
Densitom. 2016;19:507-514.[EL 2; ES]

221.	 Schacter GI, Leslie WD. DXA-based measurements in diabetes: 
can they predict fracture risk? Calcif Tissue Int. 2017;100:150-164.
[EL 4; NE]

222.	 Cosman F, Eriksen EF, Recknor C, et al. Effects of intravenous 
zoledronic acid plus subcutaneous teriparatide [rhPTH(1-34)] in 
postmenopausal osteoporosis. J Bone Miner Res. 2011;26:503-
511.[EL 1; RCT]

223.	 Cummings SR, Black DM, Thompson DE, et al. Effect of alen-
dronate on risk of fracture in women with low bone density but 
without vertebral fractures: results from the Fracture Intervention 
Trial. JAMA. 1998;280:2077-2082.[EL 1; RCT]

224.	 Watts NB, Harris ST, Genant HK, et al. Intermittent cyclical 
etidronate treatment of postmenopausal osteoporosis. N Engl J 
Med. 1990;323:73-79.[EL 1; RCT]

225.	 Cosman F, Nieves JW, Dempster DW. Treatment Sequence 
Matters: Anabolic and Antiresorptive Therapy for Osteoporosis.  
J Bone Miner Res. 2017;32:198-202.[EL 4; NE]

226.	 Bone HG, Bolognese MA, Yuen CK, et al. Effects of denosumab 
on bone mineral density and bone turnover in postmenopausal 
women. J Clin Endocrinol Metab. 2008;93:2149-2157.[EL 1; 
RCT]

227.	 McClung MR, Wasnich RD, Recker R, et al. Oral daily ibandro-
nate prevents bone loss in early postmenopausal women without 
osteoporosis. J Bonoe Miner Res. 2004;19:11-18.[EL 1; RCT]

228.	 Bauer DC, Black D, Ensrud K, et al. Upper gastrointestinal tract 
safety profile of alendronate: the fracture intervention trial. Arch 
Intern Med. 2000;160:517-525.[EL 1; RCT]

229.	 Atelvia (risedronate sodium) delayed-release tablets. North 
Norwich, NY: Norwich Pharmaceuticals, 2015.[EL 4; O]

230.	 Kidney Disease Improving Global Ooutcomes Work Group. 
KDIGO clinical practice guideline for the diagnosis, evaluation, 
prevention, and treatment of Chronic Kidney Disease-Mineral and 
Bone Disorder (CKD-MBD). Kidney Int Suppl. 2009:S1-130.[EL 
4; NE]

231.	 Jones SG, Dolan G, Lengyel K, Myers B. Severe increase in 
creatinine with hypocalcaemia in thalidomide-treated myeloma 
patients receiving zoledronic acid infusions. Br J Haematol. 
2002;119:576-577.[EL 3; CCS]

232.	 Chang JT, Green L, Beitz J. Renal failure with the use of zole-
dronic acid. N Engl J Med. 2003;349:1676-1679; discussion 1676-
1679.[EL 4; NE]

233.	 Adami S, Bhalla AK, Dorizzi R, et al. The acute-phase 
response after bisphosphonate administration. Calcif Tissue Int. 
1987;41:326-331.[EL 2; PCS]

234.	 Wysowski DK, Chang JT. Alendronate and risedronate: 
reports of severe bone, joint, and muscle pain. Arch Intern Med. 
2005;165:346-347.[EL 4; NE]

235.	 Cardwell CR, Abnet CC, Cantwell MM, Murray LJ. Exposure 
to oral bisphosphonates and risk of esophageal cancer. JAMA. 
2010;304:657-663.[EL 2; ES]

236.	 Green J, Czanner G, Reeves G, Watson J, Wise L, Beral V. 
Oral bisphosphonates and risk of cancer of oesophagus, stomach, 
and colorectum: case-control analysis within a UK primary care 
cohort. BMJ. 2010;341:c4444.[EL 2; RCCS]

237.	 McClung M, Harris ST, Miller PD, et al. Bisphosphonate ther-
apy for osteoporosis: benefits, risks, and drug holiday. Am J Med. 
2013;126:13-20.[EL 4; NE]

238.	 Bone HG, Wagman RB, Brandi ML, et al. 10 years of deno-
sumab treatment in postmenopausal women with osteoporosis: 
results from the phase 3 randomised FREEDOM trial and open-
label extension. Lancet Diabetes Endocrinol. 2017;5:513-523.[EL 
1; RCT]

239.	 Miller PD, Pannacciulli N, Brown JP, et al. Denosumab or zole-
dronic acid in postmenopausal women with osteoporosis previ-
ously treated with oral bisphosphonates. J Clin Endocrinol Metab. 
2016;101:3163-3170.[EL 1; RCT]

240.	 Miller PD, Bolognese MA, Lewiecki EM, et al. Effect of deno-
sumab on bone density and turnover in postmenopausal women 
with low bone mass after long-term continued, discontinued, and 
restarting of therapy: a randomized blinded phase 2 clinical trial. 
Bone. 2008;43:222-229.[EL 1; RCT]

241.	 McClung MR, Lewiecki EM, Geller ML, et al. Effect of deno-
sumab on bone mineral density and biochemical markers of bone 
turnover: 8-year results of a phase 2 clinical trial. Osteoporos Int. 
2013;24:227-235.[EL 2; OLES]

242.	 Bone HG, Chapurlat R, Brandi ML, et al. The effect of three 
or six years of denosumab exposure in women with postmeno-
pausal osteoporosis: results from the FREEDOM extension. J Clin 
Endocrinol Metab. 2013;98:4483-4492.[EL 2; OLES]

243.	 Watts NB, Roux C, Modlin JF, et al. Infections in postmenopaus-
al women with osteoporosis treated with denosumab or placebo: 
coincidence or causal association? Osteoporos Int. 2012;23:327-
337.[EL 2; ES]



Postmenopausal Osteoporosis Guidelines, Endocr Pract. 2020;26(Suppl 1)  43 Copyright © 2020 AACE

244.	 Cummings SR, Ferrari S, Eastell R, et al. Vertebral fractures 
after discontinuation of denosumab: a post hoc analysis of the 
randomized placebo-controlled FREEDOM Trial and its exten-
sion. J Bone Miner Res. 2018;33:190-198.[EL 2; PHAS]

245.	 Anastasilakis AD, Polyzos SA, Makras P, Aubry-Rozier B, 
Kaouri S, Lamy O. Clinical features of 24 patients with rebound-
associated vertebral fractures after denosumab discontinua-
tion: systematic review and additional cases. J Bone Miner Res. 
2017;32:1291-1296.[EL 3; CCS]

246.	 Lamy O, Gonzalez-Rodriguez E, Stoll D, Hans D, Aubry-Rozier 
B. Severe rebound-associated vertebral fractures after denosumab 
discontinuation: 9 clinical case reports. J Clin Endocrinol Metab. 
2017;102:354-358.[EL 3; CCS]

247.	 Fortical (calcitonin-salmon [rDNA origin] Nasal spray for intra-
nasal use [package insert]. Maple Grove, MN: Upsher-Smith 
Laboratories, Inc, 2014.[EL 4; O]

248.	 Miacalcin (calcitonin-salmon) for injection and nasal spray [pack-
age insert]. East Hanover, NJ: Novartis Pharmaceuticals Corp, 
2014.[EL 4; O]

249.	 Wimalawansa SJ. Physiology of calcitonin and its therapeutic 
uses.  Encyclopedia of Endocrine Diseases: Second Edition. 2018: 
178-191.[EL 4; NE]

250.	 Pun KK, Chan LW. Analgesic effect of intranasal salmon calcito-
nin in the treatment of osteoporotic vertebral fractures. Clin Ther. 
1989;11:205-209.[EL 3; CCS]

251.	 Ofluoglu D, Akyuz G, Unay O, Kayhan O. The effect of calci-
tonin on beta-endorphin levels in postmenopausal osteoporotic 
patients with back pain. Clin Rheumatol. 2007;26:44-49.[EL 1; 
RCT]

252.	 Laroche M, Cantogrel S, Jamard B, et al. Comparison of the 
analgesic efficacy of pamidronate and synthetic human calcitonin 
in osteoporotic vertebral fractures: a double-blind controlled study. 
Clin Rheumatol. 2006;25:683-686.[EL 1; RCT]

253.	 Lyritis GP, Paspati I, Karachalios T, Ioakimidis D, Skarantavos 
G, Lyritis PG. Pain relief from nasal salmon calcitonin in osteopo-
rotic vertebral crush fractures. A double blind, placebo-controlled 
clinical study. Acta Orthop Scand Suppl. 1997;275:112-114.[EL 1; 
RCT]

254.	 Lyritis GP, Ioannidis GV, Karachalios T, et al. Analgesic effect 
of salmon calcitonin suppositories in patients with acute pain due 
to recent osteoporotic vertebral crush fractures: a prospective 
double-blind, randomized, placebo-controlled clinical study. Clin 
J Pain. 1999;15:284-289.[EL 1; RCT]

255.	 U.S. Food and Drug Administration. Questions and answers: 
changes to the indicated population for miacalcin (calcitonin-
salmon). December 15, 2014.[EL 4; NE]

256.	 Wells G, Chernoff J, Gilligan JP, Drause DS. Does salmon calci-
tonin cuase cancer? A review and meta-analysis. Osteoporos Int. 
2016;27:13-19.[EL 1; MRCT]

257.	 Evista (raloxifene hydrochloride) tablet for oral use [package 
insert]. Eli Lilly and Co, 2011.[EL 4; O]

258.	 Vogel VG, Costantino JP, Wickerham DL, et al. Effects of 
tamoxifen vs raloxifene on the risk of developing invasive breast 
cancer and other disease outcomes: the NSABP Study of Tamoxifen 
and Raloxifene (STAR) P-2 trial. JAMA. 2006;295:2727-2741.[EL 
1; RCT]

259.	 Barrett-Connor E, Mosca L, Collins P, et al. Effects of raloxi-
fene on cardiovascular events and breast cancer in postmenopausal 
women. N Engl J Med. 2006;355:125-137.[EL 1; RCT]

260.	 Delmas PD, Bjarnason NH, Mitlak BH, et al. Effects of raloxi-
fene on bone mineral density, serum cholesterol concentrations, 
and uterine endometrium in postmenopausal women. N Engl J 
Med. 1997;337:1641-1647.[EL 1; RCT]

261.	 Kawai M, Modder UI, Khosla S, Rosen CJ. Emerging thera-
peutic opportunities for skeletal restoration. Nat Rev Drug Discov. 
2011;10:141-156.[EL 4; NE]

262.	 Pinkerton JV, Harvey JA, Lindsay R, et al. Effects of baze-
doxifene/conjugated estrogens on the endometrium and bone: a 
randomized trial. J Clin Endocrinol Metab. 2014;99:E189-198.
[EL 1; RCT]

263.	 Lindsey R, Gallagher JC, Kagan R, Pickar JH, Constantine 
G. Efficacy of tissue-selective estrogen complex of bazedoxi-
fene/conjugated estrogens for osteoporosis prevention in at-risk 

postmenopausal women. Fertil Steril. 2009;92:1045-1052.[EL 1; 
RCT]

264.	 Kawate H, Takayanagi R. Efficacy and safety of bazedonxifene 
for postmenopausal osteoporosis. Clin Interv Aging. 2011;6:151-
160.[EL 4; NE]

265.	 Silverman SL, Christiansen C, Genant HK, et al. Efficacy of 
bazedoxifene in reducing new vertebral fracture risk in postmeno-
pausal women with osteoporosis: results from a 3-year, random-
ized, placebo-, and active-controlled clinical trial. J Bone Miner 
Res. 2008;23:1923-1934.[EL 1; RCT]

266.	 Palacios S, Silverman SL, de Villiers TJ, et al. A 7-year random-
ized, placebo-controlled trial assessing the long-term efficacy and 
safety of bazedoxifene in postmenopausal women with osteoporo-
sis: effects on bone density and fracture. Menopause (New York, 
NY). 2015;22:806-813.[EL 1; RCT]

267.	 Lello S, Capozzi A, Scambia G. The tissue-selective estrogen 
complex (bazedoxifene/conjugated estrogens) for the treatment of 
menopause. Int J Endocrinol. 2017;2017:5064725.[EL 4; NE]

268.	 Premarin (conjugated estrogens) tablets, USP for oral use [package 
insert]. Philadelphia, PA: Wyeth Pharmaceuticals, Inc., 2014.[EL 
4; O]

269.	 Cauley JA, Robbins J, Chen Z, et al. Effects of estrogen plus 
progestin on risk of fracture and bone mineral density: the Women’s 
Health Initiative randomized trial. JAMA. 2003;290:1729-1738.
[EL 1; RCT]

270.	 Jackson RD, Wactawski-Wende J, LaCroix AZ, et al. Effects of 
conjugated equine estrogen on risk of fractures and BMD in post-
menopausal women with hysterectomy: results from the women’s 
health initiative randomized trial. J Bone Miner Res. 2006;21:817-
828.[EL 1; RCT]

271.	 Tymlos (abaloparatide injection, for subcutaneous use. Waltham, 
MA: Radius Health, Inc., 2017.[EL 4; O]

272.	 Forteo (teriparatide [rDNA origin] injection) for subcutaneous use 
[package insert]. Indianapolis, IN: Eli Lilly and Co, 2012.[EL 4; 
O]

273.	 Miller PD, Hattersley G, Riis BJ, et al. Effect of abaloparatide vs 
placebo on new vertebral fractures in postmenopausal women with 
osteoporosis: a randomized clinical trial. JAMA. 2016;316:722-
733.[EL 1; RCT]

274.	 Watts NB, Miller PD, Kohlmeier LA, et al. Vertebral fracture 
risk is reduced in women who lose femoral neck BMD with terip-
aratide treatment. J Bone Miner Res. 2009;24:1125-1131.[EL 2; 
PHAS]

275.	 Vahle JL, Sato M, Long GG, et al. Skeletal changes in rats given 
daily subcutaneous injections of recombinant human parathyroid 
hormone (1-34) for 2 years and relevance to human safety. Toxicol 
Pathol. 2002;30:312-321.[EL 3; BR]

276.	 Vahle JL, Long GG, Sandusky G, Westmore M, Ma YL, Sato 
M. Bone neoplasms in F344 rats given teriparatide [rhPTH(1-34)] 
are dependent on duration of treatment and dose. Toxicol Pathol. 
2004;32:426-438.[EL 3; BR]

277.	 Harper KD, Krege JH, Marcus R, Mitlak BH. Osteosarcoma 
and teriparatide? J Bone Miner Res. 2007;22:334.[EL 4; NE]

278.	 Subbiah V, Madsen VS, Raymond AK, Benjamin RS, Ludwig 
JA. Of mice and men: divergent risks of teriparatide-induced 
osteosarcoma. Osteoporos Int. 2010;21:1041-1045.[EL 3; SCR]

279.	 Lindsay R, Scheele WH, Neer R, et al. Sustained vertebral fracture 
risk reduction after withdrawal of teriparatide in postmenopausal 
women with osteoporosis. Arch Intern Med. 2004;164:2024-2030.
[EL 2; OLES]

280.	 Black DM, Bilezikian JP, Ensrud KE, et al. One year of alendro-
nate after one year of parathyroid hormone (1-84) for osteoporosis. 
N Engl J Med. 2005;353:555-565.[EL 1; RCT]

281.	 Leder BZ, Tsai JN, Uihlein AV, et al. Denosumab and teripa-
ratide transitions in postmenopausal osteoporosis (the DATA-
Switch study): extension of a randomised controlled trial. Lancet. 
2015;386:1147-1155.[EL 2; OLES]

282.	 Bone HG, Cosman F, Miller PD, et al. ACTIVExtend: 24 
months of alendronate after 18 months of abaloparatide or place-
bo for postmenopausal osteoporosis. J Clin Endocrinol Metab. 
2018;103:2949-2957.[EL 2; OLES]

283.	 Cosman F, Crittenden DB, Adachi JD, et al. Romosozumab 
treatment in postmenopausal women with osteoporosis. N Engl J 
Med. 2016;375:1532-1543.[EL 1; RCT]



44  Postmenopausal Osteoporosis Guidelines, Endocr Pract. 2020;26(Suppl 1) Copyright © 2020 AACE

284.	 Genant HK, Engelke K, Bolognese MA, et al. Effects of romo-
sozumab compared with teriparatide on bone density and mass at 
the spine and hip in postmenopausal women with low bone mass. 
J Bone Miner Res. 2017;32:181-187.[EL 1; RCT]

285.	 Langdahl BL, Libanati C, Crittenden DB, et al. Romosozumab 
(sclerostin monoclonal antibody) versus teriparatide in postmeno-
pausal women with osteoporosis transitioning from oral bisphos-
phonate therapy: a randomised, open-label, phase 3 trial. Lancet. 
2017;390:1585-1594.[EL 1; RCT]

286.	 Lewiecki EM, Blicharski T, Goemaeire S, et al. A phase III 
randomized placebo-controlled trial to evaluate efficacy and safety 
of romosozumab in men with osteoporosis. J Clin Endocrinol 
Metab. 2018;103:3183-3193.[EL 1; RCT]

287.	 Greenspan SL, Maitland LA, Myers ER, Krasnow MB, Kido 
TH. Femoral bone loss progresses with age: a longitudinal study 
in women over age 65. J Bone Miner Res. 1994;9:1959-1965.[EL 
2; CSS]

288.	 Ooms ME, Lips P, Roos JC, et al. Vitamin D status and sex 
hormone binding globulin: determinants of bone turnover and 
bone mineral density in elderly women. J Bone Miner Res. 
1995;10:1177-1184.[EL 2; ES]

289.	 Wasnich RD, Bagger YZ, Hosking DJ, et al. Changes in bone 
density and turnover after alendronate or estrogen withdrawal. 
Menopause. 2004;11:622-630.[EL 1; RCT]

290.	 Gallagher JC, Rapuri PB, Haynatzki G, Detter JR. Effect of 
discontinuation of estrogen, calcitriol, and the combination of 
both on bone density and bone markers. J Clin Endocrinol Metab. 
2002;87:4914-4923.[EL 1; RCT]

291.	 Gourlay ML, Fine JP, Preisser JS, et al. Bone-density testing 
interval and transition to osteoporosis in older women. N Engl J 
Med. 2012;366:225-233.[EL 2; PCS]

292.	 Lewiecki EM, Watts N. Assessing response to osteoporosis thera-
py. Osteoporos Int. 2008;19:1363-1368.[EL 4; NE]

293.	 Lewiecki EM, Randolph LA. How common is loss of bone 
mineral density in elderly clinical practice patients receiving 
oral bisphosphonate therapy for osteoporosis. J Bone Miner Res. 
2002;17:S367.[EL 2; ES]

294.	 Lenchik L, Kiebzak GM, Blunt BA. What is the role of serial 
bone mineral density measurements in patient management? J Clin 
Densitom. 2002;5 suppl:S29-S38.[EL 4; NE]

295.	 Baim S, Wilson CR, Lewiecki EM, Luckey MM, Downs RW 
Jr, Lentle BC. Precision assessment and radiation safety for dual-
energy X-ray absorptiometry: position paper of the International 
Society for Clinical Densitometry. J Clin Densitom. 2005;8:371-
378.[EL 4; NE]

296.	 Kolta S, Ravaud P, Fechtenbaum J, Dougados M, Roux C. 
Follow-up of individual patients on two DXA scanners of the same 
manufacturer. Osteoporos Int. 2000;11:709-713.[EL 2; PCS]

297.	 Shen L, Xie X, Su Y, Luo C, Zhang C, Zeng B. Parathyroid 
hormone versus bisphosphonate treatment on bone mineral density 
in osteoporosis therapy: a meta-analysis of randomized controlled 
trials. PLoS One. 2011;6:e26267.[EL 1; MRCT]

298.	 Simon BR, Parlee SD, Learman BS, et al. Artificial sweeten-
ers stimulate adipogenesis and suppress lipolysis independently of 
sweet taste receptors. J Biol Chem. 2013;288:32475-32489.[EL 2; 
PHAS]

299.	 Schousboe JT, Vokes T, Broy SB, et al. Vertebral fracture 
assessment: the 2007 ISCD official positions. J Clin Densitom. 
2008;11:92-108.[EL 4; NE]

300.	 Schousboe JT, Shepherd JA, Bilezikian JP, Baim S. Executive 
summary of the 2013 International Society for Clinical 
Densitometry position development conference on bone densitom-
etry. J Clin Densitom. 2013;16:455-466.[EL 4; NE]

301.	 Hochberg MC, Ross PD, Black D, et al. Larger increases in bone 
mineral density during alendronate therapy are associated with a 
lower risk of new vertebral fractures in women with postmeno-
pausal osteoporosis. Fracture Intervention Trial Research Group. 
Arthritis Rheum. 1999;42:1246-1254.[EL 2; PCS]

302.	 Watts NB, Cooper C, Lindsay R, et al. Relationship between 
changes in bone mineral density and vertebral fracture risk associ-
ated with risedronate: greater increases in bone mineral density do 
not relate to greater decreases in fracture risk. J Clin Densitom. 
2004;7:255-261.[EL 1; MRCT]

303.	 Chapurlat RD, Palermo L, Ramsay P, Cummings SR. Risk of 
fracture among women who lose bone density during treatment 
with alendronate. The Fracture Intervention Trial. Osteoporos Int. 
2005;16:842-848.[EL 1; RCT]

304.	 Ryg J, Rejnmark L, Overgaard S, Brixen K, Vestergaard P. 
Hip fracture patients at risk of second hip fracture: a nationwide 
population-based cohort study of 169,145 cases during 1977-2001. 
J Bone Miner Res. 2009;24:1299-1307.[EL 2; ES]

305.	 Black DM, Arden NK, Palermo L, Pearson J, Cummings SR. 
Prevalent vertebral deformities predict hip fractures and new 
vertebral deformities but not wrist fractures. Study of Osteoporotic 
Fractures Research Group. J Bone Mineral Res. 1999;14:821-828.
[EL 2; PCS]

306.	 Gallagher JC, Genant HK, Crans GG, Vargas SJ, Krege JH. 
Teriparatide reduces the fracture risk associated with increasing 
number and severity of osteoporotic fractures. J Clin Endocrinol 
Metab. 2005;90:1583-1587.[EL 2; PHAS]

307.	 Lewiecki EM, Cummings SR, Cosman F. Treat-to-target 
for osteoporosis: is now the time? J Clin Endocrinol Metab. 
2013;98:946-953.[EL 4; NE]

308.	 Cummings SR, Cosman F, Eastell R, Reid IR, Mehta M, 
Lewiecki EM. Goal-directed treatment of osteoporosis. J Bone 
Miner Res. 2013;28:433-438.[EL 4; NE]

309.	 Bouxsein ML. Mechanisms of osteoporosis therapy: a bone 
strength perspective. Clin Cornerstone. 2003;Suppl 2:S13-21.[EL 
4; NE]

310.	 Tosteson AN, Grove MR, Hammond CS, et al. Early discontinu-
ation of treatment for osteoporosis. Am J Med. 2003;115:209-216.
[EL 2; ES]

311.	 Woo SB, Hellstein JW, Kalmar JR. Narrative [corrected] review: 
bisphosphonates and osteonecrosis of the jaws. Ann Intern Med. 
2006;144:753-761.[EL 4; NE]

312.	 Bilezikian JP. Osteonecrosis of the jaw--do bisphosphonates pose 
a risk? N Engl J Med. 2006;355:2278-2281.[EL 4; NE]

313.	 Khosla S, Burr D, Cauley J, et al. Bisphosphonate-associated 
osteonecrosis of the jaw: report of a task force of the American 
Society for Bone and Mineral Research. J Bone Miner Res. 
2007;22:1479-1491.[EL 4; NE]

314.	 Khan AA, Morrison A, Hanley DA, et al. Diagnosis and manage-
ment of osteonecrosis of the jaw: a systematic review and interna-
tional consensus. J Bone Miner Res. 2015;30:3-23.[EL 4; NE]

315.	 Watts N, Grbic JT, Binkley N, et al. Invasive oral procedures 
and events in postmenopausal women with osteoporosis treated 
with denosumab for up to 10 years. J Clin Endocrinol Metab. 
2019;104:2443-2452.[EL 1; RCT]

316.	 Ruggiero SL, Dodson TB, Fantasia J, et al. American Association 
of Oral and Maxillofacial Surgeons position paper on medication-
related osteonecrosis of the jaw--2014 update. J Oral Maxillofac 
Surg. 2014;72:1938-1956.[EL 4; NE]

317.	 Lenart BA, Neviaser AS, Lyman S, et al. Association of low-
energy femoral fractures with prolonged bisphosphonate use: 
a case control study. Osteoporos Int. 2009;20:1353-1362.[EL 2; 
RCCS]

318.	 Shane E, Burr D, Abrahamsen B, et al. Atypical subtrochanteric 
and diaphyseal femoral fractures: second report of a task force 
of the American Society for Bone and Mineral Research. J Bone 
Miner Res. 2014;29:1-23.[EL 4; NE]

319.	 Schilcher J, Koeppen V, Aspenberg P, Michëelsson K. Risk of 
atypical femoral fracture during and after bisphosphonate use.  
N Engl J Med. 2014;371:974-976.[EL 4; NE]

320.	 Adler R. Management of endocrine disease: Atypical femoral 
fractures: risks and benefits of long-term treatment of osteoporo-
sis with anti-resorptive therapy. Eur J Endocrinol. 2018;178:R81-
R87.[EL 4; NE]

321.	 Black DM, Rosen CJ. Clinical Practice. Postmenopausal 
Osteoporosis. N Engl J Med. 2016;374:254-262.[EL 4; NE]

322.	 Shane E, Burr D, Ebeling PR, et al. Atypical subtrochanteric 
and diaphyseal femoral fractures: report of a task force of the 
American Society for Bone and Mineral Research. J Bone Miner 
Res. 2010;25:2267-2294.[EL 4; NE]

323.	 Kim SY, Schneeweiss S, Katz JN, Levin R, Solomon DH. 
Oral bisphosphonates and risk of subtrochanteric or diaphyseal 
femur fractures in a population-based cohort. J Bone Miner Res. 
2011;26:993-1001.[EL 2; ES]



Postmenopausal Osteoporosis Guidelines, Endocr Pract. 2020;26(Suppl 1)  45 Copyright © 2020 AACE

324.	 Kharazmi M, Hallberg P, Schilcher J, Aspenberg P, 
Michëelsson K. Mortality after atypical femoral fractures: a 
cohort study. J Bone Miner Res. 2016;31:491-497.[EL 2; ES]

325.	 Chiang CY, Zebaze RM, Ghasem-Zadeh A, Juliano-Burns S, 
Hardidge A, Seeman E. Teriparatide improves bone quality and 
healing of atypical femoral fractures associated with bisphospho-
nate therapy. Bone. 2013;52:360-365.[EL 2; PCS]

326.	 Miyakoshi N, Alzawa T, Sasaki S, et al. Healting of bisphospho-
nate-associated atypical femoral fractures in patients with osteopo-
rosis: a comparison between treatment with and without teripara-
tide. J Bone Miner Metab. 2015;33:553-559.[EL 2; ES]

327.	 Watts NB, Aggers D, McCarthy EF, et al. Responses to treat-
ment with teriparatide in patients with atypical femur fractures 
previously treated with bisphosphonates. J Bone Miner Res. 
2017;32:1027-1033.[EL 2; PCS]

328.	 Adler RA, El-Hajj Fuleihan G, Bauer DC, et al. Managing 
osteoporosis in patients on long-term bisphosphonate treatment: 
report of a Task Force of the American Society for Bone and 
Mineral Research. J Bone Miner Res. 2016;31:16-35.[EL 4; NE]

329.	 Schwartz AV, Bauer DC, Cummings SR, et al. Efficacy of 
continued alendronate for fractures in women with and without 
prevalent vertebral fracture: the FLEX trial. J Bone Miner Res. 
2010;25:976-982.[EL 2; PHAS]

330.	 Cosman F, Cauley JA, Eastell R, et al. Reassessment of frac-
ture risk in women after 3 years of treatment with zoledronic acid: 
when is it reasonable to discontinue treatment? J Clin Endocrinol 
Metab. 2014;99:4546-4554.[EL 1; RCT]

331.	 Black DM, Reid IR, Cauley JA, et al. The effect of 6 versus 9 
years of zoledronic acid treatment in osteoporosis: a randomized 
second extension to the HORIZON-Pivotal Fracture Trial (PFT).  
J Bone Miner Res. 2015;30:934-944.[EL 1; RCT]

332.	 Black DM, Reid IR, Boonen S, et al. The effect of 3 versus 6 
years of zoledronic acid treatment of osteoporosis: a randomized 
extension to the HORIZON-Pivotal Fracture Trial (PFT). J Bone 
Miner Res. 2012;27:243-254.[EL 1; RCT]

333.	 Mignot MA, Taisne N, Legroux I, Cortet B, Paccou J. 
Bisphosphonate drug holidays in postmenopausal osteoporosis: 
effect on clinical fracture risk. Osteoporos Int. 2017;28:3431-
3438.[EL 2; ES]

334.	 Bindon B, Adams W, Balasubramanian N, Sandhu J, Camacho 
P. Osteoporotic fractures during bisphosphonate drug holiday. 
Endocr Pract. 2018;24:163-169.[EL 2; ES]

335.	 Russell RG. Bisphosphonates: the first 40 years. Bone. 2011;49:2-
19.[EL 4; NE]

336.	 Compston JE, Watts NB. Combination therapy for postmeno-
pausal osteoporosis. Clin Endocrinol. 2002;56:565-569.[EL 1; 
MRCT]

337.	 Black DM, Greenspan SL, Ensrud KE, et al. The effects of para-
thyroid hormone and alendronate alone or in combination in post-
menopausal osteoporosis. N Engl J Med. 2003;349:1207-1215.[EL 
1; RCT]

338.	 Leder BZ, Tsai JN, Uihlein AV, et al. Two years of denosum-
ab and teriparatide administration in postmenopausal women 
with osteoporosis (The DATA Extension Study): a randomized 
controlled trial. J Clin Endocrinol Metab. 2014;99:1694-1700.[EL 
1; RCT]

339.	 Rittmaster RS, Bolognese M, Ettinger MP, et al. Enhancement 
of bone mass in osteoporotic women with parathyroid hormone 
followed by alendronate. J Clin Endocrinol Metab. 2000;85:2129-
2134.[EL 1; RCT]

340.	 Deal C, Omizo M, Schwartz EN, et al. Combination teriparatide 
and raloxifene therapy for postmenopausal osteoporosis: results 
from a 6-month double-blind placebo-controlled trial. J Bone 
Miner Res. 2005;20:1905-1911.[EL 1; RCT]

341.	 Finkelstein JS, Hayes A, Hunzelman JL, Wyland JJ, Lee H, 
Neer RM. The effects of parathyroid hormone, alendronate, or 
both in men with osteoporosis. N Engl J Med. 2003;349:1216-
1226.[EL 1; RCT]

342.	 Bone HG, Bolognese M, Yuen CK, et al. Effects of denosumab 
treatment and discontinuation on bone mineral density and bone 
turnover markers in postmenopausal women with low bone mass. 
J Clin Endocrinol Metab. 2011;96:972-980.[EL 1; RCT]

343.	 Freemantle S, Satram-Hoang S, Tang E-T, et al. Final results of 
the DAPS (Denosumab Adherence Preference Satisfaction) study: 

a 24-month, randomized, crossover comparison with alendronate 
in postmenopausal women. Osteoporos Int. 2012;23:317-326.[EL 
1; RCT]

344.	 Diab DL, Watts NB. Postmenopausal osteoporosis. Curr Opin 
Endocrinol Diabetes Obes. 2013;20:501-509.[EL 4; NE]

345.	 Cummings SR, Ferrari S, Eastell R, et al. Vertebral fractures 
after discontinuation of denosumab: a post hoc analysis of the 
randomized placebo-controlled FREEDOM Trial and its exten-
sion. J Bone Miner Res. 2018;33:190-198.[EL 2; PHAS]

346.	 Boonen S, Marin F, Obermayer-Pietsch B, et al. Effects of previ-
ous antiresorptive therapy on the bone mineral density response to 
two years of teriparatide treatment in postmenopausal women with 
osteoporosis. J Clin Endocrinol Metab. 2008;93:852-860.[EL 2; 
ES]

347.	 Kallmes DF, Comstock BA, Heagerty PJ, et al. A randomized 
trial of vertebroplasty for osteoporotic spinal fractures. N Engl J 
Med. 2009;361:569-579.[EL 1; RCT]

348.	 Buchbinder R, Osborne RH, Ebeling PR, et al. A randomized 
trial of vertebroplasty for painful osteoporotic vertebral fractures. 
N Engl J Med. 2009;361:557-568.[EL 1; RCT]

349.	 Staples MP, Kallmes DF, Comstock BA, et al. Effectiveness of 
vertebroplasty using individual patient data from two randomised 
placebo controlled trials: meta-analysis. BMJ. 2011;343:d3952.
[EL 1; MRCT]

350.	 Kroon F, Staples M, Ebeling PR, et al. Two-year results of a 
randomized placebo-controlled trial of vertebroplasty for acute 
osteoporotic vertebral fractures. J Bone Miner Res. 2014;29:1346-
1355.[EL 1; RCT]

351.	 Blasco J, Martinez-Ferrer A, Macho J, et al. Effect of verte-
broplasty on pain relief, quality of life, and the incidence of new 
vertebral fractures: a 12-month randomized follow-up, controlled 
trial. J Bone Miner Res. 2012;27:1159-1166.[EL 1; RCT]

352.	 Klazen CA, Venmans A, de Vries J, et al. Percutaneous vertebro-
plasty is not a risk factor for new osteoporotic compression frac-
tures: results from VERTOS II. Am J Neuroradiol. 2010;31:1447-
1450.[EL 1; RCT]

353.	 Bóuza C, Lopez-Cuadrado T, Almendro N, Amate JM. Safety 
of balloon kyphoplasty in the treatment of osteoporotic vertebral 
compression fractures in Europe: a meta-analysis of randomized 
controlled trials. Eur Spine J. 2015;24:715-723.[EL 1; MRCT]

354.	 Aghamirsalim M, Sorbi R. Do the hospitalized patients with 
osteoporotic fractures require endocrinologists’ help? J Endocrinol 
Invest. 2012;35:992-995.[EL 2; ES]

355.	 Bell K, Strand H, Inder WJ. Effect of a dedicated osteoporo-
sis health professional on screening and treatment in outpatients 
presenting with acute low trauma non-hip fracture: a systematic 
review. Arch Osteoporos. 2014;9:167.[EL 4; NE]

356.	 Radonich M. Communicating radiation risk to the public.  
Community Environmental Monitoring Program 25th Anniversary 
Annual Workshop: National Service Center Publications (NSCEP), 
2006.[EL 4; NE]

357.	 Edwards A, Elwyn G. How should effectiveness of risk commu-
nication to aid patients’ decisions be judged? A review of the litera-
ture. Med Decis Making. 1999;19:428-434.[EL 4; NE]

358.	 Charles CA, Whelan T, Gafni A, Willan A, Farrell S. Shared 
treatment decision making: what does it mean to physicians? J Clin 
Oncol. 2003;21:932-936.[EL 2; ES]

359.	 Charles C, Gafni A, Whelan T. Decision-making in the physi-
cian-patient encounter: revisiting the shared treatment decision-
making model. Social science & medicine (1982). 1999;49:651-
661.[EL 4; NE]

360.	 Charles C, Gafni A, Whelan T. Shared decision-making in the 
medical encounter: what does it mean? (or it takes at least two to 
tango). Soc Sci Med. 1997;44:681-692.[EL 4; NE]

361.	 Lewiecki EM. Risk communication and shared decision making 
in the care of patients with osteoporosis. J Clin Densitom. 
2010;13:335-345.[EL 4; NE]

362.	 Dowd R, Recker RR, Heaney RP. Study subjects and ordinary 
patients. Osteoporos Int. 2000;11:533-536.[EL 2; ES]

363.	 Trevena LJ, Davey HM, Barratt A, Butow P, Caldwell P.  
A systematic review on communicating with patients about 
evidence. J Eval Clin Pract. 2006;12.[EL 2; MNRCT]

364.	 Boudreau JD, Cassell E, Fuks A. Preparing medical students to 
become attentive listeners. Med Teach. 2009;31:22-29.[EL 4; NE]



46  Postmenopausal Osteoporosis Guidelines, Endocr Pract. 2020;26(Suppl 1) Copyright © 2020 AACE

365.	 Hudson B, Toop L, Mangin D, Pearson J. Risk communication 
methods in hip fracture prevention: a randomised trial in primary 
care. Br J Gen Pract. 2011;61:e469-e476.[EL 1; RCT]

366.	 Montori VM, Shah ND, Pencille LJ, et al. Use of a decision aid 
to improve treatment decisions in osteoporosis: the osteoporosis 
choice randomized trial. Am J Med. 2011;124:549-556.[EL 1; 
RCT]

367.	 Clowes JA, Peel NF, Eastell R. The impact of monitoring on 
adherence and persistence with antiresorptive treatment for post-
menopausal osteoporosis: a randomized controlled trial. J Clin 
Endocrinol Metab. 2004;89:1117-1123.[EL 1; RCT]

368.	 Briot K, Ravaud P, Dargent-Molina P, Zylberman M, 
Liu-Leage S, Roux C. Persistence with teriparatide in postmeno-
pausal osteoporosis; impact of a patient education and follow-up 
program: the French experience. Osteoporos Int. 2009;20:625-
630.[EL 2; PCS]

369.	 Schilcher J, Michaëlsson K, Aspenberg P. Bisphosphonate 
use and atypical fractures of the femoral shaft. N Engl J Med. 
2011;364:1728-1737.[EL 2; ES]

370.	 Hansen D, Bazell C, Pelizzari P, Pyenson B. Medicare cost of 
osteoporotic fractures: The clinical and cost burden of an impor-
tant consequence of osteoporosis. Available at: http://www. 
milliman.com/insight/2019/Medicare-cost-of-osteoporotic-
fractures. Accessed October 2019.[EL 4; NE]

371.	 Kanis JA, Oden A, Johnell O, Jonsson B, de Laet C, Dawson 
A. The burden of osteoporotic fractures: a method for setting inter-
vention thresholds. Osteoporos Int. 2001;12:417-427.[EL 2; ES]

372.	 International Collaborative Study of Severe Anaphylaxis. Risk 
of anaphylaxis in a hospital population in relation to the use of 
various drugs: an international study. Pharmacoepidemiol Drug 
Saf. 2003;12:195-202.[EL 2; RCCS]

373.	 American Dental Association Council on Scientific Affairs. 
Dental management of patients receiving oral bisphospho-
nate therapy: expert panel recommendations. J Am Dent Assoc. 
2006;137:1144-1150.[EL 4; NE]



Page 1 of 12

© Annals of Joint. All rights reserved. Ann Joint 2023;8:25 | https://dx.doi.org/10.21037/aoj-23-2

Review Article

A narrative review of the pharmaceutical management of 
osteoporosis

Devon Patel1, Courtney Gorrell1, Jordan Norris1, Jiayong Liu2^

1Department of Medical Education, University of Toledo College of Medicine and Life Sciences, Toledo, OH, USA; 2Department of Orthopaedic 

Surgery, University of Toledo Medical Center, Toledo, OH, USA 

Contributions: (I) Conception and design: J Liu; (II) Administrative support: J Liu; (III) Provision of study materials or patients: All authors; (IV) 

Collection and assembly of data: D Patel, C Gorrell, J Norris; (V) Data analysis and interpretation: D Patel, C Gorrell, J Norris; (VI) Manuscript 

writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Jiayong Liu, MD. Associate Professor, Department of Orthopaedic Surgery, University of Toledo Medical Center, 3065 Arlington 

Avenue, Toledo, OH 43614, USA. Email: jiayong.liu@utoledo.edu.
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measures and treatments exist for targeting bone loss. Here we review and summarize the literature 
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Introduction

Background

A 2014 study reported a 10.3% prevalence of osteoporosis 
among Americans 50 years  or  older,  equating to  
10.2 million people, with an additional 43.4 million 
experiencing low bone mass (1). Additionally, the annual 
healthcare cost of osteoporosis and related fractures 
was estimated to be $16 billion in 2008 (2). These costs 
are predicted to increase to $25.3 billion by 2025, with 
approximately 3 million fractures caused by the disorder (3).  
Deformities including kyphosis and related height loss 
often accompany senile osteoporosis (4). These financial 
and physical burdens are likely to grow along with the aging 
population in the coming years.

Rationale and knowledge gap 

Current treatments for osteoporosis include lifestyle 
modification, pharmacological management, minimally 
invasive procedures, and extensive surgical treatments. 
However, only pharmacological management is recognized 
as treatment for the cause. There is limited literature that 
provides the efficacy of various medications for osteoporosis 
and other relevant pharmacological data in a single 
compiled manuscript.

Objective

The aim of this review is to focus on the pharmacological 
management of osteoporosis to provide a succinct source of 
data for practitioners. This review begins with an overview 
of osteoporosis and its diagnosis, then we discuss the 
specific medications that can be used to treat osteoporosis, 
starting with the first-line treatment of bisphosphonates 
and denosumab and then hormonal therapy. The efficacy 
of the various medications will also be discussed, along with 
comparisons between first- and second-line treatments. 
Finally, we present lifestyle modifications and nutrient 
supplementations that can influence the pathogenesis of 
osteoporosis. We present this article in accordance with the 
Narrative Review reporting checklist (available at https://
aoj.amegroups.org/article/view/10.21037/aoj-23-2/rc).

Methods

A comprehensive search of PubMed and Google Scholar 
was conducted for articles published between 1980 and 

2021 in English (Table 1 and Table S1). Search terms 
included “osteoporosis”, “senile osteoporosis”, “osteoporosis 
pharmacology”, and “treatment”. Other relevant keywords 
were included in various combinations for searches. Articles 
were also collected by critically examining the reference 
lists of publications found in the database search. Exclusion 
criteria included cadaveric studies.

Discussion 

Pathophysiology

Osteoporosis may be of a primary or secondary origin, 
with primary osteoporosis arising more frequently in post-
menopausal women but affecting both sexes in old age 
as bone density and estrogen levels naturally decline (5). 
Secondary osteoporosis results when the decreased bone 
density is due to another conduction, such as hypogonadism 
or celiac disease, or medications, such as glucocorticoids (6).

Osteoporosis reduces bone volume and integrity, 
rendering patients vulnerable to fracture and deformity. 
This can be attributed to an imbalance of osteoblast and 
osteoclast activity, which results in unequal bone formation 
and bone reabsorption, respectively (7). Estrogen deficiency 
may also lead to osteoporosis as estrogen plays an important 
role in increasing the storage pool of pre-osteoclasts, as well 
as upregulating transforming growth factor beta (TGF-β), 
a cytokine that decreases osteoclast activity. Calcium and 
vitamin D deficiencies also increase the risk of developing 
osteoporosis because when less calcium is absorbed from 
the intestinal tract, there is an increased release of stored 
calcium via osteoclasts in bones to increase serum calcium. 
The increased osteoclastic activity causes further bone loss 
and an increased risk of fractures (5).

It is estimated that 1 in 2 women along with up to 1 in 
4 men 50 years old and older living with osteoporosis will 
break a bone due to the disorder. Since osteoporosis weakens 
bone strength, bone fractures are typically the first sign of 
the disorder, as one is not able to feel their bones weakening. 
These fractures are mostly seen in the hip, distal radius, and 
spine. While these are the frequently seen fractures, there 
has been an increase in the number of fractures and the 
types of fractures that should be considered osteoporotic (4).  
Those who experience a fracture are at an increased risk of 
subsequent fractures in the future: 10% within one year, 
18% within two years, and 31% within 5 years (8). Kyphosis 
is another sign seen in those with osteoporosis, which can 
lead to visible height loss (4).

https://aoj.amegroups.org/article/view/10.21037/aoj-23-2/rc
https://aoj.amegroups.org/article/view/10.21037/aoj-23-2/rc
https://cdn.amegroups.cn/static/public/AOJ-23-2-Supplementary.pdf
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Diagnosis

Fractures are typically the first indicator of osteoporosis, 
as age-related loss of bone density is otherwise difficult to 
perceive. Estimates of bone mineral density (BMD) can be 
made using noninvasive dual-energy X-ray absorptiometry 
(DEXA). The National Osteoporosis Foundation (NOF) 
recommends BMD testing via DEXA based on age, sex, and 
risk factors (9) (Table 2). After diagnosis and initiation of 
therapy, BMD testing should be repeated every two years, 
and more often in the case of recurring fractures (10). The 
time between scans can also be increased to 15 years in 
patients with normal BMD or mild osteopenia or five years 
in patients with moderate osteopenia (11). Osteopenia can 
be distinguished from osteoporosis by the T-score of BMD 
testing, with a T-score between −1.01 and −2.49 indicating 
osteopenia and −2.50 or lower being osteoporosis (11). 

While it is important to note that BMD test results do not 
always correlate with fracture probability, early identification 
of low BMD can inform preventative clinical decision-
making (12).

Pharmacological management

First line—bisphosphonates
Mechanism of action and efficacy
Bisphosphonates are Food and Drug Administration (FDA)-
approved for the prevention and treatment of osteoporosis. 
Due to their high affinity for bone mineral and ability to 
bind to hydroxyapatite crystals, these drugs work well to 
inhibit osteoclast activation and decrease bone resorption, 
thereby decreasing bone loss (13-15). The mechanism 
of action for bisphosphonates varies by generation due 
to the difference in structure. First-generation non-
nitrogen-containing bisphosphonates are incorporated 
into nonhydrolyzable adenosine triphosphate (ATP) 
once taken up by osteoclasts on the bone surface. These 
nonhydrolyzable ATP accumulate, inhibiting numerous 
ATP-dependent cellular processes, which leads to osteoclast 
apoptosis. Examples of first-generation bisphosphonates 
include etidronate, clodronate, and tiludronate. Second- 
and third-generation bisphosphonates, also called 
aminobisphosphonates, contain a nitrogen side chain, which 
allows the drug to inhibit the continuation of the mevalonic 
acid pathway by binding to and inactivating farnesyl 

Table 1 The search strategy summary

Items Specification

Date of search March 30, 2022

Databases and other sources searched PubMed, Google Scholar

Search terms used Osteoporosis, Osteoporosis treatment, Senile osteoporosis, Osteoporosis pharmacology, 
Osteoporosis medication, Bisphosphonate, Alendronate, Ibandronate, Risedronate, 
Zoledronate, Denosumab, Raloxifene, Teriparatide, Abaloparatide, Calcitonin

Timeframe 1980–2021

Inclusion and exclusion criteria Inclusion criteria: (I) written in English; (II) reporting various outcome measurements of 
different medications; (III) peer-reviewed

Exclusion criteria: (I) articles not written in English; (II) studies only reporting drug-induced 
osteoporosis; (III) posters or abstracts at annual meetings; (IV) graduate theses without  
peer-reviewed publication of an article

Selection process Three authors independently reviewed the title and abstracts of each article identified in 
the search. If the articles were appropriate and additional information was necessary, full-
text articles were retrieved and data were extracted. If three authors differed on whether to 
include an article, the fourth author was consulted to achieve consensus

Table 2  National Osteoporosis Foundation DEXA scan 
recommendations

Women Men

Age 65 and older Age 70 and older

Age below 65 and  
post-menopausal

Age 50–69 with risk factors

Age 50 and older with history of 
fracture in adulthood

DEXA, dual-energy X-ray absorptiometry.
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pyrophosphate synthase. This disruption further causes 
inhibition of posttranslational modifications of proteins, 
causing osteoclast apoptosis. Alendronate, risedronate, 
ibandronate, pamidronate, and zoledronic acid are a few of 
the second- and third-generation bisphosphonates. Another 
differentiation between the classes of drugs is what cells 
they target. Non-nitrogen-containing bisphosphonates can 
affect mammalian cells expressing farnesyl pyrophosphate 
synthase, whereas nitrogen-containing-bisphosphonates 
only cause apoptosis in osteoclasts due to their selective 
affinity to bone mineral (15). This differentiation could 
be a contributing factor to why nitrogen-containing 
bisphosphonates are the favorable choice for the treatment 
of osteoporosis. 

Bisphosphonates can be administered orally after a 
prolonged fast with water and nothing by mouth for 
30–60 minutes after or given intravenously (16). The most 
common side effects are gastrointestinal, including reflux 
and esophagitis (17). Some rare adverse complications 
of bisphosphonates include osteonecrosis of the jaw and 
atypical fractures (16). The use of bisphosphonates and 
osteonecrosis of the jaw appear to be more prevalent in 
patients with cancer, but a causal linkage has not been 
established due to the small number of cases. Similarly, 
more conclusive data are needed to associate atypical 
fractures and bisphosphonates as some reports make it 
difficult to distinguish if the cause of these fractures is due 
to the medication use or osteoporosis. Despite having a 
short plasma half-life, bisphosphonates can remain in bone 
for years (16,18). 

Alendronate, an aminobisphosphonate, is one of the most 
popular prescribed medications for osteoporosis treatment, 
with approximately 2.01 million US patients estimated 
to be taking the drug in 2020, according to the Medical 
Expenditure Panel Survey (MEPS) administered by the 
Agency for Healthcare Research and Quality (AHRQ) (19). 
Specifically, for postmenopausal osteoporosis, alendronate 
has been the most popular anti-osteoporosis drug since 
1996 (20). Alendronate decreases the risk of vertebral, non-
vertebral, and hip fractures in postmenopausal women when 
compared to calcium and vitamin D supplementation (21). 
Over two years, daily administration of alendronate, 10 mg, 
increased BMD in the lumbar spine and total hip by 7.4% 
and 4.3%, respectively (Table 3). This was a slightly higher 
increase when compared to a once-weekly administration 
of alendronate, 70 mg, with lumbar spine and total hip 
results of 6.8% and 4.1%, respectively. Because these two 
administration frequencies are therapeutically equivalent, 

it is suggested to prescribe the once-weekly regimen as it is 
more convenient and can enhance compliance (40,41).

In terms of fracture risk for postmenopausal women, daily 
alendronate for one year provided a 47% risk reduction 
in nonvertebral fractures relative to a placebo (42). Daily 
alendronate can be tolerable for an extended period, with 
some treatments lasting up to 10 years. During a 10-year 
treatment of 10 mg daily alendronate, an increase in BMD 
was seen, with the greatest in the lumbar spine (13.7%), 
followed by the trochanter (10.3%), total proximal femur 
(6.7%), and femoral neck (5.4%) (22).

In men with osteoporosis, alendronate significantly 
increases the BMD of the spine, hip, and total body, along 
with decreasing the incidence of vertebral fractures over 
nonvertebral fractures (23,24).

Another aminobisphosphonate that can be used in 
osteoporosis treatment is ibandronate. Ibandronate can 
significantly increase BMD after 12 months of treatment. 
Administration of ibandronate in postmenopausal women 
after a cementless total hip arthroplasty can decrease the 
amount of bone loss within six months (43). Of note, 
ibandronate has been shown to only prevent spinal fractures 
and not hip or non-vertebral fractures, despite increasing 
BMD (21,44).

Risedronate is a third-generation aminobisphosphonate 
that is suggested to be one of the first bisphosphonates 
prescribed when treating osteoporosis. Over three years, 
risedronate has been shown to reduce the rate of vertebral 
fractures by 41% and nonvertebral fractures by 39% (25). 
In terms of BMD, when compared to placebo, risedronate 
had a greater effect on increasing the BMD of the lumbar 
spine, femoral neck, femoral trochanter, and midshaft of the 
radius (25). For women with osteoporosis, between the ages 
of 70–79, the incidence of hip fractures when treated with 
risedronate is notably lower than the placebo group, 1.9% 
and 3.2% respectively (45). Risedronate is more potent than 
alendronate, but overall leads to less of an increase in BMD; 
however, it remains a viable treatment, especially when 
considering patients who cannot tolerate the gastrointestinal 
side effects of alendronate (21,46,47).

