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Management of osteoporosis in postmenopausal women: the 2021
position statement of The North American Menopause Society

Abstract
Objective: To review evidence regarding osteoporosis screening, prevention, diagnosis, and management in the

past decade and update the position statement published by The North American Menopause Society (NAMS) in
2010 regarding the management of osteoporosis in postmenopausal women as new therapies and paradigms have
become available.

Design: NAMS enlisted a panel of clinician experts in the field of metabolic bone diseases and/or women’s health
to review and update the 2010 NAMS position statement and recommendations on the basis of new evidence and
clinical judgement. The panel’s recommendations were reviewed and approved by the NAMS Board of Trustees.

Results: Osteoporosis, especially prevalent in older postmenopausal women, increases the risk of fractures that
can be associated with significant morbidity and mortality. Postmenopausal bone loss, related to estrogen
deficiency, is the primary contributor to osteoporosis. Other important risk factors for postmenopausal osteoporosis
include advanced age, genetics, smoking, thinness, and many diseases and drugs that impair bone health. An
evaluation of these risk factors to identify candidates for osteoporosis screening and recommending nonpharmaco-
logic measures such as good nutrition (especially adequate intake of protein, calcium, and vitamin D), regular
physical activity, and avoiding smoking and excessive alcohol consumption are appropriate for all postmenopausal
women. For women at high risk for osteoporosis, especially perimenopausal women with low bone density and other
risk factors, estrogen or other therapies are available to prevent bone loss. For women with osteoporosis and/or other
risk factors for fracture, including advanced age and previous fractures, the primary goal of therapy is to prevent new
fractures. This is accomplished by combining nonpharmacologic measures, drugs to increase bone density and to
improve bone strength, and strategies to reduce fall risk. If pharmacologic therapy is indicated, government-
approved options include estrogen agonists/antagonists, bisphosphonates, RANK ligand inhibitors, parathyroid
hormone-receptor agonists, and inhibitors of sclerostin.

Conclusions: Osteoporosis is a common disorder in postmenopausal women. Management of skeletal health in
postmenopausal women involves assessing risk factors for fracture, reducing modifiable risk factors through dietary
and lifestyle changes, and the use of pharmacologic therapy for patients at significant risk of osteoporosis or fracture.
For women with osteoporosis, lifelong management is necessary. Treatment decisions occur continuously over the
lifespan of a postmenopausal woman. Decisions must be individualized and should include the patient in the process
of shared decision-making.

Key Words: Bisphosphonates – Bone mineral density – Calcium – Estrogen agonists/antagonists – Falls –
Fractures – Osteoporosis – Parathyroid hormone-receptor agonists – Postmenopause – Prevention – RANK
ligand inhibitors – Vitamin D.

O
steoporosis can be a serious health threat for post-
menopausal women by predisposing them to frac-
tures that may be associated with substantial

morbidity and mortality, especially in older women. Clinical

management cannot be defined or confined only by ‘‘evi-
dence.’’ There is no single or optimal management strategy
for a chronic disorder such as osteoporosis. When evidence
is lacking, clinicians use clinical judgement, consisting of
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individualized management decisions for each patient and for
different stages in the course of the disease and based on a
combination of known evidence, knowledge of the physiol-
ogy of the problem being addressed, and their experience.1

The North American Menopause Society (NAMS) creates
position statements on specific disorders to provide reliable
and accurate information regarding management of meno-
pause-associated health conditions. Here, NAMS provides
guidance on the diagnosis, assessment, prevention, and treat-
ment of osteoporosis in postmenopausal women in North
America.

The recommendations herein are based, where possible, on
evidence provided by clinical trials and, where evidence does
not exist, current best clinical practice in the opinions and
clinical judgment of an editorial panel consisting of clinicians
and researchers with expertise in metabolic bone diseases or
women’s health. These statements do not represent guidelines
or codified practice standards as defined by regulating bodies
and insurance agencies. Rather, the editorial panel has
attempted to provide sufficient information for clinicians to
approach postmenopausal women with or at risk for osteopo-
rosis with a confident understanding of management options.
The recommendations are focused on the perceptions of the
needs of healthcare professionals caring for the skeletal health
of postmenopausal women in the primary care setting. The
guidance provided herein is generally consistent with recom-
mendations for the assessment and treatment of postmeno-
pausal osteoporosis available from several other North
American societies and organizations.2-8

This position statement is an update of the 2010 position
statement, ‘‘Management of Osteoporosis in Postmenopausal
Women.’’9 Since then, several new medications with sophis-
ticated mechanisms of action have received government
approval on the basis of randomized, controlled trial (RCT)
data. In addition, new knowledge about the pathophysiology
and epidemiology of postmenopausal osteoporosis has
become available, as have new perspectives about the role
of hormone therapy (HT) in the management of skeletal
health, longer experience with the efficacy and safety of older
osteoporosis drugs, the potential role of drug holidays for
bisphosphonates, and new paradigms regarding sequential use
of and anabolic and antiremodeling osteoporosis therapies.
These advances have created the need to update the position
statement.

METHODS
For this revision, NAMS enlisted a six-person editorial

panel composed of clinicians and researchers with expertise in
metabolic bone diseases or women’s health to review the 2010
position statement, identify key studies and evidence pub-
lished subsequently, and reach consensus on recommenda-
tions. The editorial panel reviewed clinical studies published
in English related to osteoporosis management in postmen-
opausal women. Priority was given to evidence from RCTs
and meta-analyses of such trials, followed by evidence from
systematic reviews and controlled observational studies,

using criteria described elsewhere.10 Because standards of
care and available treatment options differ throughout the
world, the focus is limited to therapies for postmenopausal
osteoporosis available in North America. The NAMS Board
of Trustees was responsible for the final review and approval
of this position statement.

EVALUATING PATIENTS FOR AND WITH
OSTEOPOROSIS

Background
Osteoporosis—the most common bone disorder affecting

humans—is a generalized skeletal disorder characterized by
compromised bone strength, predisposing a person to an
increased risk of fracture, most importantly of the spine
and hip.11 These and other serious fractures occur most
commonly in older postmenopausal women and are often
life-altering events. However, the bone loss that results in
osteoporosis is most marked during the menopause transition
and early menopause. Less serious fractures, such as wrist
fractures, occur in young postmenopausal women and are
important warning signs of osteoporosis.

Persons with osteoporosis and high risk of fracture can be
readily identified. Both general and pharmacologic manage-
ment strategies are available to slow or prevent bone loss and
to reduce fracture risk. Because osteoporosis is such a com-
mon disorder, skeletal health assessment should be a part of
the routine evaluation of all postmenopausal women, and all
professionals caring for postmenopausal women should be
competent and confident about undertaking that evaluation.

Pathophysiology
In adults, bone tissue undergoes constant change by a

process called bone remodeling. Old bone material (mineral
and protein matrix) is resorbed (removed) by osteoclasts and
replaced with new healthy bone by osteoblasts. Osteocytes
interconnect in the solid matrix of bone via an extensive
canalicular network that senses both mechanical loading and
focal bone damage. Osteocytes secrete molecules that regu-
late both the location of and the rate of bone remodeling.
These include receptor activator of nuclear factor kappa-b
(RANK) ligand, a growth-promoting factor whose interaction
with its receptor RANK is required for the proliferation,
differentiation, and activity of osteoclasts; and sclerostin,
an inhibitor of bone formation. Osteocyte activity is, in turn,
regulated by mechanical loading and circulating hormones
including parathyroid hormone (PTH) and estrogen.

Bone strength (and, hence, fracture risk) is dependent on
many qualities of bone, of which bone mineral density (BMD)
is the most commonly measured.11 Bone density at any given
age is a function of both peak bone mass (reached by age 30)
and how much bone is subsequently lost. In healthy premen-
opausal women, bone mass is quite stable. The amount of old
bone resorbed is replaced with an almost equal amount of new
bone.12 During perimenopause, estrogen deficiency results in
increased expression of RANK ligand, activating osteoclasts.
Bone resorption becomes more rapid, exceeding the ability of
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osteoblasts to form new bone, resulting in an accelerated
phase of bone loss during the menopause transition.12,13

The average annual rate of bone loss is about 2%, beginning
1 to 3 years before menopause and lasting for 5 to 10 years,
resulting in an average loss of BMD of 10% to 12% in the
spine and hip across the menopause transition.12 Rates of loss
are somewhat greater in thin versus heavy women. After this
interval of relatively rapid bone loss, bone density decreases
about 0.5% per year. This imbalance in remodeling continues
into advanced age in which an additional deficit in osteoblast
function limits bone formation. By age 80 years, women have
lost, on average, approximately 30% of their peak bone mass.4

Bone loss after menopause results in a gradual but progres-
sive deterioration of the microarchitecture of both trabecular
and cortical bone, weakening the skeleton and increasing the
risk of fracture. The thick and numerous trabeculae seen in the
spine and ends of long bones in premenopausal women become
thinned and perforated andmay be completely resorbed, result-
ing in empty spaces where bone tissue once existed. The thick
outer shell of cortical bone is thinned from the inside and
becomes more porous because of the dominance of bone
resorption over formation. This imbalance in bone remodeling
can be accentuated by a very sedentary lifestyle, contributing to
accelerated bone loss in older inactive women. Many diseases
and medications can amplify these effects by either increasing
bone resorption or inhibiting bone formation.

Other factors, including bone mineralization, matrix com-
position, microstructure, and microdamage, as well as age-
related factors such as the accumulation of advanced glyca-
tion end products, affect the quality and integrity of bone
tissue. These factors cannot be directly measured in clinical
practice. These combined changes in bone mass, structure,
and quality result in impaired bone strength and the increased
fracture risk of postmenopausal osteoporosis.

Bone mineral density
Themeasurement of areal bone density (the amount of bone

mineral divided by the area of the bone scanned) by dual-
energy X-ray absorptiometry (DXA), is the principal clinical
tool used to assess skeletal health. Careful attention to the
quality of both the acquisition and interpretation of DXA bone
density tests is necessary.14

To standardize bone density values from different skeletal
sites, results are reported as T-scores or Z-scores:
� The T-score compares a woman’s bone density to the

average value of healthy young women and is expressed
in standard deviation (SD) units. A T-score of þ1 repre-
sents a value 1 SD above the young normal mean, whereas
a value 2.5 SDs below the young normal mean would
equate to a T-score of �2.5. By convention, the White
(non-race adjusted), young, normal value serves as the
reference for T-scores in women of all races.

� The Z-score is the number of SDs above or below the
average bone density for the average person of the same
age, sex, and ethnicity. The normal range for Z-score is
�2.0 to þ2.0. The Z-score has limited value in
postmenopausal women.

Studies to date provide inadequate data on racial inequities
in health care. Individual- and system-level issues that pro-
mote inequality need to be addressed in further research
studies.15

Diagnosing osteoporosis
Diagnostic categorization by bone density is based on

recommendations of a World Health Organization Study
Group (Table 1).16 In North America, the standard criterion
for the diagnosis of osteoporosis in postmenopausal women is
a T-score of �2.5 or less at the lumbar spine (LS; at least two
vertebral levels measured in the posterior-anterior projection
but not the lateral projection), femoral neck (FN), or total hip
(TH) by DXA testing. If anatomic factors such as arthritis or
hip replacement make measurements of the spine and hip
invalid, bone density of the distal one-third site of the radius
(forearm) may be considered a diagnostic site, but other
methods of diagnosing osteoporosis and assessing fracture
risk also should be considered. When a woman’s T-score
increases with treatment from less than �2.5 to values above
�2.5, the diagnosis of osteoporosis persists.17

The diagnosis of low BMD, or osteopenia, does not nec-
essarily indicate that bone loss has occurred. This term has
limited clinical use because it includes young postmenopausal
women without other risk factors who are at low risk of
fracture as well as older women with other risk factors who
are at very high risk of fracture.

T-scores can be generated from other methods of BMD
assessment, and some of those measurements have been
shown to predict fracture risk. In general, however, T-scores
from those other methods should not be used to diagnose
osteoporosis.18

In addition to BMD, the clinical diagnosis of osteoporosis
can be made in postmenopausal women who present with
fractures of their spine or hip or who have other risk factors
resulting in high fracture risk (Table 2).7

Osteoporosis is categorized as either primary or secondary.
Primary osteoporosis refers to bone loss that occurs after
menopause and with aging. Secondary osteoporosis is diag-
nosed when medications such as glucocorticoids or diseases
contribute to bone loss.

Prevalence
In the 2013-2014 National Health and Nutrition Examina-

tion Survey, 16.5% of American women aged 50 years or
older had osteoporosis, defined as a BMD T-score of �2.5 or
lower at either the FN or LS.19 Similar prevalence has been
observed in Canada and Mexico.20,21 The prevalence of
osteoporosis by low FN BMD increases with age, from

TABLE 1. Diagnostic categories based on femoral neck T-scores

Normal T-score � �1.0
Low bone massa T-score between 1.0 and �2.5
Osteoporosis T-score � �2.5
aThis category is often referred to as osteopenia.
Kanis JA, et al.16

NAMS POSITION STATEMENT

Menopause, Vol. 28, No. 9, 2021 975



6.8% in women aged 50 to 59 years to 34.9% in women aged
80 years and older.22 In the United States, the rates of osteo-
porosis vary with ethnicity: Black Americans have the highest
BMD, whereas Asian Americans have the lowest.23 These
differences, however, may be related more to body weight
than to race.24

More than 2 million fractures related to osteoporosis occur
each year in the United States, including more than 700,000
clinical vertebral fractures and 300,000 hip fractures, result-
ing in more than 500,000 hospital admissions.25 Most of these
fractures occur in older postmenopausal women, with two-
thirds of the fractures occurring after age 75.26 For a White
American woman aged 50 years, the risk of suffering an
osteoporotic fracture in her remaining lifetime has been
estimated at 40%, and for hip, forearm, and symptomatic
vertebral fracture is at 17.5%, 16.0%, and 15.6%, respec-
tively.27 Lifetime risks for hip fracture are 17% for White
Americans, 14% for Hispanic Americans, and 6% for Black
Americans.28

Age-adjusted rates of hip fracture in women in the United
States and Canada appeared to be decreasing after 1997.
However, recent data suggest that those rates have plateaued
and may even be increasing again, perhaps related to the
declining use of osteoporosis medications since 2008.29,30

The absolute number of patients who have fractures will
continue to increase because of population growth.22

Morbidity and mortality
Hip fractures, occurring on average at age 82, elicit a

particularly devastating toll, resulting in higher cost and
disability than all other fracture types combined.31 Hip frac-
tures cause up to a 25% increase in mortality within 1 year of
the incident.32 Up to 25% of women require long-term care
after a hip fracture, and 50% will have some long-term loss of
mobility. The annual incidence of experiencing a second hip
fracture is 2% to 10%, with the second fracture occurring, on
average, about 2 years after the first.33

Fractures at other sites, including the spine, humerus, and
pelvis, also can result in serious morbidity.34 Multiple or
severe vertebral fractures may cause substantial pain as well
as loss of height and exaggerated curvature of the thoracic
spine (kyphosis), restricted movement, and impaired lung

function.35 Only about one-third of vertebral fractures that
can be diagnosed radiographically come to clinical atten-
tion.35,36 Existing vertebral fractures increase the risk of
subsequent vertebral fracture by five- to seven-fold.37 The
relative risk for mortality after vertebral fracture is as high as
with hip fracture.38 Postfracture pain, loss of mobility,
changed body image, and loss of independence can have
strong effects on self-esteem and mood.39

Clinical assessment
Evaluation of skeletal health, including the assessment of

risk factors for low BMD and fracture, should be undertaken
in all postmenopausal women. This information can identify
women for BMD testing and shape recommendations for
clinical management.