Zoledronate is an intravenous aminobisphosphonate that 
can be administered once yearly and has the highest potency 
in its class. In postmenopausal women, it considerably 
decreased the risk of morphometric vertebral fracture by 
70% and hip fractures by 41%. Zoledronate was also shown 
to decrease the risk of nonvertebral and clinical vertebral 
fractures by 25% and 77%, respectively. Additionally, it 
markedly increased the BMD of the total hip (6.02%), 
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Table 3 Commonly prescribed anti-osteoporosis medications and their clinical outcomes (16,22-39)

Drug
Mean effect on BMD Mean effect on fracture risk/incidence

Lumbar spine Total hip Femur Radius Vertebral Nonvertebral Hip

Bisphosphonate

Alendronate 
(Fosamax) 

↑ 7.1–7.4% ↑ 4.3% Trochanter: – RR =0.41 – –

Over 2 years†a Over 2 years†a ↑ 2.5% ↓ 59%

↑ 13.7% Over 2 years†a RR =0.33‡

Over 10 years†a ↑ 13.7%

↑ 7.1% Over 10 years†a

Over 2 years‡a Proximal:

↑ 6.7%

Over 10 years†a

Neck:

↑ 5.4%

Over 10 years†a

↑ 2.5%

Over 2 years‡a

Ibandronate  
(Boniva)

– – – – RR =0.28  
(non-significant)

– –

Risedronate 
(Actonel)

↑ 5.4% – Trochanter: ↑ 0.2% ↓ 41% ↓ 39% –

Over 3 years†a ↑ 3.3% Over 3 years†a Over 3 years†a Over 3 years†a

Over 3 years†a ↓ 65%

Neck: Over 1 year†a

↑ 1.6%

Over 3 years†a

Zoledronate 
(Reclast)

↑ 6.71% ↑ 6.02% Neck: – Morphometric: ↓ 25% ↓ 40%

Over 3 years†b Over 3 years†b ↑ 5.06% ↓ 70% Over 3 years†b Over 3 years†b

Over 3 years†b Over 3 years†b

Clinical:

↓ 77%

Over 3 years†b

RANKL inhibitor

Denosumab 
(Prolia)

– – – – Radiographic: ↓ 20% ↓ 40%

↓ 68% Over 3 years†c Over 3 years†c

Over 3 years†c

Table 3 (continued)
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lumbar spine (6.71%), and femoral neck (5.06%) (26). When 
comparing three and six years of zoledronate infusions, 
there were no significant differences in the incidence of 
clinical fractures; meanwhile, there were increases, albeit 
non-significant, in serious atrial fibrillation events and 
stroke in the group receiving six years of treatment, showing 
zoledronate is preferred in a three-year regimen (48). 
Interestingly, a single infusion has been shown to have a 
similar reduction in fracture rate compared to three infusions, 
32% and 34%, respectively (49). Further studies are needed 
to directly compare the efficacy of zoledronate and oral 
bisphosphonates.

Depending on the patient’s  r isk of fractures,  a 

bisphosphonate drug holiday could be warranted. Because 
bisphosphonates accumulate in bone and continue to have 
effects after discontinuation of treatment, it is not necessary 
for low-risk patients to continue the regimen. For these 
patients, treatment can be stopped after approximately 
five years and does not need to continue if bone density is 
stable and there are no fractures. For higher-risk patients, 
bisphosphonate therapy can be initiated for 10 years 
followed by a holiday of one or two years, maximum. Non-
bisphosphonate therapy could be indicated for higher-risk 
patients during their drug holiday (16). The length of the 
drug holiday depends on the specific bisphosphonate. For 
example, discontinuation from risedronate would have a 

Table 3 (continued)

Drug
Mean effect on BMD Mean effect on fracture risk/incidence

Lumbar spine Total hip Femur Radius Vertebral Nonvertebral Hip

Hormones

Raloxifene 
(Evista)

60 mg: – 60 mg: neck: – – – –

↑ 2.5–2.6% ↑ 2.1%

Over 4 years†a Over 4 years†a

120 mg: 120 mg: neck:

↑ 2.6–2.7% ↑ 2.3–2.4%

Over 3 years†a Over 3 years†a

Teriparatide 
(Forteo)

20 microg: 20 microg: 20 microg: neck: 40 microg: RR =0.40  
(not significant)

RR =0.52  
(not significant)

–

↑ 9% ↑ 3.8% ↑ 3% ↓ 7.1%

Over 21 months 
(average)†a

Over  
18 months§a

Over 21 months 
(average)†a

Over  
30 months†a

↑ 7.2% 40 microg: 40 microg: neck:

Over 18 months§a ↑ 8.1% ↑ 6%

40 microg: Over 30 
months†a

Over 21 months 
(average)†a

↑ 13% ↑ 10.8%

Over 21 months 
(average)†a

Over 30 months†a

↑ 17.8%

Over 30 months†a

Calcitonin 
(Miacalcin)

– – – – 200 IU: ↓ 33%a RR =0.80  
(not significant)

–

a, indicates daily administration; b, indicates yearly administration; c, indicates biannual administration. †, indicates in postmenopausal women; ‡, 
indicates in men; §, indicates in men and women glucocorticoid-induced osteoporosis. ↑, indicates an increase; ↓, indicates a decrease. BMD, bone 
mineral density; RR, risk ratio.
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shorter drug holiday (1–2 years) compared to zoledronate 
(3–6 years) (50). During the drug holiday, the patient’s bone 
density and relevant markers should be monitored (16). 
For all patients, if there is a fracture or other factors arise 
that increase fracture risk, then bisphosphonate or other 
osteoporosis therapy should be initiated.

Second line—denosumab and hormonal therapy
Denosumab: mechanism of action and efficacy
Denosumab is a human monoclonal antibody that 
decreases bone resorption by inhibiting receptor activator 
of nuclear factor kappa-Β ligand (RANKL), which is 
involved in the formation and activation of osteoclasts. 
It is administered every six months subcutaneously by a 
healthcare professional, benefiting those patients who 
cannot use oral therapy or are at high risk for fractures 
(27,51,52). Fatigue and weakness are some adverse effects 
associated with denosumab (53). It has been shown to 
decrease hip, vertebral, and non-vertebral fractures when 
compared to calcium and vitamin D supplementation (52). 
In postmenopausal women, denosumab reduced the risk 
of radiographic vertebral fractures by 68%, hip fractures 
by 40%, and non-vertebral fractures by 20% (28). After 
discontinuation of denosumab, or other anabolic treatments, 
patients should transition to oral bisphosphonates to 
prevent bone loss (51).
Hormonal therapy: mechanism of action and efficacy
Hormonal therapy can also be implemented for the 
prevention and treatment of postmenopausal osteoporosis. 
However, the use of hormone replacement therapy has 
declined due to increasing the risk of cardiovascular 
complications, including stroke and coronary heart disease, 
and breast cancer (21,52,54,55). One class of hormone 
therapy is selective estrogen receptor modulators (SERMs), 
such as raloxifene. Depending on the target tissue, SERMs 
act as estrogen receptor agonists or antagonists (56). 
Raloxifene is the only drug of its class to be approved 
for the prevention and treatment of osteoporosis (16). 
It is administered daily by mouth and decreases the risk 
of vertebral fractures only (29,30). Before prescribing, 
the benefits of raloxifene should be weighed against the 
potential adverse effects, such as venous thromboembolism. 
Combination therapy, such as estrogen-plus-progestin, has 
been shown to reduce the risk of hip, vertebral, and wrist 
fractures (54). Even so, the risks of cardiovascular disease 
and breast cancer do not outweigh the benefits, so it is 
recommended that these therapies be limited in their usage 
and not used for long-term treatment (54,57).

Another class of hormones that has been evaluated for 
the prevention and treatment of osteoporosis is parathyroid 
hormone analogs, such as teriparatide and abaloparatide. 
Teriparatide is an anabolic agent that has been shown to 
increase bone mass by stimulating osteoblasts (31,58). It 
increases vertebral and hip BMD more than alendronate 
(32,33,59). Abaloparatide has also been implicated in better 
reducing the risk of vertebral fracture than alendronate, but 
additional studies are needed to strengthen this finding (60).

Calcitonin, a thyroid hormone, is indicated for the 
treatment of osteoporosis in women who have been 
postmenopausal for at least five years (16). Calcitonin 
inhibits bone resorption by disrupting the ruffled border of 
osteoclasts, which causes the cells to move away from bone 
and thus decreases resorption (61). These morphological 
changes are observed as soon as 15 minutes after treatment 
and reach maximal effect within 1 hour (61). Calcitonin is 
primarily administered intranasally, whereas in the past it 
was parenterally administered. The efficacy of calcitonin has 
been variable due to several limitations in multiple studies. 
However, a meta-analysis by Cranney et al. [2002] suggested 
that calcitonin can increase bone density in postmenopausal 
women and potentially decrease the risk of vertebral 
fracture (62). Future studies need to address the potential 
publication bias surrounding calcitonin’s efficacy in treating 
osteoporosis. An interesting clinical application of calcitonin 
would be its use as an analgesic to relieve osteoporotic 
bone pain, but more studies are needed to understand this 
mechanism since it is independent of calcitonin’s metabolic 
effect (63). 

Comparison of first and second line
Even though bisphosphonates are typically the first-
line treatment for osteoporosis, denosumab and other 
effective medications contribute to the controversy around 
osteoporosis treatment. Multiple meta-analyses have 
demonstrated denosumab increases BMD of the distal 
radius, femoral neck, lumbar spine, and total hip, more so 
than bisphosphonates, but does not decrease the fracture 
risk relative to bisphosphonates (64-66). Therefore, 
denosumab and bisphosphonates may be indicated for two 
different populations: denosumab for patients at low-risk for 
fracture with low BMD and bisphosphonates for patients 
at high-risk for fracture regardless of BMD. Additionally, 
denosumab and other non-oral medications are indicated 
for patients who cannot take oral medications or who have 
not responded to bisphosphonates (52). The American 
College of Physicians (ACP) strongly recommends 
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treatment with alendronate, risedronate, zoledronate, or 
denosumab for women with known osteoporosis to reduce 
the risk for hip and vertebral fractures (67). However, there 
are fewer studies involving men with osteoporosis, so the 
ACP weakly recommends bisphosphonates to decrease the 
risk of vertebral fractures in men with clinically recognized 
osteoporosis (67). It is also important for practitioners to 
consider patients’ access to healthcare and the feasibility of 
a medication regimen. For example, elderly patients, who 
are typically affected by osteoporosis, may have difficulty 
traveling to receive treatment that needs to be administered 
by a healthcare professional, such as zoledronate or 
denosumab. In these instances, an oral pill that could be 
taken at home would be preferable. However, a medication 
only administered once a year could be preferred over a 
pill that needs to be taken daily. Because of the various 
treatment methods, it is important to discuss the different 
regimens with the patients to ensure compliance with the 
regimen.

Lifestyle and supplement prevention methods

Osteoporosis may be prevented by altering modifiable 
risk factors such as inadequate exercise and nutrition (68). 
Walking and low-impact aerobic exercise can prevent a 
decrease in BMD, while high-impact aerobic exercise and 
weight training can increase BMD in the hips and lumbar 
spine (69). As BMD naturally declines with age, effective 
prevention can begin early to ensure healthy development 
before BMD peaks in the third and fourth decades of 
life (70). High-impact exercise such as jumping leads to 
increased bone mass in children that can be maintained for 
several years (71). However, these benefits are diminished 
in post-menopausal women, emphasizing the importance 
of early prevention (72). In cases of senile osteoporosis, 
exercise regimens must also be designed to diminish the 
potential for falls and fractures. Although there is no 
standardized exercise regimen for elderly patients, most 
focus on improving muscle strength and balance through 
resistance training, weight-bearing impact exercise, and 
functionally challenging mobility activities (68,73).

Certain nutrients, such as vitamin D and calcium, are 
essential for bone strength. However, there have been 
multiple observations of low vitamin D and calcium intake in 
the elderly (68,74). The NOF recommends postmenopausal 
women and men over 65 years old should consume at 
least 1,200 mg of elemental calcium daily; anyone over 
the age of 50 should consume at least 800–1,000 IU of 

vitamin D daily (75,76). Vitamin D-fortified foods have also 
been shown to significantly increase BMD, but adequate 
intake is uncommon in geographical areas with lesser 
annual sun exposure, suggesting many could benefit from 
supplementation (77,78). A meta-analysis conducted by the 
NOF found a 30% reduction in the risk of hip fractures and 
a 15% reduction in the risk of total fractures in adults with 
calcium plus vitamin D supplementation (79). While dietary 
modifications or supplementation can be highly beneficial to 
older adults at risk for osteoporosis, longitudinal optimization 
of intake beginning as early as childhood is ideal.

Strengths and limitations

This review summarizes the current literature on the 
pharmacology of osteoporosis and relevant clinical 
information, including physiology and effectiveness. By 
compiling this information in a single review, clinicians will 
have quicker access to relevant information and the original 
sources for further investigation. Despite these strengths, 
there are some limitations to this narrative review. There 
were only two databases searched and they were not 
exhaustively explored; the search was limited to the most 
relevant articles using select keywords. The quality of the 
studies referenced was not assessed using a standardized 
methodology, although the authors preferentially chose 
meta-analyses and systematic reviews. Another limitation 
is the relative lack of literature in certain osteoporotic 
populations, such as men or drug-induced; much of the 
studies focus on post-menopausal women. Future studies 
should address these other populations and include them in 
comparison studies between different classes of medications 
for osteoporosis.

Conclusions

Osteoporosis is a highly prevalent condition that is growing 
along with aging and expanding populations. It carries 
a large financial burden, and its related fractures can 
significantly decrease quality of life. Despite the availability 
of DEXA, many cases of osteoporosis are not diagnosed 
until a fracture occurs. These often include vertebral 
compression fractures, hip fractures, and distal radius 
fractures, which can cause significant pain and functional 
impairment. First-line treatment for osteoporosis includes 
bisphosphonates, which can increase lumbar spine BMD 
between 5.4% (risedronate over three years) and 13.7% 
(alendronate over 10 years) and femur BMD between 
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1.6% (femoral neck, risedronate over three years) and 
13.7% (femoral trochanter, alendronate over 10 years). 
Bisphosphonates also decrease the incidence/risk of fracture, 
ranging from a 25% decrease (nonvertebral fracture, 
zoledronate over three years) to a 77% decrease (vertebral 
fracture, zoledronate over three years). Denosumab is a 
RANKL inhibitor that can decrease the risk of radiographic 
vertebral fractures by 68% when used over three years. 
Hormone therapy can also be used to manage osteoporosis 
if the first-line treatments are not possible or patients are 
refractory to them. Raloxifene, a SERM, can increase 
lumbar spine and femoral neck BMD by approximately 
2.6% and 2.3%, depending on the dosage. Teriparatide, 
a parathyroid hormone analog, can increase lumbar spine 
BMD between 7.2% and 17.8%, depending on time and 
dosage. Prevention measures include BMD-promoting 
exercise and dietary adjustment in earlier life, which 
may also slow BMD decline in older adults. Educating 
young patients about osteoporosis may prompt them to 
adopt lifestyle changes that can prevent exacerbation of 
the condition in old age. Adoption of BMD screening 
can help identify early cases of osteoporosis that could 
benefit from medical intervention. Future development 
of medical devices, surgical techniques, and medications 
could minimize complications and burdens of living with 
osteoporosis. Similarly, additional research may identify 
previously unrecognized preventative measures.
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Supplementary

Table S1 Search strategy 

Databases PubMed, Google Scholar

Search Term (MeSH terms) Osteoporosis 
Osteoporosis treatment 
Senile osteoporosis 
Osteoporosis pharmacology 
Osteoporosis medication 
Bisphosphonate 
Alendronate 
Ibandronate 
Risedronate 
Zoledronate 
Denosumab 
Raloxifene 
Teriparatide 
Abaloparatide 
Calcitonin

Search Query ((((“osteoporosis”[All Fields] OR “senile osteoporosis”[All Fields]) AND “osteoporosis treatment”[All 
Fields]) OR ((“osteoporosis”[MeSH Terms] OR “osteoporosis”[All Fields] OR “osteoporoses”[All Fields] OR 
“osteoporosis, postmenopausal”[MeSH Terms] OR (“osteoporosis”[All Fields] AND “postmenopausal”[All 
Fields]) OR “postmenopausal osteoporosis”[All Fields]) AND (“pharmacology”[MeSH Terms] OR 
“pharmacology”[All Fields] OR “pharmacologies”[All Fields] OR “pharmacology”[MeSH Subheading])) OR 
“osteoporosis medication”[All Fields]) AND (“bisphosphonate”[All Fields] OR “alendronate”[All Fields] OR 
“ibandronate”[All Fields] OR “risedronate”[All Fields] OR “zoledronate”[All Fields] OR “denosumab”[All 
Fields] OR (“raloxifene”[All Fields] OR “teriparatide”[All Fields] OR “abaloparatide”[All Fields] OR 
“calcitonin”[All Fields]))) AND ((1980:2021[pdat]) AND (english[Filter]))

Each part was translated for searching other databases.
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Background: The prevalence of osteoporosis is increasing
in the United States.

Purpose: To evaluate low bone mass and osteoporosis treat-
ments to prevent fractures.

Data Sources: Ovid MEDLINE ALL, Ovid Evidence Based
Medicine Reviews: Cochrane Central Register of Controlled
Trials, Cochrane Database of Systematic Reviews, and
ClinicalTrials.gov from 2014 through February 2022.

Study Selection: Adults receiving eligible interventions for
low bone mass or osteoporosis. Randomized controlled trials
(RCTs) for fracture outcomes, and RCTs and large observational
studies (n ≥1000) for harms.

Data Extraction: Abstracted by 1 reviewer and verified by a
second. Independent, dual assessments of risk of bias and
certainty of evidence (CoE).

Data Synthesis: We included 34 RCTs (in 100 publications)
and 36 observational studies. Bisphosphonates and denosumab
reduced hip, clinical and radiographic vertebral, and other clini-
cal fractures in postmenopausal females with osteoporosis (mod-
erate to high CoE). Bisphosphonates for 36 months or more
may increase the risk for atypical femoral fractures (AFFs) and
osteonecrosis of the jaw (ONJ), but the absolute risks were low.
Abaloparatide and teriparatide reduced clinical and radio-
graphic vertebral fractures but increased the risk for with-
drawals due to adverse events (WAEs; moderate to high

CoE). Raloxifene and bazedoxifene for 36 months or more
reduced radiographic vertebral but not clinical fractures (low
to moderate CoE). Abaloparatide, teriparatide, and sequen-
tial romosozumab, then alendronate, may be more effective
than bisphosphonates in reducing clinical fractures for 17 to
24 months in older postmenopausal females at very high
fracture risk (low to moderate CoE). Bisphosphonates may
reduce clinical fractures in older females with low bone mass
(low CoE) and radiographic vertebral fractures in males with
osteoporosis (low to moderate CoE).

Limitation: Few studies examined participants with low bone
mass, males, or Black-identifying persons, sequential therapy,
or treatment beyond 3 years.

Conclusion: Bisphosphonates, denosumab, abaloparatide,
teriparatide, and romosozumab, followed by alendronate,
reduce clinical fractures in postmenopausal females with osteo-
porosis. Abaloparatide and teriparatide increased WAEs;
longer duration bisphosphonate use may increase AFF and
ONJ risk though these events were rare.

Primary Funding Source: American College of Physicians.
(PROSPERO: CRD42021236220)
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O steoporosis is characterized by reduced bone mass,
resulting in bone weakness and increased susceptibil-

ity to fractures (1, 2). Bonemineral density (BMD) assessment
is used to diagnose low bone mass and osteoporosis. The
World Health Organization defines low bone mass as a
BMD T-score between 1 and 2.5 SDs below average for
young healthy females (2) and osteoporosis as 2.5 or fewer
SDs below average (2). Some guidelines expand the defini-
tion of osteoporosis to include a history of certain low-trauma

fractures in the absence of subthreshold T-scores (3). By the
standard definition, almost 20% of U.S. females older than
age 50 years were estimated to have osteoporosis in 2018,
up from 14% a decade earlier, along with more than 4% of
males in this age group (4). The aging population is pro-
jected to increase these figures. Given the increasing preva-
lence and effect of osteoporosis, and the availability of
newer medications, we conducted a systematic review and
network meta-analysis (NMA) to better understand treat-
ments to prevent fractures in those with low bone mass or
osteoporosis.

METHODS

Our review was commissioned by the American
College of Physicians (ACP) to inform an update of ACP's
clinical practice guideline on treatments for osteoporosis by
their Clinical Guidelines Committee (CGC). A protocol
describing the review plan was registered to PROSPERO
(CRD42021236220). A technical expert panel (TEP) informed
our protocol and analyses.
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Data Sources and Searches
To identify relevant studies, we searched Ovid

MEDLINE ALL, Ovid Evidence Based Medicine (EBM)
Reviews: Cochrane Central Register of Controlled Trials,
Cochrane Database of Systematic Reviews, and ClinicalTrials.
gov from 2014 through February 2022. We used a prior
review (5) to identify studies published before 2014. Search
strategies were developed in consultation with a librarian and
peer reviewed by another using the Peer Review of Search
Strategies guidelines (6) (Search Strategy in the Supplement,
available at Annals.org).

Study Selection
We included English-language randomized controlled

trials (RCTs) in females or males with low bone mass or
osteoporosis not due to a secondary cause (for example,
glucocorticoid therapy) comparing 1 or more pharmaco-
logic interventions of interest to each other or placebo.
Included interventions were bisphosphonates (alendro-
nate, ibandronate, risedronate, and zoledronate), parathy-
roid hormones (PTHs; abaloparatide and teriparatide),
receptor activator of nuclear factor κB ligand inhibitors (deno-
sumab), selective estrogen receptor modulators (SERMs;
raloxifene and bazedoxifene), and sclerostin inhibitors (romo-
sozumab). Although our initial protocol included vitamin
D and calcium as eligible interventions and comparators,
we ultimately relied on a recent, high-quality systematic
review to summarize effectiveness and harms (details in
the Supplement), and combined vitamin D and calcium
comparators with other placebo comparisons as all partic-
ipants received or used these supplements in studies with
supplementation.

We included RCTs reporting fractures as efficacy out-
comes (rather than safety outcomes) with 12 months or
more of follow-up. Adverse events (AEs) of interest
included serious AEs (SAEs) and withdrawals due to AEs
(WAEs) as reported in trials, osteonecrosis of the jaw
(ONJ), atypical femoral fractures (AFFs), and atrial fibril-
lation (AF). Case–control and cohort studies were eligi-
ble if they were large (n> = 1000) and evaluated ONJ,
AFFs, or AF. We also included studies reporting quality
of life (QoL) and functionality, and systematic reviews on
cost-effectiveness and patient values and preferences
(details in the Supplement).

Two independent reviewers screened studies, with
disagreements settled by a third.

Data Extraction and Quality Assessment
One reviewer abstracted study characteristics and

outcomes data and a second verified accuracy. The pri-
mary fracture reduction outcomes of interest were hip,
vertebral (clinical or radiological), clinical nonvertebral
(symptomatic fractures at sites beyond the vertebrae,
which typically excluded minor fractures such as those of
the digits), and any clinical fractures (a composite of clini-
cal vertebral and nonvertebral factures).

Two reviewers independently assessed risk of bias
(RoB) of included studies using the Cochrane RoB 2.0
tool for RCTs (7) and SIGN (Scottish Intercollegiate
Guidelines Network) checklists 3 and 4 for cohort and
case–control studies (8, 9), with disagreements settled by
a third reviewer.

Data Synthesis and Analysis
When data were sufficient, we conducted quantitative

syntheses using pairwise meta-analysis (all outcomes from
RCTs and specific harms from observational studies) and
NMA (RCTs only). All outcomes were binary, with risk ratios
(RRs) and risk differences as the effect measures. We narra-
tively synthesized all other outcomes.

For pairwise meta-analyses, we used a random-
effects model based on the profile likelihood method to
combine each outcome (10). We stratified analyses by
treatment and study duration (12 to <36 or ≥36 months)
and evaluated statistical heterogeneity using the Cochran
x2 test and the I2 statistic (11). We separately analyzed the
following populations: postmenopausal females, males with
osteoporosis, and those with low bone mass. We also con-
ducted sensitivity analyses by excluding mixed gender stud-
ies that did not stratify their results.

For NMAs, we tested network consistency by comparing
direct and indirect estimates, the node-splitting method, and
anoverall test froman inconsistencymodel (11).We restricted
NMAs to only postmenopausal females with osteoporosis
to improve the plausibility of the transitivity assumption.
Although limited data were available to form closed loops
and test the consistency assumption in the treatment net-
works, there was no evidence of inconsistency. Therefore,
multivariate random-effects NMAs were conducted to
combine the direct and indirect evidence using a consis-
tency model (11). All analyses were conducted using
Stata/SE 16.1 (StataCorp). In this manuscript, we focused
on comparisons with placebo and bisphosphonates and
direct head-to-head comparisons if they were statistically
significantly different (see the Supplement for indirect
comparisons).

Through consultation with our TEP and evaluation of
statistical heterogeneity, we determined it was appropri-
ate to combine bisphosphonates as a drug class in our
meta-analyses and NMAs, which was also done by other
reviews (12, 13). Due to a limited number of eligible stud-
ies for drugs in other classes, we did not combine those
therapies in our analyses.

We assigned fracture and harm outcomes a certainty of
evidence (CoE) rating based on the system developed by
the GRADE (Grading of Recommendations Assessment,
Development and Evaluation) Working Group (14, 15) for
pairwise (direct) and NMA estimates. When interpreting
effect sizes, we prioritized NMA estimates unless the pair-
wise estimate was higher CoE. This systematic review will
be maintained as a living review with periodic literature
searches and updates as new studies emerge. We will
consider quantitative and qualitative factors, such as CoE,
balance between benefits and harms, and contextual con-
siderations in assessing whether the new evidence may
lead to meaningful changes to the recommendations and
an update is warranted. The ACP CGC may decide to
retire the topic from living status if it is no longer consid-
ered a priority for decision making, when there is confi-
dence that conclusions are not likely to change with new
evidence, or if it becomes unlikely that new evidence will
emerge.
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Role of the Funding Source
ACP provided funding, and members served on our

TEP and evaluated the protocol, analyses, andmanuscript.

RESULTS

We screened 5143 citations and included 136 articles,
including 34 RCTs (16–49) in 100 publications (16–115)
and 36 observational studies (116–151) (literature flow
diagram [Appendix Figure 145 of the Supplement]; study
characteristics [Appendix Table 26 and Appendix Table
27 of the Supplement]). Most studies included postmeno-
pausal females meeting diagnostic criteria for osteoporo-
sis because of low BMD T-scores and/or history of fragility
fractures. Our sensitivity analyses excludingmixed gender
studies did not reveal differences in direction or signifi-
cance of effect; thus, we included them in the post-
menopausal female analyses (Appendix Figures 3 to
111 of the Supplement). Table 1 provides an overview
of findings for critical outcomes in postmenopausal females
with osteoporosis. Meta-analysis and NMA results, includ-
ing specific bisphosphonates studied by outcome, sam-
ple sizes contributing to each, and CoE rating details are
in Appendix Tables 1 to 21 of the Supplement. The RoB
ratings are inAppendix Table 29 of the Supplement.

Postmenopausal FemalesWith Osteoporosis
Efficacy by Fracture Type

Hip Fractures. Compared with placebo, bisphospho-
nates reduced hip fracture risk for 24 months (RR, 0.65
[95% CI, 0.43 to 0.97]; moderate CoE) and 36 to 48
months (RR, 0.64 [CI, 0.50 to 0.82]; high CoE). Thirty-six
months of denosumab also reduced hip fracture risk (RR,
0.61 [CI, 0.37 to 0.98]; moderate CoE), but teriparatide
for 24 months and SERMs for 36 months did not (low
CoE;Appendix Table 1 of the Supplement).

In females at very high risk for fracture due to age
and fracture history, sequential use of romosozumab
then alendronate was more effective than alendronate
alone in reducing hip fracture risk for 24 months (RR,
0.62 [CI, 0.42 to 0.91]; moderate CoE) (Appendix Table
2 of the Supplement) (44).

Clinical Vertebral Fractures. We found moderate
to high CoE that 12 to 36 months of bisphosphonates
and 36 months of denosumab significantly reduced the
risk for clinical vertebral fractures by 54% to 68% compared
with placebo (Appendix Table 3 of the Supplement).
Teriparatide was associated with a 76% reduction in risk
at 17 months, but the CoE for this finding was low (31).
Romosozumab also reduced the risk for clinical vertebral
fractures by 82% at 12 months, but the absolute difference
was just 0.3% (112).

The only treatment more effective than bisphospho-
nates in reducing the risk for clinical vertebral fractures
was the sequential use of romosozumab then alendro-
nate for 24 months (moderate CoE; Appendix Table 4 of
the Supplement) (44).

Any Clinical Fractures. Between 12 and fewer than
36months, all treatments except denosumab demonstrated

reductions in clinical fracture risk compared with placebo
(low to high CoE; Appendix Table 5 of the Supplement).
Bisphosphonates (high CoE) and denosumab (moderate
CoE) reduced clinical fracture risk for 36 months or more,
but bazedoxifene and raloxifene did not (low to moderate
CoE;Appendix Table 5 of the Supplement).

In females at very high risk for fracture, sequential
romosozumab, then alendronate, was more effective for
clinical fracture reduction than alendronate alone (RR,
0.74 [CI, 0.63 to 0.89]; moderate CoE) (44), and teripara-
tide was more effective than risedronate for 24 months
(RR, 0.64 [CI, 0.43 to 0.95]; low CoE) (45). We foundmod-
erate CoE that abaloparatide (18 months; RR, 0.35 [CI,
0.15 to 0.81]) and raloxifene (12 months; RR, 0.17 [CI,
0.03 to 0.81]) were more effective than bisphosphonates,
though in 36-month studies raloxifene was similarly
effective (Appendix Table 6 of the Supplement). In an
18-month, head-to-head RCT (41), abaloparatide reduced
clinical fractures more than teriparatide (RR, 0.43 [CI, 0.21
to 0.90]; moderate CoE). Nonvertebral fractures alone are
reported in Appendix Table 9 and Appendix Table 10
andAppendix Figures 65 to 78 of the Supplement.

Radiographic Vertebral Fractures. We found mod-
erate to high CoE that bisphosphonates reduced radio-
graphic vertebral fracture risk between 12 and 48
months (RR, 0.44 [CI, 0.36 to 0.53]). Abaloparatide, teri-
paratide, denosumab, and romosozumab all reduced
the risk for 12 to more than 36 months (moderate to high
CoE), as did SERMs and denosumab for 36 months
(moderate CoE; Appendix Table 7 of the Supplement).

We also found moderate CoE that teriparatide and
sequential romosozumab, then alendronate, were more
effective than bisphosphonates at reducing radiographic
vertebral fracture risk at 24 months (Appendix Table 8 of
the Supplement).

Adverse Events
Serious Adverse Events and Withdrawals due to

Adverse Events. Thirty RCTs provided data on SAEs and
WAEs (18–37, 39–47, 49). Regardless of study duration,
no included interventions significantly increased the risk
for SAEs compared with placebo or active controls (insuf-
ficient to high CoE; Appendix Table 11 and Appendix
Table 12 of the Supplement). However, abaloparatide
and teriparatide for any duration and raloxifene for 36
months or more significantly increased the risk for WAEs
compared with placebo (low to high CoE; Appendix Table
13 of the Supplement). Compared with bisphosphonates,
we found significantly increased risk for WAEs with abalo-
paratide at 18 months (also higher when compared with
teriparatide in the same trial) (41) and teriparatide and
bazedoxifene at 36 months (Appendix Table 14 of the
Supplement). In trials of abaloparatide and teriparatide,
WAEs weremost commonly due to nausea, dizziness, vom-
iting, headache, palpitations, and leg cramps, whereas
those for SERMs were primarily due to venous throm-
boembolism (Appendix Table 18 of the Supplement).

Atypical Femoral or Subtrochanteric Fractures. We
included 23 studies (in 29 publications) that evaluated an
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Table 1. Overview of Findings for Critical Outcomes in Postmenopausal Females With Osteoporosis by Study Duration and Comparison*

Outcome 12 to <36 mo ≥36 mo to ≤60 mo

Versus Placebo CoE Versus BPs CoE Versus Placebo CoE Versus BPs CoE

Bisphosphonates
Hip fractures 0.65 (0.43–0.97)† ��* — — 0.64 (0.50–0.82)† ��� — —

Clinical vertebral fractures 0.46 (0.24–0.89)† ��� — — 0.38 (0.24–0.62)† ��� — —

Any clinical fractures 0.68 (0.51–0.92)† ��� — — 0.79 (0.68–0.91)† ��� — —

Radiographic vertebral fractures 0.44 (0.36–0.53)† ��* — — 0.49 (0.40–0.61)† ��� — —

Serious AEs 1.02 (0.85–1.22) ��* — — 1.00 (0.89–1.11) ��� — —

Withdrawal due to AEs 1.01 (0.72–1.40) �** — — 0.94 (0.86–1.03) ��� — —

Specific harms from randomized and nonrandomized studies (vs. placebo or unexposed)

Atypical femoral fractures Increased risk after 3–5 y of use j Overall CoE: �**
Osteonecrosis of the jaw Increased risk after 2–3 y of use j Overall CoE: �**
Atrial fibrillation No difference j Overall CoE: �**

PTH and PTHrP analogs
Abaloparatide

Hip fractures — — — — — — — —

Clinical vertebral fractures — — — — — — — —

Any clinical fractures 0.24 (0.11–0.53)† ��* 0.35 (0.15–0.81)† ��* — — — —

Radiographic vertebral fractures 0.14 (0.05–0.38)† ��* 0.31 (0.11–0.88)† �** — — — —

Serious AEs 0.89 (0.67–1.18)‡ ��* 0.94 (0.65–1.37) �** — — — —

Withdrawal due to AEs 1.76 (1.30–2.39)† �** 1.75 (1.17–2.61)† �** — — — —

Teriparatide
Hip fractures 0.50 (0.12–1.98) �** Unclear *** — — — —

Clinical vertebral fractures 0.24 (0.08–0.71)† �** Unclear *** — — — —

Any clinical fractures 0.44 (0.31–0.62)† ��� 0.64 (0.43–0.95)† �** — — — —

Radiographic vertebral fractures 0.19 (0.14–0.26)† ��� 0.43 (0.32–0.60)† ��* — — — —

Serious AEs 0.91 (0.69–1.21)‡ ��* 1.05 (0.81–1.37) �** 0.77 (0.48–1.22) �** 0.77 (0.48–1.24) �**
Withdrawal due to AEs 1.32 (1.03–1.69)† ��* 1.31 (0.97–1.77) �** 2.93 (1.79–4.80)† ��* 3.11 (1.88–5.13)† �**

RANKL inhibitors
Denosumab

Hip fractures — — — — 0.61 (0.37–0.98)† ��* 0.94 (0.55–1.62) �**
Clinical vertebral fractures Unclear *** Unclear *** 0.32 (0.21–0.48)†‡ ��� 0.82 (0.33–2.06) �**
Any clinical fractures 1.00 (0.48–2.09) �** Unclear *** 0.81 (0.69–0.96)†‡ ��* 1.03 (0.74–1.45) ��*
Radiographic vertebral fractures 0.27 (0.14–0.52)† ��* Unclear *** 0.32 (0.20–0.54)† ��* 0.66 (0.38–1.14) �**
Serious AEs 0.98 (0.66–1.46) ��* Unclear *** 1.03 (0.83–1.27) ��* 1.03 (0.82–1.31) ��*
Withdrawal due to AEs Unclear *** Unclear *** 1.15 (0.85–1.54) ��* 1.21 (0.89–1.65) �**

Specific harms from randomized and nonrandomized studies (vs. placebo or unexposed)

Atrial fibrillation No difference j Overall CoE: �**

Sclerosin inhibitors
Romosozumab

Hip fractures — — — — — — — —

Clinical vertebral fractures 0.18 (0.05–0.62)† ��* 0.38 (0.09–1.57) �** — — — —

Any clinical fractures 0.64 (0.47–0.89)†‡ ��* 0.94 (0.51–1.76) �** — — — —

Radiographic vertebral fractures 0.27 (0.16–0.47)† ��* 0.62 (0.35–1.11) �** — — — —

Serious AEs 1.10 (0.95–1.27)‡ ��* 1.08 (0.78–1.52) �** — — — —

Withdrawal due to AEs 0.88 (0.59–1.31) �** 0.87 (0.52–1.47) �** — — — —

Specific harms from randomized and nonrandomized studies (vs. placebo or unexposed)

Atypical femoral fractures Unclear ***
Osteonecrosis of the jaw Unclear ***

SERMs
Bazedoxifene

Hip fractures — — — — 0.93 (0.47–1.81 �** 1.44 (0.70–2.95) �**
Clinical vertebral fractures — — — — 0.68 (0.29–1.60) ��* 1.76 (0.66–4.70) �**
Any clinical fractures — — — — 0.88 (0.64–1.22) �** 1.12 (0.79–1.59) �**
Radiographic vertebral fractures — — — — 0.59 (0.43–0.79)†‡ ��* 1.20 (0.70–2.06) �**
Serious AEs — — — — 1.07 (0.85–1.34) ��* 1.07 (0.83–1.38) ��*
Withdrawal due to AEs — — — — 1.14 (1.01–1.30)† ��* 1.21 (1.04–1.41)† ��*

Raloxifene
Hip fractures — — — — 1.12 (0.64–1.94) �** 1.73 (0.95–3.18) �**
Clinical vertebral fractures 0.05 (0.00–0.81)† �** Unclear *** 0.69 (0.38–1.27) ��* Unclear ***
Any clinical fractures 0.11 (0.02–0.54)† ��* 0.17 (0.03–0.81)† ��* 0.92 (0.72–1.16) ��* 1.16 (0.88–1.53) �**
Radiographic vertebral fractures Unclear *** Unclear *** 0.59 (0.48–0.71)†‡ ��* 1.18 (0.78–1.81) �**
Serious AEs Unclear *** Unclear *** 0.99 (0.78–1.26) ��* 1.00 (0.77–1.30) ��*
Withdrawal due to AEs Unclear *** Unclear *** 1.14 (1.02–1.27)† ��� 1.21 (1.05–1.39)† ��*

Continued on following page
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eligible intervention for risk for AFFs; 10 were RCTs (17,
27, 28, 32, 34, 39, 42–44, 48) and 13 were observational
studies (117, 120, 122, 125, 127, 129, 134, 135, 138,
139, 145, 146, 150).

Among 15 studies that compared bisphosphonates
with placebo or unexposed participants, we found low
CoE for an increased risk for AFFs, particularly after 3 to 5
years of treatment though AFF events were infrequent in
most studies. The most pertinent data on AFF risk came
from observational studies, as RCTs were underpowered
or had inadequate follow-up to ascertain risk. Clinical and
statistical heterogeneity prevented us from combining
observational studies. Of note, 4 studies evaluated dura-
tion of bisphosphonate use. Three of these cohorts (117,
129, 150) (all in California) found AFF risk became more
pronounced after 3 years of bisphosphonate use and
increased with time (Appendix Table 28 of the Supplement).
One (117) also observed that females who identified as
Asian, compared with non-Hispanic White, had higher
risk for AFFs (595 vs. 109 per 100000 person-years).
The fourth study (122), in a Canadian cohort, found a
statistically significant difference in AFFs only after 5 or
more years of using bisphosphonates. Four other obser-
vational studies found a 26- to 55-fold greater risk for an
AFF with bisphosphonate use, but these studies were
not limited to females with osteoporosis and adjusted
for few confounders in their models (120, 139). Several
RCTs and observational studies evaluated other treat-
ments and found either no or few AFFs or no significant
differences between groups (Appendix Table 15) of the
Supplement).

Osteonecrosis of the Jaw. Overall, we included 22
studies (in 33 publications) that evaluated an eligible
intervention for risk for ONJ: 11 RCTs (17, 27, 28, 32–34,
39, 42–44, 48) and 11 observational studies (116, 118,
124, 130, 133, 137, 140, 141, 144, 146, 148).

Among 14 studies that compared bisphosphonates to
placebo or unexposed persons, we found low CoE for
increased risk for ONJ with bisphosphonate use, particularly

after 2 to 3 years of exposure, though, like AFFs, ONJ
events were rare (unadjusted incidence, 0.01% to 0.3%
of bisphosphonate users). Of note, in our adjusted meta-
analysis of 5 observational studies with sufficient data
(116, 124, 133, 140, 144), we found a more than 3-fold
significantly increased risk for ONJ in those exposed to
bisphosphonates versus unexposed (adjusted RR, 3.37
[CI, 1.91 to 5.24]). One additional study of note from
South Korea found similarly high odds (adjusted odds ra-
tio, 3.26 [CI, 1.23 to 8.62]) with 2 or more years of
bisphosphonate use compared with less than 1 year, but
no difference for those exposed 1 to 2 years (148).

Several eligible studies evaluated other treatments
and found no or few events of ONJ or no significant dif-
ference in risk between groups (see Appendix Table 16
of the Supplement).

Atrial Fibrillation. We included 17 studies (28, 34,
37, 40, 43, 53, 119, 121, 123, 126, 128, 131, 136, 142,
147, 149, 151) (in 24 publications) that evaluated an eli-
gible intervention and, in general, found no significant
difference between treatment and placebo or active con-
trols for risk for AF (insufficient to low CoE; Appendix
Table 17 of the Supplement).

Other Adverse Events. Bisphosphonates were most
associated with nonspecific symptoms, such as pyrexia and
myalgia, especially after treatment initiation (Appendix
Table 18 of the Supplement). In the HORIZON-PFT (Health
Outcomes and Reduced Incidence with Zoledronic acid
Once Yearly–Pivotal Fracture Trial) trial and extension study,
participants receiving zoledronate, compared with placebo,
experienced increased serum creatinine greater than 44.2
μmol/L (0.5mg/dL) at significantly higher rates, but absolute
numbers were low (28).

SERMs were more frequently associated with vasodi-
latory events such as hot flashes. Several studies noted endo-
metrial cavity fluid collections in participants on SERMs, but
no differences in rates of endometrial carcinoma (54). Two
trials (29, 55) found a greater risk for deep venous thrombo-
sis among participants taking SERMs than placebo, but

Table 1–Continued

Outcome 12 to <36 mo ≥36 mo to ≤60 mo

Versus Placebo CoE Versus BPs CoE Versus Placebo CoE Versus BPs CoE

Sequential therapy of
romosozumab to alendronate
Hip fractures 0.40 (0.23–0.70)† ��* 0.62 (0.42–0.91† ��* — — — —

Clinical vertebral fractures 0.19 (0.08–0.46)† ��* 0.41 (0.22–0.75)† ��* — — — —

Any clinical fractures 0.51 (0.29–0.89)† �** 0.74 (0.63–0.89)†‡ ��* — — — —

Radiographic vertebral fractures 0.22 (0.16–0.31)† ��* 0.51 (0.39–0.66)† ��* — — — —

Serious AEs 0.97 (0.71–1.33 ��* 0.96 (0.74–1.24) ��* — — — —

Withdrawal due to AEs 0.90 (0.61–1.35) �** 0.90 (0.72–1.13) ��* — — — —

Specific harms from randomized and nonrandomized studies (vs. placebo or unexposed)

Atypical femoral fractures Unclear ***
Osteonecrosis of the jaw Unclear ***

AE = adverse event; BP = bisphosphonate; CoE = certainty of evidence; Unclear = insufficient evidence from which to draw summary estimates.
GRADE Certainty of Evidence: — = no evidence; *** = insufficient; �** = low; ��* = moderate; ��� = high.
* Shaded rows are harm outcomes. Details of the findings and CoE ratings can be found in Appendix Tables 1 to 138.
† Values are statistically significant.
‡ Estimates are from pairwise rather than network meta-analysis due to higher CoE.
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events were rare. Abaloparatide and teriparatide led to
more adverse gastrointestinal effects (particularly nausea)
compared with placebo, and 2 studies noted hypercalcemia
as more common for these medications compared with
placebo (41) and bisphosphonate (45), but again,
events were relatively rare (Appendix Table 18 of the
Supplement). Romosozumab carries a black box warn-
ing from the U.S. Food and Drug Administration (FDA)
based on a trial showing increased cardiovascular event
risk compared with alendronate (HR, 1.87 [CI, 1.11 to
3.14]) (44, 152), though this risk was not observed in a
placebo-controlled trial (HR, 1.03 [CI, 0.62 to 1.72) (42).

Participants with LowBoneMass
We only identified 2 RCTs examining participants

with low bonemass and found low CoE that bisphospho-
nates reduced several fracture outcomes based mostly
on a 72-month placebo-controlled trial in females aged
65 years or older. In this trial, zoledronate was associated
with a lower risk for clinical (HR, 0.73 [CI, 0.60 to 0.90];
adjusted RR, 6.8%), nonvertebral (HR, 0.66 [CI, 0.51 to
0.85]), and vertebral (HR, 0.45 [CI, 0.27 to 0.73]) fractures
(46). The other RCT compared alendronate with placebo
in male and female octogenarians but was high RoB,
was small (n= 123), and did not substantively contrib-
ute to findings (49) (Appendix Figure 1 and Appendix
Figure 2, and Appendix Table 19, of the Supplement).
In the limited data, harms were similar between groups.

MalesWith Osteoporosis
We included 10 studies (16, 20, 35, 36, 43, 50, 53,

138, 139, 143), all of bisphosphonates, that exclusively
studied males with osteoporosis or stratified results by
sex: 6 placebo-controlled RCTs (Appendix Table 20 of
the Supplement) (16, 20, 35, 36, 43, 53) and 4 observa-
tional studies in 3 publications (138, 139, 143). We found
low to moderate CoE that bisphosphonates reduced ra-
diographic vertebral fractures by 61% at 24 months (3
RCTs; RR, 0.39 [CI, 0.22 to 0.83]) and 58% at 36 months
(1 RCT; RR, 0.42 [CI, 0.19 to 0.97]). No trial evaluated hip
fractures, and bisphosphonates did not significantly
reduce any other fracture outcomes (insufficient to mod-
erate CoE; Appendix Table 21 and Appendix Figures
130 to 137 of the Supplement).

For SAEs, WAEs, ONJ, and AF, in general, no signifi-
cant differences were observed between bisphosphonate
and placebo or unexposed groups (Appendix Table 22
and Appendix Figures 138 to 144 of the Supplement).
However, findings were mixed in 3 observational studies
that evaluated risk for AFFs. One study (138), using
Veterans Health Administration data, found that using
bisphosphonates 1 to 4 and 4 or more years reduced the
risk for AFFs by 51% and 60%, respectively (adjusted HR
[aHR], 0.49 [CI, 0.28 to 0.86] and aHR, 0.40 [CI, 0.16 to
0.97]), but use for less than 1 year increased risk (aHR,
1.70 [CI, 1.08 to 2.68]). The other 2 studies from Sweden
found large increased AFF risk in bisphosphonate users
(19- to 54-fold greater risk); however, estimates were very
imprecise, and we previously highlighted limitations of

these studies (139). For other harms, zoledronate seemed
to increase the likelihood of pyrexia (35, 43, 53), myalgias
(35, 53), and arthralgia (35, 43). One RCT (16, 50) found
that alendronate significantly decreased the likelihood of
hypercalciuria (4.4% vs. 15.1%; P= 0.04; Appendix Table
18 of the Supplement).

Duration and Sequence of Treatment
Three extension studies from 2 RCTs comparing

bisphosphonates with placebo provide direct evidence
about the comparative effects of continuing or discontin-
uing bisphosphonates after 3 to 5 years of treatment (56,
77, 84). No studies directly compared durations of other
treatments. Continuing alendronate from 5 to 10 years
reduced clinical vertebral fractures (RR, 0.45 [CI, 0.24 to
0.85]), but not radiographic vertebral or other clinical
fractures (56). Continuing zoledronate from 3 to 6 years
reduced radiographic vertebral (odds ratio, 0.51 [CI,
0.26 to 0.95]), but not other, fractures (77). The reduction
in vertebral fracture risk wasmost pronounced in females
at higher risk for fracture based on low BMD or prior frac-
ture (82). Furthermore, continuing zoledronate from 6 to
9 years was not associated with additional fracture risk
reduction (84).

We found very limited trial evidence examining the
effects of sequential therapy on fracture outcomes. The
ARCH (Active-Controlled Fracture Study in Postmenopausal
Women with Osteoporosis at High Risk of Fracture) study
found that romosozumab (12 months) followed by alendro-
nate (12 months) was superior to 24 months of alendronate
in reducing all fracture outcomes. The FRAME (Fracture
Study in Postmenopausal Women with Osteoporosis) study
compared romosozumab with placebo for 1 year followed
by an additional 12 months during which both groups
received denosumab (42). Although its results suggest that
treatment gains from the first year of romosozumab use are
likely to be maintained after transitioning to denosumab, it
was not designed to test the incremental benefit of this
sequence of therapies compared with denosumab use
alone for the entire study period. We also identified a study
examining teriparatide for 72 weeks followed by alendro-
nate for 48 weeks, compared with 120 weeks of alendro-
nate; however, results of the sequential portion of the study
are not yet published (153).

Treatment Effects According to Participant
Characteristics

Table 2 illustrates which treatments have similar effi-
cacy across subgroups. Of note, relative treatment effects
did not differ by fracture risk, though risk definitions and
inclusion criteria varied by study (Appendix Table 23 of
the Supplement). Osteoporosis treatment was similarly
effective in participants aged 75 years and older (Appendix
Table 24 of the Supplement). Most trials excluded partici-
pants with the equivalent of chronic kidney disease stage 4
or worse (Appendix Table 25 of the Supplement), but there
is evidence that zoledronate, alendronate, and denosumab
are effective in persons with mild to moderate chronic kid-
ney disease.
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DISCUSSION

In postmenopausal females with osteoporosis, there
is moderate to high CoE that, compared with placebo,
bisphosphonates and denosumab reduce the risk for
hip, clinical and radiographic vertebral, and other clinical
fractures; moderate to high CoE that abaloparatide and
teriparatide reduce clinical fractures and radiographic
vertebral fractures; and low to moderate CoE that SERMs
reduce radiographic vertebral, but not clinical, fractures.
Bisphosphonates likely reduce radiographic vertebral frac-
tures in males with osteoporosis (low to moderate CoE) but
may not reduce the risk for other fractures (insufficient to
moderate CoE).

Zoledronate reduced clinical, nonvertebral, and ver-
tebral fractures in postmenopausal females with low
bone mass (low CoE). However, the rate of clinical frac-
ture in the control group in the main trial supporting this
finding was high, and participants were older (46).
Whether bisphosphonates reduce the risk for fracture in
younger females with low bone mass at lower risk for
fracture is unknown.

Our NMA allowed for direct and indirect compari-
sons of treatments, though almost all of the identified
comparative evidence focused on bisphosphonates.
There are only a few head-to-head trials to compare
active treatments in the treatment network. Among
females at very high risk for fracture, we found moder-
ate CoE that sequential use of romosozumab, then alen-
dronate, was more effective than alendronate alone in
reducing hip, clinical and radiographic vertebral, and
other clinical fractures, but an FDA black box warning
advises against use of romosozumab in thosewith amyocar-
dial infarction or stroke in the past year given potential
concerns for increased cardiovascular events (152).
Although abaloparatide (indirect comparison) and teripara-
tide (direct comparison) may reduce clinical fractures more
than bisphosphonates in females at very high risk for frac-
ture,WAEs were higher than with bisphosphonates.