Risk factors and risk assessment
It is important to distinguish between risk factors for

osteoporosis as defined by BMD and risk factors for fracture.
Major risk factors for low BMD in postmenopausal women
include menopause status, advanced age, genetics, thinness,
and diseases or drugs with adverse skeletal effects. Low
BMD, as well as a history of previous fracture, older age,
parental history of hip fracture, frailty, and other medical
problems are important risk factors for fracture. Tools to
assess the risk of low BMD and of osteoporotic fracture
are available.

Risk factors for low bone density.
� Advanced age. Bone loss decreases progressively with

advancing age, and the prevalence of osteoporosis
increases as women grow older.

� Thinness. Bone density in healthy women is strongly
correlated with body weight.40 Being thin—often cited
as body weight less than 127 lb (57.7 kg), the lower quartile
of weight for US women aged older than 65 years, or body
mass index (BMI) less than 21 kg/m2—is a risk factor for
low BMD.

� Genetics. Family studies demonstrate that 50% to 85% of
the variance in BMD is genetically determined.41 Many
genes have been weakly associated with low bone mass
in humans.

� Smoking. Women who currently smoke have lower BMD
than do nonsmokers.42 Smokers are generally thinner and
have earlier menopause and lower serum estradiol levels
than nonsmokers.

� Diseases and drugs. Many diseases and drugs adversely
affect the skeleton (Table 3).4,7 These include eating dis-
orders, chronic inflammatory illnesses (ie, rheumatoid
arthritis), diseases causing malabsorption (ie, celiac dis-
ease), and various endocrinopathies (hyperparathyroidism,
Cushing syndrome). Drugs can cause bone loss by increas-
ing bone resorption (aromatase inhibitors [AIs]), impairing
vitamin D metabolism (phenytoin), or reducing bone for-
mation (glucocorticoids), as can surgeries such as gastric
bypass.

Notable factors not predictive of low BMD include daily or
lifetime intake of calcium or vitamin D, alcohol or caffeine

TABLE 2. Diagnosing osteoporosis in postmenopausal women

1. BMD T-score by DXA of �2.5 or lower in the LS or proximal femur
(TH or FN)

2. History of vertebral (spine) or hip fracture, irrespective of BMD or
other risk factors

3. Low bone mass (T-score between �1.0 and �2.5) and any of the
following
a. History of fracture of proximal humerus, pelvis, or distal forearm
b. History of multiple fractures at other sites (excluding face, feet, and

hands)
c. Increased fracture risk using FRAX country-specific thresholds

BMD, bone mineral density; DXA, dual-energy X-ray absorptiometry; FN,
femoral neck; FRAX, Fracture Risk Assessment Tool; LS, lumbar spine;
TH, total hip.
Camacho PM, et al.7
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intake, current or past physical activity, and reproductive
history.

Tools to predict low bone mineral density in postmenopausal
women.

Several simple tools are available to identify postmeno-
pausal women likely to have low BMD. The Osteoporosis
Self-Assessment Tool combines age and body weight in this
formula: Osteoporosis Self-Assessment Tool T-score¼ 0.2�
(weight in kg minus age in years), truncated to yield integer.43

Using a definition of less than 2 as high risk, the performance
of the Osteoporosis Self-Assessment Tool in identifying
postmenopausal White women with BMD T-score values
of �2.5 or lower at either the LS or FN demonstrated a
sensitivity of 95.3% and a corresponding specificity of 39.6%.
The Osteoporosis Risk Assessment Instrument demonstrated
sensitivity of 93.3% and 94.4% for selecting Canadian women
with low BMD and osteoporosis, respectively.44 These tools
are most useful for selecting young postmenopausal women
for BMD testing.

Risk factors for fracture.
The most important risk factors for fracture in postmeno-

pausal women are history of previous fracture or falls, older
age, and low BMD. Combining these and other independent
risk factors improves the ability to identify patients at high
risk of fracture.45 Several fracture risk-assessment tools are
available to estimate a person’s risk of fracture, including the
Canadian Association of Radiologists and Osteoporosis
Canada calculator.46 This computer-based algorithm is

available online (www.sheffield.ac.uk/FRAX/) and in com-
mon DXA software. In addition to age, sex, and BMI, FRAX
combines age, sex, BMI, and independent risk factors on
the basis of meta-analyses of large observational cohorts
(Table 4).47 Separate databases are used to estimate fracture
risk in White, Black, Asian, and Hispanic women in the
United States. Details of the use of the FRAX tool, including
its strengths and limitations, have been reviewed elsewhere.48

� Prior fracture. Having or having had a fracture since
menopause is the most important and powerful risk factor
for having another fracture.49 The risk of refracture is
especially high (up to 19% within 12 mo) in patients with
recent fractures.37,50 This has led some organizations to
describe patients with a recent osteoporotic fracture as
being at very high or imminent risk of fracture.7,51 This
increased risk gradually diminishes but persists for at least
10 years, with the average risk over that time being about
two-fold higher than expected for their age and BMD.

– In the past, terms such as fragility or nontraumatic
fractures were used to define fractures related to osteo-
porosis and that predicted future fractures.

– Recent evidence suggests that all fractures, except those
of the face, skull, hands, and feet, are associated with
low BMD and future fracture risk, irrespective of
association with trauma.52

� Low bone density. The strongest correlation of BMD and
fracture risk is with hip bone density.53 Hip fracture risk
increases by 2.6-fold for each age-adjusted SD (one Z-
score unit) decrease in FN BMD. The magnitude of risk
associated with low BMD is modulated by age and other
risk factors.

TABLE 3. Common or important medications and medical conditions that can adversely affect bone health

Medications
Medications causing bone loss
Aromatase inhibitors Glucocorticoids for >3 mo
Thyroid hormone in excess Immunosuppressive agents (eg, cyclosporine)
Gonadotropin-releasing hormone agonists or antagonists Some anticonvulsants (eg, phenytoin)
Cytotoxic agents Intramuscular medroxyprogesterone

Medications associated with increased fracture risk
Proton pump inhibitors Thiazolidinediones
SGLT2-inhibitors Insulin with hypoglycemia
Selective serotonin-reuptake inhibitors Selective norepinephrine-reuptake inhibitors

Medical conditions
Genetic disorders
Osteogenesis imperfecta Hypophosphatasia
Thalassemia Hemochromatosis

Endocrinopathies
Gonadal insufficiency (primary and secondary) Type 1 and type 2 diabetes mellitus
Hyperthyroidism Primary hyperparathyroidism
Hypercortisolism, including Cushing syndrome

Nutritional disorders
Eating disorders Obesity

Disorders of calcium balance
Vitamin D deficiency Hypercalciuria

Gastrointestinal diseases
Malabsorption syndromes (eg, celiac disease) Inflammatory bowel disease
Gastrectomy Chronic liver disease

Other disorders and conditions
Chronic renal disease Systemic mastocytosis
Rheumatologic diseases (eg, rheumatoid arthritis) Hematologic malignancies (eg, leukemia, multiple myeloma)
Frailty Neuromuscular or visual impairment

SGLT2, sodium glucose cotransporter 2.
Cosman F, et al4; Camacho PM, et al.7
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� Age. For any BMD value, older women are at higher
fracture risk than are younger postmenopausal women.45

� Parental history of hip fracture. The strongest compo-
nent of a family history to predict fracture risk is a parental
history of hip fracture.54

� Smoking. Fracture risk in postmenopausal women who
smoke is increased about 30%, independent of BMD.55

� Excessive alcohol intake. Consuming more than three
servings of alcohol daily is associated with a 38% and
68% increase risk of major osteoporotic and hip fracture,
respectively.56

Risk factors not incorporated into FRAX include those not
available in the databases on which FRAX was based (eg,
falls) or were not known when FRAX was developed (diabe-
tes):
� Falls. Most fractures, including many vertebral fractures,

occur after a fall from a standing height or less.57,58 As a
result, risk factors for falls, including a history of recent
falls; weakness; impaired balance, coordination, vision, or
hearing; obesity; and arthritis, are also risk factors
for fracture.

� Diseases and drugs. Poor health is a risk factor for
fracture; most diseases are associated with a general
increase in fracture risk (Table 3).4,7 Diseases and drugs
such as type 2 diabetes, obesity, and proton pump inhibitors
are associated with increased fracture risk without causing
bone loss. Disorders and drugs that affect muscle strength
and balance such as frailty, stroke, and antidepressant
medications increase risks of falls and fracture.

Other known risk factors for fracture include dementia, low
physical activity, thoracic kyphosis, rates of bone loss, and
both weight and height loss.52,59

Other risk-assessment methods.
Bone density can be assessed by techniques other than

DXA, including ultrasound and quantitative computed
tomography (CT). T-score values obtained with these tech-
niques are not substitutes for T-scores of the hip or spine
obtained with DXA because they may overestimate or under-
estimate BMD and thus fracture risk.60 For those few patients
who cannot have DXA measurements at the hip or spine,
assessing fracture risk with FRAX without BMD provides

more useful information than does BMD measured by
alternate techniques.

Biomechanical CT analyzes quantitative CT scans of the
LS and hip with an algorithm called finite element analysis
that provides validated estimates of bone strength in individ-
ual patients.61 Biomechanical CT predicts fracture risk,
although its advantage over DXA is small. Access to bio-
mechanical CT is limited, and its role in routine clinical
practice has not been defined.

Trabecular bone score is a special software available for
DXA machines that analyzes the heterogeneity of density
distribution on routine LS DXA images. Trabecular bone
score measurements correlate with trabecular microarchitec-
ture and predict fracture risk independently from bone den-
sity.62 Trabecular bone score has recently been incorporated
into FRAX.63 Using trabecular bone score is most helpful in
women whose fracture risk is near the treatment threshold.

Assessing fall risk, with special emphasis on a history of a
recent fall, is an important part of risk assessment in older
women.57 The Stopping Elderly Accidents Deaths and Injury
initiative developed by the Centers for Disease Control and
Prevention provides an algorithm for fall-risk screening
(www.cdc.gov/steadi/pdf/STEADI-Algorithm-508.pdf).

Limitations to fracture-risk assessment.
There are limitations to the use of any of the individual

fracture-risk assessment tools and of the FRAX assessment
tool. FRAX underestimates fracture risk in patients with falls
or diabetes and in those with low spine but not FN BMD.64 In
addition, current FRAX scoring does not allow input for
quantification of risk factors, including dose of glucocorti-
coid, amount of alcohol intake, duration and amount of
cigarette smoking, or the number, type, or recency of prior
fractures.47 Despite these limitations, FRAX has been vali-
dated as an accurate predictor of fracture probability in large
populations in the United States and Canada.65,66 However, its
performance in identifying individual patients who will or
will not fracture is less robust.67 FRAX does not accurately
predict BMD, but that is not what it was designed to do.68

Until there are practical and inexpensive methods to measure
bone strength accurately, estimating fracture risk with FRAX
will remain one of the most useful tools.

Indications for bone density testing
Bone density should be measured in postmenopausal

women with risk factors for low bone density where knowing
the result will influence clinical management:
� Those with a history of fracture since menopause
� Those with known medical causes of bone loss or fracture
� Those aged 65 years and older
� Those aged 50 years and older with one or more of these

additional risk factors:
– Body weight less than 127 lb (57.7 kg) or BMI less than

21 kg/m2

– History of hip fracture in a parent
– Current smoker

TABLE 4. Risk factors used in FRAX

� Age (40-90 y)
� Sex
� Weighta

� Heighta

� Previous fracture
� Parental history of hip fracture
� Current tobacco smoking
� Use of glucocorticoids
� Rheumatoid arthritis
� Alcohol intake of more than two units daily
� Secondary osteoporosisb

� FN BMD if available

BMD, bone mineral density; FN, femoral neck; FRAX, Fracture Risk
Assessment Tool.
aBody mass index is automatically computed from height and weight.
bOnly included in calculation when BMD is not available.
Kanis JA, et al.47
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– Discontinuing estrogen with additional risk factors
for fracture

In healthy postmenopausal women without osteoporosis,
repeat BMD testing after 3 years does not enhance fracture
risk prediction.69 For postmenopausal women aged 50 to
64 years with baseline T-scores greater than �1.5, retesting
could be deferred to age 65, the age at which routine BMD
screening is recommended for all women.70 Earlier retesting
should be considered in women within 5 years of menopause
whose initial BMD T-score was lower than �1.5 or in those
with other important risk factors such as prior fracture or with
medical problems or medications predisposing to bone loss.

Physical examination
The goals of evaluating postmenopausal women with oste-

oporosis or important risk factors are to identify modifiable
risk factors and secondary causes of bone loss, to quantify
fracture risk and the severity of osteoporosis, and to determine
appropriate candidates for pharmacologic therapy. This eval-
uation requires a detailed history of risk factors for fractures
and falls, other diseases and medications, previous fractures,
and family history. A thorough physical examination should
include evaluation of kyphosis, muscle strength, and balance.
Standing height should be measured annually with an accurate
method, such as a wall-mounted ruler or a stadiometer. Height
loss of 1.5 in (3.8 cm) or more increases the likelihood that a
vertebral fracture is present. This calls for evaluation by a
lateral thoracolumbar radiograph or vertebral fracture assess-
ment by DXA to identify asymptomatic compression verte-
bral fractures.71,72 Weight should be recorded to identify

those women with low BMI and to be aware of weight
changes, which may interfere with the interpretation of
changes in BMD over time. For women with osteoporosis,
examination also should include specific skeletal assessments
such as bone tenderness (best elicited over the anterior tibia or
thoracic vertebrae), indicating osteomalacia or focal bone
disease, and joint laxity or blue sclera, features of osteogene-
sis imperfecta.

Laboratory evaluation
For women with osteoporosis considering pharmacologic

therapy, laboratory testing is performed to evaluate for sec-
ondary causes of bone loss and to identify contraindications to
specific therapies (Table 5).4,5,7 Routine tests include com-
plete blood cell count and general serum chemistry, especially
serum calcium, creatinine, alkaline phosphatase, albumin, and
serum phosphate. Measurement of 24-hour urinary calcium
excretion is useful to detect patients with poor calcium
absorption (<100mg/d) and those with hypercalciuria
(>250mg/d). Special laboratory tests should be considered
in the presence of abnormal routine laboratory tests, clinical
clues of other diseases, or unusual cases of osteoporosis.

Biochemical markers of bone turnover.
Bone turnover markers are serum tests that reflect either

bone resorption by osteoclasts (fasting serum C-telopeptide of
type I collagen) or bone formation by osteoblasts (bone-
specific alkaline phosphatase or serum procollagen type I
N-terminal propeptide).73 Bone turnover markers cannot
diagnose osteoporosis and have varying ability to predict

TABLE 5. Suggested laboratory tests for osteoporosis evaluation

Diagnostic result Possible secondary cause

Routine tests
Complete blood count Anemia Multiple myeloma; celiac disease

Elevated Hyperparathyroidism
Serum calcium Lowa Vitamin D deficiency; GI malabsorption; hypoparathyroidism
Serum albumin (used to interpret serum calcium) Low Nutritional deficiencies; renal protein loss
Serum phosphate Elevated Renal failure

Low Hyperparathyroidism; renal phosphate wasting
Serum creatinine Elevatedb Renal failure; osteodystrophy
Serum alkaline phosphatase Elevated Vitamin D deficiency; GI malabsorption; liver/biliary tract disease;

Paget disease
Low Hypophosphatasia

Special tests
Serum 25-hydroxyvitamin D Low Vitamin D deficiency; GI malabsorption
Serum PTH Elevated Hyperparathyroidism, primary or secondary
24-hour urinary calcium Low Vitamin D deficiency; GI malabsorption

Elevated Renal calcium leak; cancer involving bone, including myeloma;
hyperthyroidism, hyperparathyroidism

24-hour urinary cortisol Elevated Cushing syndrome
Serum protein electrophoresis Monoclonal band Multiple myeloma; MGUS
Tissue transglutaminase Elevated Celiac disease
Serum tryptase Elevated Mast cell disease
Serum TSH Low Hyperthyroidism

Decisions about laboratory testing depend on the clinical picture.
GI, gastrointestinal; MGUS, monoclonal gammopathy of undetermined significance; PTH, parathyroid hormone; TSH, thyroid-stimulating hormone.
aContraindication for bisphosphonates, denosumab, and romosozumab.
bCaution or contraindication for bisphosphonate therapy.
Cosman F, et al4; Eastell R, et al5; Camacho PM, et al.7
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fracture risk in clinical trials.74 Bone turnover markers have
been used primarily in clinical trials to demonstrate group
responses to treatment. Although used by some osteoporosis
specialists, the routine use of bone turnover markers in the
evaluation of patients with osteoporosis is not recommended.