The paucity of evidence examining the effects of se-
quential treatment on fracture outcomes is an important
gap in the literature. Bisphosphonates, SERMs, and deno-
sumab inhibit the resorption of bone; abaloparatide and

Table 2. Applicability of the Evidence: Treatment Effectiveness Across Subgroups

Treatment Follow-up
Duration,
mo

Subgroup

Prevalent
Vertebral
Fracture

References No
Prevalent
Vertebral
Fracture

References Prior
Osteoporosis
Treatment

References Age ≥75 y References

Versus placebo
Bisphosphonates 12 to <36 � ZOL* 37, 43 Unclear — Unclear — � ZOL 40

� ALN 49
≥36 � ZOL 28, 72 � ZOL 46, 56, 72 � ZOL† 72 � RIS 75

� ALN 27
� RIS* 24 � RIS* 59 � ZOL* 46, 72

Abaloparatide 12 to <36 �* 41, 42 �* 42 Unclear — �* 42, 98, 102
≥36 Unclear — Unclear — Unclear — Unclear —

Teriparatide 12 to <36 �* 41 Unclear — Unclear — �* 31, 73, 81
�† 26, 31

≥36 Unclear — Unclear — Unclear — Unclear —

Denosumab 12 to <36 �† 39 Unclear — Unclear — Unclear —

≥36 �* 65, 87 �* 34, 65, 87 �† 65 �* 65, 87

Romosozumab 12 to <36 �† 52 �* 42, 112 Unclear — Unclear —

≥36 Unclear — Unclear — Unclear — Unclear —

Raloxifene 12 to <36 Unclear — Unclear — Unclear — Unclear —

≥36 �† 55 �† 55 Unclear — Unclear —

Bazedoxifene 12 to <36 Unclear — Unclear — Unclear — Unclear —

≥36 �† 85 Unclear — Unclear — Unclear —

Versus bisphosphonate
Teriparatide versus

risedronate
12 to <36 �* 45, 99 Unclear — �* 45, 99 �* 45, 99

Romosozumab to
alendronate versus
alendronate

12 to < 36 �* 44, 45, 99 Unclear — Unclear — �* 44

ALN = alendronate; RIS = risedronate; ZOL = zoledronate; �= Effective: To be listed as effective within a given subgroup, the treatment had to be
effective in improving 1 or more fracture outcomes in our network meta-analyses of the primary trials (that is, a treatment that was effective in a post
hoc subgroup analysis or in a single trial, but not in the overall collection of studies analyzed, would not be listed in this table as effective), and
include a population in which most participants have the risk factor in question, and/or be shown to be similarly effective in participants with and
without the risk factor in question (usually through post hoc subgroup analyses demonstrating a treatment–risk factor interaction term with P >
0.10); Unclear = no studies in which most participants in the parent trial had characteristic of interest, and no subgroup analyses reporting treatment
effects according to characteristic of interest; � = not effective for any outcome studied.
* Effective for 1 or more clinical fracture outcomes.
† Effective, but only for radiographic vertebral fractures.

REVIEW Treatments for Fracture Prevention

188 Annals of Internal Medicine • Vol. 176 No. 2 • February 2023 Annals.org

Downloaded from https://annals.org by Pedro Reyes on 03/28/2024.

http://www.annals.org


teriparatide stimulate bone formation; and romosozumab
has both antiresorptive and anabolic properties. In theory,
the sequencing of drugs with different mechanisms of
action could impact the degree and durability of treatment
effect. Findings from ARCH and FRAME suggest that treat-
ment gains observed during the first year of romosozumab
treatment are likely to be maintained after transitioning to
antiresorptive therapy, but neither trial was designed to
assess the incremental value of sequential therapy com-
pared with no follow-on treatment. Outside of the scope of
our review, there is evidence that BMDgains from abalopara-
tide and teriparatidemay quickly dissipate after treatment dis-
continuation (154), and that use of bisphosphonates after an
initial course of abaloparatide or teriparatide might help
preserve BMD gains (155). The results of a trial reporting
sequential therapy with teriparatide then alendronate com-
pared with alendronate alone are expected soon (153).
There have also been concerns raised about increased
bone turnover after discontinuation of (156)—or delayed
treatment with (157)—denosumab, and some experts
suggest following a course of denosumab with alternate
antiresorptive treatment (156–158). We found no studies
examining the fracture-reducing effects of anabolic ther-
apy after antiresorptive therapy, but experts have warned
against this sequence of treatment based on data from a
study showing that females transitioning from denosu-
mab to teriparatide experienced reduced BMD, bone
loss at the hip and radius, and accelerated bone remod-
eling (154, 159, 160).

The optimal treatment duration is also unclear because
most trials lasted 3 to 4 years at most, and, for all treat-
ments other than bisphosphonates, there were no stud-
ies directly comparing different treatment durations.
Extending bisphosphonate treatment to 6 or 10 years
may help reduce vertebral fracture risk in females at
high risk for fracture (56, 77). However, this benefit
would need to be weighed against the nearly 3-fold
increased risk for ONJ after 2 to 3 years of bisphospho-
nate use and the risk for AFFs, which increased substan-
tially after 3 to 5 years of use. Nevertheless, both harms
were rare, and the absolute risk remained low.

Another limitation of this body of evidence is the
generalizability of findings. Most studies were of post-
menopausal White- or Asian-identifying female popula-
tions with osteoporosis; few studies analyzed other racial
and ethnic groups, those with low bonemass, andmales.
Precise application of our findings is further limited
because of inconsistent reporting of prior fracture type
and frequency, type of prior osteoporosis medication
use, and extensive exclusion criteria in some trials.

We took a similar approach to a prior review (5) used
to develop the previous ACP clinical practice guideline
on treatments for osteoporosis, but there are several dif-
ferences. We conducted an NMA, set a minimum follow-
up period of 12 rather than 6 months, and focused on
participants with primary rather than primary and second-
ary osteoporosis. Although our findings about bisphos-
phonates, teriparatide, and SERMs were aligned with the
prior review, the evidence has also evolved in the interim,
including publication of additional observational studies

examining harms, additional trials of established treatments,
studies of persons with low bonemass, and the emergence
of previously investigational drugs—romosozumab and
abaloparatide—as therapeutic options. Our findings are
consistent with another recent review and NMA, though it
only focused on postmenopausal females with osteoporo-
sis (161).

Although we conducted an NMA, we did not provide
surface under the cumulative ranking curve ratings and
rank-order treatments because we identified few head-
to-head studies, which reduced the number of loops in our
network and our confidence in the rank-order approach.
Of note, we conferred with our expert panel and elected to
treat bisphosphonates as a drug class in the NMA due to
the comparable mechanisms of action and biological
effects of bisphosphonates (162), our finding that RRs were
similar across bisphosphonates in pairwise comparisons,
and to allow for more robust comparisons in the NMA.

In conclusion, bisphosphonates and denosumab were
effective at significantly reducing hip, other clinical, and
vertebral fractures in postmenopausal females in studies
of 36 months or more (moderate to high CoE). Longer-
duration treatment with bisphosphonates may be associ-
ated with a significantly increased risk for ONJ and AFF
(low CoE), but events were rare. Abaloparatide and teri-
paratide also significantly reduced clinical fractures and
radiographic vertebral fractures up to 24 months (low to
moderate CoE), but significantly increased the risk for
WAEs (low to moderate CoE). For longer-term fracture
outcomes, SERMs reduced radiographic vertebral frac-
tures (moderate CoE), but significantly increased the risk
for WAEs (moderate to high CoE). Sequential therapy for
romosozumab then alendronate, abaloparatide, and
teriparatide may be significantly more effective than
bisphosphonates in reducing clinical fractures for 12 to
more than 36 months in older postmenopausal females
at high fracture risk (low to moderate CoE). More com-
parative effectiveness, sequential therapy, and longer-
duration studies are needed, as well as more research
in males, persons with low bone mass, and those identi-
fying as Black or African American.
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Abstract: Osteoporosis has been defined as the silent disease of the 21st century, becoming a public
health risk due to its severity, chronicity and progression and affecting mainly postmenopausal
women and older adults. Osteoporosis is characterized by an imbalance between bone resorption and
bone production. It is diagnosed through different methods such as bone densitometry and dual X-
rays. The treatment of this pathology focuses on different aspects. On the one hand, pharmacological
treatments are characterized by the use of anti-resorptive drugs, as well as emerging regenerative
medicine treatments such as cell therapies and the use of bioactive hydrogels. On the other hand,
non-pharmacological treatments are associated with lifestyle habits that should be incorporated, such
as physical activity, diet and the cessation of harmful habits such as a high consumption of alcohol or
smoking. This review seeks to provide an overview of the theoretical basis in relation to bone biology,
the existing methods for diagnosis and the treatments of osteoporosis, including the development of
new strategies.

Keywords: osteoporosis; regenerative medicine; lifestyle habits

1. Introduction

In 1993, the WHO defined osteoporosis as a systemic skeletal disease characterized
by low bone mass, the deterioration of the microarchitecture of bone tissue, a consequent
increase in bone fragility and a susceptibility to fractures [1]. In addition, osteoporosis
has been reported to occur when there is an imbalance in bone cell function [2]. This
disease has been called “the silent epidemic of the 21st century” because of its public health
implications. It is a severe, chronic, progressive and clinically silent disease and the most
common of the metabolic bone diseases [3].

Within osteoporosis, there are several types that can be classified into two large
groups: primary and secondary osteoporosis. Primary osteoporosis includes idiopathic
osteoporosis occurring in children and young adults, with an unknown etiopathogenesis [4],
and involutional osteoporosis affects both men and women and is more related to aging [5].
Likewise, involutional osteoporosis is divided into type I or postmenopausal osteoporosis,
which mainly affects women between 51 and 75 years of age and is characterized by rapid
bone loss [6]. Type II or senile osteoporosis occurs in persons over 75 years of age and is
characterized by a loss of trabecular and cortical bone that results from aging [3]. Secondary
osteoporosis accounts for less than 5% of all cases of osteoporosis and is a consequence
of a disease or the use of medications [7]. Among all of them, the most frequent kind of
osteoporosis is postmenopausal osteoporosis, which is linked to two conditions: menopause
and aging [6].
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Among the metabolic bone diseases known to date, osteoporosis is not only the most
frequent but is also a major global public health problem due to its high morbidity, which is
caused by osteoporotic fractures in the older population [8]. This process occurs in people
of both sexes and in the different types of osteoporosis, and it is also known to affect both
pediatric and young patients, either primary or secondary to systemic diseases or medical
treatments [9]. The National Institute Health Consensus on Prevention, Diagnosis and
Therapy of Osteoporosis concluded that “bone mass acquired early in life may be the major
determinant of long-term bone health” [10].

Due to the fact that bone loss is produced by advancing age, the prevalence of os-
teoporosis increases with it; therefore, as a chronic and prolonged skeletal disorder, it
is more common in senile people, occurring in men over 65 years of age and in women
over 55 years of age, approximately [11]. However, in women, it is more frequent due to
other symptoms produced by menopause. During this stage, the estrogen deficit produces
an increase in bone remodeling, which causes the loss of bone density [12]. In fact, in
2010, it was observed that 5.5 million men and 22 million women in the European Union
had osteoporosis according to the diagnostic criteria used by the WHO [13], with 80% of
the female population being unaware of the risk factors before being diagnosed with the
disease [14].

Osteoporosis does not follow pre-established clinical patterns and manifests itself
in various ways during its course. Individuals with uncomplicated osteoporosis may
remain asymptomatic until a fracture occurs [5]. Although osteoporosis presents a general
symptomatology, it also manifests with specific signs and symptoms such as: (i) pain that is
secondary to osteoporotic fractures, which can occur in any bone and whose clinical mani-
festations depend on the location [15]; (ii) deformities and multiple vertebral compression
fractures which can produce an increase in thoracic kyphosis and cervical lordosis [16]. The
last ribs could contact the iliac crest, causing the relaxation of the diaphragm, which is the
cause of digestive (hiatus hernia, meteorism) and respiratory (dyspnea) manifestations [17].
Moreover, there are alterations of the adipose panniculus and the presence of skin folds on
the back, pubic region and umbilicus [18]. Likewise, hyperkyphosis causes cervical pain as
the patient tries to keep the head upright through cervical hyperextension [19]. Moreover,
increased dorsal kyphosis also occurs in osteoporotic males, resulting in shoulder droop,
compensatory lumbar, cervical hyperlordosis and a characteristic postural habitus [20].
(iii) A loss of height, as vertebral fractures and hyperkyphosis can result in a decrease in
height of about 10–20 cm, approximately [21].

Many factors are involved in the development of osteoporosis. Some of them are mod-
ifiable, such as environmental factors and some endocrine factors. Environmental factors
include: (a) nutritional factors, such as deficient calcium intake, vitamin D deficiency due
to nutritional problems, poor absorption or low sun exposure, excessive protein intake in
unbalanced diets, excessive phosphate intake or excessive salt intake that increases urinary
calcium loss [22]; (b) sedentary lifestyles, anaerobic exercise and excessive mechanical load,
which are three factors that directly cause the risk of osteoporosis [23]; (c) chronic pharma-
cological treatment such as anti-convulsants, glucocorticoids, sedatives or chemotherapy;
(d) the intake of caffeine, alcohol or smoking [24]; (e) body weight, which is responsible
for 15% to 30% of the variations in bone mineral density (BMD) at any age and in any
measured bone region [25]. Endocrine factors include: (a) late menarche or menstrual cycle
alterations, which are conditions that are associated with low bone mass [26]; (b) surgical
or non-surgical menopause before the age of 45 years [27]; (c) being a hormonally infertile
woman [28]; and (d) estrogen deficiency before menopause as a result of anovulation due
to anorexia nervosa, excessive exercise, mental stress, etc. This is the most important risk
factor for osteoporosis, at least in Western countries [29]. It is important to look at these
modifiable factors because they could be corrected and decrease the risk of developing
osteoporosis [30].

In addition, there are non-modifiable risk factors such as genetics, since there are
important genetic components in the determination of bone density and mass [31], e.g.,



Int. J. Mol. Sci. 2022, 23, 9465 3 of 27

race, since Caucasians and Asians are at a greater risk than Blacks and Polynesians [32];
sex, since it has been found that the risk is greater in women than in men [33]; and age,
since each decade increases the risk by 1.4 to 1.8 times. It is another clear cause of bone
density loss, not only because of the drop in hormone levels but also because, histologically,
there is a decrease in the average thickness of the bone wall, but bone resorption remains
high with aging [34].

Due to the increase in life expectancy produced by the aging of the world population,
osteoporosis is becoming an emerging health problem, representing one of the main non-
communicable diseases at this time, and it can interfere negatively in the quality of life of
people. Therefore, it is essential to know the factors involved in this disease and to establish
approaches for its management and treatment [35].

2. Bone Biology

Bone tissue is a dynamic, mineralized connective tissue that serves multiple physi-
ological functions [36]. Bone provides mechanical support for loading and locomotion,
offers physical protection to internal soft organs, forms a non-static reservoir of calcium and
phosphate ions and provides an environmental niche for bone marrow and hematopoietic
cell development.

In bone, there is a hierarchical structure with two separate phases: the organic matrix
and the inorganic matrix [37]. The organic matrix is composed mainly of type I collagen,
the fibers of which are linked by triple helix cross-links. It is this structure that provides the
bone with resistance to longitudinal tensile forces as well as elasticity. On the other hand,
the inorganic matrix is mineralized with hydroxyapatite and calcium phosphate crystals,
which are located in the free voids of the organic matrix. This matrix is responsible for the
stiffness of the bone and its resistance to compressive forces in a way that depends on the
amount of mineral, the arrangement of the crystals and the degree of packing [38].

The remaining bone volume is composed of bone cells of two classes: osteoprogenitor
cells and osteoclasts. Osteoprogenitor cells are derived from mesenchymal stem cells
(MSCs) that subsequently differentiate into osteoblasts and osteocytes. The differentiation
of these cells is initiated when they receive migration signals to a certain area, proliferate
and, finally, differentiate. Osteoblasts are the cells that line the surfaces of bone and are
responsible for the synthesis and secretion of the organic bone matrix. Osteocytes are the
majority of bone cells capable of communicating directly with each other [39,40]. All these
cells are responsible for maintaining the bone matrix and regulating calcium homeostasis,
although they also play an important role in bone resorption. Finally, osteoclasts are the
largest cells, have multiple nuclei and are of hematopoietic origin. They are bone resorption
cells and act by phagocytosing the matrix through acidification solubilization [41,42].

Furthermore, bone tissue can be differentiated into cortical bone or trabecular bone.
Both types of bone are similar in their cellular and molecular composition but different in
terms of functionality and mechanical characteristics [43]. Cortical bone is the bone found
in the outermost part of the long bones. It is a very compact tissue that circulates the blood
vessels, the canaliculi that surround the osteocytes and their connecting cellular processes.
On the contrary, trabecular bone, also called cancellous bone, is found in the epiphysis of
long bones, in the vertebrae and near the articular surfaces. It consists of a network of thin
bony plates and connecting struts surrounded by the bone marrow [44].

Bone remodeling begins in fetal life and continues throughout our lives, adapting
the shape of bones by removing and adding bone tissue at different key points [45]. Bone
remodeling is crucial for the repair of bone damaged by constant physical loading and the
prevention of fractures of various origins. This process is based on the balance of two main
phases: bone formation and bone resorption (Figure 1) [46]. Bone is unique in the healing
of connective tissue because it is capable of complete healing through cell regeneration and
mineral matrix production [47]. As mentioned above, bone tissue is in a constant process
of remodeling, which allows the skeleton to renew itself continuously. This remodeling
process is directly related to mechanical stresses. This can prevent excessive fatigue dam-
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age, ensure the viability of bone cells, repair microfractures or allow for proper calcium
homeostasis. The constant changes in bone mass and architecture due to load-bearing are
regulated by osteoclasts together with the osteoblast–osteocyte communication system [48].
These bone cells form the main mechanical sensor network of the tissue.
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Figure 1. Stages of bone remodeling. In a balanced system, bone remodeling begins with bone
resorption and ends with osteoblast formation. The complete cycle is composed of the phases of
activation, resorption, reversion, formation and, finally, mineralization. Initially, a signal is detected
which activates resorption by attracting osteoclast precursors to the area to be remodeled. This phase
is of limited duration and depends on the degree of stimuli received, causing osteoclast differentiation
and activity. Then, in the reversion phase, almost all of the osteoclasts disappear, and osteoblast
precursors of mesenchymal origin begin to form. In the formation phase, all the osteoclasts are
definitively replaced by osteoblasts. Finally, the mineralization of new bone tissue occurs. The new
tissue remains at rest until the next cycle of remodeling.

During the remodeling process, there are several markers by which we can identify
the existence of bone formation. Some of these markers are indicators of osteoblastic
activity and the resulting metabolism after collagen release [49]. Alkaline phosphatase
(ALP) is an enzyme associated with the plasma membrane of cells produced by osteoblasts,
which play an important role in osteoid formation and mineralization. Its absence can
lead to the development of liver disease. Osteopontin (OPN) is another non-collagenous
protein with a key role in the structure and mechanics of bone tissue. A charged and
phosphorylated protein with a high affinity for calcium, it has been attributed multiple
functional roles in bone mineral bioregulation. It acts as a link at the mineral–collagen
interface, improving bone hardness [50]. Another useful marker is osteocalcin (OC). OC
is the most abundant non-collagenous protein present in the bone matrix. It is a small
hydroxyapatite-binding protein synthesized by osteoblasts. It is generated during bone
formation and can be released during bone resorption. This protein is rapidly degraded
in vivo and ex vivo. Collagen type I is a protein synthesized by the osteoblasts and also
serves as a bone formation marker [51].
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Disuse can lead to deterioration in bone density and architecture, but physical exercise
can slow the progression of these problems [52]. The mechanical forces supported by the
cells in this tissue type are complex and multifactorial systems. The response of cells to these
forces is regulated by cytoskeletal proteins and transmembrane-bound integrins that link
the extracellular microenvironment with the genetic load in the nucleus. The bone marrow
is also indirectly involved in bone remodeling. It produces MSCs that are also subjected to
these loads, along with dynamic shear forces derived from the bone marrow bone interface.
It is precisely these forces that promote osteogenesis and the cell differentiation of MSCs
into an osteoblast lineage by dynamically activating the actin structure in the cytoskeleton
while inhibiting adipogenesis [53].

Over the years, bones become more fragile and lose their functionality [54]. Fac-
tors such as immobilization, hormonal or nutritional deficiencies or chronic diseases can
metabolically affect bone remodeling leading to osteopenia [55]. Therefore, the regulation
of cellular and molecular processes to maintain the balance between bone resorption and
bone formation is fundamental. An imbalance in this process can lead to the loss of bone
density and mineral homeostasis, resulting in osteoporosis [56]. Osteoclasts, osteoblasts
and osteocytes are bone cells directly involved in bone remodeling and a failure in their
molecular mechanism is the possible trigger of the disease [57,58].

Several hormones, primarily estrogens [59], are responsible for regulating bone remod-
eling by controlling the cytokines and growth factors produced by bone marrow and bone
cells. However, bone remodeling is also regulated by other systemic regulators (parathy-
roid hormone (PTH), vitamin D, calcitonin or glucocorticoids) and local regulators such as
cytokines, growth factors mainly transforming growth factor beta (TGF-β), the macrophage
colony-stimulating factor (M-CSF), receptor activators of nuclear factor-κB ligand (RANKL)
or prostaglandins [58,60].

It is well known that the loss of estrogens increases bone resorption in women and, to
some extent, in men. This is only supered by age-related osteoporosis. There are various
factors, such as the low absorption of calcium and vitamin D and aging, which cause
a decrease in the production of estrogens. The main cause of osteoporosis in women
is menopause due to sex hormones reduction. A low production of estrogens causes
the prolonged maintenance of osteoclasts. while osteoblastic cells deteriorate, leading to
a homeostatic imbalance of the bone [61].

The action of these systemic regulators such as vitamin D and calcium exchange is
essential for the physical resistance of bone and is closely related to PTH, one of most
prominent regulatory hormones. Vitamin D levels are inversely related to PTH; if exist-
ing vitamin D decreases, PTH increases. This leads to a negative calcium balance and,
consequently, to the deterioration of bone tissue [62].

Functional PTH receptors are found in osteoblasts, regardless of their maturation state.
Problems in PTH regulation, such as ongoing hyperparathyroidism, result in a severe loss
of bone mass, even though bone formation by osteoblasts continues. Although it is known
that PTH plays a fundamental role in bone remodeling, it is not possible to determine how
it is able to promote bone formation, since there is no single mechanism that explains it
but rather multiple complementary mechanisms that act in a coordinated manner [63].
PTH anabolic treatments were the first Food and Drug Administration (FDA)-approved
osteoporosis medications that could stimulate new bone formation [64].

On the other hand, the main signaling pathways controlling osteoclastic bone re-
sorption and osteoblastic bone formation are the receptor activators of nuclear factor-κB
(RANK)/RANKL/osteoprotegerin (OPG) and the canonical Wnt signaling [65,66].

First, for the initiation of the RANKL/RANK/OPG signaling pathway to occur, there
must be an adequate concentration of M-CSF, which is expressed by osteocytes and os-
teoblasts. It stimulates the expression of RANK necessary before the action of RANKL.
Subsequently, the binding of RANKL to its receptor on osteoclast precursor cells drives
osteoclast differentiation, facilitating their activation and survival. RANKL/RANK binding
induces a cascade of protein signaling molecules to enable osteoclast gene expression.
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RANKL produced by osteocytes is thought to sense changes in tissue load and initiate the
bone remodeling cycle by stimulating osteoclastogenesis. Finally, OPG is a RANK receptor
secreted by osteoblasts and osteocytes capable of inhibiting osteoclastic bone resorption by
binding to RANKL instead of RANK [56]. The other key signaling pathway, the canonical
Wnt pathway, is dependent on β-catenin, an important regulator of osteoblastic bone
formation [65]. In the absence of Wnt, the cytoplasmic β-catenin glycoprotein is marked
by proteasomal degradation that phosphorylates and ubiquitinates β-catenin. Because
of this, the expression of the Wnt target gene is inhibited. If Wnt is present, it binds to
a dual receptor complex comprising the Frizzled family of proteins, a seven transmembrane
domain receptor and a lipoprotein-related co-receptor (LPL) (5 or 6). This blocks the action
of the destruction complex, leading to the accumulation of cytoplasmic β-catenin, which
ultimately promotes osteoblast proliferation and differentiation [56].

3. Diagnosis of Osteoporosis and Fracture Risk Assessment

Nowadays. the diagnosis of osteoporosis is mainly based on the evaluation of bone
mass by bone densitometry (DEXA) [67]. Although osteoporosis is more than a bone
densitometry value, this evaluation allows for the quantification of bone tissue, which is
used as a diagnostic criterion and is considered a predictive value for the risk of fracture,
which makes it the best method for determining the rate of bone loss and as a reference
point for the evolutionary control of the disease [68].

According to the WHO Expert Committee, the classification of BMD values is as
follows: (i) normal: BMD > −1 SD t-score; (ii) osteopenia: BMD between −1 SD and
−2.5 SD t-score; (iii) osteoporosis: BMD < −2.5 SD t-score; and (iv) established osteoporosis:
BMD < −2.5 SD t-score + fragility fracture [69]. The T-score or t-value, which is the number
of standard deviations above or below the mean BMD of the normal young population
of the same sex, has been taken into account for this classification [70]. However, in the
case of premenopausal women, men under 50 years of age and children, the Z-score will
be considered (in relation to normal subjects of the same age and sex) such that “normal”
will be considered up to −2.0 [71]. This classification is, to date, universally accepted
as a diagnostic criterion. Its sensitivity and specificity are close to 90%, and it may be
able to increase the detection of patients who would not be classified as osteoporotic.
However, limitations exist in this imaging test, especially in the presence of osteomalacia,
osteoarthrosis and osteoarthritis [72]. In Europe, the International Osteoporosis Foundation
(IOF) has carried out a campaign where diagnostic bone density tests (densitometry) were
performed in people at an increased risk of the disease [5]. The results of this campaign in
Spain were worrisome: of the 900 citizens in an age group between 50 and 70 years who
underwent densitometry tests, about 25% suffered from the disease, and approximately
the same percentage had osteopenia, a degree of bone degeneration. In this campaign, it
was also found that most of the citizens who underwent densitometry had done for the
first time [73]. There are also several diagnostic tests used to monitor the treatment of
osteoporosis in clinical practice [74], including dual X-ray absorptiometry, which is the
most recommended technique for the diagnosis of osteoporosis since it can predict the risk
of fracture, indicate the treatment or monitor its effect [75]. Dual X-ray absorptiometry is
based on the quantification of axial bone mineral density (spine and hip) by measuring
the transmission of a beam of X-ray photons with two energy peaks in the patient’s body,
which allows for the assessment of the calcium content of the bone [76]. A study conducted
in postmenopausal women showed that BMD and fracture risk were related, thus defining
osteoporosis as a t-score value of −2.5 [77].

On the other hand, general blood and urine tests provide information on the general
health status and on the existence of elements causing secondary osteoporosis [76]. These
markers are really useful tools in identifying metabolic bone diseases, since they provide
us with information that is not directly obtained with a bone density measurement or
bone histomorphometry [78]. With respect to markers, another commonly used test is
bone turnover markers (BMTs), which are capable of measuring peptides of the amino and
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carboxy-terminal ends in processes of bone matrix formation or degradation [79]. Among
these are formation markers that measure osteoblastic activity, i.e., bone-forming activity,
such as ALP and OC. ALP is secreted by different tissues (liver, bone, placenta), and its
most frequent isoforms are from hepatic and bone (90%) [80]. The bone isoform does not
vary between sexes and is not influenced by the circadian rhythm, which makes it a simple
marker, although it has a low sensitivity and specificity in metabolic bone disorders [81].
In situations of increased bone turnover, the half-life of OC decreases, and it is eliminated
through urine [82]. On the other hand, the most commonly used resorption markers that
measure osteoclast activity are: (i) Pyridinolines (Pir) and deoxypyridinoline (Dpir), which
link collagen molecules in the bone matrix through covalent bonds, thus forming fibrils [83];
and (ii) ICTP (C-terminal telopeptide of type I collagen), β-CTX (β-CrossLaps) and NTX (N-
terminal telopeptide of type I collagen), which are peptides released during the process of
bone resorption. β-CTX and NTX are considered to be the most useful resorption markers
in clinical practice for the diagnosis of osteoporosis [78].

In addition, there are other methods, such as ultrasound based on measuring sound
velocity and ultrasound attenuation in peripheral skeletal bones. However, it has not been
demonstrated that the parameters obtained by this test are clinically useful for monitoring
the disease; another assessment technique is quantitative computed tomography, which is
based on the measurement of BMD volume in trabecular and cortical bones; however, this
is a tool that is not recommended, since its economic cost is very high, and it exposes the
patient to greater ionizing radiation than DEXA [84]. Finally, osteoporosis could be diag-
nosed through a biopsy of bone tissue. This is a very invasive technique in which a tissue
sample is extracted, and it is only performed when evidence of tumors is detected [85].

Fragility fractures are the most common consequence of osteoporosis and are partic-
ularly common in the vertebrae, hip and forearm. These fractures increase exponentially
with age and are a major cause of morbidity and mortality in elderly populations [86].
Moreover, the proximal ends of the femur and humerus, the distal end of the radius and
the spine are the most susceptible to osteoporotic fractures in comparison to other parts
of the bone [87]. Likewise, hip fracture is considered to be the severe complication that is
most associated with high morbidity and mortality [88].

Therefore, it is essential to assess the risk of fracture, which is performed by consid-
ering the degree of osteoporosis obtained by densitometry according to the WHO Expert
Committee: (i) normal value: the risk of fracture is normal; (ii) osteopenia value: the risk of
fracture is double the normal risk; (iii) osteoporosis value: the risk of fracture is quadruple
the normal risk; (iv) established osteoporosis value: the risk of fracture for each reduced
standard deviation is multiplied by 1.5–2; and (v) severe osteoporosis value: the risk is
similar to that of established osteoporosis [89].

4. Treatment of Osteoporosis and Novel Approaches
4.1. Overview of Existing Drug Therapies and New Drug Development

Great advances have been made in the study of the pathogenesis of osteoporosis and in
the development of new drugs for its treatment. The primary purpose of a pharmacological
treatment is to reduce the risk of fractures and to improve the quality of life of people with
osteoporosis [90]. It has been proven that, before beginning pharmacological treatment,
it should be ensured that the person has adequate levels of both calcium and vitamin
D, since the combination of these two elements has shown great synergy in promoting
calcium absorption and in helping to maintain adequate serum calcium concentrations
for the proper mineralization of the bone [91]. In the majority of cases, the calcium and
vitamin D intake is insufficient in the diet; therefore, a supplement is always prescribed to
achieve the recommended levels. Although some authors do not support the use of these
supplements because of the adverse effects they could have, such as constipation, this is
why their use is mainly recommended in postmenopausal women who do not meet the
recommended levels through diet [92].
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The drugs used for the treatment of osteoporosis can be divided according to the effect
they produce on the bone. On the one hand, there are the antiresorptive drugs classified as
“bone resorption inhibitors”, and on the other hand, there are the anabolic agents classified
as “bone formation accelerators” (Table 1) [93]. Mainly antiresorptive and anabolic drugs
approved by the Food and Drug Administration (FDA) [94] are shown at Table 1.

Table 1. Drugs for the treatment of osteoporosis.

Drug Names Description Indication

Anti-Resorptive

Selective
oestrogen-receptor

modulators

Raloxifene They act as estrogen receptor agonists,
thereby decreasing bone resorption.

- Postmenopausal OP
- Postmenopausal OP with a high fracture riskBazedoxifene

Calcitonin
Their main function is to prevent the

loss of bone mass due to
sudden immobilization.

- Immobilizations

Bisphosphonates

Alendronate
They are the first choice in

postmenopausal osteoporosis. They
act by binding to the bone and

preventing bone resorption.

- Postmenopausal OP
- Postmenopausal OP with a high fracture risk

- Advanced neoplasia with bone involvement and
tumor-induced hypercalcemia

Risedronate

Ibandronate

Zoledronic acid

RANKL antibody Denosumab

Human IgG2 monoclonal antibody
that has a high specificity and affinity

for RANKL, which it binds
and inhibits.

- Advanced neoplasia with bone involvement
- Treatment of giant cell tumors of unresectable bone or

when surgical resection involves severe morbidity

Anabolic Agents

Parathyroid hormone
analogs

Teriparatide Increases bone formation with minor
increases in bone resorption, resulting

in a net anabolic effect.

- Postmenopausal OP and men at a high fracture risk
- OP associated with glucocorticoid treatment

in women and men at a high fracture riskAbaloparatide

OP: Osteoporosis.

These antiresorptive drugs suppress osteoclastogenesis and result in the suppression
of bone turnover, thereby increasing mineralization. The function of anti-resorptive drugs
is to decrease or prevent bone resorption by trying to balance the bone formation and bone
resorption suppressing osteoclast function. Most of the treatments used in osteoporosis
fall into this group: bisphosphonates, selective oestrogen receptor modulators (SERMs),
calcitonin and denosumab [95]. On the other hand, anabolic agents increase bone turnover,
which mostly affects bone formation. However, it has been suggested that the prolonged
use of PTH analogs increases the risk of osteosclerosis and osteosarcoma due to their
stimulatory effects, and they are not used for the long-term treatment of osteoporosis [93].
Among the most commonly studied anti-resorptive drugs are SERMs, which include
raloxifene and azedoxifene. Raloxifene is capable of alleviating climacteric symptoms,
preventing bone loss and increasing bone mineral density. Like other SERMs, Raloxifene
can bind to the estrogen receptor (ER) in an agonistic or antagonistic manner depending
on the target tissue [96]. Bazedoxifene, binds at the cellular level to both ERα and Erβ and
inhibits its binding to 17β-estradiol, exerting agonistic activity on the bone [97].

Calcitonin is a thyroid hormone that binds at the calcitonin receptor expressed in
the kidney, the hypothalamus and in the membranes of osteoclasts. Calcitonin works
by inhibiting osteoclasts and reducing the bone resorption ability. Additionally, it can
reduce fracture-related pain, apparently through regulating nociception in the central
nervous system. It has a positive impact on reducing vertebral fractures in postmenopausal
osteoporotic women. However, the treatment with calcitonin has declined over the years
because the use of hormone therapy increases the risk of cardiovascular complications and
breast cancer [98].
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The most common first-line treatments for osteoporosis are bisphosphonates. Alen-
dronate, or alendronic acid, is a nitrogen-containing bisphosphonate that binds to bone
surfaces and inhibits bone resorption by osteoclasts, possibly by inhibiting the meval-
onate pathway. It has been shown to be effective in the treatment of women or men
with corticosteroid-induced osteoporosis and in the prevention of osteoporosis in post-
menopausal women [99]. Risedronate is a pyridinyl bisphosphonate capable of reducing
the bone turnover process and decreasing bone resorption by interfering with the activity of
osteoclasts and inhibiting their adhesion to the mineralized bone matrix without affecting
its porosity [100]. Another nitrogenous bisphosphonate is ibandronate, which has one of
the best anti-resorptive capabilities due to the tertiary nitrogenous group on its R2 side
chain and the hydroxyl group on its R1 side chain. It reverses the bone loss associated with
estrogen depletion and has a strong binding affinity to hydroxyapatite [101]. On the other
hand, zoledronic acid, a potent intravenous amino bisphosphonate, is an antiresorptive
agent that improves bone mineral density, reduces fracture risk and bone turnover and
maintains bone structure. It has a high affinity for mineralized bone and is primarily
targeted at sites of increased bone turnover. In addition, it affects the endocytic activity
of osteoclasts and inhibits bone resorption by inhibiting farnesyl pyrophosphate synthase
(FPPS), which prevents protein prenylation [102].

Another popular medication used for treating osteoporosis is denosumab, a human
monoclonal antibody targeting RANKL. RANKL is a protein essential for osteoclast forma-
tion, differentiation and survival and is a key mediator of bone resorption. Denosumab
is more effective at improving bone density and strength than bisphosphonate drugs, but
unlike bisphosphonate drugs, it is not incorporated into bone, so its effect ceases when the
treatment is stopped [103].

Anabolic agents such as PTH analogs are also used in the treatment of osteoporosis,
although to a lesser extent and generally when antiresorptive treatments are not effective.
Currently, only two osteoanabolic drugs are available for the treatment of osteoporosis:
Teriparatide and Abaloparatide. Teriparatide, or human PTH (1-34) hormone, is a bone
formation promoter derived from the PTH (1-84) chain, the main regulator of calcium
formation and bone metabolism in mammals. The primary sequence of Teriparatide is
identical to the 34 amino acids of full-length PTH (1-84), which correspond to the active
phase of mineral homeostasis. Teriparatide promotes osteoblastogenesis and prevents
osteoblastic apoptosis [104,105]. On the other hand, Abaloparatide is a 34-amino acid
synthetic analog of PTH that is identical to that of the PTH peptide in the first 20 amino-
acids. Abaloparatide promotes bone formation and has similar effects to Teriparatide.
Some studies have shown that the use of Abaloparatide reduces the risk of vertebral
fractures in postmenopausal women with osteoporosis compared to patients treated using
alendronate [106]. Both Abaloparatide and Teriparatide treatments were furthermore able
to generate an increase in RANKL and M-CSF mRNA expression in a human osteoblast
line [107].

Moreover, new targets are being studied for the treatment of osteoporosis, such as
cathepsin K inhibitors, which have been shown to cause a decrease in bone resorption, thus
preserving bone, or antisclerostin therapies, products of the SOST gene which bind to the
LRP5 or LRP6 receptors in such a way that they inhibit osteoblastic activity, promoting
its apoptosis. Additionally, antibodies against sclerostin, an osteocyte-secreted protein
that inhibits bone formation by inhibiting the Wnt signaling pathway by binding to the
LRP5/6co-receptors, are in clinical development. Romosozumab is a sclerostin inhibitor
approved by the FDA for the treatment of osteoporosis in postmenopausal women at a high
risk of fracture that can act with both antiresorptive and osteoanabolic functions [108].
However, these novel osteoporosis therapies are still under study [109,110], and the current
ones are not fully effective in all patients and also present serious side effects which limit
their long-term use.
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Therefore, there is an increasing need for the development of new therapies that base
their mechanisms on bone biology, have no side effects and promote bone formation and
thereby a reduction in the risk of fractures [111].

4.2. The Treatment Gap in Osteoporosis

Despite the epidemiological impact of osteoporosis, not all patients at a high risk of
fractures are effectively assessed and treated with osteoporosis drugs [112]. This may be
due to most high-risk individuals not being identified, not receiving appropriate treatment
or, even when treated, not taking it. Hence, there is the so-called “treatment gap” in bone
fragility management, which leads to an increase in the burden of osteoporotic fracture for
individuals, societies and healthcare systems [113].

Although some clinical calculators, such as FRAX, are recommended by several
guidelines for screening decisions, fracture risk calculation is still underestimated [114].
For example, the FRAX and Garvan risk calculators have demonstrated a low ability to
identify the risk of hip fractures, major osteoporotic fractures or any clinical fractures in
postmenopausal women aged 50–64 years during 10 years of follow-up [115].

Many studies pointed out that a minority of individuals at a high fracture risk actually
receive treatment [116,117]. In this regard, Rodrigues et al. found that only 7.1% of 65-year-
old women with fragility fractures were under treatment for osteoporosis, and 13.9% never
had treatment [118].

A special need for drug therapy arises in patients who sustain a fragility fracture
because of the increased risk of refracture [112]. However, it has been shown that the
proportion of patients starting treatment to reduce the risk of future fracture within the
year following a diagnosis of fracture is low [119]. In a study developed by the IOF, it
was found that the treatment gap for the five largest EU countries (France, Germany, Italy,
Spain and the UK), as well as Sweden, is estimated to be 73% for women and 63% for men.
Moreover, in France, Sweden and Spain, 85%, 84% and 72% of fracture patients are without
any treatment 1 year after fracture, respectively [120].

The treatment gap is particularly marked in the case of hip fracture patients [121,122].
Kim and colleagues studied the use of osteoporosis medications for the secondary pre-
vention of osteoporotic fracture. Among a total of 86,202 patients with hip fracture, only
11 to 39% were treated with osteoporosis medication within 3 months after the fracture.
Moreover, the adherence to osteoporosis treatment was also suboptimal [122].

One of the challenges in the treatment of patients with osteoporosis is that, in clinical
practice, it is often the case that they show poor compliance with the pharmacotherapy
that is prescribed to them. Among the reasons underpinning the low adherence to pharma-
cotherapy in patients with this pathology is that the asymptomatic nature of the disease
maintenance treatment means that the patient sees no manifest benefit from the treat-
ment [112]. Some reports found that the use of telecarers has the potential to be a useful
adjunct in the monitoring of osteoporosis treatment and compliance. However, the partici-
pation of patients, families, physicians and clinicians is critically important for the success
of this tool [123].

Other explanatory factors for the low adherence to pharmacotherapy among osteo-
porosis patients are: the cost of the drug, concerns regarding the long-term efficacy of
the osteoporosis treatment and the fear of rare side effects. Long-term treatment with
bisphosphonates is generally well tolerated for the patient and is considered safe and
effective. However, the most important reason why patients decide to stop oral forms of
bisphosphonates treatment is gastrointestinal irritation. In the most severe cases, reactions
in the upper gastrointestinal tract may also include esophageal erosion or esophageal
ulcers [124]. Moreover, bisphosphonates treatment has been shown to be associated with
the occurrence of rare side effects which include osteonecrosis of the jaw (ONJ), atypical
femoral fractures and cardiovascular damage [112].

ONJ is a serious but rare effect of antiresorptive agents or angiogenesis inhibitors.
This pathology is characterized by progressive bone destruction in the maxillofacial area of
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patients without previous radiation therapy or metastatic disease in the jaws [125]. The risk
of bisphosphonate-associated ONJ in patients with long-term therapy has been estimated
to be 0.21% over four years of therapy [126]. Recently, it has been reported that the risk
of ONJ is higher in patients receiving denosumab therapy compared with those receiving
bisphosphonates. In this study, among 9956 registered patients who underwent at least one
dual-energy X-ray absorptiometry examination, 17 cases of ONJ were identified. Of these
17 patients, 12 were receiving denosumab at the time of ONJ diagnosis, and 5 of the patients
were treated with oral or intravenous bisphosphonate therapy [127]. Interestingly, it has
been highlighted that dental management by the screening and treatment of oral diseases
during and also after the treatment with ONJ-related drugs can significantly reduce the
occurrence of this disease [128].

Atypical femoral fractures are unusual fractures along the femoral diaphyseal and
are located in the subtrochanteric region, which occur with little trauma. In a study
aimed to evaluate the risk of atypical femur fracture in nearly 200,000 women using
bisphosphonates over a ten-year period, the risk of atypical femur fracture increased
with longer durations of bisphosphonate use and rapidly decreased after bisphosphonate
discontinuation [129]. Although drug holidays decrease the risk of atypical femur fracture,
the effect of discontinuation on other osteoporotic fractures must also be considered. The
same study also found that, after 3 years of bisphosphonates treatment, 149 hip fractures
were prevented, and 2 bisphosphonate-associated atypical fractures occurred in White
women. Among Asian women, the balance after 3 years was 8 bisphosphonate-associated
atypical fractures compared with 91 hip fractures prevented. By 10 years, bisphosphonates
treatment decreased the risk of osteoporotic and hip fractures and outweighed the increased
risk of atypical fractures among White women (less so among Asian women) [129].

Additionally, adverse effects have been observed with the use of romosozumab. The
treatment with this anti-sclerostin antibody might increase cardiovascular damage and
therefore the risk of cardiovascular complications such as cardiac ischemic or cerebrovascu-
lar events [130].

In summary, the careful evaluation of patients’ previous disorders and the considera-
tion of correct timing, age and comorbidities are necessary to evaluate the risk–benefit ratio
of a specific drug therapy. Nevertheless, in the worst scenario, an alternative treatment
option is often available. Moreover, for the reduction of the treatment gap, it is suggested
that the international development of the Fracture Liaison Services (FLS) should be carried
out to better identify patients who are at a high risk of fractures. Moreover, FLS provides
an opportunity to improve the adherence to treatment, with a consequent reduction in the
risk of refracture [131,132].

4.3. Cell Therapy as a Novel Approach

Osteoporosis is a disease characterized by a change in cell differentiation, with os-
teogenic differentiation inhibited in favor of adipogenic differentiation [133]. Aging in-
creases the likelihood of osteoporosis, as older patients produce fewer stem cells with
self-renewal and immunomodulatory capacities [134]. Clinical therapies for the treatment
of osteoporosis have so far focused on bone remodeling and preventing bone loss, although
they are not fully effective [57,61].

Cell therapies have attracted great interest in recent years for the treatment of certain
chronic diseases including osteoporosis. This type of therapy focuses on the ability of cells
to repair damaged tissue [135]. Several preclinical studies have focused on the use of stem
cells of different origins [136].

MSCs from bone marrow or adipose tissue are the cells considered optimal for this
type of treatment, as they are immunoprivileged and immunomodulatory cells, and their
use is approved by the FDA. However, embryonic stem cells or induced pluripotent stem
cells have been discarded due to ethical and safety concerns [137].
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The results showed that, by using a high number of progenitor stem cells with good
proliferation and differentiation capacities, it is possible to control bone resorption, decrease
fracture damage and improve tissue mineral density in the treatment of osteoporosis [138].

After transplantation, MSCs may contribute to bone formation through two possible
mechanisms of action. On the one hand, MSCs target the damaged site and differentiate
into osteogenic cells, and on the other hand, MSCs secrete characteristic growth factors,
such as the vascular endothelial growth factor (VEGF), transforming growth factor beta
(TGF-β), hepatocyte growth factor (HGF) or insulin-like growth factor-1 (IGF-1), which act
by promoting bone remodeling processes and preventing bone loss [139].

Decades ago, clinical studies were already conducted in children, using bone marrow
MSCs (BM-MSCs) for the treatment of severe osteogenesis imperfecta [140].

For cell delivery, MSCs can be administered systemically (intravenous or intra-arterial
injection) or locally (intracoronary or direct injection into damaged tissue). The cell migra-
tion procedure is not yet fully understood, so it is difficult to determine which mode of
application is the most beneficial. It would be interesting to monitor the injected cells and
their ability to adhere to the damaged tissue to determine this [141].

In a recent study by Lu et al., it was observed that extracellular vesicles (EVs) from
MSCs possessed therapeutic potential for the treatment of osteoporosis, similar to that of
progenitor cells. To develop this idea, they focused on studying disease models, potential
therapeutic targets and the molecular mechanisms of action. The use of EVs in osteoporosis
has not yet been studied, but it is being studied in the treatment of cancer, renal and
cardiovascular diseases and wound healing. Furthermore, the great advantage of this type
of treatment is that it is completely cell-free, eliminating any possibility of rejection in the
patient. This would facilitate its application in the clinic [142].

Genetically modified BM-MSCs have also been studied in the treatment of osteoporosis.
Sui et al. demonstrated that this cell line showed good homing and osteogenic capacity in
glucocorticoid-induced murine osteoporosis (GIOP). The transplantation of allogeneic BM-
MSCs reduced the loss of bone tissue mass and hardness and promoted osteoblastogenesis
while maintaining bone formation [143].

To regulate osteoblast differentiation, two very important transcription factors, Runx2
and osterix, must be taken into account. The activation or inhibition of these transcription
factors controls osteogenic differentiation in MSCs. In addition, miRNA regulators are
also important, as they have a suppressive effect on bone cell formation while promoting
adipocyte formation. Physical and chemical factors also affect proper bone remodeling and
formation and may be of help when it comes to treatment [144].

Even so, it is necessary to continue adapting this type of therapy, as there is the problem
of controlling cell migration once the MSCs have been implanted. The cells themselves
do not recognize the bone surfaces to be treated, which can trigger cell differentiation to
another, non-osteogenic type, and this type of graft is not able to be maintained in the long
term [145].

Currently, there are few clinical trials studying the effect of infusion cell therapy
for the treatment of osteoporosis. ClinicalTrials.gov was searched for the most recent
clinical advances in the field. A search was carried out including the terms “Osteoporosis”
and “Cell therapy”. Four clinical trials have been found in which cells were directly
applied with therapeutic applications in osteoporosis (Table 2). Among the different
cell types used, we can find MSCs (NCT04501354), fucosylated MSCs (NCT02566655),
allogeneic adult umbilical cord-derived MSCs (NCT05152381) and autologous osteoblastic
cells (NCT02061995). As of yet, no results have been reported for these trials.

ClinicalTrials.gov
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Table 2. Clinical trials with cell therapies for osteoporosis.

Cell Type NTC Number Title Phase Indication

MSC NCT04501354

Evaluation of Clinical and
Bone Density Improvement

After Implantation of
Allogenic Mesenchymal Stem
Cell From Umbilical Cord on

Osteoporosis Patients

2 Improvement of
bone mass density

Fucosylated
MSC NCT02566655

Clinical Trial of Intravenous
Infusion of Fucosylated Bone
Marrow Mesenchyme Cells

in Patients with Osteoporosis
(CSM/OP/2011)

1
Osteoporotic
low-impact

fractures

Allogeneic adult
umbilical

cord-derived
mesenchymal

stem cells

NCT05152381

Safety of Cultured Allogeneic
Adult Umbilical Cord

Derived Mesenchymal Stem
Cell Intravenous Infusion

for Osteoporosis

1 OP

Autologous
osteoblastic cells NCT02061995

Phase 2a Study on
Intravenous Infusion of
Autologous Osteoblastic

Cells in Severe Osteoporosis

2 Severe OP

OP: Osteoporosis.

4.4. Hydrogels for Osteoporosis Treatment

In the post-traumatic bone tissue repair process, autologous/allogeneic transplanta-
tion has so far been the main path followed by experts, but it presents a major problem of
donor limitation. New applications of different biomaterials are presented as a real alterna-
tive in bone regeneration. The use of biomaterials in the hydrogel state stands out due to
their hydrophilic properties, their good biocompatibility, their porous structure and their ad-
justable biodegradability mechanical properties. These properties directly influence the cell
migration, proliferation and differentiation of MSCs, which favors bone regeneration [146].
Hydrogels have been used as an emerging and promising tool in tissue engineering. They
act as a substitute for the conventional materials used in restorative surgery by combining
biology and engineering, improving and restoring tissue function [147].

One of the current challenges in tissue engineering for the treatment of osteoporosis
is the development of a system for the controlled release of therapeutic substances that
can improve their targeting. Injectable hydrogels are presented as a versatile option for
different applications in tissue engineering thanks to their adaptability. Despite this, their
clinical application is still scarce, and more studies are required to improve the aspects
related to the use of polymeric biomaterials, their mechanical properties or their biodegrad-
ability [148]. Zheng et al. analyzed different strategies based on hydrogels for the treatment
of osteoporosis, concluding that the use of biomaterials based on combined natural and
synthetic composites is the best therapeutic strategy. These hydrogels have low cytotoxicity
and good biocompatibility and biodegradability, which, together with a physicochemical
crosslinking process, improve the mechanical properties of the construct. This makes it
possible to control the degradation rate of the hydrogel, generating an excellent vehicle for
the controlled release of drugs [149].

Recombinant human BMP-2 was, until a few years ago, the only osteoinductive growth
factor approved by the FDA and the European Medicines Agency (EMA) for the treatment
of long fractures [150]. However, the direct use of BMPs has been reported to lead to
adverse effects, so the use of drug carriers is suggested as an option to reduce the doses
applied and improve their cost-effectiveness [151].

Echave et al. developed an osteoconductive hydrogel based on gelatin and calcium
sulfate-hydroxyapatite bioceramics that slowed the delivery of the required doses of growth
factors such as BMP-2 to promote bone regeneration in an osteoporotic defect model. The
resulting hydrogels were biocompatible and had an increased pore size, which favored
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mechanical compression properties. In this study, it was demonstrated that the hydrogels
promoted the adhesion and proliferation of human bone marrow-derived MSCs and also
promoted the osteogenic differentiation of the cells [152].

García-García et al. developed two different scaffolds based on PLGA-Alginate in
a hydrogel state (HY) and another in a solid-state as a sponge (SS), which were for the
sustained delivery of β-estradiol and BMP-2 for bone regeneration in osteoporosis. In this
case, both systems were flexible, adapted well to the shape of the defect and had the same
controlled release rate of β-estradiol and BMP-2. According to their trials, both strategies
promoted bone regeneration, but in the case of SS, the bone repair was 30% higher than
that with HY. This was possible simply due to the shorter degradation time of SS compared
to that of HY. This study reflects the importance of modifying the physical properties of
hydrogels to optimize regenerative therapies [153]. In another similar study by the same
group, a heat-resistant injectable hydrogel was used to encapsulate 17β-estradiol, bone
morphogenetic protein-2 (BMP-2) and plasma rich in growth factors (PRGF) microspheres.
Here, the loaded hydrogel was applied locally to regenerate a critical calvarial bone defect
in rats. PRGF did not increase bone repair, while the addition of BMP-2 increased the
response to 17β-estradiol. However, the mineralization of newly formed bone in the
osteoporosis groups was markedly lower than that in the non-osteoporosis groups [154].