Key points
� Osteoporosis is a common disorder with potentially serious

consequences.
� Assessment of skeletal health should be a part of routine

care for all postmenopausal women.
� The annual examination should include measurements of

height and weight; assessment for chronic back pain and
kyphosis; and clinical risk factors for osteoporosis, frac-
tures, and falls.

� The most important risk factors for future fracture are a
history of previous fracture, older age, and low BMD.
– Fracture risk is especially high in the first 2 years after

an incident fracture.

� Bone mineral density testing is indicated for all postmen-
opausal women with risk factors for low BMD or fracture.
– DXA is the preferred technique for BMD testing.
– For untreated postmenopausal women at low fracture

risk, repeat DXA testing is not useful until at least
5 years have passed, unless rapid bone loss is antici-
pated.

� Vertebral imaging is appropriate for postmenopausal
women aged 70 years and older or with historical height
loss.

� Secondary causes of osteoporosis should be evaluated
before osteoporosis treatment has begun.

� The routine use of biochemical markers of bone turnover in
clinical practice is not recommended.

NONPHARMACOLOGIC TREATMENTS
AND LIFESTYLE MODIFICATIONS

The objectives of managing skeletal health in postmeno-
pausal women are to prevent or minimize bone loss and to
reduce the likelihood of fractures. All postmenopausal
women, regardless of their BMD, clinical risk factors, or
fracture risk, should be encouraged to adopt nonpharmaco-
logic measures and lifestyle modifications, such as eating a
balanced diet with adequate intakes of calcium and vitamin D,
being physically active, and avoiding harmful lifestyle
habits such as smoking, to support both general and bone
health.4,5,7,75 These general approaches, however, will not
prevent bone loss in early menopause, will not significantly
increase BMD in postmenopausal women, and are certainly
not adequate treatment for women with osteoporosis. For
women at high risk of fracture, pharmacologic therapy to
strengthen the skeleton is required to reduce fracture risk.

With obvious exceptions, such as the Women’s Health
Initiative (WHI), most studies evaluating the effects of non-
pharmacologic treatments and lifestyle modification are small
and of short duration. As a result, recommendations here will
be based on systematic reviews, meta-analyses, and expert
opinion.

Nutrition
Calcium and vitamin D

Sufficient intakes of calcium and vitamin D are necessary
for normal skeletal growth during childhood and adolescence.
The importance of these nutrients in healthy postmenopausal
women is less clear. An Institute of Medicine (IOM; now
called the National Academy of Medicine) committee con-
cluded that scientific evidence supports important roles for
calcium and vitamin D in skeletal health. Their proposed daily
intakes of calcium for postmenopausal women were 1,000mg
to 1,200mg, with an upper limit of 2,000mg (Table 6).76 The
IOM commented that the recommendation for women aged
51 to 70 years is based on uncertain and inconsistent data.

The average dietary calcium intake in postmenopausal
women in the United States and Canada is 700mg to
800mg, about one-third of which comes from dairy products,
meaning that an average dairy-free diet contains up to 500mg
of calcium. Few healthy women need to take more than 50mg
to 600mg of a calcium supplement to achieve the IOM-
recommended daily intake. Patients with malabsorption or
disorders of calcium metabolism such as hypoparathyroidism
may require higher daily intakes of calcium and vitamin D. A
listing of calcium content of foods and supplements is avail-
able from the National Institutes of Health Osteoporosis and
Related Bone Diseases National Resource Center (www.
bones.nih.gov/health-info/bone/bone-health/nutrition/calcium-
and-vitamin-d-important-every-age). No serious adverse
events (AEs) have been observed with daily calcium intakes
of less than 600mg. Larger daily intakes are associated with
gastrointestinal symptoms including bloating and constipation.

In the WHI Calcium and Vitamin D study, the average
dietary calcium intake was about 1,100mg daily. In the group
that took an additional 1,000mg of a calcium supplement daily,
the risk of kidney stones was increased by 17%.77 The possi-
bility that a calcium supplement of 1,000mg daily (with total
daily intake approximately 2,000mg) is associated with
increased cardiovascular risk was raised in a clinical trial
and a subsequent meta-analysis.78,79 That association was
not observed in the WHI.80 A subsequent meta-analysis found
that a calcium intake level of 2,000mg to 2,500mg per daywas
not associated with cardiovascular risk in healthy adults.81

However, in the absence of proof of benefit, a total daily
calcium intake of more than 1,200mg is not recommended
for healthy postmenopausal women or those with osteoporosis.

TABLE 6. Institute of Medicine recommendations for daily intakes
of calcium and vitamin D for women aged older than 50 years

Calcium, mg Vitamin D, IU

Age range, y EARa RDAb EARa RDAb

51-70 1,000 1,200 400 600
Over 70 1,000 1,200 400 800

EAR, estimated average requirement; IU, international units, RDA,
recommended dietary allowance.
aExpected to satisfy the needs of 50% of persons in that age group.
bDaily dietary intake level of a nutrient considered sufficient to meet the
requirements of 97.5% of healthy persons in that group.
Institute of Medicine.76
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Skeletal benefits of vitamin D supplementation in healthy
adults are uncertain. The IOM recommends 600 IU for women
aged between 50 and 70 years and 800 IU daily for those aged
older than 70 years, stating that these intakes were sufficient
to achieve serum 25-OHD levels of at least 20 ng/mL in most
postmenopausal women. Meta-analyses of the effects of
calcium and/or vitamin D on fracture risk provide inconsistent
conclusions, with most reporting no benefit on fracture
risk.82,83 In the bone health substudy in the Vitamin D and
Omega-3 Trial, the bone density effects of 2,000 IU of
cholecalciferol (vitamin D3) daily were evaluated over
24months in healthy women (average age, 63 y) with baseline
serum 25-OHD levels of 27.6 ng/mL.84 No effect was
observed in the entire study group or in the subgroup with
baseline serum 25-OHD levels less than 30 ng/mL. The
inability to demonstrate effectiveness may be related to
calcium and vitamin D being threshold nutrients; severe
deficiencies may be harmful, but intakes more than the
threshold to avoid deficiency does not provide additional
benefit. Salutary effects of vitamin D with calcium on fracture
risk have been observed most often in institutionalized or
vitamin D-deficient older adults.85 Most studies evaluating
the effects of calcium or vitamin D have not restricted the
study population to deficient participants. The US Preventive
Services Task Force (USPSTF) concluded that there was
insufficient evidence to assess the balance of the benefits
and harms of daily supplementation with vitamin D 400 IU or
more and calcium 1,000mg or more daily for the primary
prevention of fractures in community-dwelling, postmeno-
pausal women.86 They also recommended against the use of
vitamin D supplements to prevent falls.87