In the treatment of diseases mainly caused by osteoporosis, such as hypercalcemia, the
use of hydrogels may present an advantage for the regulation of calcium formation [155].
Li et al. developed an injectable tetra-PEG-based hydrogel loaded with the drug alen-
dronate (ALN), which allowed for the long-term controlled release of anti-osteoporotic
molecules. These hydrogels effectively promoted bone regeneration at the implantation
site in a minimally invasive manner [156].

Salmon calcitonin (sCT) is a product currently used in clinical regenerative medicine
to regulate calcium metabolism in order to improve the treatment of disorders such as
osteoporosis and hypercalcemia. As sCT in serum is rapidly cleared in vivo, Yu et al.
designed a hydrogel based on the conjugation of sCT with oxidized calcium alginate (sCT-
OCA) and hydroxypropyl chitin (HPCH). These gels were stable for up to 28 days and
showed higher biocompatibility when used on pre-osteoblastic cells than sCT alone. In
sCT-OCA, the activity of some osteogenic markers such as ALP increased by up to 63%,
and calcium deposition increased by 42%, enhancing osteogenic cell differentiation [157].

In osteoporosis, excessive oxidative stress causes osteoblast and osteocyte apopto-
sis, leading to abnormal bone formation around the damaged area [158]. Melatonin is
a hormone that has previously demonstrated its capacity for cell differentiation and bone
remodeling and its usefulness in curbing excessive oxidative stress [159]. In a study by Xiao
et al., a hydrogel with a dressing function based on methacrylate gelatin (GelMA) doped
with melatonin for controlled and targeted release was developed. In a trial with MC3T3-E1
cells, it was shown that melatonin in controlled doses reduced the apoptosis caused by
hydrogen peroxide-induced oxidative stress and restored the osteogenic potential of the
cells. In addition, it increased the bone mass around the implant in ovariectomized rats
treated with this adhesive [160].

On the other hand, Zhao et al. generated a bio-inspired mineralized hydrogel from
the supramolecular assembly of nano-hydroxyapatite, sodium carbonate and polyacrylic
acid (CHAp-PAA). These hydrogels proved to be able to maintain their morphology and
mechanical properties. They were biocompatible, bioactive and osteoconductive in studies
carried out using bone marrow mesenchymal stem cells. The results presented in this work
demonstrated that these hydrogels enhanced bone growth by accelerating bone formation
without the need for additional therapeutic agents [49].

Another study developed a nanoemulsion drug delivery system based on a fluvastatin
hydrogel, using carbopol940 as a gelling agent. The drugs were intended to be administered
transdermally and were subsequently evaluated for their anti-osteoporotic potential. The
in vivo anti-osteoporotic results carried out in this research showed the formation of new
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bone in the trabecular region of osteoporotic rat femurs and an increase in load-bearing
with respect to the damaged tissue [161].

The encapsulation of alendronate, a bone resorption inhibitor, in different chitosan-
based hydrogels crosslinked using genipin (CS/bGP) for the prolonged local delivery
of alendronate by injection is an aspect that could be of interest in the treatment of OP.
Increasing the concentration of alendronate resulted in hydrogels with a lower porosity
and higher density. The CS/bGP hydrogel ensured the controlled release of alendronate
for an average of 50 days depending on the initial inhibitor load added, proved to be
biocompatible and showed a low immunogenic response. In addition, alendronate-loaded
hydrogel was shown to have a lower inflammatory response, higher cell proliferation and
faster tissue maturation [162].

Papathanassiou et al. fabricated and characterized silica-based hydrogels for the pur-
pose of releasing bis-phosphonates, which are a synthetic variant of pyrophosphates with
advantageous bone remodeling properties. These hydrogels are injectable and thermosen-
sitive and can be reused and refilled. In addition, by altering several factors, such as tem-
perature, the cations present, pH and the structural characteristics of the bis-phosphonates,
the release rate can be controlled [163].

Finally, in the literature, we can find studies that combine hydrogels with other types
of physical strategies. Chen et al. studied the effect of the application of extracorporeal
shock waves (ESW) together with the application of a hydrogel loaded with teriparatide
(T-Gel), a drug used in the treatment of osteoporosis, on the activity and cell differentiation
of osteoporosis-derived MSCs and their regenerative capacity. Their results showed that the
combination of ESW and T-Gel significantly enhanced the viability, proliferation, migration
and osteogenic differentiation of MSCs, thus improving the osteogenic activity of the
microenvironment in osteoporotic defects [164].

4.5. Lifestyle and Osteoporosis
4.5.1. Nutritional Habits

Calcium and vitamin D were previously considered to be the most important nutrients
in preventing osteoporosis; however, there are other factors that can condition BMD and
thus bone health [165]. Nutrients can have a direct or indirect influence on osteoporosis;
direct influence is understood as being part of the bone structure itself, while indirect
influence is related to the process of absorption and the utilization of calcium [166].

Without a doubt, when talking about nutrition and osteoporosis, calcium should be
mentioned because it is one of the main constituents of bones and plays an important role
in bone stiffness [167]. This nutrient plays an important role in osteogenesis by increasing
the concentration of OPNand OC, promoting the formation of new bone and increas-
ing the number of estrogenic markers such as ALP [168]. However, the calcium intake
in the general population remains below that recommended by different organizations
(<700 mg/day) [126], mainly due to the limited supply of calcium-rich foods [169]. Long
periods of calcium deficiency lead to low BMD [170]; hence, the use of calcium supplemen-
tation has become very popular, with favorable effects in different populations and age
groups [171]. Nevertheless, at present, controversy has arisen over the consumption of
calcium supplements since they are associated with cardiovascular disease [172,173] and,
when they are not administered with vitamin D, with the risk of myocardial infarction [174].
It is important to emphasize that these risks apparently do not occur when calcium intake
comes from dietary sources, making these the best option [167].

Vitamin D is a steroid prohormone essential for the absorption and regulation of
calcium in the intestine [170]. Vitamin D levels in the body depend mainly on subcutaneous
production following the exposure to sunlight (80–90%) and, to a lesser extent, on diet
(10–20%), due to the limited supply of vitamin D-rich foods [175]. This vitamin promotes ad-
equate blood calcium levels, which promote bone growth and remodeling from osteoblasts
and osteoclasts, decreasing the risk of osteoporosis [91]. However, some authors state that
vitamin D supplementation alone has no effect on fracture risk [176,177] or BMD [178],
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attributing these results to the low calcium intake of the general population [179]. In
contrast, Weaver et al. [91] conclude in their systematic review with a meta-analysis that
joint vitamin D and calcium supplementation significantly decreases the risk of fracture in
patients with and without osteoporosis.

Protein intake is an important nutritional factor for bone health, as it provides the
amino acids necessary for the construction of the bone matrix and stimulates bone for-
mation from IGF-I [180]. Cadogan et al. conducted a study in which they showed that
a high consumption of milk (a protein-rich food) improved BMD and overall bone mineral
acquisition. However, the evidence of the effects of protein intake on bone health is still
weak [181–183], so further research is needed.

Soy isoflavones are considered to be the most estrogenic compounds found mainly in
the legumes of the Fabaceae family [184]. These bioactive compounds have been deeply
studied in recent years; it has been found that they have favorable effects on glucose
levels [185], breast cancer risk [186] and osteoporosis [187], among others. As for the
preventive effects of osteoporosis, these are better in postmenopausal women who have
developed the pathology due to hormonal alterations, since they decrease osteoclastic
factors such as collagen C-telopeptide and increase osteoblastic factors such as bone alkaline
phosphatases [188] in addition to selectively antagonizing the catabolic action on the
osteoblasts of parathohormones [189].

Theoretically, folic acid and vitamin B-12 could have important effects on fracture risk
due to their action on homocysteine metabolism [170]. The consumption of folic acid and
vitamin B-12 is expected to reduce the amount of homocysteine in the blood by a quarter or
a third [190], which would slow down its degradative action on the extracellular matrix
and decrease BMD [191]. However, the results showed that a chronic intake of folic acid
and B-12 has no effect on the risk of fracture [192].

Finally, caloric intake is also an aspect to be considered. Restrictive diets are totally
contraindicated in people with osteoporosis, since one of the risk factors for this pathology
is thinness (<21 kg/m2 or <127 pounds). Another related aspect is the number of calories
expended at rest at a neutral temperature defined as the Basal Metabolic Rate (BMR) [193].
BMR increases with the amount of cardiovascular exercise practiced and decreases with
age. Hsu et al. [194], in their study, found that a BMR above 1182.7 Kcal is associated with
better BMD in postmenopausal women, which translates into a lower risk of osteoporosis.

4.5.2. Physical Exercise

It is clear that physical inactivity leads to a decrease in BMD, while physical exercise
increases it [170]. BMD depends on the dynamic balance between bone formation and
resorption [195], with mechanical loads being the main stimulus for osteoblastic differenti-
ation and mineralization, promoting adequate bone mass and density [196]. In addition,
physical exercise has an important hormonal effect by regulating estrogen, PTH and glu-
cocorticoid levels, which are involved in bone metabolism [195]. The constant practice of
physical exercise promotes the proliferation of estrogens [197], which are bone protectors
since they slow down the production of osteoclastic cytokines, favor the proliferation of
osteoblasts and decrease osteocyte apoptosis [198].

Another effect of physical activity related to osteoporosis is related to BMR; cardiovas-
cular and resistance exercise have been shown to increase BMR levels [199]. Several authors
have tried to estimate BMD through different methods such as anthropometric measures;
however, measures such as the waist hip index are insufficient to achieve a reliable estimate
of BMD, while BMR could be positioned as an important predictor of osteoporosis because
it has a direct relationship with BMD—the higher the BMR, the better the bone health that
is expected [194].

The usual practice of physical exercise has an important effect on body weight, which
is closely related to BMD, the most important component of body composition, and lean
mass for its effects on BMD in the whole body, while fat mass has only been related to
femoral neck BMD [200].
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The American College of Sport Medicine recommends, for the prevention or treatment
of osteoporosis, that, in addition to the minimum physical activity established by the
WHO, weight-bearing exercise should be performed whenever bone loss is mild or is to
be prevented; however, when BMD has been compromised, the added stress to the bones
may represent an increase in the risk of fracture [201]. There is still no clear consensus
on the ideal exercise prescription for this pathology; however, Howe et al. [202], through
a systematic review, analyzed 43 RCTs and found that the best exercises to improve BMD
in the femoral neck were high strength exercises without weight bearing, while for the
spine, combinations of exercises were better. On the other hand, Kemmler et al. [203],
through a systematic review with a meta-analysis, concludes that, although positive effects
of exercise on fracture risk in old age were found, they were weak. This is mainly due to
the wide variety of exercises that can generate different effects.

Some of the most commonly used training modalities in patients with osteoporosis
are resistance exercise, aquatic exercise and proprioceptive training [204]. On the one hand,
resistance exercise seems to act on the bone from the myotendinous junction, where the
increase in tendon tension resulting from muscle contraction stimulates the osteogenic
response of the bone, increasing BMD [205]. On the other hand, aquatic exercises, despite
not being the best option to increase BMD due to their low or even null impact on bone, do
allow for the generation of muscle tension while minimizing any risk of falling, which, for
older adults, is a clear advantage [206]. Previously, it was believed that aquatic exercises
decreased BMD; however, studies such as that by Su, Chen and Xie [207] show the opposite.
Although these types of exercises are not the best for increasing BMD, they do have positive
effects on it. Finally, proprioceptive exercises are also one of the main strategies to address
the osteoporotic population; the improvement in the perception of the location of their
own body in space from exercise has been shown to decrease the risk of falls and increase
mobility, in addition to improving functional capacity and dynamic balance, resulting in an
improvement in the quality of life of these patients [208].

4.5.3. Alcohol Intake and Smoking

Alcohol consumption has shown heterogeneous effects depending on the dosage.
When alcohol is consumed in light or moderate doses, it functions as a protective factor for
BMD, while when consumption is high, it is consolidated as a risk factor for fracture [209].
Different studies have shown positive effects of alcohol consumption in low amounts. Berg
et al. determined that when a person consumes between 0.5 and 1.0 drinks per day, they
have a lower risk of hip fracture [210]. On the other hand, lifestyle habits do not seem
to be related to the protective effect of moderate alcohol consumption in women close
to menopause [211]. The protective effect of alcohol on bone health could be explained
by its acute suppressive effect on bone resorption without the participation of PTH or
calcitonin [212], as evidenced by the low levels of CTX associated with ethanol intake [213],
while high alcohol consumption interferes with the calcium balance by decreasing its
absorption in the intestine, reducing vitamin D production and increasing the risk of
falls [210].

On the other hand, in the 1980s, cigarette smoking was identified as a risk factor for
osteoporosis [214], which, to date, remains prevalent and increasing, mainly because of
the addictive nature of this habit [215]. Different authors have evidenced a negative and
independent relationship between cigarette smoking and bone health [216]. In older adults,
it has been shown that smoking generates an increase in the loss of bone mass and the risk
of fracture [217], which can be explained by the free radicals produced by the consumption
of about 150 toxins in cigarettes, leading to an increase in estrogen-destroying enzymes,
which, as previously mentioned, are hormones of great importance for the process of bone
remodeling [209]. This also explains the early onset of menopause in female smokers, with
the consequent effects of this condition on bone health [218]. However, it is unclear which
of the toxins found in cigarettes are specifically related to the alteration of bone health [219].
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Chronic cigarette smoking suppresses the production of OPG, a protein that works as
an inhibitor of osteoclastogenesis, which results in an increase in the number of osteoclasts,
thus favoring bone resorption processes [220]. Tang and Lappin, in their articles, studied
this phenomenon, finding that individuals who smoked cigarettes presented a lower level
of OPG, while the RANKL (receptor activator of nuclear factor κβ ligand), which works as
a stimulant of osteoclastic maturation and activity, was higher than those found in non-
smoking subjects [221,222]. Smoking also induces inflammatory processes and increases
oxidative stress, generating damage to the collagen metabolism, which acts as an important
biochemical marker in bone metabolism in addition to inducing toxicity on bone cells by
increasing the resistance to calcitonin, which blocks bone angiogenesis [223], preventing
the creation of new blood vessels, which would alter the flow of oxygen and nutrients to
the bone [224]. In addition to the inverse association between smoking and body weight
described in the evidence, it has been shown that cigarette consumption is associated with
low weight due to the inhibitory effect of nicotine on appetite [219].

Additionally, it has been observed that the risk of falls increases directly with cigarette
smoking. Ampelas, in his systematic review, concludes that the risk of osteoporosis and hip
fracture increases due to cigarette smoking because of its negative effect on BMD, regardless
of the sex of the subject [225]. Finally, it has been shown that smoking cessation produces
an increase in BMD, which reduces the risk of fracture [209]; however, these effects are only
appreciable after 10 years of non-consumption [225].

5. Conclusions

Osteoporosis is a severe, chronic, progressive and clinically silent disease which
results from an imbalance between bone resorption and bone production. Osteoporosis
does not follow pre-established clinical patterns but rather manifests with specific signs
and symptoms during its course, including pain, deformities or a loss of height. Fragility
fractures are the most common consequence of osteoporosis and are particularly common
in the vertebrae, hip and forearm. Despite advances in the diagnosis through different
methods such as bone densitometry and dual X-rays, more research is needed.

Current FDA-approved osteoporosis treatments mainly consist of the use of drugs
designed to decrease bone resorption. A better understanding of the markers, cellular
events and genetic targets of osteoporosis has contributed to the development of novel
drug agents. Thus, new targets are being studied for the treatment of osteoporosis, such as
cathepsin K inhibitors or anti-sclerostin therapies; however, an ideal osteoporosis therapy
has not yet been developed, as they still present considerable adverse effects that limit
their long-term use. To overcome these problems, regenerative medicine is now an area
of intensive exploration. Among new therapeutic strategies, MSCs are expected to be
a promising tool due their immune-privileged potential and their role in bone repair.
After transplantation, MSCs may contribute to bone formation through two possible
mechanisms of action: by their ability to graft into tissues and differentiate into osteogenic
cells, or by secreting characteristic growth factors that promote bone remodeling processes
and prevent loss. Moreover, clinical trials using MSCs as the principal treatment are
underway. The future evaluation of these studies will provide us with information about
the safety, tolerability and efficacy of the transplanted cells and will open the door to
establish their therapeutic mechanism in osteoporosis. Meanwhile, other techniques, such
as gene modification, the use of EVs and the combination of cells and hydrogels, are under
study to improve the activity of stem cells that may represent novel therapeutic approaches
in future clinical practice.

In addition, there are non-pharmacological methods for the prevention of further
osteoporotic fractures and for the regulation of osteoporosis which are related to lifestyle
factors. Critical lifestyle factors include nutritional habits such as maintaining adequate
calcium and vitamin D intake, engaging in regular weight-bearing physical activity and
avoiding excessive alcohol intake and smoking.
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5. Sözen, T.; Özışık, L.; Başaran, N. An overview and management of osteoporosis. Eur. J. Rheumatol. 2017, 4, 46–56. [CrossRef]
6. González Jiménez, E.; Álvarez Ferre, J.; Pozo Cano, M.D.; Navarro Jiménez, M.C.; Aguilar Cordero, M.J.; Tristán Fernández, J.M.

Osteoporosis involutiva tipo I en la mujer posmenopáusica: Diagnóstico y manejo clínico. REEMO 2009, 18, 77–84. [CrossRef]
7. Khosla, S.; Lufkin, E.G.; Hodgson, S.F.; Fitzpatrick, L.A.; Melton, L.J., 3rd. Epidemiology and clinical features of osteoporosis in

young individuals. Bone 1994, 15, 551–555. [CrossRef]
8. Osteoporosis prevention, diagnosis, and therapy. JAMA 2001, 285, 785–795. [CrossRef]
9. Hartman, C.; Hochberg, Z.; Shamir, R. Osteoporosis in pediatrics. Isr. Med. Assoc. J. IMAJ 2003, 5, 509–515.
10. Holroyd, C.; Dennison, E.; Cooper, C. 197—Epidemiology and classification of osteoporosis. In Rheumatology, 6th ed.; Hochberg,

M.C., Silman, A.J., Smolen, J.S., Weinblatt, M.E., Weisman, M.H., Eds.; Mosby: Philadelphia, PA, USA, 2015; pp. 1633–1640.
11. Compston, J.E.; McClung, M.R.; Leslie, W.D. Osteoporosis. Lancet 2019, 393, 364–376. [CrossRef]
12. Ji, M.X.; Yu, Q. Primary osteoporosis in postmenopausal women. Chronic Dis. Transl. Med. 2015, 1, 9–13. [CrossRef] [PubMed]
13. Hernlund, E.; Svedbom, A.; Ivergård, M.; Compston, J.; Cooper, C.; Stenmark, J.; McCloskey, E.V.; Jönsson, B.; Kanis, J.A.

Osteoporosis in the European Union: Medical management, epidemiology and economic burden. A report prepared in
collaboration with the International Osteoporosis Foundation (IOF) and the European Federation of Pharmaceutical Industry
Associations (EFPIA). Arch. Osteoporos. 2013, 8, 136. [CrossRef] [PubMed]

http://doi.org/10.1007/s001980050224
http://www.ncbi.nlm.nih.gov/pubmed/10692972
http://doi.org/10.1016/j.ygeno.2018.05.001
http://www.ncbi.nlm.nih.gov/pubmed/29730394
http://doi.org/10.1016/S0121-8123(09)70119-7
http://www.ncbi.nlm.nih.gov/pubmed/18799088
http://doi.org/10.5152/eurjrheum.2016.048
http://doi.org/10.1016/S1132-8460(09)73462-2
http://doi.org/10.1016/8756-3282(94)90280-1
http://doi.org/10.1001/jama.285.6.785
http://doi.org/10.1016/S0140-6736(18)32112-3
http://doi.org/10.1016/j.cdtm.2015.02.006
http://www.ncbi.nlm.nih.gov/pubmed/29062981
http://doi.org/10.1007/s11657-013-0136-1
http://www.ncbi.nlm.nih.gov/pubmed/24113837


Int. J. Mol. Sci. 2022, 23, 9465 20 of 27

14. Angum, F.; Khan, T.; Kaler, J.; Siddiqui, L.; Hussain, A. The Prevalence of Autoimmune Disorders in Women: A Narrative Review.
Cureus 2020, 12, e8094. [CrossRef]

15. Vondracek, S.F.; Linnebur, S.A. Diagnosis and management of osteoporosis in the older senior. Clin. Interv. Aging 2009, 4, 121–136.
[CrossRef]

16. Alexandru, D.; So, W. Evaluation and management of vertebral compression fractures. Perm. J. 2012, 16, 46–51. [CrossRef]
[PubMed]

17. Bordoni, B.; Zanier, E. Anatomic connections of the diaphragm: Influence of respiration on the body system. J. Multidiscip. Healthc.
2013, 6, 281–291. [CrossRef]

18. Sirufo, M.M.; De Pietro, F.; Bassino, E.M.; Ginaldi, L.; De Martinis, M. Osteoporosis in Skin Diseases. Int. J. Mol. Sci. 2020, 21, 4749.
[CrossRef]

19. Kado, D.M.; Huang, M.H.; Karlamangla, A.S.; Cawthon, P.; Katzman, W.; Hillier, T.A.; Ensrud, K.; Cummings, S.R. Factors
associated with kyphosis progression in older women: 15 years’ experience in the study of osteoporotic fractures. J. Bone Miner.
Res. 2013, 28, 179–187. [CrossRef]

20. Singla, D.; Veqar, Z. Association Between Forward Head, Rounded Shoulders, and Increased Thoracic Kyphosis: A Review of the
Literature. J. Chiropr. Med. 2017, 16, 220–229. [CrossRef]

21. Kamimura, M.; Nakamura, Y.; Sugino, N.; Uchiyama, S.; Komatsu, M.; Ikegami, S.; Kato, H.; Taguchi, A. Associations of
self-reported height loss and kyphosis with vertebral fractures in Japanese women 60 years and older: A cross-sectional survey.
Sci. Rep. 2016, 6, 29199. [CrossRef]

22. Muñoz-Garach, A.; García-Fontana, B.; Muñoz-Torres, M. Nutrients and Dietary Patterns Related to Osteoporosis. Nutrients 2020,
12, 1986. [CrossRef] [PubMed]

23. Hong, A.R.; Kim, S.W. Effects of Resistance Exercise on Bone Health. Endocrinol. Metab. 2018, 33, 435–444. [CrossRef] [PubMed]
24. Abrahamsen, B.; Brask-Lindemann, D.; Rubin, K.H.; Schwarz, P. A review of lifestyle, smoking and other modifiable risk factors

for osteoporotic fractures. BoneKEy Rep. 2014, 3, 574. [CrossRef]
25. Specker, B.L.; Wey, H.E.; Smith, E.P. Rates of bone loss in young adult males. Int. J. Clin. Rheumatol. 2010, 5, 215–228. [CrossRef]
26. Parker, S.E.; Troisi, R.; Wise, L.A.; Palmer, J.R.; Titus-Ernstoff, L.; Strohsnitter, W.C.; Hatch, E.E. Menarche, menopause, years

of menstruation, and the incidence of osteoporosis: The influence of prenatal exposure to diethylstilbestrol. J. Clin. Endocrinol.
Metab. 2014, 99, 594–601. [CrossRef] [PubMed]

27. Shuster, L.T.; Rhodes, D.J.; Gostout, B.S.; Grossardt, B.R.; Rocca, W.A. Premature menopause or early menopause: Long-term
health consequences. Maturitas 2010, 65, 161–166. [CrossRef]

28. Goshtasebi, A.; Berger, C.; Barr, S.I.; Kovacs, C.S.; Towheed, T.; Davison, K.S.; Prior, J.C. Adult Premenopausal Bone Health
Related to Reproductive Characteristics-Population-Based Data from the Canadian Multicentre Osteoporosis Study (CaMos). Int.
J. Environ. Res. Public Health 2018, 15, 1023. [CrossRef]

29. Shufelt, C.L.; Torbati, T.; Dutra, E. Hypothalamic Amenorrhea and the Long-Term Health Consequences. Semin. Reprod. Med.
2017, 35, 256–262. [CrossRef]

30. Wilkins, C.H. Osteoporosis screening and risk management. Clin. Interv. Aging 2007, 2, 389–394.
31. Quevedo, L.I.; Martínez, B.M.; Castillo, N.M.; Rivera, F.N. [Vitamin D receptor gene polymorphisms and risk of hip fracture in

Chilean elderly women]. Rev. Med. Chile 2008, 136, 475–481.
32. Zengin, A.; Prentice, A.; Ward, K.A. Ethnic differences in bone health. Front. Endocrinol. 2015, 6, 24. [CrossRef] [PubMed]
33. Kanis, J.A.; Cooper, C.; Rizzoli, R.; Reginster, J.Y. European guidance for the diagnosis and management of osteoporosis in

postmenopausal women. Osteoporos. Int. 2019, 30, 3–44. [CrossRef] [PubMed]
34. Boehme, A.K.; Esenwa, C.; Elkind, M.S. Stroke Risk Factors, Genetics, and Prevention. Circ. Res. 2017, 120, 472–495. [CrossRef]
35. Skjødt, M.K.; Frost, M.; Abrahamsen, B. Side effects of drugs for osteoporosis and metastatic bone disease. Br. J. Clin. Pharmacol.

2019, 85, 1063–1071. [CrossRef] [PubMed]
36. Kartsogiannis, V.; Ng, K.W. Cell lines and primary cell cultures in the study of bone cell biology. Mol. Cell. Endocrinol. 2004, 228,

79–102. [CrossRef]
37. Liu, Y.; Luo, D.; Wang, T. Hierarchical Structures of Bone and Bioinspired Bone Tissue Engineering. Small 2016, 12, 4611–4632.

[CrossRef] [PubMed]
38. Caeiro, J.R.; González, P.; Guede, D. Biomecánica y hueso (y II): Ensayos en los distintos niveles jerárquicos del hueso y técnicas

alternativas para la determinación de la resistencia ósea. J. Rev. Osteoporos. Metab. Miner. 2013, 5, 99–108. [CrossRef]
39. Buck, D.W., 2nd; Dumanian, G.A. Bone biology and physiology: Part I. The fundamentals. Plast. Reconstr. Surg. 2012, 129,

1314–1320. [CrossRef]
40. Salhotra, A.; Shah, H.N.; Levi, B.; Longaker, M.T. Mechanisms of bone development and repair. Nat. Rev. Mol. Cell Biol. 2020, 21,

696–711. [CrossRef]
41. Katsimbri, P. The biology of normal bone remodelling. Eur. J. Cancer Care 2017, 26, e12740. [CrossRef]
42. Datta, H.K.; Ng, W.F.; Walker, J.A.; Tuck, S.P.; Varanasi, S.S. The cell biology of bone metabolism. J. Clin. Pathol. 2008, 61, 577–587.

[CrossRef]
43. Dempster, D.W. Bone microarchitecture and strength. Osteoporos. Int. 2003, 14 (Suppl. 5), S54–S56. [CrossRef] [PubMed]
44. Grabowski, P. Physiology of bone. Endocr. Dev. 2009, 16, 32–48. [CrossRef] [PubMed]

http://doi.org/10.7759/cureus.8094
http://doi.org/10.2147/CIA.S4965
http://doi.org/10.7812/TPP/12-037
http://www.ncbi.nlm.nih.gov/pubmed/23251117
http://doi.org/10.2147/JMDH.S45443
http://doi.org/10.3390/ijms21134749
http://doi.org/10.1002/jbmr.1728
http://doi.org/10.1016/j.jcm.2017.03.004
http://doi.org/10.1038/srep29199
http://doi.org/10.3390/nu12071986
http://www.ncbi.nlm.nih.gov/pubmed/32635394
http://doi.org/10.3803/EnM.2018.33.4.435
http://www.ncbi.nlm.nih.gov/pubmed/30513557
http://doi.org/10.1038/bonekey.2014.69
http://doi.org/10.2217/ijr.10.7
http://doi.org/10.1210/jc.2013-2954
http://www.ncbi.nlm.nih.gov/pubmed/24248183
http://doi.org/10.1016/j.maturitas.2009.08.003
http://doi.org/10.3390/ijerph15051023
http://doi.org/10.1055/s-0037-1603581
http://doi.org/10.3389/fendo.2015.00024
http://www.ncbi.nlm.nih.gov/pubmed/25852642
http://doi.org/10.1007/s00198-018-4704-5
http://www.ncbi.nlm.nih.gov/pubmed/30324412
http://doi.org/10.1161/CIRCRESAHA.116.308398
http://doi.org/10.1111/bcp.13759
http://www.ncbi.nlm.nih.gov/pubmed/30192026
http://doi.org/10.1016/j.mce.2003.06.002
http://doi.org/10.1002/smll.201600626
http://www.ncbi.nlm.nih.gov/pubmed/27322951
http://doi.org/10.4321/S1889-836X2013000200007
http://doi.org/10.1097/PRS.0b013e31824eca94
http://doi.org/10.1038/s41580-020-00279-w
http://doi.org/10.1111/ecc.12740
http://doi.org/10.1136/jcp.2007.048868
http://doi.org/10.1007/s00198-003-1474-4
http://www.ncbi.nlm.nih.gov/pubmed/14504707
http://doi.org/10.1159/000223687
http://www.ncbi.nlm.nih.gov/pubmed/19494659


Int. J. Mol. Sci. 2022, 23, 9465 21 of 27

45. García-Aznar, J.M.; Nasello, G.; Hervas-Raluy, S.; Pérez, M.; Gómez-Benito, M.J. Multiscale modeling of bone tissue mechanobiol-
ogy. Bone 2021, 151, 116032. [CrossRef] [PubMed]

46. Teti, A. Bone development: Overview of bone cells and signaling. Curr. Osteoporos. Rep. 2011, 9, 264–273. [CrossRef] [PubMed]
47. Marx, R.E. Bone and bone graft healing. Oral Maxillofac. Surg. Clin. N. Am. 2007, 19, 455–466. [CrossRef]
48. Sommerfeldt, D.W.; Rubin, C.T. Biology of bone and how it orchestrates the form and function of the skeleton. Eur. Spine J. 2001,

10 (Suppl. S2), S86–S95. [CrossRef]
49. Zhao, Y.; Li, Z.; Jiang, Y.; Liu, H.; Feng, Y.; Wang, Z.; Liu, H.; Wang, J.; Yang, B.; Lin, Q. Bioinspired mineral hydrogels

as nanocomposite scaffolds for the promotion of osteogenic marker expression and the induction of bone regeneration in
osteoporosis. Acta Biomater. 2020, 113, 614–626. [CrossRef]

50. Depalle, B.; McGilvery, C.M.; Nobakhti, S.; Aldegaither, N.; Shefelbine, S.J.; Porter, A.E. Osteopontin regulates type I collagen
fibril formation in bone tissue. Acta Biomater. 2021, 120, 194–202. [CrossRef]

51. Varela, A.; Jolette, J. Bone Toolbox: Biomarkers, Imaging Tools, Biomechanics, and Histomorphometry. Toxicol. Pathol. 2018, 46,
511–529. [CrossRef]

52. Daly, R.M. The effect of exercise on bone mass and structural geometry during growth. Med. Sport Sci. 2007, 51, 33–49. [CrossRef]
53. Pagnotti, G.M.; Styner, M.; Uzer, G.; Patel, V.S.; Wright, L.E.; Ness, K.K.; Guise, T.A.; Rubin, J.; Rubin, C.T. Combating osteoporosis

and obesity with exercise: Leveraging cell mechanosensitivity. Nat. Rev. Endocrinol. 2019, 15, 339–355. [CrossRef] [PubMed]
54. Boskey, A.L.; Coleman, R. Aging and bone. J. Dent. Res. 2010, 89, 1333–1348. [CrossRef] [PubMed]
55. Ruggiu, A.; Cancedda, R. Bone mechanobiology, gravity and tissue engineering: Effects and insights. J. Tissue Eng. Regen. Med.

2015, 9, 1339–1351. [CrossRef]
56. Kenkre, J.S.; Bassett, J. The bone remodelling cycle. Ann. Clin. Biochem. 2018, 55, 308–327. [CrossRef]
57. Noh, J.Y.; Yang, Y.; Jung, H. Molecular Mechanisms and Emerging Therapeutics for Osteoporosis. Int. J. Mol. Sci. 2020, 21, 7623.

[CrossRef] [PubMed]
58. Kim, J.M.; Lin, C.; Stavre, Z.; Greenblatt, M.B.; Shim, J.H. Osteoblast-Osteoclast Communication and Bone Homeostasis. Cells

2020, 9, 2073. [CrossRef]
59. Almeida, M.; Laurent, M.R.; Dubois, V.; Claessens, F.; O’Brien, C.A.; Bouillon, R.; Vanderschueren, D.; Manolagas, S.C. Estrogens

and Androgens in Skeletal Physiology and Pathophysiology. Physiol. Rev. 2017, 97, 135–187. [CrossRef]
60. Gao, Y.; Patil, S.; Jia, J. The Development of Molecular Biology of Osteoporosis. Int. J. Mol. Sci. 2021, 22, 8182. [CrossRef]
61. Wu, D.; Cline-Smith, A.; Shashkova, E.; Perla, A.; Katyal, A.; Aurora, R. T-Cell Mediated Inflammation in Postmenopausal

Osteoporosis. Front. Immunol. 2021, 12, 687551. [CrossRef]
62. Passeri, G.; Vescovini, R.; Sansoni, P.; Galli, C.; Franceschi, C.; Passeri, M. Calcium metabolism and vitamin D in the extreme

longevity. Exp. Gerontol. 2008, 43, 79–87. [CrossRef] [PubMed]
63. Wein, M.N.; Kronenberg, H.M. Regulation of Bone Remodeling by Parathyroid Hormone. Cold Spring Harb. Perspect. Med. 2018,

8, a031237. [CrossRef] [PubMed]
64. Dang, M.; Koh, A.J.; Jin, X.; McCauley, L.K.; Ma, P.X. Local pulsatile PTH delivery regenerates bone defects via enhanced bone

remodeling in a cell-free scaffold. Biomaterials 2017, 114, 1–9. [CrossRef] [PubMed]
65. Maeda, K.; Kobayashi, Y.; Koide, M.; Uehara, S.; Okamoto, M.; Ishihara, A.; Kayama, T.; Saito, M.; Marumo, K. The Regulation of

Bone Metabolism and Disorders by Wnt Signaling. Int. J. Mol. Sci. 2019, 20, 5525. [CrossRef] [PubMed]
66. Majidinia, M.; Sadeghpour, A.; Yousefi, B. The roles of signaling pathways in bone repair and regeneration. J. Cell. Physiol. 2018,

233, 2937–2948. [CrossRef]
67. Blake, G.M.; Fogelman, I. The role of DXA bone density scans in the diagnosis and treatment of osteoporosis. Postgrad. Med. J.

2007, 83, 509–517. [CrossRef]
68. Heilmeier, U.; Youm, J.; Torabi, S.; Link, T.M. Osteoporosis Imaging in the Geriatric Patient. Curr. Radiol. Rep. 2016, 4, 18.

[CrossRef]
69. Keen, M.U.; Reddivari, A.K.R. Osteoporosis in Females. In StatPearls; StatPearls Publishing LLC: Treasure Island, FL, USA, 2022.
70. Ho-Pham, L.T.; Nguyen, U.D.; Pham, H.N.; Nguyen, N.D.; Nguyen, T.V. Reference ranges for bone mineral density and prevalence

of osteoporosis in Vietnamese men and women. BMC Musculoskelet. Disord. 2011, 12, 182. [CrossRef]
71. Karunanithi, R.; Ganesan, S.; Panicker, T.M.; Korath, M.P.; Jagadeesan, K. Assessment of bone mineral density by DXA and

the trabecular microarchitecture of the calcaneum by texture analysis in pre- and postmenopausal women in the evaluation of
osteoporosis. J. Med. Phys. 2007, 32, 161–168. [CrossRef]

72. Bates, D.W.; Black, D.M.; Cummings, S.R. Clinical use of bone densitometry: Clinical applications. JAMA 2002, 288, 1898–1900.
[CrossRef]

73. Medical Advisory Secretariat. Utilization of DXA Bone Mineral Densitometry in Ontario: An Evidence-Based Analysis; Ontario Health
Technology Assessment Series 6; Medical Advisory Secretariat: Toronto, ON, Canada, 2006; pp. 1–180.

74. Bruyère, O.; Reginster, J.Y. Monitoring of osteoporosis therapy. Best Pract. Res. Clin. Endocrinol. Metab. 2014, 28, 835–841.
[CrossRef] [PubMed]

75. Sheu, A.; Diamond, T. Bone mineral density: Testing for osteoporosis. Aust. Prescr. 2016, 39, 35–39. [CrossRef] [PubMed]
76. Pisani, P.; Renna, M.D.; Conversano, F.; Casciaro, E.; Muratore, M.; Quarta, E.; Paola, M.D.; Casciaro, S. Screening and early

diagnosis of osteoporosis through X-ray and ultrasound based techniques. World J. Radiol. 2013, 5, 398–410. [CrossRef] [PubMed]

http://doi.org/10.1016/j.bone.2021.116032
http://www.ncbi.nlm.nih.gov/pubmed/34118446
http://doi.org/10.1007/s11914-011-0078-8
http://www.ncbi.nlm.nih.gov/pubmed/21948208
http://doi.org/10.1016/j.coms.2007.07.008
http://doi.org/10.1007/s005860100283
http://doi.org/10.1016/j.actbio.2020.06.024
http://doi.org/10.1016/j.actbio.2020.04.040
http://doi.org/10.1177/0192623318779565
http://doi.org/10.1159/000103003
http://doi.org/10.1038/s41574-019-0170-1
http://www.ncbi.nlm.nih.gov/pubmed/30814687
http://doi.org/10.1177/0022034510377791
http://www.ncbi.nlm.nih.gov/pubmed/20924069
http://doi.org/10.1002/term.1942
http://doi.org/10.1177/0004563218759371
http://doi.org/10.3390/ijms21207623
http://www.ncbi.nlm.nih.gov/pubmed/33076329
http://doi.org/10.3390/cells9092073
http://doi.org/10.1152/physrev.00033.2015
http://doi.org/10.3390/ijms22158182
http://doi.org/10.3389/fimmu.2021.687551
http://doi.org/10.1016/j.exger.2007.06.013
http://www.ncbi.nlm.nih.gov/pubmed/17698310
http://doi.org/10.1101/cshperspect.a031237
http://www.ncbi.nlm.nih.gov/pubmed/29358318
http://doi.org/10.1016/j.biomaterials.2016.10.049
http://www.ncbi.nlm.nih.gov/pubmed/27835763
http://doi.org/10.3390/ijms20225525
http://www.ncbi.nlm.nih.gov/pubmed/31698687
http://doi.org/10.1002/jcp.26042
http://doi.org/10.1136/pgmj.2007.057505
http://doi.org/10.1007/s40134-016-0144-1
http://doi.org/10.1186/1471-2474-12-182
http://doi.org/10.4103/0971-6203.37481
http://doi.org/10.1001/jama.288.15.1898
http://doi.org/10.1016/j.beem.2014.07.001
http://www.ncbi.nlm.nih.gov/pubmed/25432355
http://doi.org/10.18773/austprescr.2016.020
http://www.ncbi.nlm.nih.gov/pubmed/27340320
http://doi.org/10.4329/wjr.v5.i11.398
http://www.ncbi.nlm.nih.gov/pubmed/24349644


Int. J. Mol. Sci. 2022, 23, 9465 22 of 27

77. Gourlay, M.L.; Overman, R.A.; Fine, J.P.; Crandall, C.J.; Robbins, J.; Schousboe, J.T.; Ensrud, K.E.; LeBlanc, E.S.; Gass, M.L.;
Johnson, K.C.; et al. Time to Clinically Relevant Fracture Risk Scores in Postmenopausal Women. Am. J. Med. 2017, 130,
862.e15–862.e23. [CrossRef] [PubMed]

78. Greenblatt, M.B.; Tsai, J.N.; Wein, M.N. Bone Turnover Markers in the Diagnosis and Monitoring of Metabolic Bone Disease. Clin.
Chem. 2017, 63, 464–474. [CrossRef]

79. Wheater, G.; Elshahaly, M.; Tuck, S.P.; Datta, H.K.; van Laar, J.M. The clinical utility of bone marker measurements in osteoporosis.
J. Transl. Med. 2013, 11, 201. [CrossRef]

80. Lowe, D.; Sanvictores, T.; John, S. Alkaline Phosphatase. In StatPearls; StatPearls Publishing LLC: Treasure Island, FL, USA, 2022.
81. Seibel, M.J. Biochemical markers of bone turnover: Part I: Biochemistry and variability. Clin. Biochem. Rev. 2005, 26, 97–122.
82. Carvalho, M.S.; Cabral, J.M.S.; da Silva, C.L.; Vashishth, D. Bone Matrix Non-Collagenous Proteins in Tissue Engineering:

Creating New Bone by Mimicking the Extracellular Matrix. Polymers 2021, 13, 1095. [CrossRef]
83. Ureña, P.; Ferreira, A.; Kung, V.T.; Morieux, C.; Simon, P.; Ang, K.S.; Souberbielle, J.C.; Segre, G.V.; Drüeke, T.B.; De Vernejoul,

M.C. Serum pyridinoline as a specific marker of collagen breakdown and bone metabolism in hemodialysis patients. J. Bone
Miner. Res. 1995, 10, 932–939. [CrossRef]

84. Adams, J.E. Quantitative computed tomography. Eur. J. Radiol. 2009, 71, 415–424. [CrossRef]
85. Filippiadis, D.K.; Charalampopoulos, G.; Mazioti, A.; Keramida, K.; Kelekis, A. Bone and Soft-Tissue Biopsies: What You Need to

Know. Semin. Interv. Radiol. 2018, 35, 215–220. [CrossRef]
86. Lee, Y.K.; Koo, K.H. Osteoporotic hip fracture in the elderly patients: Physicians’ views. J. Korean Med. Sci. 2013, 28, 976–977.

[CrossRef] [PubMed]
87. Nuti, R.; Brandi, M.L.; Checchia, G.; Di Munno, O.; Dominguez, L.; Falaschi, P.; Fiore, C.E.; Iolascon, G.; Maggi, S.; Michieli, R.;

et al. Guidelines for the management of osteoporosis and fragility fractures. Intern. Emerg. Med. 2019, 14, 85–102. [CrossRef]
[PubMed]

88. Osterhoff, G.; Morgan, E.F.; Shefelbine, S.J.; Karim, L.; McNamara, L.M.; Augat, P. Bone mechanical properties and changes with
osteoporosis. Injury 2016, 47 (Suppl. 2), S11–S20. [CrossRef]

89. Kanis, J.A. Diagnosis of osteoporosis and assessment of fracture risk. Lancet 2002, 359, 1929–1936. [CrossRef]
90. Cosman, F.; de Beur, S.J.; LeBoff, M.S.; Lewiecki, E.M.; Tanner, B.; Randall, S.; Lindsay, R. Clinician’s Guide to Prevention and

Treatment of Osteoporosis. Osteoporos. Int. 2014, 25, 2359–2381. [CrossRef]
91. Weaver, C.M.; Alexander, D.D.; Boushey, C.J.; Dawson-Hughes, B.; Lappe, J.M.; LeBoff, M.S.; Liu, S.; Looker, A.C.; Wallace,

T.C.; Wang, D.D. Calcium plus vitamin D supplementation and risk of fractures: An updated meta-analysis from the National
Osteoporosis Foundation. Osteoporos. Int. 2016, 27, 367–376. [CrossRef]

92. Bauer, D.C. Calcium supplements and fracture prevention. N. Engl. J. Med. 2014, 370, 387–388. [CrossRef]
93. Reginster, J.Y.; Neuprez, A.; Dardenne, N.; Beaudart, C.; Emonts, P.; Bruyere, O. Efficacy and safety of currently marketed

anti-osteoporosis medications. Best Pract. Res. Clin. Endocrinol. Metab. 2014, 28, 809–834. [CrossRef]
94. Tu, K.N.; Lie, J.D.; Wan, C.K.V.; Cameron, M.; Austel, A.G.; Nguyen, J.K.; Van, K.; Hyun, D. Osteoporosis: A Review of Treatment

Options. P T Peer-Rev. J. Formul. Manag. 2018, 43, 92–104.
95. Ashrafi, M.; Ghalichi, F.; Mirzakouchaki, B.; Doblare, M. On the effect of antiresorptive drugs on the bone remodeling of the

mandible after dental implantation: A mathematical model. Sci. Rep. 2021, 11, 2792. [CrossRef] [PubMed]
96. Seeman, E. Raloxifene. J. Bone Miner. Metab. 2001, 19, 65–75. [CrossRef] [PubMed]
97. Yavropoulou, M.P.; Makras, P.; Anastasilakis, A.D. Bazedoxifene for the treatment of osteoporosis. Expert Opin. Pharmacother.

2019, 20, 1201–1210. [CrossRef] [PubMed]
98. Xie, J.; Guo, J.; Kanwal, Z.; Wu, M.; Lv, X.; Ibrahim, N.A.; Li, P.; Buabeid, M.A.; Arafa, E.-S.A.; Sun, Q. Calcitonin and Bone

Physiology: In Vitro, In Vivo, and Clinical Investigations. Int. J. Endocrinol. 2020, 2020, 3236828. [CrossRef] [PubMed]
99. Sharpe, M.; Noble, S.; Spencer, C.M. Alendronate. Drugs 2001, 61, 999–1039. [CrossRef]
100. Dunn, C.J.; Goa, K.L. Risedronate. Drugs 2001, 61, 685–712. [CrossRef]
101. Russell, R.G.G. Ibandronate: Pharmacology and preclinical studies. Bone 2006, 38, S7–S12. [CrossRef]
102. Dhillon, S. Zoledronic Acid (Reclast®, Aclasta®): A Review in Osteoporosis. Drugs 2016, 76, 1683–1697. [CrossRef]
103. Deeks, E.D. Denosumab: A Review in Postmenopausal Osteoporosis. Drugs Aging 2018, 35, 163–173. [CrossRef]
104. Quattrocchi, E.; Kourlas, H. Teriparatide: A review. Clin. Ther. 2004, 26, 841–854. [CrossRef]
105. Stroup, J.; Kane, M.P.; Abu-Baker, A.M. Teriparatide in the treatment of osteoporosis. Am. J. Health-Syst. Pharm. 2008, 65, 532–539.

[CrossRef] [PubMed]
106. Leder, B.Z.; Mitlak, B.; Hu, M.-y.; Hattersley, G.; Bockman, R.S. Effect of Abaloparatide vs Alendronate on Fracture Risk Reduction

in Postmenopausal Women With Osteoporosis. J. Clin. Endocrinol. Metab. 2019, 105, 938–943. [CrossRef] [PubMed]
107. Società Italiana Dell’osteoporosi del Metabolismo Minerale e delle Malattie dello Scheletro. Clinical Cases in Mineral and

Bone Metabolism: The Official Journal of the Italian Society of Osteoporosis, Mineral Metabolism, and Skeletal Diseases; CIC Edizioni
Internazionali: Rome, Italy, 2004.

108. Rachner, T.D.; Hofbauer, L.C.; Göbel, A.; Tsourdi, E. Novel therapies in osteoporosis: PTH-related peptide analogs and inhibitors
of sclerostin. J. Mol. Endocrinol. 2019, 62, R145–R154. [CrossRef] [PubMed]

109. Makras, P.; Delaroudis, S.; Anastasilakis, A.D. Novel therapies for osteoporosis. Metabolism 2015, 64, 1199–1214. [CrossRef]

http://doi.org/10.1016/j.amjmed.2017.02.012
http://www.ncbi.nlm.nih.gov/pubmed/28285070
http://doi.org/10.1373/clinchem.2016.259085
http://doi.org/10.1186/1479-5876-11-201
http://doi.org/10.3390/polym13071095
http://doi.org/10.1002/jbmr.5650100614
http://doi.org/10.1016/j.ejrad.2009.04.074
http://doi.org/10.1055/s-0038-1669467
http://doi.org/10.3346/jkms.2013.28.7.976
http://www.ncbi.nlm.nih.gov/pubmed/23853477
http://doi.org/10.1007/s11739-018-1874-2
http://www.ncbi.nlm.nih.gov/pubmed/29948835
http://doi.org/10.1016/S0020-1383(16)47003-8
http://doi.org/10.1016/S0140-6736(02)08761-5
http://doi.org/10.1007/s00198-014-2794-2
http://doi.org/10.1007/s00198-015-3386-5
http://doi.org/10.1056/NEJMcp1210380
http://doi.org/10.1016/j.beem.2014.09.003
http://doi.org/10.1038/s41598-021-82502-y
http://www.ncbi.nlm.nih.gov/pubmed/33531628
http://doi.org/10.1007/s007740170043
http://www.ncbi.nlm.nih.gov/pubmed/11281162
http://doi.org/10.1080/14656566.2019.1615882
http://www.ncbi.nlm.nih.gov/pubmed/31091133
http://doi.org/10.1155/2020/3236828
http://www.ncbi.nlm.nih.gov/pubmed/32963524
http://doi.org/10.2165/00003495-200161070-00010
http://doi.org/10.2165/00003495-200161050-00013
http://doi.org/10.1016/j.bone.2006.01.151
http://doi.org/10.1007/s40265-016-0662-4
http://doi.org/10.1007/s40266-018-0525-7
http://doi.org/10.1016/S0149-2918(04)90128-2
http://doi.org/10.2146/ajhp070171
http://www.ncbi.nlm.nih.gov/pubmed/18319498
http://doi.org/10.1210/clinem/dgz162
http://www.ncbi.nlm.nih.gov/pubmed/31674644
http://doi.org/10.1530/JME-18-0173
http://www.ncbi.nlm.nih.gov/pubmed/30389901
http://doi.org/10.1016/j.metabol.2015.07.011


Int. J. Mol. Sci. 2022, 23, 9465 23 of 27

110. Singh, S.; Dutta, S.; Khasbage, S.; Kumar, T.; Sachin, J.; Sharma, J.; Varthya, S.B. A systematic review and meta-analysis of efficacy
and safety of Romosozumab in postmenopausal osteoporosis. Osteoporos. Int. 2022, 33, 1–12. [CrossRef] [PubMed]

111. Khosla, S.; Hofbauer, L.C. Osteoporosis treatment: Recent developments and ongoing challenges. Lancet Diabetes Endocrinol. 2017,
5, 898–907. [CrossRef]

112. Tarantino, U.; Cariati, I.; Greggi, C.; Iundusi, R.; Gasbarra, E.; Iolascon, G.; Kurth, A.; Akesson, K.E.; Bouxsein, M.; Tranquilli
Leali, P.; et al. Gaps and alternative surgical and non-surgical approaches in the bone fragility management: An updated review.
Osteoporos. Int. 2022. [CrossRef]

113. Ayub, N.; Faraj, M.; Ghatan, S.; Reijers, J.A.A.; Napoli, N.; Oei, L. The Treatment Gap in Osteoporosis. J. Clin. Med. 2021, 10, 3002.
[CrossRef]

114. van Geel, T.A.C.M.; Eisman, J.A.; Geusens, P.P.; van den Bergh, J.P.W.; Center, J.R.; Dinant, G.-J. The utility of absolute risk
prediction using FRAX® and Garvan Fracture Risk Calculator in daily practice. Maturitas 2014, 77, 174–179. [CrossRef]

115. Crandall, C.J.; Larson, J.; LaCroix, A.; Cauley, J.A.; LeBoff, M.S.; Li, W.; LeBlanc, E.S.; Edwards, B.J.; Manson, J.E.; Ensrud, K.
Predicting Fracture Risk in Younger Postmenopausal Women: Comparison of the Garvan and FRAX Risk Calculators in the
Women’s Health Initiative Study. J. Gen. Intern. Med. 2019, 34, 235–242. [CrossRef]

116. Díez-Pérez, A.; Hooven, F.H.; Adachi, J.D.; Adami, S.; Anderson, F.A.; Boonen, S.; Chapurlat, R.; Compston, J.E.; Cooper, C.;
Delmas, P.; et al. Regional differences in treatment for osteoporosis. The Global Longitudinal Study of Osteoporosis in Women
(GLOW). Bone 2011, 49, 493–498. [CrossRef]

117. Guggina, P.; Flahive, J.; Hooven, F.H.; Watts, N.B.; Siris, E.S.; Silverman, S.; Roux, C.; Pfeilschifter, J.; Greenspan, S.L.; Díez-
Pérez, A.; et al. Characteristics associated with anti-osteoporosis medication use: Data from the Global Longitudinal Study of
Osteoporosis in Women (GLOW) USA cohort. Bone 2012, 51, 975–980. [CrossRef]

118. Rodrigues, A.M.; Eusébio, M.; Santos, M.J.; Gouveia, N.; Tavares, V.; Coelho, P.S.; Mendes, J.M.; Branco, J.C.; Canhão, H. The
burden and undertreatment of fragility fractures among senior women. Arch. Osteoporos. 2018, 13, 22. [CrossRef]

119. Curtis, E.M.; Dennison, E.M.; Cooper, C.; Harvey, N.C. Osteoporosis in 2022: Care gaps to screening and personalised medicine.
Best Pract. Res. Clin. Rheumatol. 2022, 34, 695–714. [CrossRef]

120. Borgström, F.; Karlsson, L.; Ortsäter, G.; Norton, N.; Halbout, P.; Cooper, C.; Lorentzon, M.; McCloskey, E.V.; Harvey, N.C.; Javaid,
M.K.; et al. Fragility fractures in Europe: Burden, management and opportunities. Arch. Osteoporos. 2020, 15, 59. [CrossRef]

121. Solomon, D.H.; Johnston, S.S.; Boytsov, N.N.; McMorrow, D.; Lane, J.M.; Krohn, K.D. Osteoporosis medication use after hip
fracture in U.S. patients between 2002 and 2011. J. Bone Miner. Res. 2014, 29, 1929–1937. [CrossRef]

122. Kim, S.C.; Kim, M.S.; Sanfélix-Gimeno, G.; Song, H.J.; Liu, J.; Hurtado, I.; Peiró, S.; Lee, J.; Choi, N.K.; Park, B.J.; et al. Use of
osteoporosis medications after hospitalization for hip fracture: A cross-national study. Am. J. Med. 2015, 128, 519–526.e511.
[CrossRef]

123. Gani, L.U.; Tan, F.; Thomas Fj, K. Telecarers improve osteoporosis treatment and compliance rates in secondary osteoporosis
prevention for elderly hip fracture patients. Singap. Med. J. 2022. [CrossRef]

124. Abrahamsen, B. Adverse Effects of Bisphosphonates. Calcif. Tissue Int. 2010, 86, 421–435. [CrossRef]
125. Sudha, S.; Gopinath, D.; Shameena, P.M.; Dhanalakshmi, J. Numb chin syndrome associated with metastatic invasive ductal

carcinoma of breast. J. Oral Maxillofac. Pathol. JOMFP 2015, 19, 239–241. [CrossRef]
126. Lo, J.C.; O’Ryan, F.S.; Gordon, N.P.; Yang, J.; Hui, R.L.; Martin, D.; Hutchinson, M.; Lathon, P.V.; Sanchez, G.; Silver, P.; et al.