Women with osteoporosis do not require more calcium than
women with normal BMD, and there is no convincing evi-
dence that taking calcium and vitamin D supplements
improves the effectiveness of osteoporosis drugs.88 Adequate
intakes of calcium and vitamin D are recommended when
taking osteoporosis drugs to reduce the risk of treatment-
induced hypocalcemia.5

Protein intake
Studies of relationships between protein intake and BMD

or fracture risk have been inconsistent. In fall-prone older
adults who were losing weight, higher protein intake was
associated with reduced fall frequency.89

Probiotics
The gut microbiota can influence several aspects of bone

health, including the absorption of calcium and vitamin D and
immune response. In animal models, probiotics may prevent
bone loss associated with estrogen deficiency, and prelimi-
nary studies in humans suggest that probiotics could have a
role in preventing bone loss.90

Other supplements
Strontium is a heavier divalent cation than calcium and

increases BMD by being deposited in the skeleton. Strontium

ranelate, a proprietary strontium salt, reduced the risk of
vertebral and nonvertebral fractures in postmenopausal
women with osteoporosis.91 This drug was never approved
in the United States or Canada, and it is no longer available in
the rest of the world because of concerns about increased
cardiovascular risk. Other strontium salts (citrate, chloride)
are promoted to support bone health in the United States, but
there is no evidence for their effectiveness or safety.

Meta-analysis found no meaningful relationship between
magnesium intake and skeletal health.92 Routine magnesium
supplementation is not recommended in healthy adults with
normal diets.

Various vitamin K supplements have been promoted to
improve bone health. A recent meta-analysis found no evi-
dence that vitamin K affects bone density or vertebral fracture
risk in postmenopausal women and that the evidence was
insufficient to confirm a reduction in clinical fractures.93

Phytoestrogens, including isoflavones, are plant-derived
compounds with weak estrogenic activity. In a systematic
review, some isoflavones (aglycone form) had a moderately
beneficial effect against estrogen-deficiency bone loss.94

Isoflavones are not recommended as effective strategies to
prevent or treat postmenopausal osteoporosis.95

There is also no compelling evidence for a beneficial effect
of boron, zinc, black cohosh, berberine, or dehydroepiandros-
terone on BMD or fracture risk in postmenopausal women.

Avoiding harmful lifestyle factors
Cessation of smoking and limiting alcohol intake are

important general health measures. The AEs of smoking on
bone health appear to reverse when smoking is stopped.96

Physical activity and exercise
Skeletal mass is strongly influenced bymechanical loading.

During growth in children, impact-loading exercise programs
induce small gains in BMD, whereas diseases causing immo-
bilization are associated with low bone mass. A Cochrane
review and several meta-analyses found relatively small,
statistically significant effects of exercise on BMD compared
with control groups in postmenopausal women.97-99

The perception that exercise can reverse osteoporosis in
postmenopausal women by inducing new bone formation is
unfounded. Programs of regular exercise for general health
can be recommended, especially those that increase muscle
strength and improve balance, leading to fewer falls. Women
with osteoporosis, especially those with vertebral fractures,
should avoid activities that involve lifting or pulling with
forward spine flexion or rotation and may benefit from an
exercise program to stretch and strengthen the extensor
muscles of the spine.100

Fall prevention
At least one-third of women aged 65 years and older

experience one or more falls each year, and the risk of falling
and of fracture increases with advancing age.101 Because most
fractures occur as a result of a fall, attempts to reduce the
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incidence of falls should be important components of reduc-
ing fracture risk in older postmenopausal women.4,7 A recent
USPSTF report and a Cochrane review found that multicom-
ponent exercise programs such as tai chi that target balance,
gait, and muscle strength were the most effective ways to
prevent falls and perhaps fractures in older adults.86,101

Tapering the use of benzodiazepines, neuroleptic agents,
and antidepressants reduced the risk of falling by more than
60%. Hip protectors may be considered in patients at high risk
for falling, especially for patients in supervised settings such
as long-term care facilities.102 The Centers for Disease Con-
trol and Prevention’s Stopping Elderly Accidents, Deaths, and
Injuries initiative, based on published guidelines, provides
useful tools for fall risk assessment and management
(www.cdc.gov/steadi/).

Key points
� Recommending and promoting healthy habits, including

attention to nutrition, adequate calcium and vitamin D
intake, physical activity, and avoidance of harmful habits
is appropriate for all postmenopausal women.

� None of these approaches can significantly improve BMD
or correct the architectural abnormalities of osteoporosis.

� The modest skeletal benefits of nonpharmacologic mea-
sures should not be construed as sufficient or effective
therapies for postmenopausal women with osteoporosis at
high risk of fracture.

� The likelihood of falls can be decreased, however, and
fracture risk may be reduced in older women. Prevention of
falls is especially important in older women or those with
decreased mobility.

PHARMACOLOGIC THERAPY TO PREVENT
BONE LOSS

Several drugs with differing mechanisms of action have
demonstrated the ability to prevent bone loss in postmeno-
pausal women and to reduce fracture risk in women with
postmenopausal osteoporosis. The mechanisms of action of
all osteoporosis drugs are to modulate (either to inhibit or to
activate) bone metabolism. Antiremodeling agents, often
called antiresorptive drugs, include estrogen, estrogen ago-
nists/antagonists (EAAs), bisphosphonates, and denosumab.
They inhibit bone resorption, and to a lesser extent, bone
formation. These drugs maintain or improve BMD and reduce
fracture risk, but they do not improve or repair disruption of
trabecular structure. In contrast, osteoanabolic agents, by
stimulating new bone formation, improve cortical and/or
trabecular bone structure and induce large increases in
BMD, reducing fractures more quickly than do antiremodel-
ing drugs.

Prevention versus treatment
Drugs are approved by North American regulatory agencies

for either preventing or treating osteoporosis or both. Since
2008, North American guidelines have focused on using
osteoporosis drugs to reduce fracture risk. The concept of
preventing osteoporosis by halting postmenopausal bone loss

and its attendant damage to skeletal architecture is not recog-
nized in those guidelines.

On the basis of studies demonstrating prevention of bone
loss in postmenopausal women without osteoporosis, various
oral and transdermal estrogen preparations, alone or in com-
bination with progestogens or bazedoxifene (BZA), as well as
raloxifene, tibolone (in Mexico only), and four bisphospho-
nate drugs (alendronate, risedronate, ibandronate, and zoledr-
onate) have government approval for prevention of
osteoporosis (Table 7). Bone density responses to these agents
over 2 years in prevention studies are varied. The bone density
benefits of therapy persist as long as therapy is continued, but
the effects of estrogen-like drugs abate when treatment is
discontinued. Markers of bone turnover return to pretreatment
values within a few months, and BMD falls to pretreatment
levels within 1 to 2 years of stopping therapy, effects pre-
vented by switching to a bisphosphonate.103,104

Although using drugs to prevent osteoporosis is not
included in national osteoporosis guidelines, a strong clinical
argument can be made for doing so, especially in women who
come to menopause with low bone mass.105,106 On average,
women lose about one T-score unit (10-12%) of bone mass
across a normal menopause transition.12,107,108With this rapid
bone loss, significant and irreversible deterioration in trabec-
ular microarchitecture occurs. These effects are preventable
with estrogen and bisphosphonates.106,109,110 However, with
the exception of the WHI, strong evidence that preventing
bone loss in young postmenopausal women results in fewer
fractures in later life is lacking. A modeling exercise sug-
gested that infrequent infusions of zoledronate at menopause
would substantially reduce fracture risk and the number of
women aged older than 65 years who had osteoporosis.111

Support for the concept of osteoporosis prevention by anti-
remodeling agents also is found in the treatment of women
with AIs for nonmetastatic breast cancer who experience bone
loss and increased fracture risk.112 In these patients,
bisphosphonates and denosumab prevented bone loss, and
denosumab reduced the incidence of vertebral fractures by
50% within the first year of treatment, including in women
with normal BMD values at baseline.113-115

Hormone therapy
Several oral and transdermal systemic estrogen products

are government approved in the United States and Canada for
prevention of postmenopausal osteoporosis. Although no
clear differences in the BMD responses among different
estrogen preparations or between oral and transdermal admin-
istration have been observed, transdermal estrogen appears to
have less risk of venous thrombotic events and possibly
stroke.