Prevalence of osteonecrosis of the jaw in patients with oral bisphosphonate exposure. J. Oral Maxillofac. Surg. 2010, 68, 243–253.
[CrossRef]

127. Everts-Graber, J.; Lehmann, D.; Burkard, J.P.; Schaller, B.; Gahl, B.; Häuselmann, H.; Studer, U.; Ziswiler, H.R.; Reichenbach, S.;
Lehmann, T. Risk of Osteonecrosis of the Jaw Under Denosumab Compared to Bisphosphonates in Patients With Osteoporosis. J.
Bone Miner. Res. 2022, 37, 340–348. [CrossRef]

128. Bramati, A.; Girelli, S.; Farina, G.; Dazzani, M.C.; Torri, V.; Moretti, A.; Piva, S.; Dimaiuta, M.; La Verde, N. Prospective, mono-
institutional study of the impact of a systematic prevention program on incidence and outcome of osteonecrosis of the jaw in
patients treated with bisphosphonates for bone metastases. J. Bone Miner. Metab. 2015, 33, 119–124. [CrossRef]

129. Black, D.M.; Geiger, E.J.; Eastell, R.; Vittinghoff, E.; Li, B.H.; Ryan, D.S.; Dell, R.M.; Adams, A.L. Atypical Femur Fracture Risk
versus Fragility Fracture Prevention with Bisphosphonates. N. Engl. J. Med. 2020, 383, 743–753. [CrossRef]

130. Asadipooya, K.; Weinstock, A. Cardiovascular Outcomes of Romosozumab and Protective Role of Alendronate. Arterioscler.
Thromb. Vasc. Biol. 2019, 39, 1343–1350. [CrossRef]

131. Wu, C.-H.; Tu, S.-T.; Chang, Y.-F.; Chan, D.-C.; Chien, J.-T.; Lin, C.-H.; Singh, S.; Dasari, M.; Chen, J.-F.; Tsai, K.-S. Fracture liaison
services improve outcomes of patients with osteoporosis-related fractures: A systematic literature review and meta-analysis. Bone
2018, 111, 92–100. [CrossRef]

132. Majumdar, S.R.; Lier, D.A.; McAlister, F.A.; Johnson, J.A.; Rowe, B.H.; Beaupre, L.A. Cost-Effectiveness of Osteoporosis Interven-
tions to Improve Quality of Care After Upper Extremity Fracture: Results From a Randomized Trial (C-STOP Trial). J. Bone Miner.
Res. 2019, 34, 1220–1228. [CrossRef]

133. Jiang, Y.; Zhang, P.; Zhang, X.; Lv, L.; Zhou, Y. Advances in mesenchymal stem cell transplantation for the treatment of
osteoporosis. Cell Prolif. 2021, 54, e12956. [CrossRef]

134. Zhou, S.; Greenberger, J.S.; Epperly, M.W.; Goff, J.P.; Adler, C.; Leboff, M.S.; Glowacki, J. Age-related intrinsic changes in human
bone-marrow-derived mesenchymal stem cells and their differentiation to osteoblasts. Aging Cell 2008, 7, 335–343. [CrossRef]

http://doi.org/10.1007/s00198-021-06095-y
http://www.ncbi.nlm.nih.gov/pubmed/34432115
http://doi.org/10.1016/S2213-8587(17)30188-2
http://doi.org/10.1007/s00198-022-06482-z
http://doi.org/10.3390/jcm10133002
http://doi.org/10.1016/j.maturitas.2013.10.021
http://doi.org/10.1007/s11606-018-4696-z
http://doi.org/10.1016/j.bone.2011.05.007
http://doi.org/10.1016/j.bone.2012.08.130
http://doi.org/10.1007/s11657-018-0430-z
http://doi.org/10.1016/j.berh.2022.101754
http://doi.org/10.1007/s11657-020-0706-y
http://doi.org/10.1002/jbmr.2202
http://doi.org/10.1016/j.amjmed.2015.01.014
http://doi.org/10.11622/smedj.2022068
http://doi.org/10.1007/s00223-010-9364-1
http://doi.org/10.4103/0973-029x.164538
http://doi.org/10.1016/j.joms.2009.03.050
http://doi.org/10.1002/jbmr.4472
http://doi.org/10.1007/s00774-014-0566-x
http://doi.org/10.1056/NEJMoa1916525
http://doi.org/10.1161/ATVBAHA.119.312371
http://doi.org/10.1016/j.bone.2018.03.018
http://doi.org/10.1002/jbmr.3699
http://doi.org/10.1111/cpr.12956
http://doi.org/10.1111/j.1474-9726.2008.00377.x


Int. J. Mol. Sci. 2022, 23, 9465 24 of 27

135. Macías, I.; Alcorta-Sevillano, N.; Rodríguez, C.I.; Infante, A. Osteoporosis and the Potential of Cell-Based Therapeutic Strategies.
Int. J. Mol. Sci. 2020, 21, 1653. [CrossRef]

136. Li, F.; Zhou, C.; Xu, L.; Tao, S.; Zhao, J.; Gu, Q. Effect of Stem Cell Therapy on Bone Mineral Density: A Meta-Analysis of
Preclinical Studies in Animal Models of Osteoporosis. PLoS ONE 2016, 11, e0149400. [CrossRef] [PubMed]

137. Aghebati-Maleki, L.; Dolati, S.; Zandi, R.; Fotouhi, A.; Ahmadi, M.; Aghebati, A.; Nouri, M.; Kazem Shakouri, S.; Yousefi, M.
Prospect of mesenchymal stem cells in therapy of osteoporosis: A review. J. Cell. Physiol. 2019, 234, 8570–8578. [CrossRef]

138. Arjmand, B.; Sarvari, M.; Alavi-Moghadam, S.; Payab, M.; Goodarzi, P.; Gilany, K.; Mehrdad, N.; Larijani, B. Prospect of Stem Cell
Therapy and Regenerative Medicine in Osteoporosis. Front. Endocrinol. 2020, 11, 430. [CrossRef] [PubMed]

139. Phetfong, J.; Sanvoranart, T.; Nartprayut, K.; Nimsanor, N.; Seenprachawong, K.; Prachayasittikul, V.; Supokawej, A. Osteoporosis:
The current status of mesenchymal stem cell-based therapy. Cell. Mol. Biol. Lett. 2016, 21, 12. [CrossRef] [PubMed]

140. Horwitz, E.M.; Prockop, D.J.; Fitzpatrick, L.A.; Koo, W.W.; Gordon, P.L.; Neel, M.; Sussman, M.; Orchard, P.; Marx, J.C.; Pyeritz,
R.E.; et al. Transplantability and therapeutic effects of bone marrow-derived mesenchymal cells in children with osteogenesis
imperfecta. Nat. Med. 1999, 5, 309–313. [CrossRef]

141. Su, P.; Tian, Y.; Yang, C.; Ma, X.; Wang, X.; Pei, J.; Qian, A. Mesenchymal Stem Cell Migration during Bone Formation and Bone
Diseases Therapy. Int. J. Mol. Sci. 2018, 19, 2343. [CrossRef]

142. Lu, C.H.; Chen, Y.A.; Ke, C.C.; Liu, R.S. Mesenchymal Stem Cell-Derived Extracellular Vesicle: A Promising Alternative Therapy
for Osteoporosis. Int. J. Mol. Sci. 2021, 22, 12750. [CrossRef]

143. Sui, B.; Hu, C.; Zhang, X.; Zhao, P.; He, T.; Zhou, C.; Qiu, X.; Chen, N.; Zhao, X.; Jin, Y. Allogeneic Mesenchymal Stem Cell Therapy
Promotes Osteoblastogenesis and Prevents Glucocorticoid-Induced Osteoporosis. Stem Cells Transl. Med. 2016, 5, 1238–1246.
[CrossRef]

144. Hu, L.; Yin, C.; Zhao, F.; Ali, A.; Ma, J.; Qian, A. Mesenchymal Stem Cells: Cell Fate Decision to Osteoblast or Adipocyte and
Application in Osteoporosis Treatment. Int. J. Mol. Sci. 2018, 19, 360. [CrossRef]

145. Antebi, B.; Pelled, G.; Gazit, D. Stem cell therapy for osteoporosis. Curr. Osteoporos. Rep. 2014, 12, 41–47. [CrossRef]
146. Wu, Y.; Zhang, X.; Zhao, Q.; Tan, B.; Chen, X.; Liao, J. Role of Hydrogels in Bone Tissue Engineering: How Properties Shape

Regeneration. J. Biomed. Nanotechnol. 2020, 16, 1667–1686. [CrossRef] [PubMed]
147. Vashist, A.; Ahmad, S. Hydrogels in tissue engineering: Scope and applications. Curr. Pharm. Biotechnol. 2015, 16, 606–620.

[CrossRef]
148. Mandal, A.; Clegg, J.R.; Anselmo, A.C.; Mitragotri, S. Hydrogels in the clinic. Bioeng. Transl. Med. 2020, 5, e10158. [CrossRef]

[PubMed]
149. Zheng, Z.; Yu, C.; Wei, H. Injectable Hydrogels as Three-Dimensional Network Reservoirs for Osteoporosis Treatment. Tissue Eng.

Part B Rev. 2021, 27, 430–454. [CrossRef] [PubMed]
150. James, A.W.; LaChaud, G.; Shen, J.; Asatrian, G.; Nguyen, V.; Zhang, X.; Ting, K.; Soo, C. A Review of the Clinical Side Effects of

Bone Morphogenetic Protein-2. Tissue Eng. Part B Rev. 2016, 22, 284–297. [CrossRef]
151. Garrison, K.R.; Donell, S.; Ryder, J.; Shemilt, I.; Mugford, M.; Harvey, I.; Song, F. Clinical effectiveness and cost-effectiveness of

bone morphogenetic proteins in the non-healing of fractures and spinal fusion: A systematic review. Health Technol. Assess. 2007,
11, 1–150. [CrossRef]

152. Echave, M.C.; Erezuma, I.; Golafshan, N.; Castilho, M.; Kadumudi, F.B.; Pimenta-Lopes, C.; Ventura, F.; Pujol, A.; Jimenez, J.J.;
Camara, J.A.; et al. Bioinspired gelatin/bioceramic composites loaded with bone morphogenetic protein-2 (BMP-2) promote
osteoporotic bone repair. Mater. Sci. Eng. C Mater. Biol. Appl. 2021, 134, 112539. [CrossRef]

153. García-García, P.; Reyes, R.; Pérez-Herrero, E.; Arnau, M.R.; Évora, C.; Delgado, A. Alginate-hydrogel versus alginate-solid
system. Efficacy in bone regeneration in osteoporosis. Mater. Sci. Eng. C Mater. Biol. Appl. 2020, 115, 111009. [CrossRef]

154. Segredo-Morales, E.; García-García, P.; Reyes, R.; Pérez-Herrero, E.; Delgado, A.; Évora, C. Bone regeneration in osteoporosis by
delivery BMP-2 and PRGF from tetronic-alginate composite thermogel. Int. J. Pharm. 2018, 543, 160–168. [CrossRef]

155. Yu, P.; Liu, Y.; Xie, J.; Li, J. Spatiotemporally controlled calcitonin delivery: Long-term and targeted therapy of skeletal diseases. J.
Control. Release 2021, 338, 486–504. [CrossRef]

156. Li, D.; Zhou, J.; Zhang, M.; Ma, Y.; Yang, Y.; Han, X.; Wang, X. Long-term delivery of alendronate through an injectable tetra-PEG
hydrogel to promote osteoporosis therapy. Biomater. Sci. 2020, 8, 3138–3146. [CrossRef]

157. Yu, P.; Liu, Y.; Jin, R.; Zhang, P.; Ding, C.; Jiang, X.; Xing, J.; Bi, B.; Xie, J.; Li, J. Thermosensitive Polysaccharide Hydrogel as a
Versatile Platform for Prolonged Salmon Calcitonin Release and Calcium Regulation. ACS Biomater. Sci. Eng. 2020, 6, 4077–4086.
[CrossRef] [PubMed]

158. Domazetovic, V.; Marcucci, G.; Iantomasi, T.; Brandi, M.L.; Vincenzini, M.T. Oxidative stress in bone remodeling: Role of
antioxidants. Clin. Cases Miner. Bone Metab. 2017, 14, 209–216. [CrossRef]

159. Liu, J.; Huang, F.; He, H.W. Melatonin effects on hard tissues: Bone and tooth. Int. J. Mol. Sci. 2013, 14, 10063–10074. [CrossRef]
[PubMed]

160. Xiao, L.; Lin, J.; Chen, R.; Huang, Y.; Liu, Y.; Bai, J.; Ge, G.; Shi, X.; Chen, Y.; Shi, J.; et al. Sustained Release of Melatonin from
GelMA Liposomes Reduced Osteoblast Apoptosis and Improved Implant Osseointegration in Osteoporosis. Oxidative Med. Cell.
Longev. 2020, 2020, 6797154. [CrossRef] [PubMed]

161. Kaur, R.; Ajitha, M. Transdermal delivery of fluvastatin loaded nanoemulsion gel: Preparation, characterization and in vivo
anti-osteoporosis activity. Eur. J. Pharm. Sci. 2019, 136, 104956. [CrossRef]

http://doi.org/10.3390/ijms21051653
http://doi.org/10.1371/journal.pone.0149400
http://www.ncbi.nlm.nih.gov/pubmed/26882451
http://doi.org/10.1002/jcp.27833
http://doi.org/10.3389/fendo.2020.00430
http://www.ncbi.nlm.nih.gov/pubmed/32719657
http://doi.org/10.1186/s11658-016-0013-1
http://www.ncbi.nlm.nih.gov/pubmed/28536615
http://doi.org/10.1038/6529
http://doi.org/10.3390/ijms19082343
http://doi.org/10.3390/ijms222312750
http://doi.org/10.5966/sctm.2015-0347
http://doi.org/10.3390/ijms19020360
http://doi.org/10.1007/s11914-013-0184-x
http://doi.org/10.1166/jbn.2020.2997
http://www.ncbi.nlm.nih.gov/pubmed/33485397
http://doi.org/10.2174/138920101607150427111651
http://doi.org/10.1002/btm2.10158
http://www.ncbi.nlm.nih.gov/pubmed/32440563
http://doi.org/10.1089/ten.teb.2020.0168
http://www.ncbi.nlm.nih.gov/pubmed/33086984
http://doi.org/10.1089/ten.teb.2015.0357
http://doi.org/10.3310/hta11300
http://doi.org/10.1016/j.msec.2021.112539
http://doi.org/10.1016/j.msec.2020.111009
http://doi.org/10.1016/j.ijpharm.2018.03.034
http://doi.org/10.1016/j.jconrel.2021.08.056
http://doi.org/10.1039/D0BM00376J
http://doi.org/10.1021/acsbiomaterials.0c00591
http://www.ncbi.nlm.nih.gov/pubmed/33463337
http://doi.org/10.11138/ccmbm/2017.14.1.209
http://doi.org/10.3390/ijms140510063
http://www.ncbi.nlm.nih.gov/pubmed/23665905
http://doi.org/10.1155/2020/6797154
http://www.ncbi.nlm.nih.gov/pubmed/32566094
http://doi.org/10.1016/j.ejps.2019.104956


Int. J. Mol. Sci. 2022, 23, 9465 25 of 27

162. Nafee, N.; Zewail, M.; Boraie, N. Alendronate-loaded, biodegradable smart hydrogel: A promising injectable depot formulation
for osteoporosis. J. Drug Target. 2018, 26, 563–575. [CrossRef]

163. Papathanasiou, K.E.; Turhanen, P.; Brückner, S.I.; Brunner, E.; Demadis, K.D. Smart, programmable and responsive injectable
hydrogels for controlled release of cargo osteoporosis drugs. Sci. Rep. 2017, 7, 4743. [CrossRef]

164. Chen, Q.; Xia, C.; Shi, B.; Chen, C.; Yang, C.; Mao, G.; Shi, F. Extracorporeal Shock Wave Combined with Teriparatide-Loaded
Hydrogel Injection Promotes Segmental Bone Defects Healing in Osteoporosis. Tissue Eng. Regen. Med. 2021, 18, 1021–1033.
[CrossRef]

165. Tucker, K.L. Osteoporosis prevention and nutrition. Curr. Osteoporos. Rep. 2009, 7, 111. [CrossRef]
166. Ortega, R.; Jiménez Ortega, A.I.; Martínez García, R.M.; Cuadrado Soto, E.; Aparicio, A.; López-Sobaler, A.M. [Nutrition in the

prevention and control of osteoporosis]. Nutr. Hosp. 2021, 37, 63–66. [CrossRef] [PubMed]
167. Rizzoli, R.; Bischoff-Ferrari, H.; Dawson-Hughes, B.; Weaver, C. Nutrition and Bone Health in Women after the Menopause.

Women’s Health 2014, 10, 599–608. [CrossRef] [PubMed]
168. Modi, P.K.; Prabhu, A.; Bhandary, Y.P.; Shenoy, P.S.; Hegde, A.; Es, S.P.; Johnson, R.P.; Das, S.P.; Vazirally, S.; Rekha, P.D. Effect

of calcium glucoheptonate on proliferation and osteogenesis of osteoblast-like cells in vitro. PLoS ONE 2019, 14, e0222240.
[CrossRef] [PubMed]

169. Li, K.; Wang, X.F.; Li, D.Y.; Chen, Y.C.; Zhao, L.J.; Liu, X.G.; Guo, Y.F.; Shen, J.; Lin, X.; Deng, J.; et al. The good, the bad, and the
ugly of calcium supplementation: A review of calcium intake on human health. Clin. Interv. Aging 2018, 13, 2443–2452. [CrossRef]
[PubMed]

170. Christianson, M.S.; Shen, W. Osteoporosis prevention and management: Nonpharmacologic and lifestyle options. Clin. Obstet.
Gynecol. 2013, 56, 703–710. [CrossRef] [PubMed]

171. Straub, D.A. Calcium supplementation in clinical practice: A review of forms, doses, and indications. Nutr. Clin. Pract. 2007, 22,
286–296. [CrossRef]

172. Hill Gallant, K.M.; Weaver, C.M.; Towler, D.A.; Thuppal, S.V.; Bailey, R.L. Nutrition in Cardioskeletal Health. Adv. Nutr. 2016, 7,
544–555. [CrossRef]

173. Weaver, C.M. Calcium supplementation: Is protecting against osteoporosis counter to protecting against cardiovascular disease?
Curr. Osteoporos. Rep. 2014, 12, 211–218. [CrossRef]

174. Bolland, M.J.; Avenell, A.; Baron, J.A.; Grey, A.; MacLennan, G.S.; Gamble, G.D.; Reid, I.R. Effect of calcium supplements on risk
of myocardial infarction and cardiovascular events: Meta-analysis. BMJ 2010, 341, c3691. [CrossRef]

175. Mithal, A.; Wahl, D.A.; Bonjour, J.P.; Burckhardt, P.; Dawson-Hughes, B.; Eisman, J.A.; El-Hajj Fuleihan, G.; Josse, R.G.; Lips, P.;
Morales-Torres, J. Global vitamin D status and determinants of hypovitaminosis D. Osteoporos. Int. 2009, 20, 1807–1820. [CrossRef]

176. Avenell, A.; Gillespie, W.J.; Gillespie, L.D.; O’Connell, D.L. Vitamin D and vitamin D analogues for preventing fractures associated
with involutional and post-menopausal osteoporosis. Cochrane Database Syst. Rev. 2005, 20, CD000227. [CrossRef]

177. Abrahamsen, B.; Masud, T.; Avenell, A.; Anderson, F.; Meyer, H.E.; Cooper, C.; Smith, H.; LaCroix, A.Z.; Togerson, D.; Johansen,
A.; et al. Patient level pooled analysis of 68,500 patients from seven major vitamin D fracture trials in US and Europe. BMJ 2010,
340, b5463, Correction in BMJ 2011, 343, d5245. [CrossRef]

178. Reid, I.R.; Bolland, M.J.; Grey, A. Effects of vitamin D supplements on bone mineral density: A systematic review and meta-
analysis. Lancet 2014, 383, 146–155. [CrossRef]

179. Tang, B.M.; Eslick, G.D.; Nowson, C.; Smith, C.; Bensoussan, A. Use of calcium or calcium in combination with vitamin D
supplementation to prevent fractures and bone loss in people aged 50 years and older: A meta-analysis. Lancet 2007, 370, 657–666.
[CrossRef]

180. Mitchell, P.J.; Cooper, C.; Dawson-Hughes, B.; Gordon, C.M.; Rizzoli, R. Life-course approach to nutrition. Osteoporos. Int. 2015,
26, 2723–2742. [CrossRef]

181. Fuglsang-Nielsen, R.; Rakvaag, E.; Vestergaard, P.; Hermansen, K.; Gregersen, S.; Starup-Linde, J. The Effects of 12-Weeks Whey
Protein Supplements on Markers of Bone Turnover in Adults With Abdominal Obesity—A Post Hoc Analysis. Front. Endocrinol.
2022, 13, 832897. [CrossRef]

182. Darling, A.L.; Millward, D.J.; Torgerson, D.J.; Hewitt, C.E.; Lanham-New, S.A. Dietary protein and bone health: A systematic
review and meta-analysis. Am. J. Clin. Nutr. 2009, 90, 1674–1692. [CrossRef]

183. Cui, Z.; Feng, H.; He, B.; He, J.; Tian, Y. Relationship Between Serum Amino Acid Levels and Bone Mineral Density: A Mendelian
Randomization Study. Front. Endocrinol. 2021, 12, 763538. [CrossRef]

184. Dixon, R.A.; Sumner, L.W. Legume natural products: Understanding and manipulating complex pathways for human and animal
health. Plant Physiol. 2003, 131, 878–885. [CrossRef]

185. Lu, M.P.; Wang, R.; Song, X.; Chibbar, R.; Wang, X.; Wu, L.; Meng, Q.H. Dietary soy isoflavones increase insulin secretion and
prevent the development of diabetic cataracts in streptozotocin-induced diabetic rats. Nutr. Res. 2008, 28, 464–471. [CrossRef]

186. Wu, A.H.; Lee, E.; Vigen, C. Soy Isoflavones and Breast Cancer. Am. Soc. Clin. Oncol. Educ. Book 2013, 33, 102–106. [CrossRef]
[PubMed]

187. Ishimi, Y.; Taku, K.; Umegaki, K.; Yamauchi, J. Systematic review and verification of preventive effects of soy constituents on
lifestyle-related diseases: Isolated soy isoflavone supplements for postmenopausal bone loss: Meta-analysis of randomized
controlled trials (Part II). Soy Protein Res. Jpn. 2009, 12, 11–21.
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The clinician’s guide to prevention and treatment of osteoporosis

M. S. LeBoff1 & S. L. Greenspan2
& K. L. Insogna3 & E. M. Lewiecki4 & K. G. Saag5

& A. J. Singer6 & E. S. Siris7

Received: 4 September 2020 /Accepted: 19 February 2021 /Published online: 28 April 2022

Abstract
Osteoporosis is the most common metabolic bone disease in the USA and the world. It is a subclinical condition until
complicated by fracture(s). These fractures place an enormous medical and personal burden on individuals who suffer
from them and take a significant economic toll. Any new fracture in an adult aged 50 years or older signifies imminent elevated risk
for subsequent fractures, particularly in the year following the initial fracture. What a patient perceives as an unfortunate accident
may be seen as a sentinel event indicative of bone fragility and increased future fracture risk even when the result of considerable
trauma. Clinical or subclinical vertebral fractures, the most common type of osteoporotic fractures, are associated with a 5-fold
increased risk for additional vertebral fractures and a 2- to 3-fold increased risk for fractures at other sites. Untreated osteoporosis
can lead to a vicious cycle of recurrent fracture(s), often resulting in disability and premature death. In appropriate patients,
treatment with effective antifracture medication prevents fractures and improves outcomes. Primary care providers and medical
specialists are critical gatekeepers who can identify fractures and initiate proven osteoporosis interventions. Osteoporosis detec-
tion, diagnosis, and treatment should be routine practice in all adult healthcare settings. The Bone Health and Osteoporosis
Foundation (BHOF) – formerly the National Osteoporosis Foundation – first published the Clinician’s Guide in 1999 to provide
accurate information on osteoporosis prevention and treatment. Since that time, significant improvements have been made in
diagnostic technologies and treatments for osteoporosis. Despite these advances, a disturbing gap persists in patient care. At-risk
patients are often not screened to establish fracture probability and not educated about fracture prevention. Most concerning, the
majority of highest risk women and men who have a fracture(s) are not diagnosed and do not receive effective, FDA-approved
therapies. Even those prescribed appropriate therapy are unlikely to take themedication as prescribed. TheClinician’s Guide offers
concise recommendations regarding prevention, risk assessment, diagnosis, and treatment of osteoporosis in postmenopausal
women and men aged 50 years and older. It includes indications for bone densitometry as well as fracture risk thresholds for
pharmacologic intervention. Current medications build bone and/or decrease bone breakdown and dramatically reduce incident
fractures. All antifracture therapeutics treat but do not cure the disease. Skeletal deterioration resumes sooner or later when a
medication is discontinued—sooner for nonbisphosphonates and later for bisphosphonates. Even if normal BMD is achieved,
osteoporosis and elevated risk for fracture are still present. The diagnosis of osteoporosis persists even if subsequent DXAT-scores
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are above − 2.5. Ongoing monitoring and strategic interventions will be necessary if fractures are to be avoided. In addition to
pharmacotherapy, adequate intake of calcium and vitamin D, avoidance of smoking and excessive alcohol intake, weight-bearing
and resistance-training exercise, and fall prevention are included in the fracture prevention armamentarium. Where possible,
recommendations in this guide are based on evidence from RCTs; however, relevant published data and guidance from expert
clinical experience provides the basis for recommendations in those areas where RCT evidence is currently deficient or not
applicable to the many osteoporosis patients not considered for RCT participation due to age and morbidity.

Keywords Fractures . FRAX® . Osteoporosis . Primary care management of osteoporosis . Vertebral imaging . Fracture risk
stratification . Bisphosphonate holiday . Novel antifracture therapies (romosozumab, denosumab, abaloparatide)

Synopsis of major recommendations
to the clinician

These recommendations apply to postmenopausal women and
men aged 50 years and older.

Universal recommendations

& Counsel individual patients on their risk for osteoporosis,
fractures, and potential consequences of fractures (function-
al deterioration, loss of independence, increased mortality).

& Recommend a diet with adequate total calcium intake
(1000 mg/day for men aged 50–70 years; 1200 mg/day
for women ≥ 51 years and men ≥ 71 years), incorporating
calcium supplements if intake is insufficient.

& Monitor serum 25-hydroxyvitamin D levels.
& Maintain serum vitamin D sufficiency (≥ 30 ng/mL but

below ≤ 50 ng/mL) [1–3]. Prescribe supplemental vitamin
D (800–1000 units/day) as needed for individuals aged 50
years and older to achieve a sufficient vitamin D level.
Higher doses may be necessary in some adults, especially
those with malabsorption. (Note: in healthy individuals a
serum 25(OH) vitamin D level ≥ 20 ng/mL may be suffi-
cient, but in the setting of known or suspected metabolic
bone disease ≥ 30 ng/mL is appropriate.)

& Identify and address modifiable risk factors associated
with falls, such as sedating medications, polypharmacy,
hypotension, gait or vision disorders, and out-of-date pre-
scription glasses.

& Provide guidance for smoking cessation, and avoidance of
excessive alcohol intake; refer for care as appropriate.

& Counsel or refer patients for instruction on balance train-
ing, muscle-strengthening exercise, and safe movement
strategies to prevent fracture(s) in activities of daily life.

& In community-dwelling patients, refer for at-home fall
hazard evaluation and remediation.

& In post-fracture patients who are experiencing pain, prescribe
over-the-counter analgesia, heat/ice home care, limited bed
rest, physical therapy, and alternative non-pharmacologic

therapies when appropriate. In cases of intractable or chronic
pain, refer to a pain specialist or physiatrist.

& Coordinate post-fracture patient care via fracture liaison
service (FLS) and multidisciplinary programs in which
patients with recent fractures are referred for osteoporosis
evaluation and treatment, rehabilitation, and transition
management.

Diagnostic assessment recommendations

& Investigate any broken bone in adulthood as suspicious for
osteoporosis, regardless of cause [4, 5].

& Measure height annually, preferably with a wall-mounted
stadiometer (without shoes).

& Record history of falls.
& Perform BMD testing in the following:

– Women aged ≥ 65 years and men aged ≥ 70 years.
– Postmenopausal women and men aged 50–69 years,

based on risk profile.
– Postmenopausal women and men aged ≥ 50 years

with history of adult-age fracture.
– DXA facilities that employ accepted quality assur-

ance measures.
– The same facility and on the same densitometry de-

vice for each test whenever possible.
& Maintain diagnosis of osteoporosis in patient diagnosed

by fracture in adulthood or T-score (− 2.5 or below), even
if subsequent DXA T-score is above − 2.5.

& To detect subclinical vertebral fractures, perform vertebral
fracture imaging (X-ray or DXA vertebral fracture
assessment) in the following:
– Women aged 65 years and older if T-score is less

than or equal to − 1.0 at the femoral neck [6].
– Women aged 70 years or older andmen aged 80 years

or older if T-score is less than or equal to − 1.0 at the
lumbar spine, total hip, or femoral neck.

– Men aged 70–79 years if T-score is less than or equal
to − 1.5 at the lumbar spine, total hip, or femoral neck.

– Postmenopausal women and men aged ≥ 50 years
with the following specific risk factors:
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○ Fracture(s) during adulthood (any cause).
○ Historical height loss of ≥ 1.5 in. (defined as the

difference between the current height and peak
height) [7].

○ Prospective height loss of ≥ 0.8 in. (defined as
the difference between the current height and
last documented height measurement) [7].

○ Recent or ongoing long-term glucocorticoid
treatment.

○ Diagnosis of hyperparathyroidism [8].
& Rule out secondary causes of bone loss, osteoporosis, and/

or fractures.
& In appropriate untreated postmenopausal women, selec-

tively measure bone turnover markers to help gauge rapid-
ity of bone loss.

& Prior to elective orthopedic procedures, evaluate skeletal health
and measure BMD as indicated by risk profile (e.g., inflamma-
tory arthritis, osteoarthritis, chronic kidney disease, or adverse
events from surgery or other risk factors) [9–11].

Pharmacologic treatment recommendations

& No uniform recommendation applies to all patients.
Management plans must be individualized.

& Current FDA-approved pharmacologic options for osteo-
porosis are as follows:
– Bisphosphonates (alendronate, ibandronate,

risedronate, zoledronic acid)
– Estrogen-related therapy (ET/HT, raloxifene conju-

gated estrogens/ bazedoxifene)
– Parathyroid hormone analogs (teriparatide,

abaloparatide)
– RANK-ligand inhibitor (denosumab)
– Sclerostin inhibitor (romosozumab)
– Calcitonin salmon

& Consider initiating pharmacologic treatment in postmeno-
pausal women and men ≥ 50 years of age who have the
following:
– Primary fracture prevention:

○ T-score ≤ − 2.5 at the femoral neck, total hip,
lumbar spine, 33% radius (some uncertainty
with existing data) by DXA.

○ Low bone mass (osteopenia: T-score between
− 1.0 and − 2.5) at the femoral neck or total
hip by DXA with a 10-year hip fracture risk
≥ 3% or a 10-year major osteoporosis-related
fracture risk ≥ 20% (i.e., clinical vertebral,
hip, forearm, or proximal humerus) based
on the US-adapted FRAX® model.

– Secondary fracture prevention:

○ Fracture of the hip or vertebra regardless of BMD
[4, 5].

○ Fracture of proximal humerus, pelvis, or distal
forearm in persons with low bone mass
(osteopenia: T-score between − 1.0 and − 2.5).
The decision to treat should be individualized in
persons with a fracture of the proximal humerus,
pelvis, or distal forearm who do not have
osteopenia or low BMD [12, 13].

& Initiate antiresorptive therapy following discontinua-
tion of denosumab, teriparatide, abaloparatide, or
romosozumab.

Monitoring patients and treatment response

& PerformBMD testing 1 to 2 years after initiating or chang-
ing medical therapy for osteoporosis and at appropriate
intervals thereafter according to clinical circumstances.
– More frequent BMD testing may be warranted in

higher-risk individuals (multiple fractures, older
age, very low BMD).

– Less frequent BMD testing may be warranted as
follow-up for patients with initial T-scores in the
normal or slightly below normal range (osteopenia)
and for patients who have remained fracture free on
treatment.

& In patients receiving osteoporosis pharmacologic
treatment:
– Routinely reassess risk for fracture, patient satisfac-

tion and adherence with therapy, and need for con-
tinued or modified treatment. The appropriate inter-
val between initiation and reassessment differs with
agent prescribed.

– Serially measure changes in BMD at lumbar spine,
total hip, or femoral neck; if lumbar spine, hip, or
both are not evaluable or according to clinical
judgment, consider monitoring at 33% distal radius.

– Reassess patient and BMD status for consideration of
a drug holiday after 5 years of oral and 3 years of
intravenous bisphosphonate in patients who are no
longer at high risk of fracture (T-score ≥ − 2.5, no
new fractures) [14].

– At each healthcare encounter, ask open-ended ques-
tions about treatment to elicit patient feedback on
possible side effects and concerns. Communicate
risk-benefit trade-offs and confirm understanding:
both the risk of adverse events with treatment (usu-
ally very low) and risk of fractures and their negative
consequences without treatment (usually much
higher).
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Osteoporosis: impact and overview

Osteoporosis is a disease characterized by low bone density,
deterioration of bone tissue, disrupted bone microarchitecture,
compromised bone strength, and fracture. According to the
World Health Organization (WHO) diagnostic classification,
osteoporosis is defined byBMD at the hip or lumbar spine that
is less than or equal to 2.5 standard deviations below the mean
BMD of a young adult reference population (T-score).

Osteoporosis is a risk factor for fracture, just as hyperten-
sion is for stroke and hypercholesterolemia is for heart disease.
While risk is highest in individuals with extremely low BMD,
the majority of fractures occur in patients with T-scores better
than − 2.5. Non-BMD factors contribute to fracture risk, such
as falls, frailty, and poor bone quality.

Scope of the problem

Osteoporosis affects an enormous number of people, both
men and women, of all races. Among Caucasian adults in
the USA aged 50 years and older, about 50% of women and
20% of men will experience an osteoporotic fracture in their
remaining lifetime [15]. Rates of fracture differ by ethnic/
racial population and skeletal site.

For fracture at any site in women, after adjusting for BMD,
weight, and other covariates, non-Hispanic white and
Hispanic-American women have the highest risk for fracture,
followed by Native Americans, African Americans, and Asian
Americans [16, 17]. For hip fracture in men, the age-adjusted
incidence was highest for non-Hispanic white men, similar
among Hispanic-American and black men, and lowest in
Asian men.

In a 2014 cross-sectional analysis of data from five large
independent cohorts (in the USA and Asia), prevalence of
self-reported non-traumatic fracture in men was non-
Hispanic white American 17.1%; Afro-Caribbean, 5.5%;
African American, 15.1%; Hispanic-American, 13.7%;
Asian American, 10.5%; Hong Kong Chinese, 5.6%, and
Korean, 5.1% [18] .

Many factors are thought to contribute to these divergent
fracture rates including BMD, cortical thickness, access to
healthcare, comorbidities (such as diabetes), and skeletal ge-
ometry (e.g., hip axis length) [20]. Fracture rates do not track
uniformly with the risk of osteoporosis among different racial/
ethnic groups. For example, while fewer African Americans
have osteoporosis, those diagnosed with osteoporosis experi-
ence fracture rates comparable to Non-Hispanic Whites and
experience worse overall post-fracture outcomes [19]. Native
Americans have BMD similar to Non-Hispanic Whites but
higher rates of hip fracture, possibly reflecting challenges with
screening, nutrition, lifestyle, and follow-up (Fig. 1).

Based on data from the National Health and Nutrition
Examination Survey III (NHANES III), BHOF previously

estimated that more than 10.2 million Americans have
osteoporosis and an additional 43.4 million have low bone
density [21]. Prevalence of fractures continues to increase
as the population ages. It is currently projected that 12.3
million Americans have osteoporosis [22]. At present the
2 million new cases of osteoporotic fracture per year
exceeds the annual number of new cases of myocardial
infarction, breast cancer, and prostate cancer combined
[23–25]. Annual fracture incidence is expected to increase
68%, to 3.2 million by 2040 [26].

Osteoporosis remains a disease that is underdiagnosed
and undertreated despite effective antifracture interven-
tions and the potentially lethal consequences of fractures
[27]. Hip fractures significantly increase risk of death in
the year following fracture and are highly predictive of
additional fractures. Nonetheless, as many as 80–95% of
patients in some practice settings are discharged following
hip fracture repair with no antifracture treatment or man-
agement plan [28–30].

Crisis in osteoporosis patient care

The benefits of timely diagnosis and treatment have been well
documented. Treatment reduces fracture incidence, forestalling
injury, disability, and excess mortality. This effect is seen in
Medicare claims analyses demonstrating a significant drop in
age-adjusted risk for hip fracture in the ten years between 2002
and 2012. This decade-long decline coincided with the advent
of bone density testing and application of effective osteoporosis
therapies.

However, after declining for decades, incidence rates
plateaued between 2013 and 2015 (Fig. 2) [31]. Although
more data are needed to draw causal conclusions, it is likely
that multiple factors have contributed. In the USA, patient
access to osteoporosis care has declined. There are fewer
office-based DXA facilities performing smaller numbers of
DXA studies. Fewer women and men are diagnosed with

Fig. 1 Hip fracture incidence in postmenopausal women across ethnic/
racial populations in WHI data (from Nelson DA et al. Osteoporos Int.
2011) [20]
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osteoporosis and/or treated to prevent fractures. Not surpris-
ingly, we have seen an uptick in fractures.

The osteoporosis treatment gap (difference between number
meeting treatment indications and number receiving treatment)
is recognized globally as a crisis in patient care [21, 32, 33].
Since many factors contribute to this crisis, multifactorial ap-
proaches should be considered to reverse the trend, including
cultivating trust in at-risk patients; generating more data on
comparative effectiveness and safety of current osteoporosis
drugs; engaging physicians, governmental, and public health
organizations; improving insurance coverage for key fracture
prevention services, including FLS programs; and adopting
quality measures to incentivize clinicians, hospitals, and health
systems to routinely screen and treat high-risk patients.

Medical impact

Fractures and their complications are the clinical sequelae of
osteoporosis. The most common fractures are those of the
vertebrae (lumbar spine), proximal femur (hip), and distal
forearm (wrist).Most fractures in older adults are due at least
in part to low bone mass, even when they result from consid-
erable trauma. All fractures are associated with some degree
of low BMD and increased risk of subsequent fracture in older
adults [5]. In fact, a large cohort study found high-trauma and
low-trauma fractures to be comparably predictive of low
BMD and elevated future fracture risk [4].

A recent fracture at any major skeletal site in an adult ≥ 50
years of age should be considered a sentinel event that indi-
cates urgent need for further assessment and treatment.
Fractures of fingers, toes, face, and skull are not considered
osteoporotic fractures since they are typically traumatic and
unrelated to bone fragility.

Fractures may be followed by full recovery or by chronic
pain, disability, and premature death. Hip, vertebral, and distal
radius fractures lead to a substantial reduction in quality of
life, with the greatest hardship among hip fracture patients
[34]. Low-energy fractures of the pelvis and/or humerus are
common in people with osteoporosis and contribute to in-
creased morbidity and mortality. Psychosocial symptoms,
most notably depression and loss of self-esteem, are common
consequences of fracture, as patients grapple with pain, phys-
ical limitations, and loss of independence.

Hip fractures

Hip fractures are associated with 8.4–36% excess mortality at
1 year, with higher mortality in men than in women [26, 35].
Hip fracture can have devastating impacts on a patient’s life.
Approximately 20% of hip fracture patients require long-term
nursing home care, and 60% do NOT fully regain pre-fracture
independence [27]. In addition, hip fractures are associated
with a 2.5-fold increased incidence of secondary fractures
[36].

Vertebral fractures

Although the majority of vertebral fractures are subclinical,
they can cause pain, disability, deformity, and premature
death [37]. Pain and postural changes associated with multiple
vertebral compression fractures (kyphosis) can limit mobility
and independent function, resulting in significantly dimin-
ished quality of life [38]. Multiple thoracic fractures can cause
restrictive lung disease. Lumbar fractures can alter abdominal
anatomy, leading to constipation, abdominal pain, early sati-
ety, and weight loss. Vertebral fractures, whether clinically
apparent or silent, are associated with a 5-fold increased risk
for additional vertebral fractures and a 2- to 3-fold increased
risk for fractures at other sites.

Wrist fractures

Wrist fractures are five times more common in women than
men. They tend to occur earlier in life than other fractures (i.e.,
between 50 and 60 years of age). When wrist fractures are
recognized as evidence of bone fragility and appropriate oste-
oporosis treatment is prescribed, future fractures could be
avoided. While less disabling than hip or vertebral fractures,
wrist fractures can be equally detrimental to quality of life,
causing pain and limiting activities necessary for independent
living.

Wrist fractures are strongly predictive of future fractures, as
demonstrated in longitudinal studies of women in the
Women’s Health Initiative (WHI) and men in the
Osteoporotic Fractures in Men Study (MrOs) [39–41].
Among recipients of Medicare, increased risk of other

Fig. 2 Incidence of hip fractures (age-adjusted) between 2002 and 2015
according to Medicare claims. Note the decade-long decline in hip frac-
tures and plateau between the years 2013 to 2015. (Lewiecki EM, et al.
[2018] Osteoporos Int. Reprinted with added arrow by permission of
author.) [31]
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fractures following a wrist fracture (regardless of BMD) is
comparable to risk following hip or spine fracture in the year
after the index event [12]. Low BMD at spine, hip, or forearm
is a risk factor for wrist fractures in women andmen; however,
BMD alone is an imperfect predictor of fracture. In women
with forearm fractures, advanced imaging with high-
resolution peripheral quantitative computed tomography
(HR-pQCT) has identified poor bone quality in fracturing
women and girls compared with their nonfracturing peers at
similar BMDs: lower total and trabecular bone density, de-
creased trabecular number and thickness, and lower cortical
density and thickness. These differences in bone quality
remained after adjusting for age and BMD at the hip and
33% radius [42].

Unfortunately, rates of evaluation and treatment for osteo-
porosis after wrist fractures are low in women and even lower
in men [43]. Seventy-nine percent of adult male wrist fracture
patients in one prospective, randomized study did not receive
a bone density test following fracture repair [44]. This is sig-
nificant because patients who received BMD measurement
were more likely to be prescribed effective antifracture
therapy.

As the population ages, it is critical for clinicians to
intervene after a sentinel fracture. Appropriate, timely in-
tervention offers the best opportunity to prevent the cycle
of recurrent fractures, disability, and premature death in
these patients [45].

Economic toll

The personal and economic costs of fractures are enormous.
Fractures result in more than 432,000 hospital admissions,
almost 2.5 million medical office visits, and about 180,000
nursing home admissions in the US [26]. Annual fracture-
related costs are expected to increase from $57 billion to over
$95 billion by 2040 [26]. This heavy toll could be significant-
ly reduced with routine use of effective treatments and screen-
ings, including VFA in women aged 65 and older with
osteopenia (T-score ≤ − 1.0) [23, 27].

Basic pathophysiology

The human skeleton is comprised of living tissue. Critical to
locomotion, skeletal bone houses much of the hematopoietic
system and is the major repository for calcium and
phosphorus—minerals essential to multiple physiologic sys-
tems. Constant serum calcium and adequate cellular calcium
and phosphorus are maintained by a complex system of reg-
ulatory hormones that act directly on bone and indirectly on
other tissues, such as the intestine and kidney. These demands
can challenge skeletal equilibrium. When inadequate mineral
is present in serum, it is withdrawn from skeletal stores. Over

time, continued removal of bone tissue degrades skeletal
microarchitecture thereby elevating risk for fractures that oc-
cur spontaneously or from minimal trauma.

Skeletal lifecycle

During childhood and adolescence, bones undergo a process
called modeling, during which new bone is formed at one site
and old bone is removed from another site within the same
bone. This process enables individual bones to develop in
size, shape, and position. Childhood and adolescence are crit-
ical periods of skeletal accrual. This is particularly important
for girls, who acquire 40–50% of their total bone mass during
early teen years.

During rapid skeletal growth in childhood and adolescence,
it takes several months to mineralize the protein scaffolding
for new bone, called osteoid. This lag between formation and
mineralization produces periods of relatively low bone density
and increased propensity to fracture, particularly between ages
10 and 14 years [46]. In the early 20s, fracture rates level off
with attainment of peak bone mass. Mineral density stabilizes
in most adults by their early 40s, when it begins a gradual
decline, which accelerates at menopause in women (~ 2%/
year for the 10 years following menopause) [47]. Age-
related bone loss thins trabecular bone and increases cortical
porosity, creating the preconditions for future fragility and
fractures.

Genetic factors appear to account for 60-80% of total adult
bone mass [48]. Substantial contributions are made by multi-
ple modifiable factors that include nutrition, physical activity,
smoking, chronic illness, and bone-damaging medications.
Suboptimal bone acquisition is associated with fracture earlier
in adulthood. Conversely, high peak adult bonemass, all other
things being equal, protects against osteoporosis later in life.

Bone remodeling

The skeleton responds dynamically to hormonal, mechanical,
and pharmacologic stimuli through the resorption and forma-
tion processes of bone remodeling, or turnover. After epiphy-
seal closure, the skeleton repairs damage through bone remod-
eling, which occurs on bone surfaces throughout the skeleton.
The majority of bone surface area resides in trabecular bone,
the resilient bony latticework predominantly found inside ver-
tebrae. Remodeling is initiated by bone-resorbing cells,
osteoclasts, that breakdown and remove damaged bone in a
process called resorption. Excavated bone is replaced with
new bone produced by osteoblasts.

The mechanisms that regulate bone formation involve
complex interactions but are mediated, in part, by cells
called osteocytes. Osteocytes play a role in both bone
modeling and remodeling. For example, at sites of specif-
ic mechanical strain, osteocytes produce less sclerostin, a
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cytokine and powerful inhibitor of bone formation. The
result is stimulation of new bone formation. In several
RCTs, a fully human neutralizing sclerostin antibody drug
called romosozumab has blocked sclerostin, thereby
markedly increasing bone formation and decreasing bone
resorption [49].

Osteocytes make RANK-ligand (RANKL) a cytokine re-
quired for osteoclast formation. The fully human monoclonal
antibody to RANKL, denosumab, is a potent antiresorptive
drug that directly inhibits osteoclast formation, causes apopto-
sis of mature osteoclasts, and leads to decreased bone resorp-
tion and higher BMD. In addition to these agents, the anabolic
PTH analogs (teriparatide and abaloparatide) affect
remodeling- and modeling-based bone formation, leading to
a net increase in BMD (see US FDA-Approved Drugs for
Osteoporosis).

Pathogenesis of osteoporosis

In healthy young adults, the bone turnover cycle is bal-
anced such that resorption is matched by formation. Bone
remodeling accelerates in settings of chronic disease, ag-
ing, and a variety of mechanical, hormonal, and biochem-
ical exposures such as glucocorticoids. Over time, this
process leads to greater and greater deficits in mineralized
bone.

Accelerated bone turnover affects cortical and trabecu-
lar bone somewhat differently. Bone resorption takes
place on the surface of the bone. Because of its higher
ratio of surface area to mass, trabecular bone is depleted
more rapidly than cortical bone. With each remodeling
cycle, there is a net loss of bone tissue. When bone re-
modeling rates increase—for example, in the setting of
estrogen deficiency at menopause—bone loss is seen first
at skeletal sites rich in trabecular bone, such as the spine,
while sites that have a mix of cortical and trabecular bone,
such as the hip, develop clinically apparent loss of bone
later (Fig. 3).

Diagnostic considerations

BHOF recommends a multimodal, comprehensive approach
to diagnosis of osteoporosis: detailed assessment of individual
fracture risk, personal and family history, physical examina-
tion, and in patients with suggestive presentations (such as
height loss, back pain, and/or fractures), focused studies to
rule out secondary causes of bone fragility and vertebral im-
aging to detect prevalent fractures.

This is a process of screening and evaluation. Fracture risk
increases exponentially with age and BMD declines with age.
Screening of all older persons on this basis is appropriate. In
persons with fractures or conditions associated with elevated
fracture risk, more detailed evaluation is needed to monitor
and manage their skeletal health. Referral to a metabolic bone
specialist may be appropriate [51].

Fracture risk assessment

All postmenopausal women and men aged 50 years and older
should be evaluated for osteoporosis risk in order to determine
need for BMD testing and/or vertebral imaging. In general, the
more risk factors, the more likely a patient will break a bone.

Osteoporotic fractures are preventable. Even after a frac-
ture, osteoporosis is treatable. However, because there are no
warning signs, many people with osteoporosis are not diag-
nosed until a fracture occurs. Factors that have been associated
with an increased risk of osteoporosis-related fracture are
listed in Table 1. Primary among these is history of broken
bones in adulthood, with highest risk in first 1–2 years after
the initial fracture [52, 53]. Patients must be evaluated soon
after a fracture and receive appropriate treatments to optimize
risk reduction.

Most fractures in older adults are associated with a fall.
Falls occur in approximately one third of adults aged 65 years
and older and this risk increases with age. Fall risk assessment
is, therefore, a key component of primary and secondary frac-
ture prevention. Factors associated with falls are shown in
Table 2. The most important of these are history of falling,

Fig. 3 Micrographs of normal
(left) and osteoporotic (right)
bone. As trabecular mineral is
depleted, individual bony plates
and connecting branches are lost,
leaving less resilient, weaker bone
that is more likely to fail under
normally tolerated mechanical
loads. Dempster, DWet al. (1986)
J Bone Miner Res 1:15-27.
Reprinted with permission [50]
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muscle weakness, gait and balance disturbances, sedating or
hypnotic medications, visual impairment, and any condition
associated with dizziness, such as dehydration and orthostatic
hypotension [55, 56]. Importantly, multiple studies have dem-
onstrated the safety and efficacy of physical therapy and ex-
ercise regimens targeted to fall risk reduction.

Evaluation of patients with fractures

In patients aged 50 years or older, consider hip, vertebral, and/
or forearm fractures to be highly suggestive of osteoporosis or
other metabolic bone disease, unless excluded by clinical
evaluation and imaging. Risk for fracture at all sites rises
substantially in the period immediately following an initial

fracture. Therefore, any fracture in adulthood should be
viewed as a red flag signaling urgent need for focused atten-
tion [57].

Secondary skeletal etiologies should be investigated in all
patients who present with fractures, low bone mass, or osteo-
porosis (Table 3). Chronic kidney disease, hyperparathyroid-
ism, osteomalacia, and other diseases can cause skeletal fra-
gility, multiple vertebral fractures, and very low bone density.
For some metabolic bone diseases, osteoporosis therapies are
not appropriate and may be harmful (e.g., osteomalacia or
aplastic bone disease). Relevant blood and urine studies
(Table 3) to rule out secondary etiologies should be obtained
prior to initiating antifracture therapy. Patients found to have
secondary, treatable causes of bone fragility may require no

Table 1 Conditions, diseases, and medications that cause or contribute to osteoporosis and/or fractures [27]

Lifestyle factors
Alcohol abuse
Excessive thinness
Excess vitamin A
Frequent falling
High salt intake
Immobilization
Inadequate physical activity
Low calcium intake
Smoking (active or passive)
Vitamin D insufficiency/deficiency

Genetic diseases
Cystic fibrosis
Ehlers-Danlos
Gaucher’s disease
Hemochromatosis
Hypophosphatasia
Hypophosphatemia
Marfan syndrome
Menkes steely hair syndrome
Osteogenesis imperfecta
Parental history of hip fracture
Porphyria
Homocystinuria

Hypogonadal states
Anorexia nervosa
Androgen insensitivity
Female athlete triad
Hyperprolactinemia
Hypogonadism
Panhypopituitarism
Premature menopause

(<40 years)
Turner’s & Klinefelter’s

syndromes

Endocrine disorders
Obesity
Cushing’s syndrome
Diabetes mellitus (Types 1 & 2)
Hyperparathyroidism

Thyrotoxicosis

Gastrointestinal disorders
Celiac disease
Bariatric surgery
Gastric bypass
Gastrointestinal surgery
Inflammatory bowel disease

including Crohn’s disease and
ulcerative colitis

Malabsorption syndromes
Pancreatic disease
Primary biliary cirrhosis

Hematologic disorders
Hemophilia
Leukemia and lymphomas
Monoclonal gammopathies
Multiple myeloma
Sickle cell disease
Systemic mastocytosis
Thalassemia

Rheumatologic and autoimmune diseases
Ankylosing spondylitis
Other rheumatic and autoimmune diseases
Rheumatoid arthritis
Systemic lupus
Neurological and musculoskeletal

risk factors
Epilepsy
Muscular dystrophy
Multiple sclerosis
Parkinson’s disease
Spinal cord injury
Stroke

Miscellaneous conditions and diseases
HIV/AIDS
Amyloidosis
Chronic metabolic acidosis

Chronic obstructive lung disease
Congestive heart failure
Depression
Renal disease (CKD III– CKD V/ESRD)
Hypercalciuria
Idiopathic scoliosis
Post-transplant bone disease
Sarcoidosis
Weight loss
Hyponatremia

Medications
Aluminum-containing antacids
Androgen deprivation therapy
Anticoagulants (unfractionated

heparin)
Anticonvulsants (e.g. phenobarbital,

phenytoin, valproate)
Aromatase inhibitors
Barbiturates
Cancer chemotherapeutic drugs
Cyclosporine A and tacrolimus
Glucocorticoids (≥ 5.0 mg/day

prednisone or equivalent for
≥ 3 months)

GnRH (Gonadotropin releasing
hormone) agonists and antagonists

Depot medroxyprogesterone acetate
(Depo-Provera)

Methotrexate
Parenteral nutrition
Proton pump Inhibitors
Selective serotonin reuptake inhibitors
Tamoxifen (premenopausal use for

breast cancer treatment)
Thiazolidinediones (such as

pioglitazone and rosiglitazone)
Thyroid replacement hormone

(in excess)
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additional therapy once the underlying condition is addressed
(Table 1).

Osteoporosis affects a significant number of men, yet
largely goes undetected and untreated. Some of the lab-
oratory testing to assess secondary etiologies in men dif-
fers from that in women. Screening BMD and vertebral
imaging recommendations are outlined in Tables 6 and 7.
For additional guidance, readers should refer to
Osteoporosis in Men: an Endocrine Society Clinical
Practice Guideline, which provides a detailed approach
to evaluation and treatment of osteoporosis in men [58].

Bone mineral density (BMD) measurement and
classification

DXA measurement of hip and lumbar spine is the preferred
method for establishing and/or confirming a diagnosis of oste-
oporosis, predicting future fracture risk, andmonitoring patients.
Areal BMD by DXA is expressed in absolute terms of grams of
mineral per square centimeter scanned (g/cm2) and as a relation-
ship to two BMD norms: an age-, sex-, and ethnicity-matched
reference population (Z-score), or a young-adult reference pop-
ulation (T-score). The International Society for Clinical
Densitometry (ISCD) recommends using a Caucasian (non-
race adjusted) young female normative database for women
AND men of ALL ethnic groups. Recommendations may vary
with use of sex- and race-adjusted young normal controls for T-
scores and these are used by some co-authors of this guide [59].

The difference between a patient’s BMD and the mean
BMD of the reference population, divided by the standard
deviation of the reference population, is used to calculate Z-
scores and T-scores. An individual’s BMD is reported as the
standard deviations above or below the mean BMD, as
outlined in Table 4. The BMD diagnosis of normal bonemass,
low bone mass (osteopenia), and osteoporosis are based on

Table 2 Major risk factors for falls

Medical risk factors

• Advanced age

• Arthritis

• Female gender

• Poor vision

• Urinary urgency or incontinence

• Previous fall

• Orthostatic hypotension

• Impaired transfer and mobility

• Medications that cause dizziness or sedation (narcotic analgesics,
anticonvulsants, psychotropics)

• Malnutrition/parenteral nutrition (vitamin D deficiency, insufficient
protein)

Neurological and musculoskeletal risk factors

• Poor balance

• Weak muscles/sarcopenia

• Gait disturbances

• Kyphosis (abnormal spinal curvature)

• Reduced proprioception

• Diseases and/or therapies that cause sedation, dizziness, weakness,
or lack of coordination

•Alzheimer’s/other dementia, delirium, Parkinson disease, and stroke

Environmental risk factors

• Low-level lighting

• Obstacles in the walking path

• Loose throw rugs

• Stairs

• Lack of assistive devices in bathrooms

• Slippery outdoor conditions

Psychological risk factors

• Anxiety and agitation

• Depression

• Diminished cognitive acuity

• Fear of falling

From: NOFHealth professional’s guide to the rehabilitation of the patient
with osteoporosis [54]

Table 3 Diagnostic studies for exclusion of secondary causes of
osteoporosis

Blood or serum

• Complete blood count (CBC)

• Albumin

• Chemistry levels (albumin-adjusted calcium, renal function,
phosphorus, and magnesium)

• Liver function tests

• 25(OH) vitamin D

• Parathyroid hormone (PTH)

• Total testosterone and gonadotropin (men aged 50–69 years)

Consider in select patients

• Serum protein electrophoresis (SPEP), serum immunofixation,
serum free kappa and lambda light chains

• Thyroid-stimulating hormone (TSH) +/− free T4

• Tissue transglutaminase antibodies (and IgA levels)

• Iron and ferritin levels

• Homocysteine (to evaluate for homocystinuria)

• Prolactin level

• Tryptase

• Biochemical markers of bone turnover

Urine
• 24-h urinary calcium and creatinine

Consider in select patients

• Urinary protein electrophoresis (UPEP)

• Urinary free cortisol level (or salivary cortisol)

• Urinary histamine
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this World Health Organization (WHO) diagnostic classifica-
tion [60].

BMD has been shown to correlate well with bone strength.
The recent FNIHBone Quality Study found that improvements
in DXA-based BMD predicted reductions in fracture risk. In a
meta-regression analysis of 38 placebo-controlled trials of 19
osteoporosis medications, with ~ 111,000 study participants,
the FNIH study group found that increased BMD at the total
hip and lumbar spine predicted fracture risk reduction at both of
these sites [61]. Larger increases in BMD were associated with
greater reductions in risk. For example, a 2% increase in total
hip BMD could be expected to reduce vertebral fracture risk by
28% and hip fracture risk by 16%, while a 6% increase in hip

BMDwould result in a 66% reduction in vertebral fracture risk
and a 40% reduction in risk factors for hip fractures (Table 5).

DXA scans are associated with exposure to trivial amounts
of radiation. These highly sensitive measurements of lumbar
spine, hip, and/or forearm must be performed by trained tech-
nologists on well-calibrated instruments. For meaningful in-
terpretation, serial scans should be performed on the same
densitometry device at the same facility.

In postmenopausal women and men aged 50 years and older,
WHO diagnostic T-score criteria (normal, low bone mass, and
osteoporosis) are applied to BMDmeasurement by central DXA
at the lumbar spine and femoral neck [62]. BMD measured by
DXAat the 33% radius is used for diagnosing osteoporosis when
hip or lumbar spine cannot be measured; scans are unusable or
cannot be interpreted, in clinical conditions associated with low
forearm BMD, or as dictated by clinical judgment [59, 62].

It is important to note that DXA of the lumbar spine can be
difficult to accurately interpret. This is in large part due to
degenerative changes in the lumbar spine, very common in
older adults, that are typically characterized by localized bone
proliferation. In this setting, DXA findings can overestimate
spinal BMD and underestimate fracture risk. Patients with
degenerative spinal changes may benefit from trabecular vol-
umetric BMD (vBMD) measured with quantitative computed
tomography (QCT), which is less affected by these changes,
although this technology is not widely available [63, 64].

These diagnostic classifications should not be applied to
everyone. Premenopausal women, men less than 50 years of
age, and children cannot be diagnosed on the basis of densi-
tometric criteria alone. In populations between 20 and 50
years of age, the ISCD recommends that ethnicity- or race-
adjusted Z-scores be used instead. Z-scores of − 2.0 or lower
are classified as low BMD for chronological age and
those above − 2.0 classified as within the expected range

Table 4 Diagnostic criteria for osteoporosis: WHO BMD-based
classification system and clinical-factor based diagnostic criteria. (Note:
These criteria are sufficient for a diagnosis of osteoporosis. However,

they should not serve as the sole determinant of fracture risk and/or
dictate treatment decisions. Non-BMD risk factors that affect bone
quality independently contribute to bone fragility and fractures.)

BMD Criteria for Osteoporosis Diagnosis in Postmenopausal Women and Men Aged ≥ 50 Years

Normal BMD within 1.0 SD of the mean for a young-adult reference population T-score -1.0 and above

Low Bone Mass BMD between 1.0 and 2.5 SD below for a young-adult reference population T-score between -1.0 the mean and -2.5

Osteoporosis BMD 2.5 SD or more below the mean for a young-adult reference population T-score at or below -2.5

Clinical Criteria for Osteoporosis Diagnosis in Postmenopausal Women and Men Aged ≥ 50 Years

Incident Fracture Hip, vertebral, and/or forearm fractures are consistent with osteoporosis (unless excluded by clinical evaluation and imaging)

FRAX® Score T-score between -1.0 and -2.5 at the femoral neck or total hip by DXA accompanied by a FRAX-projected 10-year risk of
≥3% for hip fracture and/or >20% for major osteoporosis-related fracture (i.e. clinical vertebral, hip, forearm,
or proximal humerus) based on U.S, adapted FRAX® model)

Table 5 Increases in BMD and associated estimated fracture risk
reduction (FNIH Study)

% Increase
in BMD

% Reduction
in Vertebral
Fracture

% Reduction
in Hip
Fracture

Total hip Total hip Total hip

2% 28% 16%

4% 51% 29%

6% 66% 40%

Femoral neck Femoral neck Femoral neck

2% 28% 15%

4% 55% 32%

6% 72% 46%

Lumbar spine Lumbar spine Lumbar spine

2% 28% 22%

4% 62% 38%

6% 79% 51%

Note: Larger improvements in DXA-based BMD are associated with
greater reductions in fracture risk, particularly for vertebral and hip
fractures
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for age [59]. In children, height-for-age Z-score (HAZ)
(BMC/BMDhaz) has been demonstrated to most effective-
ly offset the effect of short or tall stature on BMC/BMD
Z-scores. A calculator for pediatric Z-score adjustment is
available at https://zscore.research.chop.edu.

Who should be tested?

The decision to perform initial bone density measurement
should be based on an individual’s fracture risk profile and
skeletal health assessment. Measuring bone density is not indi-
cated unless test results will influence treatment and manage-
ment decisions. The BHOF recommends screening densitome-
try in women aged ≥ 65 years andmen aged ≥ 70 years, younger
postmenopausal women aged 50–64 years, and men aged 50-69
years with risk factors for osteoporosis. The BHOF also recom-
mends BMD testing for women andmenwith fracture(s). These
recommendations are in concert with those of the ISCD and
Endocrine Society clinical practice guidelines for osteoporosis
in men [58, 59]. BHOF recommendations for BMD testing are
listed in Table 6. Routine bone density measurement is not
recommended for children or adolescents and is not routinely
indicated in healthy young men or premenopausal women un-
less there is a significant fracture history or specific risk factors
for bone loss (such as glucocorticoid use).

Recommended screening densitometry in men

BHOF (formerly NOF) and other societies recommend BMD
testing in men to inform clinical decisions regarding treatment
(Table 6). This includes men aged 70 years and older regard-
less of risk factors, men aged 50–69 years with clinical risk
factors for fracture, and men who have broken a bone at age
50 years or older. In addition, men with conditions or on
treatments associated with bone loss or low bone mass should
be considered appropriate candidates for BMD screening (in
its 2018 report, the US Preventive Services Task Force
[USPSTF] confirmed the utility of BMD by DXA in
predicting fracture in both women and men, but they found

insufficient evidence at that time to recommend routine testing
in men) [22, 65].

Vertebral fracture assessment

Vertebral fracture in an adult aged 50 years or older is diag-
nostic of osteoporosis, even in the absence of a bone density
diagnosis. The presence of a single vertebral fracture signifies
a 5-fold increased risk for additional vertebral fractures and a
2- to 3- fold increased risk for hip or other fractures [66].

Unfortunately, most vertebral fractures are subclinical and/
or completely asymptomatic. As a result, they may go undi-
agnosed for many years. At the same time, a high proportion
of women with asymptomatic vertebral fractures have BMD
levels that would not warrant treatment based on BMD alone
[67]. The finding of a previously unrecognized vertebral frac-
ture may change a patient’s diagnostic classification, alter
fracture risk calculations, and determine treatment decisions
[68]. Proactive investigation is required to detect these frac-
tures so that further bone damage can be prevented.

Traditionally, conventional lateral thoracic/lumbar spine
X-ray has been considered the gold standard for identification
of vertebral fractures and minor vertebral deformities.
However, DXA-assisted vertebral fracture assessment
(DXA-VFA) is emerging as an alternative to radiography for
its convenience, low cost, and minimal radiation exposure.
Recently performed MRI or CT imaging studies done for
other purposes can and should also be evaluated for presence
of vertebral fractures or evidence of vertebral deformity.

Because subclinical vertebral fractures are so prevalent in
older individuals, vertebral fracture assessment is recom-
mended for the high-risk individuals listed in Table 7 [7, 8,
69]. As demonstrated in a recent study, incorporation of

Table 6 Indications for BMD testing

Consider BMD testing in the following individuals

Women ≥ 65 years of age andmen ≥ 70 years of age, regardless of clinical
risk factors

Younger postmenopausal women, women in the menopausal transition,
and men aged 50 to 69 years with clinical risk factors for fracture

Adults who have a fracture at age 50 years and older

Adults with a condition (e.g., rheumatoid arthritis, organ transplant) or
taking a medication (e.g., glucocorticoids, aromatase inhibitors,
androgen deprivation therapy) associated with low bone mass or bone
loss

Table 7 Indications for vertebral imaging

Consider vertebral imaging tests for the following individuals***

•All women aged ≥ 65 years and all men aged ≥ 80 years if T-score at
the lumbar spine, total hip, or femoral neck is ≤ − 1.0 [6].

•Men aged 70 to 79 years if T-score at the lumbar spine, total hip, or
femoral neck is ≤ − 1.5

• Postmenopausal women and men age ≥ 50 years with specific risk
factors:

– Fracture during adulthood (age ≥ 50 years)

– Historical height loss of 1.5 in. or more*

– Prospective height loss of 0.8 in. or more**

– Recent or ongoing long-term glucocorticoid treatment

– Medical conditions associated with bone loss such as
hyperparathyroidism

*Current height compared to peak height during young adulthood

**Cumulative height loss measured during interval medical assessment

***If bone density testing is not available, vertebral imaging may be
considered based on age alone
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DXA-VFA into routine DXA screening for postmenopausal
women with osteopenia or osteoporosis (T-score ≤ − 1, aged ≥
65 years) has demonstrated cost-effectiveness for predicting
increased risk of osteoporotic fractures [6].

Baseline DXA-VFA imaging provides a benchmark for fu-
ture comparison when DXA-BMD is reassessed or when sug-
gestive symptoms present: such as prospective height loss, new
back pain, or postural changes [7]. Follow-up vertebral imaging
may also be appropriate for patients being considered for a bis-
phosphonate holiday (temporary suspension of pharmacothera-
py), since discontinuing antifracture therapy would not be advis-
able in patients who have recent vertebral fractures [70].

Using US-adapted Fracture Risk Assessment Tool
(FRAX®)

The Fracture Risk Assessment Tool (FRAX®) was developed
to calculate 10-year probabilities of hip fracture and major os-
teoporotic fracture (defined as clinical vertebral, hip, forearm or
proximal humerus fracture). The FRAX® algorithm takes into
account the validated clinical risk factors for fractures shown in
Table 8. FRAX® is validated for women and men aged 40–90
years. FRAX® was tested in treatment-naïve patients not on
osteoporosis medications. It may, however, be useful for
assessing risk in previously treated individuals who have
discontinued bisphosphonate therapy for 2 years or non-
bisphosphonate therapy for 1 year [65, 71].

A country-specific FRAX® score can be calculated with
BMD, without BMD, with BMD and bodymass index (BMI),
or with BMI alone. Studies have demonstrated modest agree-
ment between assessments of FRAX®-with-BMD and
FRAX®-with-BMI (correlation coefficient ~ 0.5) [72].
While FRAX®-with-BMI may overestimate probability in
older frail adults, it may underestimate fracture risk in younger
patients compared to FRAX-with-BMD [73, 74].

FRAX® can be calculated with either femoral neck BMD
or total hip BMD (in g/cm2), but, when available, femoral
neck BMD is preferred. The use of BMD from non-hip sites
is not recommended. Caution should be taken when using

FRAX® without BMD to estimate fracture risk. (Although
FRAX® allows input of T-score, we do not recommend this
since the reference database for T-score calculation with clin-
ical DXA systems may not be the same as that used in the
FRAX® algorithm.)

Therapeutic intervention recommendations in FRAX® incor-
porate data on risk-benefit analyses, cost-effectiveness of treat-
ments, and competition for resources in the USA [75, 76].These
recommendations exist for guidance purposes only and are not
absolute rules. Developers of FRAX® determined that for many
secondary causes of osteoporosis, fracture risk is mediated pri-
marily through impact on BMD [77]. For this reason, when low
femoral neck BMD is entered into FRAX®, the secondary
causes of osteoporosis button is automatically inactivated.

FRAX® scores should not deter clinicians or patients from
considering intervention strategies when clinically assessed
risk indicates utility. Conversely, these recommendations do
not mandate treatment, particularly in patients with bone mass
that is low but above the osteoporosis range. For patients with
scores above FRAX® treatment thresholds, who do not have
prevalent fracture of the hip or spine or secondary risk factors
for accelerated bone loss, it is currently unclear if pharmaco-
logic treatment significantly improves fracture risk with a rea-
sonable number needed to treat. Management decisions must
be made on a case-by-case basis [78, 79].

FRAX and US ethnicity data

The US adaptation of FRAX requires selecting 1 of 4 ethnic-
ities for each patient (Caucasian, Black, Hispanic, Asian).
Among these populations, data indicates differences in frac-
ture risk even at the same BMD. Althoughmany limitations to
this methodology have been described, it provides fracture
risk stratification that can direct treatment to high-risk individ-
uals most likely to benefit and avoid treatment of those at low
risk [80]. Other countries, including some with considerable
ethnic diversity, have used an alternative approach, with a
single version of FRAX regardless of ethnicity.

Table 8 Risk factors included in the Fracture Risk Assessment Model (FRAX®)

Clinical risk factors included in FRAX® Tool

Age Alcohol intake (3 or more drinks/day)

BMD at femoral neck (g/cm2) BMI (low body mass index, kg/m2)

Female sex Oral glucocorticoid intake ≥ 5 mg/day of prednisone for > 3 months (ever)

Parental history of hip fracture Prior osteoporotic fracture (including clinical and subclinical vertebral fractures)

Rheumatoid arthritis Smoking (current)

Secondary causes of osteoporosis: type 1 diabetes, osteogenesis imperfecta in adults, untreated long-standing hyperthyroidism, hypogonadism or
premature menopause (< 40 years), chronic malnutrition or malabsorption, and chronic liver disease
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FRAX® with trabecular bone score

Trabecular bone score (TBS) is an assessment of how evenly or
unevenly mineral is structurally distributed in trabecular bone.
A TBS is generated from lumbar spine BMD images using
software installed on a DXA machine. No additional scan time
or radiation exposure is required. The TBS gray-scale texture
model captures local differences in mineral concentrations, pro-
viding an index of bone microarchitecture that predicts fracture
risk independent of BMD and FRAX® scores. TBS is corre-
lated with BMD at spine and hip as well as with FRAX® risk
projections for hip and major osteoporotic fracture [81, 82].
Adding TBS to FRAX®, which is possible on late-model den-
sitometry devices, increases the ability of FRAX® to predict
fractures (TBS-adjusted FRAX®) [83].

TBS is most applicable to patients who have low bone
mass, rather than those with osteoporosis according to
BMD criteria, for whom treatment is already indicated
[84, 85]. TBS is FDA approved and provides additional
utility in fracture risk assessment among people with sec-
ondary causes of bone loss and fractures, such as type 2
diabetes [83, 86, 87].

Potential limitations of FRAX®

The FRAX® tool is not a perfect predictor of fracture and its
use requires clinical judgment. Because data validating the
relative weight of all known risk factors are not yet available,
they are not included in the FRAX® algorithm. These vari-
ables include risks associated with falls, non-DXA bone den-
sity measurements, rapidity of bone loss, specific secondary
causes of osteoporosis (e.g., type 2 diabetes), and multiple
fractures experienced in a short period of time. Other risks
that are important in older adults not included in FRAX in-
clude frailty, multiple comorbid conditions, multiple medica-
tions associated with falls/fractures, and life expectancy.

The FRAX® tool is most useful in patients with low femoral
neck BMD. The FRAX® algorithm has not been validated for
use with lumbar spine BMD. Utilizing FRAX® in patients with
low BMD at the lumbar spine, but relatively normal BMD at
the femoral neck, underestimates fracture risk (Fig. 4).

The yes/no scoring employed by FRAX® computes average
risk associated with individual clinical variables. As a result,
dose–response effects of risk factors included in FRAX® are
lost. For such variables, presumably higher doses increase risk
more than lower doses. (Adjustments to FRAX to better account
for dose effect of glucocorticoid dose have been proposed [88].)

The FRAX® algorithm is available at http://www.
bonehealthandosteoporosis.org as well as at http://www.
sheffield.ac.uk/FRAX. It is available on newer DXA
systems or with software upgrades that provide the FRAX®
scores as well as the TBS-adjusted FRAX® on the bone den-
sity report.

Alternative bone densitometry technologies

Technologies other than DXA can be used to assess BMD, bone
structure, bone strength, and fracture risk.These include quanti-
tative computed tomography (QCT) to measure volumetric
(v) BMD of the spine and proximal femur and derive areal
BMD values that can be used for diagnostic classification with
the WHO criteria and for input for FRAX. Opportunistic QCT
uses QCT images performed for non-skeletal indications to de-
tect fractures and measure BMD with synchronous or
asynchronous calibration [89]. Quantitative ultrasound (QUS)
measures non-BMD parameters of bone strength that are
correlated with fracture risk. Imaging technologies used in
research settings and sometimes in clinical practice include:
pulse echo ultrasound (PEUS), and finite element analysis
(FEA) with biomechanical computed tomography (BCT) [90,
91]. Other bone imaging tools largely used in research include
peripheral QCT (pQCT), high-resolution pQCT (HR-pQCT),
and magnetic resonance imaging (MRI).

Biochemical markers of bone turnover

While not currently FDA approved for diagnosis of osteopo-
rosis, measurements of biochemical bone turnover markers
(BTMs) can play a role in assessing fracture risk in appropri-
ate individuals: for example, to gauge rate of bone loss in
women following treatment for breast cancer.

Products of the remodeling process can be measured as
indicators of turnover activity. Biochemical markers of
bone remodeling include resorption markers serum C-
telopeptide (CTX) and urinary N-telopeptide (NTX) and
formation markers serum amino-terminal propeptide of
type 1 procollagen (P1NP), bone-specific alkaline phos-
phatase (BALP), and osteocalcin (OC).

BTMs may [92]:
& Predict rapidity of bone loss in untreated postmenopausal

women.
& Predict extent of fracture risk reduction when repeated

after 3–6 months of treatment with FDA-approved
therapies.

& Predict magnitude of BMD increases with FDA-approved
therapies.

& Characterize patient compliance and persistence with os-
teoporosis therapy using a serum CTX for an
antiresorptive medication and P1NP for an anabolic ther-
apy (least significant change [LSC] is approximately a
40% reduction in CTX).

& Potentially be used during a bisphosphonate holiday to
suggest when medication should be restarted, although
more data are needed to support this recommendation.

The FNIH Bone Quality Project conducted a large analysis
of antiresorptive therapies to evaluate the utility of BTM
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changes as a surrogate for fracture risk reduction in drug de-
velopment. In a recent pooled meta-regression analysis of
antiresorptive therapies, changes in CTX or NTX did not pre-
dict antifracture efficacy. Changes in the bone formation
markers BALP and P1NP, however, were strongly predictive
of risk reduction for vertebral fractures, but these changes did
not reach significance for non-vertebral or hip fractures [93].

Universal bone health recommendations

Several interventions to preserve bone strength can be recom-
mended to the general population. These include adequate
intake of calcium and vitamin D, cessation of tobacco use,
identification and treatment of excessive alcohol intake, regu-
lar weight-bearing and muscle-strengthening exercise, and

Fig. 4 Hip BMD showing low bonemass and a history of a fracture. The FRAX® score indicates an elevated absolute risk of major osteoporotic and hip
fracture
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remediation of conditions associated with falls, such as visual
impairment and use of sedating medications.

Adequate intake of calcium

Sufficient calcium intakes are necessary for acquisition of peak
bone mass and maintenance of bone health across the lifespan.
The skeleton contains 99% of the body’s calcium stores; when
the exogenous supply is inadequate, bone tissue is resorbed
from the skeleton to maintain constant serum calcium levels.

BHOF supports the Institute of Medicine’s (IOM) calcium
intake recommendations: 1000 mg/day for men aged 19–70
years and women aged 19–50 years; 1200 mg/day for women
51 years and older and men 71 years and older (Tables 9
and 10) [95]. There is no evidence that calcium intakes in
excess of recommended amounts confer additional bone ben-
efit. However, there is evidence that intake of supplemental
calcium above 1200 to 1500 mg/day can increase risk for
developing kidney stones in at-risk individuals [96].

A balanced diet rich in low-fat dairy products, select dark
greens, fish with bone, fruits, vegetables, and fortified foods
(like the nondairy supplemented beverages including orange
juice, or soy and almond milk) provides calcium as well as
numerous nutrients needed for good health. Table 9 illustrates
a simple method for estimating the calcium in a patient’s diet.
Most people do not get enough. Average daily dietary calcium
intake for adults age ≥ 50 years is 600 to 700 mg/day.
Increasing dietary calcium is the first-line approach, but calci-
um supplements should be used when an adequate dietary
intake cannot be achieved [97, 98].

Calcium intake recommendations refer to milligrams of
elemental calcium in the supplement. Content varies: calcium
carbonate contains 40% elemental calcium by weight, where-
as calcium citrate contains 21%. Patients should be advised to

read the Supplement Facts panel for elemental calcium con-
tent when choosing a supplement.

Supplemental calcium is most widely available as cal-
cium carbonate and calcium citrate. Calcium carbonate
requires stomach acid for absorption and so is best taken
with food, while calcium citrate is absorbed equally well
on an empty stomach. Calcium of all types is best
absorbed in doses of ~ 500 mg or less. Splitting doses
may be needed to ensure optimal absorption [99].

Calcium citrate is useful for people with achlorhydria,
inflammatory bowel disease, absorption disorders, and
those on proton pump inhibitors that reduce gastric acid.
Individuals who experience gastrointestinal side effects
taking calcium carbonate may benefit from taking multi-
ple small doses, taking calcium carbonate with meals and/
or switching to calcium citrate. Other varieties of calcium
commonly in supplements or fortified foods include glu-
conate, lactate, and phosphate. Calcium citrate malate is a
well-absorbed form of calcium found in some fortified
juices. Elemental calcium in fortified foods varies.

Some studies have reported increased risk of cardiovascular
disease linked to calcium supplements with or without vitamin
D, but conflicting data are reported [100–103]. A large system-
atic review andmeta-analysis including RCTs and cohort studies
found no evidence that calcium with or without vitamin D in-
creased cardiovascular disease [104]. The large VITamin D and
OmegA-3 Trial (VITAL), sponsored by the NIH, tested supple-
mental vitamin D (2000 units/day) on cardiovascular outcomes
and found no adverse effects [105].

Adequate intake of vitamin D

Vitamin D facilitates calcium absorption that is necessary
for mineralization of bone. The BHOF recommends a daily
intake of 800 to 1000 units of vitamin D for adults aged 50

Table 9 Estimating daily dietary calcium intake

Step 1: Estimate calcium intake from calcium-rich foods*

Product # of servings/day Estimated calcium/serving, in mg Calcium in mg

Milk (8 oz) __________ × 300 = __________

Almond/soy milk (8 oz) __________ × 450 = __________

Yogurt (6 oz) __________ × 300 = __________

Cheese (1 oz or 1 cubic in.) __________ × 200 = __________

Fortified foods or juices __________ × 80 to 1000** = __________

Tofu, firm (8 oz) __________ × 250 = __________

Subtotal = __________

Step 2: Add 250 mg for non-dairy sources to subtotal + 250

Total calcium, in mg = __________

*About 75 to 80% of the calcium consumed in American diets is from dairy products

**Calcium content of fortified foods varies, and it is important to review individual labels
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years and older. The Institute of Medicine Dietary
Reference Intakes for vitamin D are 600 units daily until
age 70 years and 800 units/day for adults age 71 years and
older. The IOM recommendations for vitamin D are based
on intakes sufficient to maintain a serum 25(OH)D of 20
ng/mL in ≥ 97.5% of population [94]. A slightly higher
serum 25(OH)D level (approximately 30 ng/mL) is associ-
ated with optimal calcium absorption and so is preferred by
the BHOF [106–110]. The upper limits for vitamin D in-
take according to the IOM is 4000 units/day for adults,
above which there is a potential for adverse effects. The
current normal range for 25(OH)D levels is 20 to 50 ng/
mL. Some studies suggest that excessive intake of vitamin
D may have adverse impacts on bone through increased
risk for falls and fractures [110, 111].

Chief dietary sources of vitamin D include fortified milk
(400 units per quart) and breakfast cereals (generally 40–300
units per serving), saltwater fish (e.g., salmon, mackerel, tuna),
and cod liver oil. Some, but not all non-dairy milk substitutes,
such as rice or soy milk, are supplemented with vitamin D and
calcium and so it is important to read the labels. Some calcium
supplements and most multivitamin tablets contain vitamin D.
Supplementation with either vitamin D2 (ergocalciferol) or vi-
tamin D3 (cholecalciferol) is effective, but cholecalciferol,
which is the form produced in humans, is preferable. Vitamin
D2 is derived from plant sources and may be preferred by
individuals on a strict vegan/vegetarian diet.

Many conditions prevalent in older patients contribute to
vitamin D deficiency, such as chronic renal insufficiency and
limited sun exposure due to disability. Of note, a high preva-
lence of vitamin D deficiency is seen in patients with ad-
vanced osteoarthritis presenting for total hip replacement as
well as in hip fracture patients with osteoporosis (including
those on antifracture medications) [9, 112]. Vitamin D defi-
ciency should be corrected to optimize surgical and/or phar-
macologic outcomes.

Supplemental vitamin D should be administered in
amounts capable of raising serum 25(OH)D levels to approx-
imately 30 ng/mL (75 nmol/L) and maintaining it at this level.
Adults who are vitamin D deficient are typically treated with
50,000 units of vitamin D2 or vitamin D3 once a week (or the
equivalent daily dose of 7000 units vitamin D2 or vitamin D3)
for 5–8 weeks to achieve a 25(OH)D blood level of

approximately 30 ng/mL. This regimen should be followed
bymaintenance therapy of 1000 to 2000 units/day or whatever
dose is needed to maintain the target serum level [113, 114].
Adults with ongoing malabsorption may require higher re-
placement doses of vitamin D to reach and sustain sufficiency.

Supplemental vitamin D and BMD

Systematic reviews and meta-analyses have found insufficient
or conflicting evidence to support the use of supplemental
vitamin D alone (without calcium) to promote musculoskele-
tal health in adults living in the community [115–119]. The
large VITAL study in generally healthy women and men (≥
55/≥ 50 years respectively) not selected for low bone mass or
vitamin D insufficiency, reported no effect of high-dose, sup-
plemental vitamin D (cholecalciferol 2000 units/day) versus
placebo on BMD or bone structural measures over 2 years
[120, 121]. Effects did not vary by sex, race/ethnicity, body
mass index, or baseline 25(OH)D levels. The baseline
25(OH)D level (mean) was 27 ng/mL, suggesting that
VITAL participants may already be at serum vitamin D levels
sufficient to support normal bone health. These findings do
not apply to persons with extremely low vitamin D levels or
osteoporosis or younger adults. Ongoing studies in VITAL are
examining effects of supplemental vitamin D on incident frac-
tures among 25,871 women and men nationwide [121, 122].

Supplemental vitamin D and fall risk

A possible role for supplemental vitamin D in fall prevention
has been a subject of study and inconclusive data. Results
from the VITAL study, the largest placebo-controlled RCT
of supplemental vitamin D on health outcomes, did not sup-
port the use of supplemental vitamin D (2000 units/day vs
placebo groups) to prevent falls in generally healthy popu-
lation not selected for high falls risk or vitamin D insuffi-
ciency [123]. These findings are consistent with recent
meta-analyses and other randomized controlled studies in
populations around the world that have not found supple-
mental vitamin D to be effective in reducing fall risk [118,
124–126].

Table 10 Recommended calcium and vitamin D intakes for women and men [2, 94].

Life stage group Calcium
IOM/BHOF (mg/day)

Calcium
Safe upper limit (mg/day)

Vitamin D
IOM/BHOF (units/day)

Vitamin D
Safe upper limit (units/day)

51–70-year-old women 1200 2500 600/800–1000 4000

51–70-year-old men 1000 2000 600/800–1000 4000

71+-year-old men and women 1200 2000 800/800–1000 4000
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Vitamin D absorption and synthesis

Gastrointestinal absorption of vitamin D differs between indi-
viduals and can be significantly decreased in patients with
celiac disease, inflammatory bowel disease, bariatric surgery,
and other disorders. Variability in skin activation and synthesis
of vitamin D results from differences in pigmentation, season
(weak UV light in the winter and fall), time spent outdoors, and
use of sunscreens. For example, African Americans have lower
25(OH)D levels than non-Hispanic white Americans due to
decreased skin activation (and possibly differences in vitamin
D binding proteins). People who live in northern latitudes typ-
ically experience a decrease in serum vitamin D in winter that
rebounds in spring and summer.

Cessation of tobacco use and avoidance of excessive
alcohol intake

The use of tobacco products is detrimental to the skel-
eton as well as to overall health [127–130]. BHOF
strongly recommends smoking cessation to support pri-
mary and secondary prevention of osteoporosis.

Moderate alcohol intake has no known negative effect on
bone and may even be associated with slightly higher bone
density and lower risk of fracture in postmenopausal women.
However, alcohol intake of more than two drinks a day for
women or three drinks a day for men may be detrimental to
bone health. It has been associated with reduced calcium ab-
sorption and increased risk for falls. Clinicians should identify
patients at risk for chronic heavy drinking and/or binge drink-
ing who require further evaluation and treatment [131].

Regular weight-bearing and muscle-strengthening
physical activity

The BHOF strongly endorses physical activity at all ages, both
for fracture prevention and overall fitness. In childhood and
adolescence, consistent weight-bearing and high-impact activ-
ities contribute to acquisition of optimal peak bone mass
[132]. Weight-bearing exercises (in which bones and muscles
work against gravity with feet and legs bearing body weight)
include walking, jogging, tai chi, stair climbing, dancing, and
tennis. Muscle-strengthening exercises include weight train-
ing and resistive exercises, such as yoga, Pilates, and boot
camp calisthenics. To avoid injury, patients should be evalu-
ated before initiating a new exercise program, particularly one
involving compressive or contractile stressors (such as run-
ning or weightlifting).

A multicomponent program is recommended for people
with osteoporosis: one that includes progressive resistance
training, balance training, back extensor strengthening, core
stabilizers, cardiovascular conditioning, and impact or
ground-reaction forces to stimulate bone. In people with

osteoporosis, improved fall outcomes have been document-
ed following high-intensity exercise programs that com-
bine resistance, balance, and weight-bearing activities
[133–136]. In research settings, structured exercise pro-
grams have resulted in modest increases in bone density
[137–139]. Muscle growth has been reported even in frail
elderly individuals with established sarcopenia (age-
related muscle loss) who participate in short-burst high-
intensity exercise. For safety, any such program of phys-
ical activity must be developed and supervised by certi-
fied fitness personnel experienced with skeletal fragility
in geriatric patients. (See “Protecting fragile bones in dai-
ly life and recreation” section.)

Motivating patients to stick with a program of
physical activity

Sticking with any lifestyle change can be difficult. However,
persistence is easier when that change is linked to something of
value to an individual. In this case, what probably matters most
is preserving independence by avoiding an injury that results in
nursing home admission. Visual aids that show graphical com-
parisons of risk, can help patients see the connection between
bone health recommendations and quality of life.

Consultation with a trained physical therapist and/or
participation in group exercise led by certified fitness per-
sonnel help ensure patient safety, motivate daily partici-
pation, and promote social engagement. As long as prin-
ciples of safe movement are followed, walking and daily
activities such as housework and gardening are practical
ways to contribute to maintenance of fitness and bone
mass.

Fall prevention strategies

Among adults aged 65 or older, falls are the leading cause of
both fatal and nonfatal injuries including the majority of all
fractures and over 90% of hip fractures [142–144]. According
to CDC statistics, in 2018, more than 32,000 adults aged ≥ 65
years were killed by unintentional fall injuries [145].

Major risk factors for falls are shown above in Table 2.
Many of these are modifiable: muscle strength and balance
can be improved through targeted exercise; visual impairment
can be addressed; severe vitamin D deficiency can be
corrected; fall hazards in the home and work environment
can be remediated; and medications that induce dizziness
and disorientation can be replaced or reduced.

Multiple studies have demonstrated the efficacy of therapeu-
tic physical activity in reducing falls. A recent meta-analysis of
RCTs investigating moderate-intensity multicomponent physi-
cal activity (aerobic, balance, and strength training) 3 times a
week for 1 year or more reported significant fall reductions:
22% lower risk for falls and 26% lower risk for injurious falls.
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Risk of fractures was reduced by 16%, although the signifi-
cance of this finding is weakened by the small number of frac-
tures in the study (p = .05) [146]. For individuals who have
already experienced a fall, regular weight-bearing and muscle-
strengthening physical activity may reduce the risk of future
falls and fractures [124, 147–149].

A 12-month, single-blinded RCT among 345 high-risk older
adults aged ≥ 70 years who had fallen in the year prior compared
usual care (geriatrician provided fall prevention instruction) or a
home-based exercise program focused on strength and balance
training. At 1 year, fall incidence was 74% lower in the home-
based exercise group than in the group that received usual care.
No adverse events related to the interventionwere reported [150].

Regarding fracture outcomes among persons with osteopo-
rosis, there are few exercise/physical activity studies with frac-
tures as a primary endpoint. However, a recent meta-analysis
examining physical activity and fall outcomes in older adults in
the general population provides evidence that physical activity
may prevent fractures in older adults [135]. Another meta-
analysis of 10 studies (n = 4047) reported that physical activity
may reduce the number of older community-dwelling adults
experiencing ≥ 1 fall-related fracture (RR 0.73, 95%CI 0.56 to
0.95), but the evidence is judged to be of low certainty [151].

In theWHI, among 77,206 postmenopausal women across the
USA followed for a mean of 14 years, there was an association
between higher levels of physical activity and lower total fracture
risk and lower risk for hip fracture. It is important to note that even
low-intensity activities such as walking or gardening reduced risk
for hip fracture when compared to sedentary activities [152].

There are a limited number of studies with men and few
RCT exercise studies with fracture outcomes comparing those
who exercise to those who did not exercise.

US FDA-approved drugs for osteoporosis

Current FDA-approved pharmacologic therapeutics for pre-
vention and/or treatment of postmenopausal osteoporosis in-
clude bisphosphonates (alendronate, alendronate plus D,

ibandronate, risedronate, and zoledronic acid), estrogens (es-
trogen and/or hormone therapy), estrogen agonist/antagonist
(raloxifene), tissue-selective estrogen complex (conjugated
estrogens/bazedoxifene), parathyroid hormone (PTH [1–34],
teriparatide), analog of parathyroid hormone-related peptide
(PTHrP [1–34], abaloparatide), RANKL inhibitor
(denosumab), fully human monoclonal antibody to sclerostin
(romosozumab), and calcitonin. Please see product-specific
prescribing information for details of their use (Table 11).

Antifracture benefits of FDA-approved drugs for oste-
oporosis have been studied primarily in postmenopausal
women. We have more limited fracture data on efficacy in
patients with secondary causes of osteoporosis (e.g., dia-
betes, glucocorticoids) and men diagnosed with osteopo-
rosis by fracture or T-score.

Potential benefits and risks of therapy should be assessed in
the context of a drug’s fracture efficacy, onset of effect, dura-
tion parameters, magnitude of effect, and site of optimal frac-
ture prevention (spine vs hip). In general, a therapy that has
been shown to reduce risk of both vertebral and non-vertebral
fractures (alendronate, risedronate, zoledronic acid,
denosumab, teriparatide, abaloparatide, or romosozumab)
should be considered over one that has not (raloxifene, calci-
tonin, ibandronate). In most of these pivotal studies, partici-
pants were on appropriate amounts of calcium and vitamin D.

The BHOF does not advocate the use of drugs that are not
approved by the FDA for prevention and/or treatment of
osteoporosis.

Bisphosphonates (alendronate, ibandronate,
risedronate, zoledronic acid)

Bisphosphonates are a class of potent antiresorptive agents.
Composed of two phosphate groups, bisphosphonates have al-
so been called diphosphonates. All bisphosphonates can affect
renal function and are contraindicated in patients with estimated
glomerular filtration rate (GFR) below 30–35 mL/min.
Bisphosphonates may cause or exacerbate hypocalcemia, and
therefore, hypocalcemia must be corrected before treatment.

Hip fracture 
pa�ent popula�on

Hip fracture pa�ent
popula�on needing
wheelchair

General popula�on

Wheelchair-using
popula�on

Fig. 5 This contrast between percentage of people in general population who use wheelchairs (1 in 100) and the percentage who use wheelchairs
following hip fracture (25 in 100). Sources: 2010 US Census Data [140, 141]
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Alendronate, brand name: Fosamax®, Fosamax Plus D,
Binosto™ (liquid preparation) and generic alendronate

Alendronate sodium is approved by the FDA for prevention
(5 mg daily and 35 mg weekly tablets) and treatment of post-
menopausal osteoporosis (10 mg daily tablet, 70 mg weekly
tablet [most commonly used dose], 70 mg weekly tablet with
2800 units or 5600 units of vitamin D3, and 70 mg

effervescent tablet). Alendronate is approved as treatment to
increase bonemass inmenwith osteoporosis and for treatment
of osteoporosis in men and women taking glucocorticoids
[154].

Drug efficacy Alendronate reduces incidence of spine and
hip fractures by about 50% over 3 years in patients with
prior vertebral fracture and in patients who have hip T-

Table 11 FDA-approved drugs for osteoporosis [153]

Drug name Brand name Form/dosing Approval for

Bisphosphonates
Alendronate Generic alendronate and Fosamax®, Fosamax Plus

D™
Oral (tablet)
Daily/weekly

Women and
men

Alendronate Binosto® Effervescent tablet
Weekly

Women and
Men

Ibandronate Boniva® Oral (tablet)
Monthly

Women

Ibandronate Boniva® Injection
Quarterly

Women

Risedronate Actonel®/Actonel® w/ calcium Oral (tablet)
Daily/weekly/twice monthly/monthly; monthly with

calcium

Women and
men

Risedronate Atelvia™ Oral delayed-release (tablet)
Weekly

Women

Zoledronic acid Reclast® IV infusion
Once a year/once every 2 years

Women and
men

Estrogen-related therapies
Estrogen Multiple brands Oral (tablet)

Daily
Women

Estrogen Multiple brands Transdermal (skin patch)
Twice weekly/weekly

Women

Raloxifene Evista® Oral (tablet)
Daily

Women

Conjugated
estrogens/bazedoxifene

Duavee® Oral (tablet)
Daily

Women

Parathyroid hormone analogs
Abaloparatide Tymlos® Injection

Daily (for 2 years)
Women

Teriparatide Forteo® Injection
Daily (for ≥ 2 years)*

Women and
men

RANKL inhibitor

Denosumab Prolia™ Injection
Every 6 months

Women and
men

Sclerostin inhibitor

Romosozumab Evenity™ Injection (2)
Monthly for 12 months

Women

Calcitonin Salmon
Calcitonin Fortical®/Miacalcin® Nasal spray

Daily
Women

Calcitonin Miacalcin® Injection
Schedule varies

Women

* Use of teriparatide for more than 2 years during a patient's lifetime should only be considered if a patient remains at or has returned to having a high risk for
fracture.
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scores diagnostic of osteoporosis (≤ − 2.5) [155, 156]. It
reduces incidence of vertebral fractures by 48% over 3
years in patients without prior vertebral fracture.

Administration Oral alendronate (generic and Fosamax®)
tablets must be taken at least 30 min before the first food,
beverage, or medication of the day with plain water only.
Tablets must be swallowed whole with a full glass of
plain water (6 to 8 oz). Effervescent alendronate
(Binosto) must be dissolved in 4 oz of room temperature
water and taken on an empty stomach first thing in the
morning. Patients should remain upright and eat/drink
nothing for 30 min following ingestion.

Side effects and drug safety Side effects are similar for all
oral bisphosphonate medications and include gastrointes-
tinal problems such as difficulty swallowing, esophageal
inflammation, stomach pain, and rare cases of atypical
femur fractures (AFF) and osteonecrosis of the jaw
(ONJ). (See boxed discussion below.) Ocular inflamma-
tion (anterior uveitis and episcleritis) has been document-
ed. All bisphosphonates can affect renal function and are
contraindicated in patients with estimated GFR below 30–
35 mL/min.

Ibandronate, brand name: Boniva® and generic ibandronate

Oral and intravenous ibandronate sodium are approved by the
FDA for treatment of postmenopausal osteoporosis (150 mg
monthly tablet and 3 mg every 3 months by intravenous in-
jection). Oral ibandronate is also approved for prevention of
postmenopausal osteoporosis and is available as a generic in
the USA.

Drug efficacy Ibandronate reduces incidence of vertebral frac-
tures by about 33–50% over 3 years but does not reduce risk
of non-vertebral fracture (hip/nonhip) [157].

Administration Oral ibandronate must be taken on an
empty stomach, first thing in the morning, with 8 oz of
plain water (no other liquid). Tablets must be swallowed
whole with a full glass of plain water (6 to 8 oz). After
taking ibandronate, patients must remain upright and
wait at least 60 min before eating, drinking, or taking
any other medication. Intravenous ibandronate, 3 mg/3
mL prefilled syringe, is administered over 15 to 30 s
once every 3 months. Serum creatinine should be
checked before each injection.

Side effects and drug safety Side effects are similar for all oral
bisphosphonate medications and include gastrointestinal
problems such as difficulty swallowing, esophageal inflam-
mation, and stomach pain and rare cases of AFF and ONJ.

(See boxed discussion below.) Ocular inflammation has been
documented. Like other bisphosphonates, ibandronate may
cause or exacerbate hypocalcemia, and therefore, hypocalce-
mia must be corrected before treatment. All bisphosphonates
can affect renal function and are contraindicated in patients
with estimated glomerular filtration rate (GFR) below 30–35
mL/min.

Risedronate, brand name: Actonel®, Atelvia™, and generic
risedronate

Risedronate sodium is approved by the FDA for prevention
and treatment of postmenopausal osteoporosis (5 mg daily
tablet; 35 mg weekly tablet; 35 mg weekly delayed-release
tablet; 75 mg tablets taken on two consecutive days every
month; and 150 mg tablet taken monthly). Actonel® is ap-
proved to increase bone mass in men with osteoporosis and to
prevent and treat osteoporosis in men and women who are
either initiating or taking glucocorticoids [158, 159].

Drug efficacy Compared with placebo, risedronate reduced
incidence of vertebral fractures by 39%, hip fractures by
27%, and non-vertebral fractures by 22% in a meta-analysis
conducted by Barrionuevo et al. in 2019 [160]. Significant
risk reduction occurred within 1 year of treatment in patients
with a prior vertebral fracture.