Bone mineral density
The beneficial effects of systemic standard doses of oral or

transdermal HT on BMD, including estrogen plus progesto-
gen therapy (EPT) for women with a uterus or estrogen-alone
therapy (ET) for women without a uterus, have been shown in
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RCTs in both younger and older postmenopausal women.116-
120 In the Postmenopausal Estrogen/Progestin Interventions
trial (N¼ 875), 0.625mg conjugated estrogens (CE), with or
without a progestogen (either medroxyprogesterone acetate
[MPA] or micronized progesterone [MP]), for 3 years signifi-
cantly increased LS BMD by 3.5% to 5.0%, with a 1.7%
increase in hip bone density.116 In the WHI, a 5-year RCT in
postmenopausal women aged 50 to 79 years (N¼ 16,608),
standard daily EPT doses (0.625mg CE plus 2.5mg MPA)
significantly increased LS and TH bone density by 4.5% and
3.7%, respectively, relative to placebo.121 Oral 17-b estradiol
in daily doses of 0.25mg, 0.5mg, and 1.0mg increased LS
BMD after 2 years by 0.4%, 2.3%, and 2.7%, respectively.122

Combining those doses of estradiol with norethindrone ace-
tate 0.5mg daily resulted in larger increases in BMD. In a
meta-analysis of 57 RCTs in postmenopausal women, consis-
tent BMD increases with ET or EPT were observed at all
skeletal sites versus placebo.123 In trials of 2 years’ duration,
the mean difference in BMD after EPTwas 6.8% at the LS and
4.1% at the FN. Similarly, daily doses of 0.05mg and 0.1mg
of estradiol acetate delivered via a vaginal ring significantly
increased hip BMD (1.7% and 1.8%, respectively) and LS
BMD (2.7% and 3.3%, respectively) compared with base-
line.124 Lower-than-standard doses of ET and EPT are asso-
ciated with significant, albeit smaller, improvements in BMD,
although the number of women experiencing bone loss on
lower doses is likely higher.118,120,122,125-127

Fracture risk
In the WHI, ET with CE alone and EPT reduced the

combined risk of vertebral fractures, hip fractures, and total
fractures by 34% compared with placebo in a low-risk fracture
population.121,128 Hip fracture risk was reduced by 30%

(hazard ratio [HR], 0.7; unadjusted 95% confidence interval
[CI], 0.4-1.0), vertebral fractures by 30% (HR, 0.7; unadjusted
95% CI, 0.4-1.0), and other osteoporotic fractures by 20%
(HR, 0.8; 95% CI, 0.7-0.9). Meta-analysis and a systematic
review, dominated by WHI results, demonstrated that 5 to
7 years of HT significantly reduced risk of spine, hip, and
nonvertebral fractures.129,130 Because no study, including the
WHI, has evaluated the effects of estrogen on fracture risk in
women with osteoporosis, estrogen is not approved as a
treatment for postmenopausal osteoporosis. Doses of ET or
EPT lower than used in the WHI have not been studied with
regard to fracture efficacy.

Safety
In the WHI, initial reports of systemic EPT showed sta-

tistically significant increased risks of breast cancer, stroke,
and thromboembolic events.131-133 In women with prior
hysterectomy, CE alone for 6.8 years resulted in a statistically
significant increased risk of stroke and deep venous throm-
bosis, whereas breast cancer, coronary heart disease, total
venous thromboembolism (VTE), and pulmonary embolism
were not statistically increased.134 In theWHIMemory Study,
a statistically significant increase in probable dementia was
noted in women aged 65 to 79 years who received EPT for a
mean of 4.0 years.135 After a mean follow-up of 5.2 years,
there was a nonsignificant trend for increased probable
dementia in women allocated to ET.

Subgroup analyses suggest that the timing of initiation of
HT influences the benefit-risk balance, with more favorable
effects observed in women aged 60 years and younger or
within 10 years of menopause, including less risk of cardio-
vascular disease and possibly cognition.136-138 In women aged
older than 60 years or more than 10 years past the menopause

TABLE 7. Drugs approved in North America for preventing osteoporosis

Drug Trade name(s) Drug class Dose, route of administration, and dosing interval

CE Premarin Estrogen Oral; various doses and intervals (0.3, 0.45, 0.9, 1.25,
2.5mg)

Estradiol Variousa Estrogen Oral and transdermal, various doses and intervals
Estradiol þ NETA Activella, Amabelz Estrogen-progestin

combination
Estradiol 1 mg þ NETA 0.5 mg; estradiol 0.5 mg þ

NETA 0.1 mg; PO daily
Ethinyl estradiol þ NETA FemHRT, Jinteli Estrogen-progestin

combination
Ethinyl estradiol 2.5mg þ NETA 0.5 mg; ethinyl

estradiol 5mg þ NETA 1 mg; PO daily
CE þ MPA PremPro Estrogen-progestin

combination
CE þ MPA doses: CE 0.625 mg þ MPA 2.5 mg or

0.45 mg þ 1.5 mg; 0.3 mgþ1.5 mg; 0.625 mg þ
5 mg; PO daily

CE þ BZA Duavee Estrogen-EAA com-
bination

CE 0.45 mg þ BZA 20 mg PO daily

Tibolone Livial; generics Synthetic estrogen
agonist

2.5 mg PO daily

Raloxifene Evista; generics EAA 60 mg PO daily
Alendronate Fosamax; generics Bisphosphonate 35 mg PO q wk
Risedronate Actonel; Atelvia; generics Bisphosphonate 35 mg PO q wk or 150 mg PO q mo
Ibandronate Boniva; generics Bisphosphonate 150 mg PO q mo
Zoledronate Reclast; Aclasta; generics Bisphosphonate IV q 2 y

available only in Mexico.
BZA, bazedoxifene; CE, conjugated estrogens; EAA, estrogen agonist/antagonist; IV, intravenous; MPA, medroxyprogesterone acetate; NETA,
norethindrone acetate; PO, orally.
aTrade names of estrogens approved for prevention of osteoporosis include Climara, Estrace, Minivelle, Premarin, Vivelle dot.
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transition, beginning HT was associated with increased risks
of stroke (relative risk [RR], 1.21; 95% CI, 1.06-1.38) and
VTE (RR, 1.96; 95% CI, 1.37-2.80).

Discontinuing hormone therapy
The beneficial effects of estrogen on the skeleton begin to

abate within a few months of stopping therapy. Bone mineral
density loss of 3% to 6% occurs during the first year after
cessation of systemic ET or EPT, and markers of bone
turnover return to pretreatment values within a few
months.103,139 Within 2 years, BMD falls to levels seen in
women who never took estrogen.140 In the WHI, discontinua-
tion of HT was associated with a return of fracture risk to
levels seen in women who had received placebo, with no
excess fracture risk observed.141

The primary indication for systemic HT is for relief of
vasomotor (VMS) and other menopause symptoms in post-
menopausal women aged younger than 60 years and within
10 years of menopause, with secondary benefit on bone
protection.142,143 However, well-counseled women with per-
sistent menopause symptoms and those at high risk of fracture
who cannot tolerate the other therapies may be candidates for
HT for prevention or treatment of osteoporosis if benefits
outweigh risks. Extended use of HT is an option for well-
counseled women who have low bone mass, regardless of
menopause symptoms, for prevention of further bone loss
and/or reduction of fracture risk when alternate therapies are
not appropriate or when the benefits of extended use are
expected to exceed the risks.142,144,145

Despite positive effects on bone, initiating HT in women
aged older than 60 years or more than 10 years beyond
menopause is generally not recommended because of con-
cerns about cardiovascular safety.142,146

Although the optimal time to initiate ET or EPT and the
optimal duration of therapy have not been established, ET or
EPT should largely be used in the early years after meno-
pause. Women with primary ovarian insufficiency, premature
menopause, or early surgical menopause experience long-
term AEs on bone, cognition, mood, cardiovascular health,
sexual health, and mortality.147 For these women, an estrogen
preparation should be considered, unless there are contra-
indications, to prevent bone loss as well treat menopause
symptoms, at least until the average age of natural meno-
pause.142 Higher doses of HT may be needed to provide
protection against bone loss in younger women, particularly
those aged younger than 40 years.125

Estrogen-receptor agonists/antagonists
Raloxifene

Estrogen agonists/antagonists, previously known as selec-
tive estrogen-receptor modulators, have weak estrogen-like
antiresorptive properties in bone. Raloxifene is the only EAA
approved for the prevention and treatment of postmenopausal
osteoporosis.