Administration Oral risedronate (generic and Actonel®) must
be taken on an empty stomach, first thing in the morning, with
8 oz of plain water (no other liquid). Tablets must be
swallowed whole with a full glass of plain water (6 to 8 oz).
After taking risedronate, patients must remain upright and
wait at least 30 min before eating, drinking, or taking any
other medication.

Oral delayed-release risedronate (Atelvia®) is taken not on
an empty stomach, but directly after breakfast with ≥ 4 oz of
plain water (no other liquid). Patients should remain upright
(sitting or standing) for at least 30 min.

Side effects and drug safety Side effects are similar for all oral
bisphosphonate medications and include gastrointestinal
problems such as difficulty swallowing, esophageal inflam-
mation, and stomach pain and rare cases of AFF and ONJ.
(See boxed discussion below.) Ocular inflammation (anterior
uveitis and episcleritis) has been documented. All
bisphosphonates can affect renal function and are contraindi-
cated in patients with estimated GFR below 30–35 mL/min.
Because risedronate can cause or exacerbate hypocalcemia,
hypocalcemia must be corrected before treatment. All
bisphosphonates can affect renal function and are contraindi-
cated in patients with estimated glomerular filtration rate
(GFR) below 30–35 mL/min.
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Zoledronic acid, brand name: Reclast®

Zoledronic acid is approved by the FDA for prevention and
treatment of osteoporosis in postmenopausal women (5 mg
once yearly for treatment and once every 2 years for preven-
tion). It is approved to improve bone mass in men with oste-
oporosis and for prevention and treatment of osteoporosis in
men and women expected to be on glucocorticoid therapy for
at least 12 months. (Efficacy of less-frequent dosing is cur-
rently being investigated.) Zoledronic acid is indicated for
prevention of new clinical fractures in patients (both women
and men) who have recently had a low-trauma hip fracture. A
recent placebo-controlled study in women aged ≥ 65 years
with low hip BMD found that zoledronic acid administered
every 18 months for 6 years reduced vertebral and non-
vertebral fractures. In this study, the number needed to treat
to prevent 1 incident fracture was 15 [161].

Drug efficacy Zoledronic acid reduces incidence of vertebral
fractures by 62–70% (with significant reduction at 1 year), hip
fractures by 41%, and non-vertebral fractures by 21–25% over
3 years in patients with osteoporosis defined by prevalent
vertebral fractures and/or osteoporosis by BMD of the hip
[160].

Administration of zoledronic acid compared with placebo
in postmenopausal women with low bone mass every 18
months reduces vertebral fractures by 55%, non-vertebral
fractures by 34% and forearm and wrist fractures by 44% at
6 years [161].

Administration Zoledronic acid (generic and Reclast®),
5 mg in 100 mL, is given once yearly by intravenous infu-
sion administered over at least 15 min. Some physicians
infuse this over 30 min. Flu-like symptoms (arthralgia,
headache, myalgia, fever) have occurred in 32% of patients
after the first dose, 7% after the second dose, and 3% after
the third dose. To reduce likelihood of acute-phase reac-
tions, patients should be well hydrated, drink 2 glasses of
water before the infusion and pre-treat with acetaminophen
(unless contraindicated).

Side effects and drug safety We recommend a 25(OH) vi-
tamin D level should be obtained and any vitamin D
deficiency or insufficiency corrected before treatment.
Zoledronic acid may cause or exacerbate hypocalcemia,
and therefore, hypocalcemia must be corrected before
treatment. Zoledronic acid is contraindicated in patients
with creatinine clearance less than 35 mL/min or in pa-
tients with evidence of acute renal impairment.
Creatinine clearance should be measured prior to each
dose [162]. Ocular inflammation (anterior uveitis and
episcleritis) has been documented [163]. (See boxed dis-
cussion below.)

Estrogen-related therapies (ET/HT, raloxifene,
conjugated estrogens/bazedoxifene)

A variety of medications that act on estrogen receptors in bone
are prescribed to prevent the bone loss associated with post-
menopausal osteoporosis.

ET/HT

ET brand names: e.g., Climara®, Estrace®, Estraderm®,
Estratab®, Ogen®, Premarin®, Vivelle®; HT brand names:
e.g., Activella®, Femhrt®, Premphase®, Prempro®.
Estrogen/hormone therapy is approved by the FDA for pre-
vention of osteoporosis and relief of vasomotor symptoms and
vulvovaginal atrophy associated with menopause. Women
with an intact uterus require HT (combined estrogen and pro-
gestin) to protect uterine lining. Women who have had a hys-
terectomy are treated with ET (estrogen alone).

Drug efficacy TheWomen’s Health Initiative (WHI) found that
5 years of oral HT (Prempro®) reduced incidence of clinical
vertebral fractures and hip fractures by 34% and other osteopo-
rotic fractures by 23% [164]. Meta-analysis sponsored by the
Endocrine Society found that HT reduced fractures of the spine
by 35%, hip by 28%, and non-vertebral skeleton by 22% [160].

Drug administration ET/HT is available in a wide variety of oral
and transdermal preparations that contain estrogen only, proges-
tin only, and combination estrogen-progestin. ET/HT dosages
include cyclic, sequential, and continuous regimens. When treat-
ment is discontinued, bone loss can be rapid. Follow-on
antifracture agents should be considered to maintain BMD.

Side effects and drug safety Potential risks for women include
biliary issues, breast cancer (with combined estrogen–proges-
tin), endometrial hyperplasia/cancer (with inadequately op-
posed estrogen). Initial WHI data found elevated risk of myo-
cardial infarction, stroke, pulmonary emboli, and deep vein
thrombosis during 5 years of treatment with conjugated
equine estrogen and medroxyprogesterone acetate
(Prempro®) [165, 166]. Subsequent analyses ofWHI substudy
data showed no increase in cardiovascular disease in women
starting treatment within 10 years of menopause [167].

The North American Menopause Society (NAMS) and
American Association of Clinical Endocrinologists (AACE)/
American College of Endocrinology (ACE) recommend tai-
loring ET/HT formulation, dose, and route of administration
to individual postmenopausal women. Risk-benefit profiles
differ by patient age, time since menopause, and other factors
[168, 169].

The Endocrine Society guidelines recommend ET/HT to
prevent fractures in some high-fracture-risk postmenopausal
women < 60 years of age or < 10 years past menopause who
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are experiencing vasomotor and/or climacteric symptoms and
cannot take bisphosphonates or denosumab [170].

When ET/HT use is considered solely for fracture preven-
tion, the FDA recommends that approved non-estrogen treat-
ments first be carefully considered.

Raloxifene, brand name: Evista® and generic raloxifene

Raloxifene is an estrogen agonist/antagonist (selective estro-
gen receptor modulator/SERM) approved by the FDA for
both prevention and treatment of osteoporosis in postmeno-
pausal women. Raloxifene is indicated for the reduction in
risk of invasive breast cancer in postmenopausal women with
osteoporosis [171–174]. Raloxifene does not reduce the risk
of coronary heart disease.

The Endocrine Society guidelines recommend raloxifene
or combination conjugated equine estrogen/bazedoxifene to
prevent vertebral fractures in postmenopausal women who
have low risk of deep vein thrombosis for whom
bisphosphonates or denosumab are not appropriate or for
women with a history of or high risk for breast cancer [166].

Drug efficacyRaloxifene reduces incidence of vertebral fractures
by about 30–40% in patients with a prior vertebral fracture and
by about 55% in patients without a prior vertebral fracture.
Raloxifene does not reduce risk of non-vertebral fractures.

Drug administrationRaloxifene is available as a 60-mg tablet,
which may be taken with or without food (60 mg).

Side effects and drug safetyRaloxifene increases risk for deep
vein thrombosis to a degree similar to that observed with es-
trogen. It can increase hot flashes and cause leg cramps.

Conjugated estrogens/bazedoxifene, brand name: Duavee®

Conjugated estrogens/bazedoxifene is FDA approved as an
oral tablet for women who suffer from moderate-to-severe
hot flashes associated with menopause and to prevent osteo-
porosis after menopause.

Conjugated estrogens/bazedoxifene combines conjugated
estrogen with bazedoxifene, an estrogen agonist/antagonist.
Bazedoxifene reduces risk for endometrial hyperplasia elimi-
nating need for progestins in women who have not undergone
hysterectomy.

Drug efficacy In pivotal trials, this combination drug signifi-
cantly increased mean lumbar spine BMD (treatment differ-
ence 1.51%) at 12 months compared to placebo in women
who had been postmenopausal between 1 and 5 years.
Treatment with conjugated estrogens/bazedoxifene also in-
creased total hip BMD. The treatment difference in total hip
BMD at 12 months was 1.21% [175–178].

Drug administration Available as a tablet containing conju-
gated estrogens and bazedoxifene 0.45 mg/20 mg, to be taken
once daily without regard to meals.

Conjugated estrogens/bazedoxifene is intended only for
postmenopausal women who have not had hysterectomy.
Like other products containing estrogen, its use should be
consistent with treatment goals and risks for the individual
woman. When being considered solely for the prevention of
osteoporosis, such use should be limited to women who are at
significant risk of fracture and only after carefully considering
alternatives that do not contain estrogen. When treatment is
discontinued, bone loss can be rapid. An antifracture agent
should be considered to maintain BMD.

Side effects and drug safety Side effects of conjugated
estrogens/bazedoxifene includemuscle spasms, nausea, diarrhea,
dyspepsia, upper abdominal pain, oropharyngeal pain, dizziness,
and neck pain. Because this product contains estrogen, it is ap-
proved with the same Boxed Warning and other Warnings and
Precautions that have been approved with estrogen products.

Parathyroid hormone analogs (teriparatide,
abaloparatide)

Parathyroid hormone (PTH) regulates calcium homeostasis.
Constant high exposure to PTH causes bone resorption, while
intermittent administration of exogenous recombinant PTH
stimulates bone formation. Two anabolic agents derived from
synthetic analogs of PTH are currently FDA approved:
teriparatide and abaloparatide.

Teriparatide, brand name: Forteo® and the bioequivalent
Bonsity™

Teriparatide is a synthetic fragment of human PTH that is ap-
proved by the FDA for treatment of osteoporosis in men and
women at high risk for fracture (which is defined as a history of
osteoporotic fracture, multiple risk factors for fracture, or
failure/intolerance to other available osteoporosis therapy). It
is approved to treat glucocorticoid-induced osteoporosis in
men and women at high risk for fracture [179]. The FDA has
approved an expanded indication for teriparatide for treatment
of osteoporosis associated with sustained systemic glucocorti-
coid therapy (≥ 5 mg/day of prednisone). Forteo® is currently
available as 20 μg daily subcutaneous injection. Biosimilar
preparations are now available as the patented expired in 2019.

Drug efficacy Teriparatide reduces risk of vertebral fractures by
65–77%, and non-vertebral fractures by 35–53% in patients with
osteoporosis, after an average of 18months of therapy [180]. The
VERO trial that compared teriparatide and risedronate in post-
menopausal women with severe osteoporosis reported ~ 56%
fewer new vertebral fractures in the teriparatide group after 24
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months [181]. It is important to follow teriparatide treatment with
an antiresorptive agent, usually a bisphosphonate or denosumab,
to maintain or further increase BMD.

Drug administration Teriparatide is administered by 20 μg
daily subcutaneous injection. When treatment is discontinued,
bone loss can be rapid and alternative agents should be con-
sidered to maintain BMD. Treatment duration was previously
restricted to 24 months, but this was recently changed to open
the possibility of longer treatment in high-risk patients.

Side effects and drug safety Side effects of teriparatide include
transient orthostatic hypotension, leg cramps, and nausea.
Teriparatide transiently increases serum calcium which may pre-
dispose patients to digitalis toxicity. It should be used with cau-
tion in patients with active or recent kidney stones, hypercalce-
mia and hypercalcemic disorders, and/or cutaneous calcification.

Until recently, teriparatide treatment was restricted to 2
years in response to elevated osteosarcoma seen in rodent
studies. Increased osteosarcoma was not observed in
humans during 15 years of post-marketing studies. As a
result, the revised teriparatide label now states that use for
more than 2 years during a patient's lifetime can be con-
sidered if a patient remains at or has returned to having a
high risk for fracture.

Its use should be avoided in settings of increased risk for
osteosarcoma: Paget’s disease of the bone, prior radiation
therapy involving the skeleton, open epiphyses (children and
young adults), history of bone metastases or malignancies,
unexplained elevated alkaline phosphatase, and hereditary
disorders predisposing to osteosarcoma [182].

Abaloparatide, brand name: Tymlos®

Abaloparatide is a synthetic peptide analog of human PTH-
related protein approved by the FDA for treatment of osteo-
porosis in postmenopausal women at high risk for fracture
defined as a history of osteoporotic fracture, multiple risk
factors for fracture, or failure/intolerance to other available
osteoporosis therapy.

Drug efficacy Abaloparatide reduces risk of new vertebral
fractures by about 86% and non-vertebral fractures by about
43% in postmenopausal women with osteoporosis, after an
average of 18 months of therapy [183]. In an extension study
(ACTIVE-Extend) after 18 months of abaloparatide or place-
bo, the addition of 6 months of oral alendronate for a total of
up to 24 months of therapy resulted in a relative risk reduction
of radiographic spine fractures by 87%, non-vertebral frac-
tures by 52%, and major osteoporotic fractures by 58% [184].

Drug administration Abaloparatide is administered by 80 μg
daily subcutaneous injection in the periumbilical area of the

abdomen. When treatment is discontinued, bone loss can be
rapid. An antiresorptive agent should be considered to main-
tain BMD. Abaloparatide treatment duration is recommended
not to exceed 24 months.

Side effects drug safety Side effects of abaloparatide in-
clude leg cramps, nausea, and dizziness. Avoid use in
patients with increased risk of osteosarcoma (e.g.,
Paget’s disease of bone, bone metastases, prior skeletal
radiation). Patients with hypercalcemia, or a history of
an unexplained elevated alkaline phosphatase or skeletal
malignancy should not receive abaloparatide therapy.
Abaloparatide may increase urinary calcium. It should
be used with caution in patients with active or recent
kidney stones because of the potential to exacerbate this
condition. It is common practice to follow abaloparatide
treatment with an antiresorptive agent, usually a bis-
phosphonate or denosumab, to maintain or further in-
crease BMD.

RANKL inhibitor (denosumab)

The cytokine RANK-ligand (RANKL) produced by osteo-
cytes is required for osteoclast formation. Suppressing
RANKL blocks osteoclast formation, leading to less bone
resorption and higher bone density.

Denosumab, brand name Prolia®

Denosumab is a fully human monoclonal antibody against
RANKL approved by the FDA for treatment of men and wom-
en at high risk for fracture (which is defined as a history of
osteoporotic fracture and/or multiple risk factors for fracture).
It is approved for treatment of patients who have failed or are
intolerant to other available osteoporosis therapy, to treat post-
menopausal women with osteoporosis at high risk for fracture,
to increase bone mass in men with osteoporosis at high risk for
fracture, to treat glucocorticoid-induced osteoporosis in men
and women at high risk for fracture, to increase bone mass in
men at high risk for fracture receiving androgen deprivation
therapy for nonmetastatic prostate cancer, and to increase bone
mass in women at high risk for fracture receiving adjuvant
aromatase inhibitor therapy for breast cancer.

Drug efficacy Denosumab is one of the most potent
antiresorptive drugs available to treat osteoporosis because it
directly inhibits osteoclast formation and causes apoptosis of
mature osteoclasts. Denosumab reduces incidence of vertebral
fractures by about 68% at 1 year, hip fractures by about 40%
and non-vertebral fractures by about 20% at 3 years, with
continued fracture reduction in studies extended to 5 years
[160, 185, 186]. Longer-term use is associated with a signif-
icant 48% reduction in the risk of all upper limb fractures and

Osteoporos Int (2022) 33:2049–2102 2071



a 43%, 43%, and 58% reduction in risk of forearm, wrist, and
humerus fractures at 7 years [187, 188].

Drug administration Denosumab is administered as 60 mg
subcutaneous injection by a health professional every 6
months.

Side effects and drug safety Denosumab may cause or exacer-
bate hypocalcemia, and therefore, hypocalcemia must be
corrected before treatment. Denosumab has been associated with
hypersensitivity reactions, including angioedema, erythema
multiforme, dermatitis, rash, and urticaria. Studies have reported
higher incidence of serious infection in women taking
denosumab; however, no clear clinical pattern has emerged to
suggest a relationship to duration of exposure to denosumab
[189]. Safety profiles overall are similar to bisphosphonates
and placebo, with no new safety concerns emerging in extension
trials up to 10 years, although a theoretical infection risk exists
with RANKL inhibition and prescribing information states that
patients on concomitant immunosuppressant agents or with im-
paired immune systems may be at increased risk for serious
infections [190, 191]. Denosumab has been associated with very
rare cases of AFF and ONJ. (See boxed discussion below.)

Discontinuation of denosumab treatment is associated with
rapid bone loss that may result in multiple vertebral fractures,
especially in patients with a prior vertebral fracture [192]. For
this reason, a drug holiday is not appropriate with denosumab.
During periods of suspended treatment, and as recommended
by the FDA, alternate antiresorptive therapy should be con-
sidered to maintain gains in bone density. Following
denosumabwith alendronate has been shown to preserve bone
mass, while following it with teriparatide has been associated
with bone loss at some skeletal sites [193].

Sclerostin inhibitor (romosozumab)

Romosozumab-aqqg, brand name EVENITY™

Romosozumab is a fully human monoclonal antibody to
sclerostin. It is currently FDA-approved for treatment of osteopo-
rosis in postmenopausal women at high risk for fracture—defined
as a history of osteoporotic fracture, or multiple risk factors for
fracture, or poor response or intolerance to other available osteo-
porosis therapies. (Romosozumab is approved for men with oste-
oporosis at high risk of fracture in some countries but not in the
USA.)

Drug efficacy Romosozumab reduces fractures and increases
BMD at the lumbar spine and total hip more than placebo,
alendronate, and teriparatide in postmenopausal women with
low bone mass [194–196]. In the pivotal FRAME trial,
romosozumab compared to placebo for 12 months reduced risk
of new vertebral fracture by 73% and clinical fractures by 36%

[196]. In the ARCH study, high-risk postmenopausal women had
significantly fewer fractures when treated with romosozumab
than with alendronate (48% fewer new vertebral fractures, 19%
fewer non-vertebral fractures, and 38% fewer hip fractures) for 12
months [197].

Extension studies have reported BMD trending back to-
wards pretreatment levels after discontinuing therapy.
Follow-on therapy with denosumab and, to a lesser degree,
alendronate preserve or continue to accrue BMD benefits fol-
lowing romosozumab therapy [196, 198, 199].

Drug administration Romosozumab (210 mg) is administered
in monthly doses by subcutaneous injection for 12 months.
Each dose consists of two injections (105 mg each) that are
given one immediately following the other by a healthcare
professional. Use is limited to 1 year due to the waning of
bone-forming effect after 12 months/doses.

Side effects and drug safety Romosozumab received FDA
approval with a boxed warning stating that it may increase
risks for myocardial infarction, stroke, and cardiovascular
(CV) death. It should not be taken by women who experi-
enced a stroke or CV event in the previous year.
Romosozumab may cause hypocalcemia, and therefore, hy-
pocalcemia must be corrected before treatment. In studies,
romosozumab has been associated with hypersensitivity reac-
tions, including angioedema, erythema multiforme, dermati-
tis, rash, and urticaria. Romosozumab has been associated
with rare cases of AFF and ONJ (fewer cases than
denosumab). (See boxed discussion below.)

Calcitonin salmon

Calcitonin is a hormone endogenous in humans that is found
in salmon and other fish, reptiles, birds, and mammals. It
works by preventing bone breakdown, thereby increasing
bone density. Because more effective drugs are available for
prevention of bone loss and reduction of fracture risk, calcito-
nin salmon is considered second-line therapy reserved for
women in whom alternative treatments are not suitable.

Calcitonin, brand name, Miacalcin® or Fortical® and generic
calcitonin

Calcitonin is FDA approved for the treatment of osteoporosis
in postmenopausal women who are at least 5 years following
menopause.

Drug efficacy In two RCTs, calcitonin salmon nasal spray
increased lumbar vertebral BMD relative to placebo in women
with low bone mass who were greater than 5 years post men-
opause. No increase in BMD has been demonstrated in corti-
cal bone of the forearm or hip.
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Calcitonin reduces vertebral fracture occurrence by about
30% in those with prior vertebral fractures but does not reduce
the risk of non-vertebral fractures [200]. Calcitonin significant-
ly reduces pain associated with vertebral, crush fractures in
many patients, making early mobilization possible [201, 202].

Drug administration Calcitonin is administered in 200-unit
doses delivered as a single daily intranasal spray.
Subcutaneous administration by injection also is available.

Side effects and drug safety Intranasal calcitonin can cause
rhinitis, epistaxis, and allergic reactions. Long-term post-mar-
keting data meta-analysis of 21 RCTs found cancer risk was
higher among calcitonin salmon-treated patients (4.1%) com-
pared with placebo-treated patients (2.9%); therefore, the need
for continued therapy should be reevaluated on a periodic
basis. Because of its risk–benefit profile, calcitonin is banned
in Canada and Europe; it is infrequently used in the USA
[203, 204].

Possible Adverse Events Associated with Antiresorptive Therapies: ONJ and AFF

People using bisphosphonates and denosumab are at low but increased risk for ONJ, a condition in which bone is persistently exposed (usually following
an extraction), and AFF, in which a femur breaks spontaneously, often with no warning. Romosozumab use has rarely been associated with ONJ and
AFF according to the current studies.

Osteonecrosis of the Jaw (ONJ)
ONJ is more frequently associated with high-dose intravenous bisphosphonate treatment for cancer (96% of cases reported). For patients taking oral
bisphosphonates to manage osteoporosis, the incidence of ONJ is estimated to be between 1/10,000 and 1/100,000 and is only slightly higher than the
ONJ incidence in the general population [205–207]. The risk of ONJ appears to increase with bisphosphonate treatment beyond 5 years. ONJ has been
reported in >2% of studied cancer patients taking high doses of denosumab (XGEVA®).4

The American Dental Association (ADA) reports that sound oral hygiene practices and regular dental care may be the optimal method for lowering risk
of drug-related ONJ. No validated diagnostic technique is currently available to determine which patients are at increased risk. The magnitude of risk
reduction associated with discontinuing antiresorptive therapy even in those with ONJ is not known but must be weighed against known negative
outcomes of low bone density and fractures [207, 209, 210].

Atypical Femur Fracture (AFF)
While reports show that ONJ is more common in cancer patients treated with bisphosphonates, rates of AFF appear lower in these patients, possibly
related to shorter duration of use or other mechanisms [205, 211, 212]. AFFs can occur with little or no trauma and may be bilateral. AFF incidence is
very low in the general untreated population. Higher risk is associated with Asian ethnicity (North American), lateral bowing of the femur, autoimmune
disease, and glucocorticoid use [213]. AFF has been reported in people taking bisphosphonates, denosumab, and romosozumab (association with
duration of use is not established).

AFFs are often preceded by pain in the thigh and/or groin area. Clinicians should closely monitor symptoms related to these unusual fractures,
proactively questioning patients about occurrence of any thigh and/or groin pain. Patients who present with this prodrome may have experienced stress
fracture in the subtrochanteric region or femoral shaft. Bilateral femoral X-rays should be ordered, followed by anMRI or a radionuclide bone scan when
clinical suspicion is high enough [214].

Another option, available on newer DXA systems, is single-energy X-ray absorptiometry, an imaging method that detects early signs of AFF [215]. The
femur is imaged using a single X-ray beam to detect localized cortical abnormalities characteristic of an incomplete atypical femur fracture. The test is
generally rapid (under 1 minute) and can be used to identify AFF in patients on bisphosphonates, denosumab, or romosozumab, who are experiencing
groin or thigh pain suggestive of stress fracture in the subtrochanteric region or femoral shaft.

Surgical fixation of one or both femurs is required in some cases of AFF; whereas, medical conservative treatment is appropriate in other cases. If AFF is
confirmed, bisphosphonates should be discontinued [14]. Although off-label treatment with an anabolic agent following AFF in association with
bisphosphonate use is promising, there are limited data to support this regimen [216]

For patients taking bisphosphonates for osteoporosis, the absolute risk of AFF is low: ranging between 3.2 and 50 cases/100,000 person-years, an
estimate that appears to double with prolonged duration of bisphosphonate use (> 3 years, median duration 7 years), and decline rapidly with
discontinuation [206, 217].

AFF has been seen in patients taking denosumab for osteoporosis (1/2343 patients in the FREEDOM Trial extension followed for 10 years) [218, 219].
Denosumab treatment should be discontinued in the event of the rare occurrence of AFF in patients on denosumab. Another antiresorptive therapy should
be started for a few years after stopping denosumab (post AFF) [220].

Romosozumab has rarely been associated with ONJ or AFF. However, because it is a weak antiresorptive, these adverse side effects are biologically
plausible.

When discussing risk of ONJ and AFF with high-risk adults, it is important to make clear that the risk for fracture associated with not treating
far exceeds the risk for these unusual adverse effects of treatment [212, 221, 222].
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Treatment considerations: pharmacologic
therapy

(Note: Risk reduction data for vertebral and non-vertebral frac-
tures being discussed in this Guide come from the FDA
Prescribing Information, which includes RCTs. In the absence
of head-to-head trials, direct comparisons of risk reduction among
drugs cannot be made.)

All patients being considered for osteoporosis treatment should
be counseled on risk factor reduction, including the importance of
calcium, vitamin D, elimination of tobacco use, moderation of
alcohol intake, physical activity, and fall prevention (Table 12).
Prior to initiating treatment, patients should be evaluated for sec-
ondary causes of bone fragility and have BMDmeasurements by
central DXA,when available, and vertebral imaging studies when
appropriate. (See vertebral imaging above.)

Postmenopausal women and men aged 50 years and older
presenting with the following should be considered for treatment:
& A hip or vertebral fracture (clinically apparent or found on

vertebral imaging) regardless of T-score. There are abun-
dant data in patients with spine or hip fractures treated
with approved pharmacologic agents that fracture inci-
dence goes down. This is true for patients with previous
fractures whether the T-score classification is normal, low
bone mass (i.e., osteopenia), or osteoporosis [155, 157,
185, 200, 223–227]. In patients with a hip or spine frac-
ture, T-score is not as important as fracture history in
predicting future risk of fracture and antifracture efficacy
from treatment.

& A fracture of the pelvis, proximal humerus, or distal forearm
in a person with low bone mass or osteopenia, whether a
postmenopausal woman or a man aged ≥ 50 years [40, 41,
228]. In persons with fractures of the pelvis, proximal
humerus, or distal forearm who do not have osteopenia
or low BMD, the decision to treat should be individualized
[12, 13].

& T-score ≤ − 2.5 at the femoral neck, total hip, lumbar spine,
or 33% radius (significant correlation between T-scores at
the wrist, hip, and lumbar spine T-score has been reported
in research). Decades of high-quality evidence demon-
strate that pharmacotherapy prevents fracture in patients
with osteoporosis by BMD-DXA at any clinically relevant
site [65, 164, 180, 183–185, 196, 198, 224, 228–237].

& Low bone mass and FRAX® score above recommended
treatment threshold. High fracture risk and need for phar-
macologic intervention are indicated by T-score between
− 1.0 and − 2.5 at the femoral neck or total hip and a 10-
year probability of a hip fracture ≥ 3% or a 10-year prob-
ability of a major osteoporosis-related fracture ≥ 20%
based on the US-adapted FRAX® algorithm [17, 18, 76,
238]. A major osteoporotic fracture is defined as a fracture
at the hip, wrist, humerus, or spine. Although FRAX®-

calculated fracture risk prediction has been confirmed in
multiple studies, there are relatively few data confirming
fracture risk reductions in patients selected for treatment
on the basis of FRAX® score alone.

Setting and reaching goals of therapy

With the availability of measurable benchmarks such as
BMD, fracture incidence, and biochemical markers of bone
turnover, the “treat-to-target” strategy of outcomes-focused
therapy, monitoring, and reassessment can be applied to man-
agement of osteoporosis.

For appropriate patients initiating therapy, a reasonable 3-year
target outcome could be to increase T-score from− 2.8 to >− 2.5
and have no fractures. Stable BMD and a year with no new
fractures could be a measurable goal for someone with low
BMD and prior fragility fractures. In both cases, if the patient is
not on track to reach the target or fails to reach the target, consid-
eration should be given to clinical reassessment and possibly a
change in therapy.

However, fundamental to the concept of “treat-to-target” is the
principle that response to therapy is not necessarily sufficient to
achieve an acceptable level of risk. A patient may reach their
“target” BMD and still be at unacceptably high risk for fracture.
This principle has implications for the selection of initial therapy
to reduce fracture risk [239]. For example, while an oral bisphos-
phonate alone can reduce risk to an acceptable level in a
moderate-risk patient (T-score > − 2.5, no fractures, low
FRAX®), it may not be sufficient in a high-risk patient (T-score
< − 2.5, multiple fractures, high FRAX® score). In the high-risk
patient, an anabolic agent followed by antiresorptive therapy
might have a better chance of achieving meaningful increases in
bone density than antiresorptive therapy alone.

Treat-to-target management recommendations

The ideal medication for initiating therapy is one best able to
sufficiently reduce risk, while accommodating a patient’s needs
and preferences. Consistent with the treat-to-target concept, indi-
vidual patients with osteoporosis should be risk stratified before
initiating treatment. Site-specific vulnerabilities can be factored in,
such as recent wrist or vertebral fracture, and presented to the
patient along with fracture reduction data for each of the
treatments.

Speed of effect onset should be considered in relation to a
patient’s imminent fracture risk. In some settings, such as recent
fracture or very low BMD, an agent with rapid effect onset may
be preferable to one that takes longer to act. Many RCTs of
osteoporosis therapies have shown benefit for fracture reduction
at the spine within the first year of treatment (e.g., zoledronic acid,
denosumab, and romosozumab) [33, 240]. It is important to treat
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patients promptly after a fracture to reduce future risk. A patient
with a recent fracture and/or very low BMD (e.g., T-score < −
3.0) is at especially elevated risk andmore rapid-acting aggressive
antifracture therapy should be considered.

A systematic review and meta-analysis of 107 RCTs of
osteoporosis interventions in postmenopausal women (mean
age 66 years) with primary osteoporosis was performed and
included in the 2019 Endocrine Society Clinical Practice
Guideline [166]. The Endocrine Society’s treatment algorithm
provides guidance on the management of postmenopausal os-
teoporosis according to fracture risk:

Low risk: (No previous spine or hip fracture; a T-score at
hip and spine above − 1.0 and a FRAX® score below treat-
ment thresholds.) Reassess fracture risk in 2 to 4 years.

Moderate risk: (No previous spine or hip fracture; a T-
score between − 1.0 and − 2.5 and a FRAX® score below
treatment thresholds.) Reassess fracture risk in 2 to 4 years.

High risk: (Prior spine or hip fracture; or a lumbar spine or
hip T-score of − 2.5 or below; and/or a FRAX® 10-year
absolute fracture risk above treatment threshold.) Initial treat-
ment with bisphosphonates (alendronate, risedronate, or zole-
dronic acid). Initial treatment with denosumab as alternative
therapy to reduce fracture risk. (Ibandronate not recommend-
ed to reduce hip and non-vertebral fractures.)

Raloxifene or bazedoxifene to prevent vertebral fractures in
women with a high risk of breast cancer. In postmenopausal

women, estrogen treatment to reduce the risk of vertebral frac-
tures in women with a low risk for deep vein thrombosis and
for whom bisphosphonates or denosumab are not appropriate.
Nasal spray calcitonin should be prescribed only in women
who cannot tolerate raloxifene, bisphosphonates, estrogen,
denosumab, abaloparatide, or teriparatide or for whom these
therapies are not considered appropriate.

Very high risk: (Multiple spine fractures/hip fracture and T-
score of − 2.5 or lower at lumbar spine or hip.) Teriparatide or
abaloparatide treatment for up to 2 years or romosozumab for
1 year. Following a course of anabolic, treatment with
antiresorptive osteoporosis therapies should be used to main-
tain bone density gains.

More information on the Endocrine Society treatment al-
gorithm is presented in the Endocrine Society published
Clinical Practice Guideline [166].

Sequential and combination therapy

Patients with recent fractures and/or very low BMD (e.g., T-
score < − 3.0) are at especially high risk for future fracture(s).
Monotherapy with antiresorptives may not be sufficient to
lower risk to acceptable levels in such patients.
Consideration of more aggressive therapy with combination
or sequential use of antifracture medications may be warrant-
ed [197, 241–245].

Table 12 Treatment of osteoporosis in postmenopausal women and men aged 50 years and older

General principles

• Obtain a detailed patient history pertaining to clinical risk factors for osteoporosis-related fractures and falls.

• Perform physical examination, measure height, and obtain diagnostic studies to evaluate for signs of osteoporosis and its secondary causes.

• Modify diet/supplements, lifestyle, and other modifiable clinical risk factors for fracture.

• Perform vertebral imaging when appropriate to complete risk assessment.

• Decisions on whom to treat and how to treat should be based on clinical judgment using this Guide and all available clinical information.

Consider FDA-approved medical therapies based on the following in adults ≥ 50 years

• Fracture of vertebrae (clinical or subclinical), hip, wrist, pelvis, or humerus.

•DXAT-score − 2.5 or lower in the lumbar spine, femoral neck, or total hip. Predictive value of isolated measurement of 1/3 radius is currently being
investigated (use clinical judgment).

• Low bone mass (osteopenia) and a US-adapted WHO 10-year probability of a hip fracture ≥ 3% or 10-year probability of any major
osteoporosis-related fracture ≥ 20%.

• Patient preferences may indicate treatment for people with 10-year fracture probabilities above or below these levels.

Consider non-medical therapeutic interventions

• Evaluate and address modifiable risk factors related to bone loss and/or falling.

• Referral for physical and/or occupational therapy evaluation (e.g., walking aids and other assistive devices).

• Encourage weight-bearing, muscle-strengthening, and balance-training activities and refer as needed.

Follow-up

• Patients not requiring medical therapies at the time of initial evaluation should be clinically reevaluated as medically appropriate.

• Patients taking FDA-approved medications should have laboratory and bone density reevaluation after 2 years or more frequently when medically
appropriate.

• To identify any new vertebral fractures that have occurred in the interval, vertebral imaging should be repeated if there is documented height loss,
new back pain, postural change, or suspicious finding on chest X-ray, following the last (or first) vertebral imaging test and in patients being
considered for a temporary cessation of bisphosphonate therapy.

• Regularly assess compliance and persistence with the therapeutic regimen (at least annually).
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Combination and/or sequential use of anabolic (e.g.,
teriparatide) and potent antiresorptive (e.g., denosumab) have
been shown to increase BMD and improve bone
microarchitecture and strength more effectively than mono-
therapy with any one agent [239, 241, 242, 246].
Combination therapy in which an anabolic agent and
antiresorptive therapy are co-administered may be appropriate
in a setting of very high risk, such as multiple vertebral frac-
tures. Further studies are needed to test effects of combination
therapy on incident fractures. There are no indications for
combining two antiresorptive treatments.

There is accumulating evidence that BMD and fracture
outcomes are significantly influenced by the order in which
antifracture agents are administered. An anabolic agent ad-
ministered following antiresorptive therapy has demonstrably
less impact on BMD than if the anabolic is administered first
[247–249]. Anabolic therapy after a potent antiresorptive
agent may be followed by an attenuation of effect or even
bone loss [193, 250]. When sequential treatment is consid-
ered, starting with anabolic therapy and following with an
antiresorptive agent is preferred.

Multiple variables affect outcomes: agent prescribed, pa-
tient characteristics, and duration of treatment, for example.
More research is needed to determine the best order and most
appropriate drugs for combination and sequential therapy in
individual patients.

Improving patient adherence with prescribed
treatment

An estimated 25–30% of osteoporosis patients do not start
taking their prescribed medication and 50% or more do not
continue treatment after 1 year [251, 252]. The consequences
are significant: 30% higher incidence of fracture in non-
adherent patients compared to adherent patients with attendant
higher morbidity, mortality, and healthcare costs [253, 254].

Patients may unintentionally fail to initiate treatment due to
forgetfulness, complexity of treatment regimen, and/or drug af-
fordability [255]. In patients who intentionally do not adhere to
recommended treatment, the main reasons cited in studies include
limited knowledge of osteoporosis, fear of side effects, distrust of
physicians or medication in general, and a lack of belief in the
need for medication and/or its effectiveness [256–259].

Acceptance of risk is sometimes influenced by competing
priorities. This is reflected in findings from a systematic re-
view of research on women’s preferences and values in rela-
tion to osteoporosis management published by Barrionuevo
et al. in 2019 [260]. The top-ranked consideration was a tie
between drug effectiveness and side effects. Not as important
were convenience and frequency of doses. (Oral doses were
preferred except in the case of biannual or annual dosing, in
which case, injection ranked higher.) Even less important
were cost and duration of treatment.

Patients often do not understand their personal risk for
fractures and the profoundly negative impact that fractures
could have on their quality of life, particularly their ability to
live independently [261]. This is a challenge inherent to
treating “silent diseases” like osteoporosis in which symptoms
do not get observably better or worse in response to therapy.

Patient awareness of risk for fractures and their devastating
consequences does not guarantee acceptance of antifracture treat-
ment. The 2019 Patient OrientedValue Report commissioned by
BHOF appears to indicate that even when awareness of risks and
available treatments were high, most individuals at risk for a
fragility fracture choose not to takemedications needed to reduce
their risk. Various factors were associated with willingness to
start or continue treatment: dual anabolic–antiresorptive action
increased acceptance of a novel treatment agent; history of fra-
gility fracture increased willingness to continue treatment. In a
subset of patients, side effects and/or cost burden severely limited
willingness to start and stay on treatment [262].

Getting off to a good start matters. Population studies of pa-
tients taking oral bisphosphonates demonstrate a strong associa-
tion between optimal adherence the first year of treatment and
higher rates of adherence in subsequent years. This suggests that
focused support and monitoring early in treatment may help
improve a patient’s long-term adherence and fracture outcomes.

When discussing medication options with patients, solicit their
questions and concerns regarding the drug, dosing regimen (daily,
weekly, monthly, every 6 months, or yearly), its benefits, and side
effects. Asking questions about patient preferences and addressing
fears and misconceptions as part of the medication selection pro-
cess can promote better adherence to prescribed treatment and
better outcomes in the form of fractures and disability prevented.

Duration of treatment

Like any lifelong chronic disease, osteoporosis is most success-
fully managed with continued therapy and monitoring.
Therapeutic benefits can be maintained only with treatment.
Once pharmacologic therapy is stopped, BMD and fracture risk
can be expected to return to baseline or worse—slowly, in the
case of bisphosphonates, or quickly, in the case of non-
bisphosphonates, when discontinuation is associated with accel-
erated bone turnover, rapid bone loss, and increased risk for
spontaneous fractures.

Successful treatment can increase BMD, reduce fracture
risk, and improve T-score to the low bone mass or even the
normal range. However, in a person with a history of osteo-
porosis, a T-score in the osteopenic or normal range does not
change their diagnosis. The patient still has osteoporosis.
BMD may be improved, and fracture risk reduced; however,
microarchitectural deterioration remains, as do disease pro-
cesses responsible for that deterioration.

With this in mind, serial DXA scans must be interpreted in
the context of past DXA T-scores, fracture history, and the
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other factors that established the original osteoporosis diagno-
sis [263]. Changing a patient’s diagnosis to osteopenia from
osteoporosis could limit that patient’s treatment options and
may be detrimental to their bone health.

Available evidence indicates the incidence of rare adverse
events such as AFF increases with longer-term antiresorptive
therapy (over 3 or 5 years depending on agent) [217, 264].
Consideration of potential risks associated with continued
therapy must be weighed against potential risks of
discontinuing therapy.

Bisphosphonate holiday

For patients on bisphosphonates who appear to be at modest
risk of fracture (e.g., T-score > − 2.5 and no recent fracture)
temporary discontinuation (“holiday”) can be considered after
3 years on an intravenous therapy or 5 years on an oral ther-
apy. A bisphosphonate holiday is defined as a temporary sus-
pension of bisphosphonate therapy (up to 5 years) [166, 265].
For patients who continue to demonstrate high fracture risk
(e.g., T-score ≤ − 2.5 and/or recent fracture), continued treat-
ment with a bisphosphonate or alternate therapy should be
considered up to 10 years with an oral bisphosphonate and
up to 6 years with annual IV zoledronic acid. This suggestion
is consistent with ASBMR task force recommendations on
managing patients on long-term bisphosphonate therapy [14].

The rationale for a bisphosphonate holiday is the expecta-
tion that prolonged skeletal retention will confer antifracture
benefits for some period of time, perhaps several years, in
appropriately selected patients. A period off the drug may
reduce risk for ONJ and AFF [221, 229]. Decisions about
how long to treat with a particular drug must be tailored to
individual patients, applying the best available clinical guide-
lines and expert recommendations [266].

For patients treated with a non-bisphosphonate, therapeutic
effect rapidly dissipates with discontinuation. Studies indicate
that discontinuing denosumab results in increased bone turn-
over markers, reduced BMD, and increased risk of multiple
vertebral fractures, especially in patients with a prior vertebral
fracture [192, 267]. The Endocrine Society guideline for treat-
ment of postmenopausal osteoporosis recommends that
denosumab be continued for 5 to 10 years depending on frac-
ture risk [166]. After discontinuing treatment with
denosumab, it is recommended by the FDA that patients be
switched to another antiresorptive agent, such as a bisphos-
phonate, to preserve bone density gains [268]. Studies are
ongoing to assess the time course for starting antiresorptive
therapies after stopping denosumab.

The management algorithm for bisphosphonate treat-
ment in postmenopausal osteoporosis shown in Fig. 6 is
based on ASBMR task force evaluation of data from the
Fracture Intervention Trial Long-term Extension (FLEX)
and the Health Outcomes and Reduced Incidence with

Zoledronic Acid Once Yearly (HORIZON) extension
studies [14]. It suggests that women who experience a
fracture before or after being treated with bisphosphonates
(oral 5 years, IV 3 years) should continue bisphosphonate
therapy (oral up to 10 years, IV up to 6 years). Patients
who fracture on therapy should be assessed for adherence
and secondary causes of osteoporosis. (Note: We lack
sufficient data to make specific recommendations regard-
ing alternative antifracture therapy after prolonged bis-
phosphonate treatment.)

High fracture risk in this algorithm is defined by older age
(70–75 years), 1 or more clinical risk factors for fracture, and/
or FRAX score above country-specific intervention
thresholds. Recommended reassessment includes clinical
evaluation, risk assessment, and bone density measurement
by DXA. The interval between DXA scans should be based
upon changes that are detectable and clinically significant.
Reassessment may be necessary at less than 2 years in patients
with a new fracture or in patients who can be expected to
experience rapid bone loss due to new clinical risk factors
(such as initiation of aromatase inhibitor or androgen depriva-
tion therapy) (See Fig. 6).

Pharmacotherapy should be periodically reviewed to deter-
mine whether treatment should be continued, changed,
stopped, or resumed. It is reasonable to evaluate patients every
1 to 2 years during any hiatus from active bisphosphonate
treatment.

Further research is needed to clarify best practices in this
area, although, as noted by the ASBMR in their report, due to
advanced age, life expectancy, and comorbidities, it is unlike-
ly that future RCTs will provide data for formulating defini-
tive recommendations in this patient population.

Antifracture treatment in men with osteoporosis

Medications currently FDA approved for osteoporosis treat-
ment in men include: bisphosphonates alendronate,
risedronate, and zoledronic acid; bone anabolic teriparatide;
and the RANKL inhibitor denosumab. Unless contraindi-
cated, osteoporosis treatment in hypogonadal men with testos-
terone levels < 200 mg/dL and symptoms of androgen defi-
ciency should include consideration of testosterone therapy. In
hypogonadal men at high risk for fracture who are receiving
testosterone, addition of a proven antifracture therapy is indi-
cated [58].

All FDA-approved medications to treat osteoporosis in men
have been demonstrated in RCTs to increase BMD.
Comparable RCT data for fracture risk reduction exist but are
more limited. Fixed-effects meta-analyses of 22 studies dem-
onstrated significantly fewer vertebral fractures in men taking
alendronate (67% reduction) and risedronate (57% reduction),
but not in men taking calcitonin or denosumab [269]. Another
meta-analysis, conducted for the USPSTF found that available
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data suggest zoledronic acid reduces risk of morphometric ver-
tebral fractures in men by 67%, with no comparable reduction
in risk of clinical vertebral fractures or hip fractures [22].

None of the RCTs evaluating efficacy of bisphosphonates
in treating men with cancer treatment-induced bone loss
(CTIBL) have been powered to evaluate fracture rates as a
primary outcome. However, the denosumab Hormone
Ablation Bone Loss Trial (HALT) was adequately powered
to demonstrate a statistically significant decrease in new ver-
tebral fractures in men treated for 3 years with denosumab
(1.5% versus 3.9% with placebo, relative risk = 0.38; 95%
CI = 0.19–0.78; P = 0.006) [270, 271].

Antifracture treatment in patients treated with
glucocorticoids

An estimated 3% of adults aged 50 years and older are treated
with glucocorticoids [272]. Glucocorticoid therapy is associat-
ed with an early increased risk of fractures through multiple
mechanisms, including accelerated bone resorption; alterations
in PTH pulsatility; and reduction in bone formation, sex ste-
roids, and renal calcium reabsorption [273]. Glucocorticoids
cause a dose-dependent loss of BMD in the spine and hip, with
the greatest loss in vertebral trabecular bone [274]. Among
glucocorticoid users, fracture incidence rises with longer-term
use of prednisone (over 5 years), higher doses (> 7.5 mg/day),
older age (> 55 years), female sex, and Caucasian ethnicity
[275].

The American College of Rheumatology (ACR) 2017
guidelines recommend risk stratifying patients when making
decisions about antifracture treatment. Adults ≥ 40 years of
age receiving long-term glucocorticoids should be designated
as either moderate-to-high risk or low risk of fracture based on
BMD, fracture history, and 10-year FRAX® fracture score

(with glucocorticoid use selected on FRAX calculator).
FRAX® calculations assume a prednisolone dose of 2.5–7.5
mg/day (prednisolone and prednisone doses are nearly equiv-
alent). For people taking higher doses (> 7.5 mg/day), propor-
tional increases in fracture risk can be approximated by
raising the FRAX® score: a relative 15% for major osteopo-
rotic fracture and 20% for hip fracture risk [88]. For example,
a hip fracture risk estimated at 2.0% with glucocorticoid use
checked in FRAX® should be increased to 2.4% if the pa-
tient’s prednisone dose is higher than 7.5 mg/day.

Regardless of glucocorticoid dose, patients who exceed the
adjusted FRAX® intervention threshold should receive
antifracture pharmacotherapy. Likewise, treatment should be
initiated in postmenopausal women and men ≥ 50 years of age
on glucocorticoid therapy who experience a fragility fracture
and/or have a T-score of − 2.5 or lower.

Antifracture treatment in glucocorticoid users has been
shown in a Cochrane analysis of RCTs to reduce new verte-
bral fractures by 43%, similar to effects seen in postmeno-
pausal osteoporosis [276]. In a 3-year study reported by
Saag et al., teriparatide produced greater increases in BMD
and fewer new vertebral fractures than alendronate in compa-
rable glucocorticoid-treated patients [277]. No significant dif-
ference was observed in hip or non-spine fracture outcomes.

Meta-analysis of 3 large RCTs suggests that
denosumab is effective in treating patients on glucocor-
ticoids, outperforming bisphosphonates in its effects on
lumbar spine and total hip BMD in patients with GIOP.
The studies were not sufficiently powered for fracture
outcomes [278].

There has been concern that, theoretically, denosumab
could increase infection risk in patients on glucocorti-
coids or concomitant biologic therapies. Data currently
available suggest any such increased risk is low and/or

Fig. 6 Management of long-term
bisphosphonate (BP) treatment in
postmenopausal women. Note:
This flowchart illustrates
ASBMR task force recommenda-
tions for management of patients
taking bisphosphonates. All other
osteoporosis drugs lose effect
rapidly when discontinued and
must be promptly followed by al-
ternative antifracture therapies.
Adler RA, et al. (2016), J Bone
Miner Res [14]
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comparable to that seen with risedronate and zoledronic
acid [279–282].

Antifracture treatment for older-old adults

Current data show that antifracture treatment confers benefits
throughout old age. In healthy community-dwelling adults
over age 75 years, reported fracture reduction with zoledronic
acid, denosumab, teriparatide, and abaloparatide is similar to
that seen in younger community-dwelling adults [237,
283–285]. In frail elderly long-term care patients, safety and
BMD improvement have been demonstrated in RCTs of
alendronate and zoledronic acid treatment [286, 287].

Monitoring treatment response

Appropriate response to treatment and the need for continued
medication to treat osteoporosis should be reviewed annually.
Clinical assessment should be performed to identify new frac-
tures, falls, and/or new or worsening comorbidities. Repeat
bone densitometry and vertebral imaging should be done in
patients exhibiting signs of vertebral fracture, such as height
loss or back pain. It may be appropriate to measure biochem-
ical markers of bone turnover in specific patients.

Ongoing clinical assessment

It is important to have accurate baseline values against
which to compare serial test results. For example, signif-
icant height loss detected through yearly measurement
may be an indicator of disease progression. Wall-
mounted stadiometers are more reliable than freestanding
devices. Patients who lose 0.8 in. or more in height either
acutely or 1.5 in. cumulatively should have repeat verte-
bral imaging to determine if fractures have occurred since
prior tests. Vertebral fracture while on treatment is asso-
ciated with very high fracture risk. Consideration of un-
treated secondary causes of bone loss and/or changes to
therapy are appropriate in such patients.

Typically, subclinical morphometric vertebral fractures are
diagnostic of osteoporosis. In a patient with significant height
loss, diagnosis can be confirmed with VFA performed at the
same time as BMD on most modern DXA systems or with
conventional lateral thoracic and lumbar spine X-ray.

Serial BMD measurement

Central DXA assessment of the total hip, femoral neck, or
lumbar spine is the “gold standard” for serial assessment of
BMD. Biological changes in BMD are small compared to
inherent error in the test itself, and accurate interpretation of
serial BMD studies requires knowing the smallest change in
BMD that exceeds testing error. This least significant change

(LSC) differs with the densitometry device used, patient
assessed, measurement site, and technologist’s skill with pa-
tient positioning and test analysis [288]. BMD changes of less
than 3–6% at the hip and 2–4% at the spine may be due to
precision error of the testing itself. The BHOF recom-
mends considering monitoring BMD at the 33% radius
in patients for whom BMD cannot be measured at the
spine or hip and in those with hyperparathyroidism or
hyperthyroidism or on androgen deprivation therapy for
prostate cancer, in those undergoing orthopedic surgery of
an upper extremity, or according to clinical judgment [8,
11]. Information on how to assess precision and calculate
the LSC for a particular device and/or facility is available
at http://www.ISCD.org.

Serial central DXA testing is an important component
of osteoporosis management. Measurements for monitor-
ing patients should be performed in accordance with med-
ical necessity, expected response, and in consideration of
local regulatory requirements. According to the ISCD,
intervals between testing should be guided by the clinical
status of each patient. A follow-up BMD should be done
after 1 year of initial therapy or a change in therapy, with
longer intervals once an effective treatment is established.
The American College of Physicians recommends against
monitoring BMD in postmenopausal women within a 5-
year treatment interval. However, this recommendation
was based on low-quality evidence and was rated as a
weak recommendation [289]. The BHOF recommends re-
peating BMD assessments every 2 years in adults ages 65
and older, with the understanding that testing less or more
frequently may be warranted in individual patients.

DXA is currently the preferred approach for monitoring
treatment response. According the ISCD, if DXA is not avail-
able, QCT of the spine or hip or pQCT of the radius can be
used in high-risk individuals for decisions regarding treat-
ment. Information about the use of these measures and
QCT-based finite element analysis for clinical decisions re-
garding monitoring and treatment can be found on the ISCD
website at https://iscd.org/learn/official-positions/adult-
positions/ [59, 290, 291]. Of note: central QCT requires high
exposure to ionizing radiation [292].

Biochemical markers of bone turnover

Monitoring bone turnover markers is an alternative way of
identifying poor response or nonadherence to therapy. In large
RCTs, decreased biochemical markers of bone resorption after
3–6 months of treatment with specific antiresorptive therapies
and increased biochemical markers of formation after 1–3
months of specific anabolic therapies have been predictive
of greater BMD responses and (in some cases) fracture risk
reduction [93, 293]. In order to be meaningful, changes in
biochemical markers must exceed the LSC for the specific
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biomarker being measured. The LSC is calculated by multi-
plying the “precision error” of a biochemical formation mark-
er (laboratory provided) by 2.77 (95% confidence level). Tests
should be obtained early morning after overnight fast to offset
effects of diurnal variation and diet. Serial measurements
should be made at the same time of day at the same laboratory.
(See “Biochemical markers of bone turnover” section.)

Vertebral imaging/vertebral fracture assessment (VFA)

When current imaging byMRI and/or CT performed for other
purposes is available, it should be evaluated for identification
of vertebral fractures. Vertebral fractures can be directly im-
aged using standard lateral spine X-ray or DXA-based VFA.
Once the first vertebral imaging test has been performed to
determine prevalent vertebral fractures (indications above),
repeat testing should be performed to identify incident verte-
bral fractures if there is a change in the patient’s status sug-
gestive of new fracture, including documented height loss,
undiagnosed back pain, postural change, or a finding of new
vertebral deformity on chest X-ray [67]. If patients are being
considered for a bisphosphonate holiday, vertebral imaging
can be done to identify any fractures that have occurred during
treatment, which would indicate the need for continued treat-
ment with bisphosphonates or another antifracture agent. (See
“Vertebral fracture assessment” section.)

Rehabilitation following fragility fracture

Patient care following fragility fracture is a complex process
involving three components: minimizing pain, reducing frac-
ture risk, and improving function. Such multifaceted care is
most effectively accomplished by a coordinated team of health
professionals, often overseen by a primary care provider or, in
ideal circumstances, by dedicated fracture liaison (FLS)
personnel.

Ongoing physical activity that supports healing and main-
tenance of bone mass is a key part of rehabilitation following
fracture. For patients with fractures or at high risk for fractures
instruction in safe body mechanics can reduce disability, im-
prove physical function and quality of life, and lower risk for
injurious falls.

The most common fragility fractures are those of the prox-
imal femur (hip), vertebrae (spine), and distal forearm (wrist)
[294]. All contribute to disability, pain, and reduced quality of
life. An estimated 21% of hip fracture patients 60 years and
older die in the year following fracture [295, 296]. Vertebral
fractures, which can cause pain and disability, confer smaller
but significant increases in hospitalization and mortality risk
[297, 298].

Hip fracture rehabilitation

Hip fracture typically requires surgical repair or replacement
(proximal femur and/or acetabulum). While RCT data are
sparse on the impact of specific rehabilitation protocols, set-
tings, and durations, large observational studies conducted in
Italy and Taiwan suggest a mortality benefit for patients who
receive intensive, inpatient rehabilitation following hip frac-
ture [299, 300]. Patients who received continuous inpatient
rehabilitation had lower death rates at 6 and 12 months than
those receiving no therapy or, in the case of the Italian study,
those receiving outpatient physical therapy. Furthermore, in a
small, randomized trial of functionally limited older adults
who had received standard rehabilitation after hip fracture,
an additional program of home-based function-oriented activ-
ities resulted in modest improvement at 6 and 9 months after
randomization. Additional RCTs are needed to assess the clin-
ical relevence of these findings [301].

Fewer than half of hospitalized hip fracture patients recover
their pre-fracture competence in activities of daily living [302].
Only one fourth regains previous levels of social functioning
[303]. Six months after a fracture, just 15% of hip fracture
patients can walk across a room unaided [304]. Consequently,
10–20% of those living independently before a hip fracture
require institutional long-term care afterwards [305].

Vertebral fracture rehabilitation

Two thirds of vertebral fractures are subclinical “silent” frac-
tures. The typical symptomatic vertebral compression fracture
is characterized by intense back pain lasting more than a cou-
ple of days that gets better when the patient lies down. If a
spine fracture is suspected, further evaluation by X-ray, MRI,
CT, or VFA can confirm the diagnosis.

Vertebral fractures do not usually require hospitalization
[306]. However, multiple thoracic and lumbar fractures can
cause spinal deformity, leading to restrictive lung disease,
constipation, pain, distention, and reduced appetite [307,
308]. Chronic pain, postural weakness, and altered gait can
result in impairment equal to that following a hip fracture.

Treatment for acute vertebral fracture includes use of anal-
gesics, bracing (for 2 to 6 weeks), and partial bed rest (4 days
or less). If bed rest is recommended, a few 30- to 60-min
periods each day of sitting upright and walking around are
valuable to avoid stiffness and prevent loss of bone and mus-
cle tissue. Prolonged inactivity should be avoided. Removal of
mechanical loads and/or resistive stresses stimulates bone re-
sorption, further weakening bone and muscle [309, 310].

A variety of light-weight back braces and postural supports
are available that restrict spinal motion near a fracture site to
ease pain and promote healing. Bracing may facilitate stimu-
lation of proprioception to improve spinal extensor muscle
control. These orthoses are custom molded and can be fitted
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by a physiatrist, physical therapist, or other trained clinician. A
systematic review, including 4 RCTs (n = 281), investigated
effects of spinal orthoses after a vertebral fracture during the
acute and chronic phases post-fracture. Evidence for the ben-
efit of bracing on pain in the acute phase (3–12 weeks after
fracture) is lacking. However, there is low-quality evidence
(high risk of bias due to no blinding) that bracing may have
beneficial effects on pain, spinal strength, kyphosis, pulmo-
nary volume, and quality of life at 6 months following frac-
ture. Bracing worn 2 hours a day over 6 months appears ben-
eficial. Type of brace does not appear to make a difference.
There is no evidence that bracing improves physical function
or disability [311].

Wrist fracture rehabilitation

Osteoporosis-related forearm or wrist fractures (fractures of
the 1/3 radius, ulna, or both) are the most common fractures
of the upper extremities. Depending on the type of fracture,
treatment may consist of splint, cast, or brace immobilization.
If a radius fracture is not displaced, a cast or functional brace is
used until there is radiographic evidence of union. Surgical
treatment has been used more recently because of faster func-
tional recovery. Open reduction with internal fixation (ORIF)
and closed reduction with percutaneous pinning (CRPP) are
procedures often used for unstable distal radius fractures [39,
312, 313]. During the cast or bracing stage, arm elevation,
early mobilization, and edema-control measures are
implemented.

There is literature to suggest that early rehabilitation
focused on digital mobility yields superior functional out-
comes and patient satisfaction [314]. Targeted therapy can
improve finger dexterity, even while the hand is
immobilized in a cast. Unfortunately, 90% of wrist frac-
ture patients are not referred to physical/occupational
therapy during this critical period.

Management of acute fracture pain

Because pain is a barrier to movement and activity, effective
pain management is a cornerstone of fracture rehabilitation,
preservation of bone tissue, and ongoing fracture prevention.
Conservative therapeutic options for acute pain from recent
vertebral fractures include analgesics such as acetaminophen,
nonsteroidal anti-inflammatory drugs, narcotics, and calcito-
nin, as well as limited bed rest, bracing, physical therapy,
nerve root blocks, and epidural injections.

Multifactorial pain management strategies are currently
underutilized. The recent US National Pain Strategy Report
emphasizes the need for development and implementation of
effective interdisciplinary pain treatment programs focused on
patient-directed self-care that employ a range of approaches,
both pharmacologic and non-pharmacologic [315].

Multimodal painmanagement is now amandated performance
measure for hospitals and medical facilities accredited by The
Joint Commission (USA). These modalities include acupunc-
ture therapy, chiropractic therapy, ice/heat, massage therapy,
physical therapy (PT), electrical stimulation (E-Stim), relaxa-
tion therapy, and cognitive behavioral therapy (CBT) [316].

In the 3–5 days immediately following fracture, acetamin-
ophen and/or low-dose narcotics administered around the
clock (rather than as needed for pain) can work very well in
appropriate patients [317]. When given on a regular schedule
over several weeks, this regimen allows patients to remain
active and avoid disuse-related muscle and bone loss.
Specialist referral is advisable if neurologic involvement is
suspected.

Calcitonin salmon has been shown to dramatically reduce
acute pain due to recent, nontraumatic osteoporotic vertebral
crush fractures. One small RCT that randomized patients to
calcitonin nasal spray or placebo spray plus high-dose acet-
aminophen reported that calcitonin-treated patients had signif-
icantly better pain control. This was associated with weeks-
earlier mobilization and functional improvement (sitting,
standing, walking).

To prevent falls, it is essential to consider disorientation,
sedation, and other potential side effects of pain medications,
either alone or in combination with other drugs. Because
many fracture patients are medicated simultaneously for mul-
tiple comorbid conditions, a medical history should include
careful attention to potential polypharmacy and drug interac-
tions that could contribute to fall-inducing side effects.

Surgical procedures for acute painful vertebral
fracture

A primary source of the intense pain caused by vertebral
fracture is movement of fracture margins and/or bone
fragments against one another. This is a particular prob-
lem in the lumbar spine, which is highly articulated to
allow free flexion and rotation. Immobilizing fractured
vertebral bone dramatically reduces pain. Prolonged bed
rest is not an ideal remedy given resultant deconditioning
and bone loss. Extended bracing and physical therapy
have been used for this purpose.

Patients with severe acute fracture pain may benefit from
referral to a pain specialist and/or interventional radiologist.
Unremitting pain that persists despite conservative therapy
may respond to short-term specialist treatment and/or mini-
mally invasive vertebral augmentation surgery [318, 319].

Although RCTs comparing vetebroplasty/kyphoplasty to
medical management (but not to placebo) have reported con-
flicting results, some studies found short-term pain control
with vertebral augmentation [320–323]. However, when in
2019, the second ASBMR task force compared vertebral aug-
mentation procedures to sham procedures (with/without
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injected analgesia), it reported little benefit of vertebroplasty
for pain control in either acute or sub-acute fracture and
insufficient evidence to recommend kyphoplasty over nonsur-
gical management [324].

Serious complications reported with these procedures
include cement pulmonary embolism, osteomyelitis, and
epidural cement leak. While fractures of adjacent verte-
brae have been reported, analyses of study data are incon-
clusive [325–328]. Additional long-term data from large
well-designed, placebo or sham-operated controlled RCTs
are needed to clarify issues related to safety and efficacy
of these procedures. Treatment for severe pain should be
individualized. Whether recommending specialist surgical
or nonsurgical management for pain associated with spine
fractures, clinicians should prescribe antifracture phar-
macotherapy for the underlying osteoporosis.

Managing chronic post-fracture pain

Acute pain typically resolves 6–8 weeks following vertebral
fracture. However, some people have pain for months or years
after a fracture heals. Persistent pain like this can make it
difficult to sleep, walk, and eat; it can make a person irritable
or depressed by depriving him or her of independence and
meaningful participation in self-care and community life.

The need for continued activity to prevent loss of bone and
muscle mass underlines the importance of pain control.
Untreated pain is a strong incentive to avoid potentially pain-
ful activities and develop sedentary behavior. This can quickly
lead to musculoskeletal deterioration and frailty. Early and
sustained physical engagement is essential to restoration of
function and quality of life.

Complications of analgesic drugs, such as addiction,
kidney failure, and gastrointestinal bleeding, limit their
long-term use for many patients. Increasingly, clinicians
are employing a variety of non-pharmacologic approaches
to managing persistent pain, including cognitive behavior-
al therapy, hypnosis, mindfulness training, biofeedback,
and stress management. As there are few studies of psy-
chological therapies for chronic pain, available evidence
is of low-to-moderate quality, and data in support of one
modality over another are not currently available
[329–331]. Additional research is needed that focuses on
risks and benefits for people with osteoporosis and related
fractures [332] (Table 13).

Patients with pain following fragility fractures may
benefit from one or more of the therapeutic interventions
described in Table 13. Recommendations are based on
available evidence with limited RCT data to support the
clinical effectiveness of many of these practices. It is
highly recommended that patients work alongside trained

professionals and/or an interprofessional team for a given
modality.

Protecting fragile bones in daily life and recreation

Following a fragility fracture, modifications to standard
activities of daily life and recreation should be considered
to prevent subsequent injury. A trained physical therapist
and/or occupational therapist can be instrumental in edu-
cating patients about safe body dynamics (Fig. 7).

Avoidance of prolonged or excessive loading of individual
skeletal sites is a fundamental principle of safety for people
with osteoporosis. Distribution of skeletal load is achieved by
alignment of the head, shoulders, spine, hips, knees, and an-
kles, which centers the body’s mass over the lower extremi-
ties. The following should be avoided in patients with bone
fragility. (Spine-sparing modifications provided.)
& Slouching, with head forward, trunk collapsed, and hips

positioned forward of center of gravity.
– Modification: Support back while seated to maintain
aligned posture with head in neutral alignment.

– Modification: Alternate periods of prolonged standing
or sitting with 5–10 min of walking or lying supine.

& Lifting an object by bending forward from the waist with
legs straight.
–Modification: Bend with knee and hips not spine, stand
close to load when bending, hold load close to body.

– Modification: Use grabber to lift lightweight ob-
jects, step forward with back straight and knee bent
to lower body.

& Vacuuming with rotated trunk and feet planted, pushing
and pulling with arm fully extended, bending and twisting
at waist.
– Modification: Step to turn so that leading foot, torso,
and extended arm face the same direction.

–Modification: Shift weight from front to back foot with
a straight spine to move the vacuum back and forth.

Recreational pursuits and athletic activities that exert in-
tense forces on weakened bone and/or involve abrupt or
high-impact loading can break bones in people with osteopo-
rosis http://www.bonehealthandosteoporosis.org/wp-content/
uploads/BoningUpBrochure_8.5x11.pdf [355–357].
Fortunately, many can be modified for safety with input
from a trained physical therapist. Ensuring that patients
understand potential risks, while focusing on safe
approaches to preferred pastimes and sports enables patients
to stay active. Potentially injurious activities for individuals
with osteoporosis include the following:
& Jumping rope or jumping on a trampoline
& Horseback riding, downhill skiing, parasailing, sky diving
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Table 13 Pain management strategies and interventions for osteoporotic fractures [333–336]

Pain management measure Applications and considerations for osteoporosis patient care

Acetaminophen 650 mg orally every 4–6 h; maximum dose 4000mg/day for treatment of mild to moderate pain. No evidence of benefit
for neuropathic pain. Liver damage risk (overdose) [336].

Acupuncture Acupuncture has been demonstrated to control pain in patients with chronic low back pain. Many health insurance
providers now offer coverage for these therapies; however, the quality of evidence for their efficacy is low (issues of
study design, placebo effect, etc.) [337].

Antidepressants
Amitriptyline
Duloxetine

First-line therapies for neuropathic pain. Amitriptyline (tricyclic antidepressant) 25–100 mg orally once daily or in 2
divided doses. Max single dose 75 mg, doses > 75/day should be used with caution in adults > 65 years [336].
Duloxetine serotonin–norepinephrine reuptake inhibitor (SNRI) 60–120mg orally once daily or in 2 divided doses. Side
effects common to both: somnolence, increased suicidal thoughts, headache, dizziness, dry mouth. Additional side
effects amitriptyline: tremor, tachycardia, orthostatic hypotension, constipation, weight gain, urinary incontinence
(multiple contraindications). Additional side effects duloxetine: increased blood pressure [338].

Anti-inflammatories
(NSAIDs)

Dose depends on drug. Beneficial for suppressingmild-to-moderate inflammation-related pain. May delay bone healing
following fracture, except anti-COX-2 NSAIDs. Over-the-counter NSAIDS taken every 6 h following fracture or
alternatingwith acetaminophen can helpwith pain relief. Adverse reactions of concern include gastrointestinal bleeding,
renal insufficiency, myocardial infarction, stroke, and dizziness. No evidence of benefit for neuropathic pain.

Antiepileptics
Gabapentin
Pregabalin

First-line therapies for neuropathic pain. Gabapentin 900–3600 mg orally in 3 divided doses. Pregabalin 300–600
mg/day orally in 2 divided doses [336]. Side effects in common: dizziness, somnolence, headache, peripheral edema,
nausea, blurred vision, and increased suicidal thoughts. Use with caution in patients with impaired renal function. Abuse
and dependence have been reported. Additional side effects/risks of gabapentin: fever, infection, lack of coordination.
Additional side effects of pregabalin: weight gain and disorientation.

Antispasmodics Efficacy in relieving pain is not well established and risk for adverse (anticholinergic) effects is high [339].May increase
risk for falls, constipation, and indigestion.

Aspirin 350–650 mg orally every 4 h; maximum dose 3600 mg/day [336]. Beneficial for mild pain (temporary uses). Adverse
reactions of concern include gastrointestinal bleeding, tinnitus, insomnia, and dizziness. No evidence of benefit for
neuropathic pain.

Bed rest (limited/intermittent) While prolonged bed rest causes bone and muscle loss, immediately following vertebral compression fracture, patients
are generally prescribed an initial period of strict bed rest (no sitting or standing) [340]. Even when a patient is back on
his/her feet, lying flat for 10 min every couple of hours, for example, is recommended to support activity by keeping
pain under control. Further RCT evidence is needed to support specific protocols for rest during recuperation from
vertebral fracture [341].

Bracing and spinal orthoses A variety of soft, semirigid, rigid, and dynamic braces are available for use following vertebral fracture to control pain,
promote fracture consolidation, support posture, and improve balance, physical function, and quality of life [342].
Patients typically are instructed to wear orthoses for 12 to 24 weeks until resolution of pain and vertebral instability.
RCT data are currently lacking to make evidence-based recommendations [311].

Calcitonin salmon Calcitonin salmon has been found to mitigate acute pain from recent vertebral fractures. Limiting use duration is
recommended due to potential increased risk for cancer. Not shown to be effective at ameliorating chronic pain from
vertebral fractures [343].

Cognitive behavioral
therapy (CBT)

Although RCT data are not available, studies have demonstrated CBT and other psychosocial complementary therapies
can improve function and quality of life in patients suffering from chronic pain [344, 345].

Complementary therapies Deep breathing, progressive muscle relaxation, guided imagery, and other relaxation techniques can help release muscle
tension and direct a patient’s attention away from pain and related anxiety. Biofeedback therapy can be helpful for
managing acute and/or chronic pain due to fractures. Referral should be made to biofeedback specialist [336].

Electric stimulation (E-Stim) E-Stim, also called transdermal electrical nerve stimulation (TENS), considered an effective non-pharmacologic therapy
for chronic pain, uses transmission of a mild electrical current applied to a patient’s skin at the site of injury or pain
[346]. Referral to physiatry or physical therapy is required.

Ice and heat Application of ice and/or heat, alternating or individually, can promote healing and be effective in reducing swelling,
improving blood flow, and relieving pain of muscle spasms. Specific injury dictates appropriate method, purpose, and
application (e.g., heat may not be appropriate for acute fracture with inflammation).
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& Running/jogging (beneficial for hip BMD, can be danger-
ous for low spinal BMD)

& Golf, tennis/racquet ball, and bowling (done convention-
ally with twisting at waist)

The fear of fracture can be a powerful incentive to avoid
physical activity, causing predictable harm to bone, muscle,
and general health. Spine-sparing strategies for approaching
tasks and pastimes help prevent injury while promoting con-
tinued mobility and self-confidence. Rather than blanket re-
strictions (e.g., no bending, no lifting > 10 lb). BHOF recom-
mends guidance on spine-sparing techniques (e.g., hip hinge)
by trained occupational and/or physical therapy professionals
who have experience working with older individuals.

Safety considerations for physical activity

Older adults with low bone density, osteoporosis, and frac-
tures can safely benefit from activities that promote muscle
strength and balance. In the LIFTMOR study, supervised
high-intensity physical activity increased bone density, im-
proved function, and reduced kyphosis in postmenopausal
women aged 65 ± 5 years with osteoporosis and
osteopenia—without elevating risk for vertebral fractures
[358, 354].

On the other hand, when done incorrectly, high-intensity
and/or impact activities can cause musculoskeletal injuries,
especially in people with vertebral fractures, sarcopenia, or
cognitive impairment. However, with appropriate technique,
intensity, and therapeutic progression, even these vulnerable
populations can realize improvements in physical perfor-
mance [359, 360].

Supervision is recommended to ensure physical activi-
ties are safe and sustainable given an individual’s health
status, bone fragility, and overall fitness. Individuals with
low bone density, osteoporosis, or spinal kyphosis should
engage in physical activities with a straight or supported
back. Activities that are typically performed with flexion
(forward bending under stress) should be avoided unless
they are modified to protect the spine. Extreme, end-of-
range flexion or rotation should be avoided, especially
when loaded (as in lifting objects from the floor). Slow,
controlled twisting with the spine supported is acceptable
as is midrange (but not end-range) spine flexion/extension

Table 13 (continued)

Massage Although no large-scale RCT data exist, evidence from small studies suggest that massage may improve post-fracture
pain and disability compared to sham therapies and other non-manipulative interventions (such as relaxation tech-
niques). The ACP guideline on management of chronic low back pain includes a strong recommendation for massage
therapy, chiropractic therapy, or spinal manipulation (acknowledged low-quality evidence) [347]. Intense or deep-tissue
massage therapy should be avoided in people who have experienced fragility fractures. Cases of massage-induced
fractures have been reported [348].

Nerve root block injection Percutaneous dorsal root ganglion block (nerve block) has been demonstrated to provide immediate and prolonged
improvement of chronic pain from vertebral osteoporotic compression fracture in patients who failed conservative
treatment or had residual pain after vertebroplasty [349, 350]. Lidocaine injection provides significant short-term (up to
2 weeks) pain relief in new fractures [351] and may promote early mobilization. TheAAOS includes nerve root block in
its recommended treatments of acute pain following vertebral fracture [352].

Opioids Opioids are very effective analgesia for acute pain. However, if used chronically, they lose potency, induce dependence,
raise risk for addiction, and lead to constipation, falls, and central sensitization. Recommended only for very short-term
use with acute fractures. Hence, non-narcotic treatments are preferred.

Topical pain relievers
Capsaicin
Lidocaine

Lidocaine 1.8% or 5% patch applied to intact skin at site of pain for up 12 h daily is recommended for chronic peripheral
neuropathic pain. Capsaicin 8% patch is a second-line therapy that can be applied in a clinical setting every 3 months
[336]. Side effects common to both: application site pain/skin irritation, pruritus, and erythema. Capsaicin can increase
blood pressure transiently and can lead to desensitization. Over-the-counter preparations of menthol, methyl salicylate,
or OTC capsaicin have shown little to no effect on chronic pain.

Vertebroplasty/kyphoplasty (Not generally recommended) Little benefit of vertebroplasty for pain control and there is insufficient evidence to
recommend kyphoplasty over nonsurgical management [324].

Fig. 7 Daily activities and household chores can bemodified to minimize
r isk for vertebral fractures . (NOF [2019] Boning Up on
Osteoporosis) [357]
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in which some of the body’s weight is supported by ex-
tremities (bent knee, arm behind back, etc.) (Fig. 8).

Recommended progressive resistance training, balance
training, and increased loading exercises include the following
(Table 14):
& Lifting weights using back-safe position and technique
& Pulling elastic exercise bands
& Correct use of weight machines (back lying, side lying, etc.)
& Lifting one’s own body weight, such as one-foot stands,

and toe rises
& Balance exercises that strengthen legs and challenge bal-

ance, such as tai chi or slow/controlled dancing
& Balance exercises with cognitive element progressing in

complexity, e.g., walking a pattern, walking a pattern
while holding a cup (mimics real life high-fall-risk
situations)

& Posture exercises that strengthen back extensor muscles
and improve core stability

& Functional exercises (simulating common movements/
ADLs)

The American Board of Physical Therapy Specialties offers
certification to qualified physical therapists who specialize in
geriatrics. Patients can find a board-certified geriatric physical
therapist in their area through the public portal on the American
Physical Therapy Association’s website (http://apta.org).

Secondary fracture prevention

Ideally, all at-risk individuals could be identified and managed
to prevent their first fracture (primary prevention).
Improvements have been made in detection and management
of osteoporosis in women aged 65 years and older. Medicare
utilization data show many women in this age group are cur-
rently screened by DXA in compliance with HEDIS mea-
sures, an increase from 64.4% in 2006 to 72.5% in 2017.
Improvements have been seen in treatment following fracture
(secondary prevention).Medicare utilization data show testing
and treatment rates following any fracture increased from
20.4% in 2007 to 41.1% in 2020 [361]. However, analysis

of Medicare data from 2008 to 2014 found that following
hip fracture repair, fewer than 1 in 5 women received recom-
mended interventions, despite being at very high risk for fu-
ture fractures [362].

Other studies have shown evenworse rates, with up to 95%
of patients discharged following hip fracture repair with no
antifracture treatment and a 2.5-fold increased risk of future
fracture [29, 30, 363]. Failure to treat high-risk patients can
lead to disability and premature death that might have been
avoided with appropriate care.

Patient perceptions and beliefs contribute to underutili-
zation of effective osteoporosis therapies. As detailed in
the ASBMR report on secondary fracture prevention, most
patients do not recognize fracture as a symptom of disease
[363, 364]. Clinicians may find it challenging to convince
a patient that tripping and breaking a bone is not bad luck,
or a particularly hard fall, it is osteoporosis and it will
lead to additional fractures if untreated, particularly in
the short term.

Understanding the link between treatment and fracture is
critical to motivating patients to undertake the many indi-
vidual steps required to reduce their risk. Simple interven-
tions to preserve bone strength can be recommended at each
office visit. In addition to antifracture medication, these

Fig. 8 For people with osteoporosis, the harm or benefit conferred by
exercise depends on the specific movement involved. Activities that
require spinal flexion (forward bending) increase risk of vertebral
fracture, while activities that involve spinal extension decrease risk
[355]. (Source: Sinaki M, Mikkelsen BA [1984] Arch Phys Med Rehabi)

Table 14 How much physical activity? BHOF recommendations for people with osteopenia and osteoporosis [54, 357].

Weight-bearing activities 30 min on most days of the week in a single 30-min session or in multiple sessions spread throughout the day. (The
stimulus has to be greater than what body is used to.)

Muscle-strengthening activities Two to three days per week. Can be done all at once or in multiple short sessions, full body or one body part per day.
(For example, arms one day, legs the next and trunk the next.)

Balance, posture, and
functional activities

Every day or as often as needed. Focus on area of most need: If patient has fallen, balance activities should be
emphasized. If patient is hyperkyphotic, focus should be on posture activities. If patient has trouble climbing stairs
or getting up from the couch, he/she should domore functional exercises. These activities can be performed at one
time or spread throughout the day.
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interventions include adequate intake of calcium, vitamin
D, and protein; regular participation in weight-bearing and
muscle-strengthening physical activity; cessation of tobac-
co use; and recognition and treatment of alcohol abuse.

There are structural factors that contribute to the problem of
osteoporosis underdiagnosis and undertreatment as well.
Skeletal health overlaps multiple specialties of practice, in
both inpatient and outpatient settings. In today’s fragmented
healthcare environment, it can be unclear who is responsible
for bone health. The orthopedic surgeon who repairs a hip
fracture may assume the primary care doctor has it covered,
while the primary care doctor assumes the orthopedist took
care of any needed bone-related diagnosis and/or treatment
when the patient was hospitalized. Continuity of care is com-
plicated by multiple handoffs, particularly after hospitaliza-
tion: skilled nursing stay, home health, etc. Not only that, there
is the challenge of identifying patients at highest risk due to
the fact that most fractures occur in people with bone density
above the threshold diagnostic of osteoporosis. They have low
bone density, but not low enough to meet bone density criteria
for intervention [365].

Institutional approaches to secondary fracture preven-
tion have been initiated in the USA and abroad to ensure
that patients who fracture are evaluated, treated, and
followed so that the potential cascade of fractures is
stopped after the first. Evidence-based practice models
have emerged that can be adapted for various clinical
practice settings. One such model gaining acceptance is
the fracture liaison service (FLS).

The fracture liaison service model of care

The FLS system of care in the USA was developed through
the National Bone Health Alliance (NBHA), a public–private
partnership of 50-plus member organizations along with rep-
resentatives from the Centers for Disease Control and
Prevention, Centers for Medicare & Medicaid Services,
National Institutes of Health, and the US Food and Drug
Administration [13].

In an FLS system, a multidisciplinary team of healthcare
providers works in coordination to implement evidence-based
diagnostic and treatment protocols to follow for post-fracture
care. The process is overseen by an FLS coordinator (a nurse or
other allied health professional) who is charged with overall
organization, tracking, and documentation of post-fracture pa-
tient care. It is a simple concept, yet its implementation is com-
plicated, requiring planning, division of responsibilities, coor-
dination of staff, systematic and consistent patient monitoring,
and knowledge of billing and coding technicalities. Because
management of osteoporosis is a multidimensional and long-
term undertaking, treatment plan coordination is critical to its
effectiveness. Equally critical is patient collaboration. Every

aspect of the plan must accommodate patient needs, goals,
values, habits, abilities, and living conditions [366, 367].

Since early pilot programs began a decade ago, FLS pro-
grams have been successful in the USA and abroad. They
have markedly reduced recurrent fractures, particularly in
closed medical systems, by targeting interventions at post-
fracture patients, recognizing that this group is at highest risk
of future fractures.

FLS pilot programs outcomes to date include the
following:

& Kaiser Permanente’s Healthy Bones program, which has
led to an overall 38% reduction in their program’s expect-
ed hip fracture rate since 1998.

& Geisinger Health System osteoporosis disease manage-
ment program, which achieved $7.8 million in cost sav-
ings over 5 years through reduction of secondary
fractures.

& American Orthopaedic Association’s Own the Bone pro-
gram has significantly improved rates of treatment and
counseling, BMD testing, initiation of pharmacotherapy,
and coordination of care for patients following fragility
fracture [368].

& NBHA FLS Demonstration Project, a turnkey FLS solu-
tion created for sites to automate, benchmark, and improve
performance related to selected osteoporosis/post-fracture
quality measures demonstrated an increase in DXA and
vitamin D level testing and treatment following imple-
mentation of the FLS program in three academic hospital
settings [45].

The goal of the FLS model, like any practice management
program is to ensure patients with a fracture are evaluated and
treated for their underlying osteoporosis, while making the
best use of clinician time and expertise. Creative approaches
optimize use of electronic medical records and practice man-
agement software, delegate tasks, automate as much as possi-
ble, take advantage of the patient’s waiting room time, and
team up colleagues, specialists, allied health professionals,
and support staff. There are many tools available for every
type of practice, from sole practitioner to hospital-based
multispecialty clinic.

Recommendations for secondary fracture prevention

In 2019, a coalition convened by the ASBMR published
Clinical Recommendations for Secondary Fracture
Prevention to treat the osteoporosis in women and men
aged 65 years or older who suffer a spine or hip frac-
ture. Here is a concise summary of the coalition’s rec-
ommendations [363].
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1. Women and men aged 65 years and older who
sustain a spine or hip fracture should be managed
by an FLS or a multidisciplinary team to evalu-
ate and treat their underlying osteoporosis and
reduce risk of another bone fracture in the next
1–2 years.

2. Primary care and other healthcare providers should
be informed about their patient’s fracture, diagno-
sis of osteoporosis, and future fracture risk, as well
as the availability of effective treatment to reduce
fracture risk.

3. These women and men should be evaluated for fall
risk and provided with referrals as needed (PT, OT,
ophthalmology, etc.) to initiate fall prevention
measures.

4. Women and men who sustain a spine or hip fracture
should be offered effective therapy to reduce their risk
for future fractures. Intravenous or oral pharmacolog-
ical treatments can be started in the hospital or at dis-
charge, although some clinicians prefer to wait to start
intravenous zoledronic acid for few weeks (note zole-
dronic acid is FDA-approved in patients with hip frac-
tures to be prescribed with vitamin D). Treatment
should not be delayed.

5. Because osteoporosis is a lifelong condition, long-term
follow-up and care should be provided for all affected
patients [369].

Free or low-cost fracture prevention resources
• Fall prevention: Centers for Disease Control and Prevention: STEADI
(Stopping Elderly Accidents, Deaths & Injuries) tool kit for health care
providers. https://www.cdc.gov/steadi/index.html

• General guidance for living with osteoporosis: Boning Up on
Osteoporosis. Available at BHOF website: www.
bonehealthandosteoporosis.org.

• Patient education videos on exercise for people with osteoporosis:
https://www.nof.org/patients/fracturesfall-prevention/safe-move-
ment-exercise-videos/

• BoneFIT™ an exercise training workshop developed by Osteoporosis
Canada to train physical therapists and fitness instructors working with
people who have osteoporosis (and are fragile). To learn about the
program, including online and in-person training opportunities, please
visit: https://osteoporosis.ca/health-care-professionals/bonefit.

• American Dental Association (ADA): NOF-ADA joint letter on what is
known regarding risk for ONJ and risk for fracture in patients with
osteoporosis. Available at http://www.bonehealthandosteoporosis.
org/wp-content/uploads/ONJ-letter-FINAL-BHOF.pdf.

• ASBMR’s Secondary Fracture Prevention Initiative Coalition
comprised of organizations and government agencies is directed at
engaging healthcare professionals across multiple disciplines to
evaluate and treat women and men age 65 years and older with a hip or
vertebral fracture to reduce future risk. https://www.
secondaryfractures.org/about-coalition.

• American Orthopedic Association Own the Bone® Post-Fragility
Fracture Quality Improvement Program. http://www.aoassn.org. (847)
318-7336.

• American Orthopedic Association Own the Bone® Orthopaedic Bone
Health ECHO®. Each month, a panel of experts will host participants
on a videoconferencing platform (Zoom) to discuss current topics
related to bone health and to initiate a dialogue around patient cases
presented by participants. https://www.ownthebone.
org/OTB/Education/

• Bone Health & Osteoporosis Foundation (BHOF) Fracture Prevention
Resources. https://www.bonehealthandosteoporosis.
org/preventing-fractures/.

• FLS Bone Health ECHO (Extension for Community Healthcare
Outcomes) program offers case-based clinical discussions on a wide
range of topics of interest. By participating, attendees will be able to
receive free CME, connect with experts in the field, share case studies,
and so much more. http://www.nbha.org/projects/echo.

• Bone Source®. Through the BoneSource® website, BHOF offers a
variety of programs, tools, and resources to meet the unique needs of
healthcare professionals who provide bone health care. https://www.
bonehealthandosteoporosis.org/?s=bone+source. (800) 231-4222.

Remaining questions

This guide has focused on prevention, diagnosis, and treat-
ment of osteoporosis in postmenopausal women and men
aged 50 years and older. Much is known about osteoporo-
sis in this population. However, many additional issues
urgently need epidemiologic, clinical, and economic re-
search. For example:
& What can be done to improve patient adherence and per-

sistence with prescribed antifracture medications.
& What is optimal timing and duration of bisphosphonate

drug holiday?
& What can be done to determine effectiveness of FLS in

different care models and to promote the FLS model to
improve identification, diagnosis, and treatment following
an acute fracture?

& How can FLS programs be implemented and funded na-
tionwide to ensure treatment of patients with fragility frac-
tures and reduce the imminent risk of fractures and other
complications?

& How can the FRAX® algorithm be expanded to incorpo-
rate information on lumbar spine BMD and on multiple
fractures into its quantitative risk assessment?

& Can a fracture risk calculator be developed for patients
who have already initiated pharmacologic therapy?
Would a calculator be helpful in determining when to
initiate a bisphosphonate holiday and/or reinstitute thera-
py in high-risk patients?

& What is the optimal type, intensity, duration, and frequen-
cy of exercise programs for osteoporosis prevention and
treatment?

& For individuals with vertebral fractures, what exercise is
safe and effective in lowering incidence of fractures and
falls and improving patient-centered outcomes (pain,
function).
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& How effective and safe are different FDA-approved treat-
ments in preventing fractures in patients with low bone
mass (osteopenia)? Do benefits exceed risks?

& What approaches are most effective in treating osteoporo-
sis in patients with spinal cord injuries and other
disabilities?

& How can we standardize radiological technologies for di-
agnosis of vertebral fractures (e.g., X-rays, CT, and MRI)
to make them more quantitative, accurate, and consistent,
particularly in the case of mild fractures?

& What is the role of DXA forearm bone density measure-
ment in predicting wrist and other fragility fractures? Is an
isolated forearm BMD diagnostically sufficient to support
treatment?

& Will use of DXA to assess atypical femur fractures im-
prove early diagnosis or will false positives result in un-
needed imaging and heightened costs and/or concerns?

& How can we better assess bone strength using non-
invasive technologies and thus better identify patients at
high-risk for fracture?

& What is the optimal approach to treating atypical femur
fracture?

& How should bone turnover biomarkers and/or BMD be
used to monitor the duration of bisphosphonate holidays?

& What are the effects of combined anabolic and
antiresorptive therapies on fracture outcomes?

& Can we identify agents that will significantly increase
bone mass and restore normal bone structure?

& Can future osteoporosis therapies cure this prevalent
disease?

The Bone Health and Osteoporosis Foundation
(BHOF) is committed to continuing the effort to answer
these and other questions related to this debilitating dis-
ease with the goal of eliminating osteoporosis as a threat
to the health of present and future generations. For addi-
tional resources on osteoporosis and bone health, visit
http://www.bonehealthandosteoporosis.org.

Summary

The osteoporosis treatment gap is truly a public health crisis,
putting patients at risk for fragility fractures that cause
avoidable suffering, disability, dependence, and premature
death and cost millions in healthcare expenditures. To close
this gap in care, we need to engage physicians, governmental
entities, and public health organizations in efforts to improve
access and insurance coverage for key fracture prevention
services. Osteoporosis detection, diagnosis, and treatment
must become routine components of clinical practice.
Healthcare providers of all types can lend their support by
raising awareness of fracture prevention and bone

preservation interventions and lifestyle modifications among
patients, caregivers, and fellow health professionals.

We have the tools at our disposal. Proven diagnostic tech-
nologies and bone-sparing therapies are widely available at
low cost. Pharmacologic agents that build bone and/or de-
crease bone breakdown dramatically reduce fracture inci-
dence. Non-pharmacologic interventions preserve bone tissue,
build muscle, and help prevent falls and fall-related fractures.
However, these and other effective strategies are underutilized
at every stage of healthcare delivery from inpatient to at-home
and continuing care.

However effective, no single intervention or modality is
adequate to preserve bone and prevent fractures in vulner-
able patients. Collaborative approaches piloted in FLS pro-
grams are multifactorial and wholistic. They start with the
recognition that a fracture in an adult is a clinical sign of
osteoporosis that warrants further investigation to identify
and mitigate underlying conditions that contribute to bone
loss and fractures. Multifaceted patient care must be coor-
dinated to ensure implementation of the full range of phar-
macologic, dietary, fall prevention, physical therapy, and
exercise recommendations.

As our population ages, preservation of skeletal health be-
comes more important every year. By applying recommended
fracture risk assessment, pharmacologic treatment, risk reduc-
tion counseling, and long-term monitoring, clinicians across
the healthcare spectrum who care for adults can contribute to
extending the healthy independent lives of their patients.

Glossary

Abaloparatide (Tymlos®): An anabolic therapy approved
for the treatment of osteoporosis. The pivotal study indicates
that abaloparatide, compared with placebo, reduced the risk of
new vertebral fractures by 86% and non-vertebral fractures by
43% after 18 months of therapy in patients with osteoporosis.

Alendronate (Fosamax®, Binosto™): A bisphosphonate
approved by the US Food and Drug Administration for pre-
vention and treatment of osteoporosis; accumulates and per-
sists in the bone. Studies indicate about a 50% reduction in
vertebral and hip fractures in patients with osteoporosis.

Atypical femur fractures (AFF): These are atraumatic or
spontaneous fractures characterized by distinct radiographic
and clinical features that resemble stress fractures (transverse
fracture line, periosteal callus formation at the fracture site,
little or no comminution, prodromal pain, and bilaterally, in
some instances). These fractures are thought to be associated
with long-term use of potent antiresorptive medications and
are distinguished from ordinary osteoporotic femoral diaphy-
seal fractures.

Biochemical markers of bone turnover: Biochemical
markers of bone remodeling can be measured in serum and
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urine. These include the resorption markers serum C-
telopeptide (CTX) and urinary N-telopeptide (NTX) and the
formation markers serum bone specific alkaline phosphatase
(BALP), osteocalcin (OC), and amino-terminal propeptide of
type 1 procollagen (P1NP). Elevated markers of bone turnover
may predict bone loss, while declines in these markers after 3–
6 months of treatment may suggest fracture risk reduction.

Bone Health and Osteoporosis Foundation (BHOF): In
October 2021, the National Osteoporosis Foundation (NOF)
changed its name to the Bone Health and Osteoporosis
Foundation (BHOF) to reflect the Foundation’s dual focus
on preventing osteoporosis and fracture in addition to osteo-
porosis diagnosis and treatment across the lifespan.

Bone mineral density (BMD): A risk factor for fractures.
By DXA, BMD is expressed as the amount of mineralized
tissue in the area scanned (g/cm2); with QCT, BMD is
expressed as the amount per volume of bone (mg/cm3). Hip
BMD by DXA is considered the best predictor of hip fracture;
it appears to predict other types of fractures as well as mea-
surements made at other skeletal sites. Lumbar spine BMD
may be preferable to assess changes early in menopause and
after bilateral ovariectomy and may be better than hip BMD in
predicting risk of spine fractures especially in women in their
50s and 60s.

Calcitonin (Miacalcin® or Fortical®): A polypeptide
hormone that inhibits the resorptive activity of osteoclasts.
Second-line antifracture treatment (less effective than alterna-
tives). Nasal spray and injection available. Documented to
significantly reduce acute pain of recent vertebral crush frac-
tures. Short-term use advised due to cancer risk.

Calcium: A mineral that plays an essential role in devel-
opment and maintenance of a healthy skeleton. The vast ma-
jority of the body’s calcium is stored in bone. If intake is
inadequate, calcium is mobilized from the skeleton to main-
tain a normal blood calcium level. In addition to being a sub-
strate for bone mineralization, calcium is an inhibitor of bone
remodeling through suppression of circulating parathyroid
hormone.

Cancellous bone: The spongy, or trabecular, tissue in the
middle of bone (e.g., vertebrae) and at the end of the long
bones. Also called trabecular bone.

Cortical bone: The dense outer layer of bone.
Denosumab: A fully human monoclonal antibody to

RANK-ligand (RANKL) approved by the FDA for the treat-
ment of osteoporosis in postmenopausal women at high-risk
of fracture and other indications. In the pivotal study,
denosumab reduces the incidence of vertebral fractures by
about 68%, hip fractures by about 40%, and non-vertebral
fractures by about 20% over 3 years.

Dual-energy X-ray absorptiometry (DXA):A diagnostic
test used to assess bone density at various skeletal sites using
radiation exposure about one-tenth that of a standard chest X-
ray. Central DXA (lumbar spine, hip) is the preferred

measurement for definitive diagnosis of osteoporosis and for
monitoring the effects of therapy.

Estrogen: One of a group of steroid hormones that control
female sexual development; directly affects bone mass
through estrogen receptors in bone, reducing bone turnover
and bone loss. Indirectly increases intestinal calcium absorp-
tion and renal calcium conservation and, therefore, improves
calcium balance. See hormone therapy.

Estrogen agonists/antagonists: A group of compounds
that act on a subset of estrogen receptors in the body, also
known as selective estrogen receptor modulators (SERMs).
Examples are the pharmaceutical agents raloxifene and
bazedoxifene.

Exercise: An intervention long associated with healthy
bones, despite limited evidence for significant beneficial ef-
fect on BMD or fracture risk reductions. Studies evaluating
exercise are ongoing; however, enough is known about the
positive effect of exercise on fall prevention to support its
inclusion in a comprehensive fracture prevention program.

Food and Drug Administration (FDA): The US FDA is
responsible for protecting the public health by assuring the
safety, effectiveness, quality, and security of human and vet-
erinary drugs, vaccines and other biological products, and
medical devices. The FDA is responsible for the safety and
security of most of our nation’s food supply, all cosmetics,
dietary supplements, and products that give off radiation.

Fracture: Breakage of a bone, either complete or incom-
plete whether from trauma, repetitive stress, or bone insuffi-
ciency. Osteoporosis can contribute to any fracture at any
skeletal site, but overwhelmingly affects sites that predomi-
nate in trabecular bone: femoral neck, total hip, spine, and
forearm. Fractures in cortical bone dense sites are less likely
to be attributed to osteoporosis, such as fingers, toes, skull,
and face. Vertebral compression fractures are the most com-
mon type of osteoporotic fracture.

Fracture liaison service (FLS): A coordinated care sys-
tem headed by an FLS coordinator (a nurse practitioner, phy-
sician’s assistant, nurse or other health professional) who en-
sures that individuals who suffer a fracture receive appropriate
diagnosis, treatment and support.

FRAX®: The World Health Organization Fracture Risk
Assessment Tool. https://www.bonehealthandosteoporosis.
org and https://www.sheffield.ac.uk/FRAX.

Hormone/estrogen therapy (HT/ET) (HT—Activella®,
Femhrt®, Premphase®, Prempro®; ET—Climara®,
Estrace®, Estraderm®, Estratab®, Ogen®, Ortho-Est®,
Premarin®, Vivelle®): HT is a general term for all types
of estrogen replacement therapy when given along with
progestin, cyclically or continuously. HT is generally pre-
scribed for women after natural menopause or bilateral
ovariectomy with progestin required to protect the uterus
from unopposed estrogen. ET is prescribed for postmen-
opausal women who have had a hysterectomy. Studies
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indicate that 5 years of HT may decrease vertebral frac-
tures by 35 to 50% and non-vertebral fractures by about
25%. Ten or more years of use might be expected to
decrease the rate of all fractures by about 50%.

Ibandronate (Boniva®): A bisphosphonate approved by
the FDA for the prevention and treatment of postmenopausal
osteoporosis. Ibandronate reduces incidence of vertebral frac-
tures by about 50% over 3 years. Ibandronate in the large
RCTs did not reduce hip or non-spine fractures.

Least significant change (LSC): A measure utilized as
part of DXA precision assessment that helps to determine if
a BMD change can be ascribed to treatment effects or is due to
measurement error.

Low bone mass (osteopenia): The designation for bone
density between 1.0 and 2.5 standard deviations below the
mean BMD of a young adult reference population (T-score
between − 1.0 and − 2.5).

Modeling: The term for skeletal processes that involves
shaping the bone during growth and replace damaged bone
with new bone throughout the lifecycle. Modeling occurs on
bone surfaces without prior bone resorption.

Non-vertebral fractures: Fractures of the hip, wrist, fore-
arm, leg, ankle, foot, and other sites.

Normal bone mass: The designation for bone density
within 1 standard deviation of the mean BMD of a young
adult reference population (T-score at − 1.0 and above).

Osteopenia: See low bone mass.
Osteoporosis: A chronic, progressive disease character-

ized by low bone mass, microarchitectural deterioration of
bone tissue, decreased bone strength, bone fragility, and a
consequent increase in fracture risk; BMD 2.5 or more stan-
dard deviations below the mean BMD of a young adult refer-
ence population (T-score at or below − 2.5).

Peak bone mass: The maximum bone mass accumulated
during young adult life (late teens to early 20s).

Peripheral DXA: A DXA test used to assess bone density
in the forearm, finger, and heel.

Physiatrist: A physician who specializes in medicine and
rehabilitation, or physiatry.

Previous fracture: A risk factor for future fractures, de-
fined here as a history of a previous fracture after age 40 years.

PTH (1-34), teriparatide, (Forteo®): An anabolic therapy
approved for the treatment of osteoporosis. The pivotal study
indicates a 65% reduction in vertebral fractures and a 40 to
50% reduction in non-vertebral fractures after 18 months of
therapy in patients with osteoporosis.

Quantitative computed tomography (QCT): A diagnos-
tic test used to assess volumetric bone density; reflects three-
dimensional BMD. Usually used to assess the lumbar spine
but has been adapted for other skeletal sites (e.g., hip). It is
also possible to measure trabecular and cortical bone density
in the periphery by peripheral QCT (pQCT) or high-resolution
pQCT (HRpQCT).

Quantitative ultrasound densitometry (QUS): A diag-
nostic test used to assess bone density at the calcaneus or tibia.
Ultrasound measurements correlate only modestly with other
assessments of bone density in the same patient, yet some
prospective studies indicate that ultrasound may predict frac-
tures as effectively as other measures of bone density.

Raloxifene (Evista®): An estrogen agonist/antagonist (or
selective estrogen receptor modulator) approved by the FDA
for prevention and treatment of osteoporosis. It lowers the risk
of vertebral fracture by about 30% in patients with and about
55% in patients without prior vertebral fracture. Raloxifene is
approved for the prevention of breast cancer.

RANKL: Receptor activator of nuclear factor kappa-B
(RANK) ligand (RANKL)

Remodeling: Also called bone turnover, remodeling is the
process by which the skeleton repairs damage and maintains
serum calcium levels through the ongoing lifelong dual pro-
cesses of bone resorption (breakdown) and formation.

Resorption: The breakdown and removal of bone tissue
during bone remodeling.

Risedronate (Actonel®, Atelvia®): A bisphosphonate ap-
proved by the FDA for prevention and treatment of osteopo-
rosis. It lowers the risk of vertebral fracture by about 41–49%
and non-vertebral fractures by about 36%.

Risk factors: For osteoporotic fractures, risk factors include
low BMD, parental history of hip fracture, low body weight,
previous fracture, smoking, excess alcohol intake, glucocorticoid
use, secondary causes of osteoporosis (e.g., rheumatoid arthritis),
and history of falls. These readily accessible and commonplace
factors are associated with the risk of hip fracture and, in most
cases, with that of vertebral and other types of fracture as well.

Romosozumab (Evenity™): The FDA-approved bone
anabolic agent, romosozumab is a fully human monoclonal
antibody to sclerostin that both increases BMD and decreases
fracture incidence in women with postmenopausal osteoporo-
sis. Reported 73% (95%CI 53–84%) relative risk reduction in
morphometric vertebral fracture after 12 months.

Secondary causes of osteoporosis: Osteoporosis that is
drug-induced or caused bymany disorders such as malabsorp-
tion, hyperthyroidism, renal disease, and chronic obstructive
pulmonary disease.

Secondary fracture prevention: While primary fracture
prevention comprises measures to promote and maintain
BMD above − 2.50 so as to prevent an initial osteoporosis-
related fracture, secondary fracture prevention is antifracture
treatment after a patient has had an osteoporosis-related frac-
ture, to prevent second and subsequent fractures.

Standard deviation (SD): A statistical measure of vari-
ance in a population.

T-score: In describing BMD, the number of standard de-
viations above or below the mean BMD of a young adult
reference population.

Teriparatide: See PTH (1-34), teriparatide, (Forteo®).
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Vitamin D: A group of fat-soluble sterol compounds that
includes ergocalciferol (vitamin D2) and cholecalciferol (vita-
min D3). These compounds are ingested from plant and ani-
mal sources; cholecalciferol is also formed in skin on expo-
sure to ultraviolet light. When activated in the liver and then
the kidney, vitamin D promotes calcium absorption. Vitamin
D replacement increases muscle strength in patients with se-
vere vitamin D deficiency. A 25(OH) D level of approximate-
ly 30 ng/mL (75 nmol/L) is considered by many bone health
experts to be optimal.

Zoledronic acid (Reclast®): A bisphosphonate approved by
the FDA for treatment of postmenopausal osteoporosis and to
reduce risk of subsequent fracture in those with prior hip fracture.
It lowers risk of vertebral fractures by about 70%, hip fractures
by about 41% and non-vertebral fractures by about 25%.

Z-score: In describing BMD, the number of standard de-
viations above or below the mean BMD for persons of the
same age, sex, and ethnicity.
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