In a 2-year RCT of 601 postmenopausal women without
osteoporosis (mean age, 55 y), raloxifene 60mg per day

improved BMD by 1.6% at the LS and 1.2% at the FN
compared with placebo (decreases of 0.8% and 1.2%, respec-
tively).148 Bone loss resumes when raloxifene therapy is
stopped.149 Raloxifene is associated with bone loss when
given to premenopausal women.150

Adverse events with raloxifene include increased hot
flashes, leg cramps, and an increased risk of VTE.151,152 In
postmenopausal women with osteoporosis, raloxifene signif-
icantly reduced the incidence of invasive breast cancer by
76% after 3 years and by 59% after 8 years of therapy.153,154

Bazedoxifene with conjugated estrogens
Bazedoxifene is an EAA that has effects similar to raloxi-

fene on bone density and fracture risk in women with osteo-
porosis.155 It is not approved as monotherapy in the United
States or Canada.

A daily fixed-dose combination of BZA 20mg with CE
0.45mg improved VMS, decreased bone turnover markers,
and prevented bone loss over 2 years in young postmeno-
pausal women.156-158 In a pooled analysis from phase 3 trials
in young postmenopausal women with normal or low BMD,
bone density changes versus placebo with BZA plus CE were
2.3% and 1.4% at the LS and TH, respectively.159 Because
BZA is a uterus antagonist, and the rates of endometrial
hyperplasia were less than 1% and comparable to placebo,
progestogens do not need to be taken with this combination
therapy, based on safety data up to 2 years.158,160

In RCTs of up to 2 years with the combination of CE and
BZA, mammographic breast density and rates of breast
tenderness, breast cancer, vaginal bleeding, cardiovascular
events, and VTEwere similar to placebo.157 This combination
has been approved in the United States, Canada, and Mexico
for the management of moderate to severe VMS and in the
United States and Mexico for prevention of postmenopausal
osteoporosis. This product contains a warning similar to other
estrogen-containing products.

The best candidates for BZA with CE are postmenopausal
women with a uterus who need relief from hot flashes and
prevention of bone loss. Caution should be exercised in
beginning any HT in women aged older than 60 years.

Tibolone
Tibolone, a synthetic hormone derived from the Mexican

yam, has metabolites with estrogenic, androgenic, and pro-
gestogenic effects.161 In young postmenopausal women, tibo-
lone prevented hot flashes, bone loss, and vaginal atrophy.162

In women with postmenopausal osteoporosis, tibolone
1.25mg daily significantly reduced the risk of vertebral
and nonvertebral fracture but increased stroke risk.163 It
has not been approved in the United States or Canada but
is used in Mexico for osteoporosis prevention.

Bisphosphonates
These analogs of pyrophosphate bind to bone matrix and

are absorbed into osteoclasts at sites of active bone remodel-
ing. By interfering with important intracellular processes,
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bisphosphonates impair osteoclast function. Bone remodeling
decreases, and BMD increases.164 There are bisphosphonates
approved for both the prevention and treatment of
postmenopausal osteoporosis.

In young postmenopausal women, bisphosphonates
increase BMD over 24months by 3.1% to 6.0% in the LS
and by 1.8% to 4.0% in the proximal femur.165-168 Doses of
zoledronate and alendronate approved for prevention are 50%
smaller than the doses approved for osteoporosis treatment.
Bone mineral density decreases slowly on stopping alendro-
nate or zoledronate.103,169

Bisphosphonates can be considered to prevent bone loss in
early menopause if estrogen cannot be taken or when ET or
raloxifene therapy is discontinued.

Key points
� Intervening to prevent rapid bone loss and deterioration of

skeletal structure is a unique opportunity to maintain
bone health.

� Such intervention would be most appropriate in women
with low BMD who are experiencing relatively rapid
bone loss because of acute estrogen deficiency in the
perimenopausal and early postmenopausal periods or on
discontinuing ET.

� For younger, healthy postmenopausal women, particularly
those with VMS, who are candidates for prevention of bone
loss, estrogen alone (if no uterus) or combined with
progestogen or BZA are the most appropriate therapies.
– A bisphosphonate could be chosen if estrogen is contra-

indicated or on stopping ET.
– Raloxifene is a good option for prevention of bone loss

in postmenopausal women with an elevated risk of
breast cancer and infrequent VMS.

� Bisphosphonates to prevent bone loss can be considered in
postmenopausal women with low BMD (T-score<�1) and
other risk factors for fracture (eg, family history) who do
not meet criteria for osteoporosis treatment.

PHARMACOTHERAPY TO TREAT OSTEOPOROSIS
IN POSTMENOPAUSAL WOMEN

The primary objective of treating women with osteoporosis
is to reduce the risk of fracture. All drugs approved for
osteoporosis treatment have been shown in RCTs to reduce
fracture risk (Table 8).151,170-189

These drugs vary considerably in their mechanisms of
action and their effectiveness. Details and nuances of their
use are found in cited reviews. Combining therapies is not
generally recommended to treat osteoporosis, although
sequential therapies may play a role in preventing loss after
certain therapies.

Antiremodeling drugs
Antiremodeling agents inhibit bone resorption by osteo-

clasts, and secondarily, bone formation. Treatment results in
the filling in of remodeling spaces in bone that are present at
the beginning of therapy and in opening of fewer new
remodeling spaces, resulting in increased BMD and skeletal
strength and decreased fracture risk. These drugs do not repair
deficits in trabecular architecture. Denosumab, the most
potent inhibitor of bone remodeling, does reduce porosity
in cortical bone. Protection from fractures occurs within
1 year of beginning therapy, persists as long as treatment is
given, and wanes when treatment is stopped. Hypocalcemia
has been reported with some of these agents. Low serum
calcium should be corrected before beginning therapy.

Raloxifene
In a pivotal RCT of postmenopausal women with osteopo-

rosis, raloxifene significantly reduced the incidence of verte-
bral fractures after 3 years by 30% and 50% in women with
and without prevalent vertebral fracture, respectively.151 Hip
and nonvertebral fracture risk was not reduced with raloxifene
therapy for up to 8 years.152

TABLE 8. Drugs approved in North America for treating women with postmenopausal osteoporosis

Fracture risk reduction (in primary
analyses of registration trials)

Drug Trade names Drug class
Dose, route of administration,

and dosing interval
Vertebral
fracture

Nonvertebral
fracture

Hip
fracture

Raloxifene151 Evista; generics EAA 60 mg/d PO U
Alendronate170-172,184 Fosamax; Binosto; generics Bisphosphonate 70 mg q wk PO U U
Risedronate173-175,185-187 Actonel; Atelvia; generics Bisphosphonate 35 mg q wk PO; 150 mg q mo PO U U U
Ibandronate176,188,189 Boniva; generics Bisphosphonate 150 mg PO q mo; 3 mg IV q 3 mo U
Zoledronate177 Reclast; Aclasta; generics Bisphosphonate 5 mg IV q y U U U
Denosumab178,179 Prolia RANK ligand inhibitor 60 mg SQ q 6 mo U U U
Teriparatide178,179 Forteo; Teribone PTH-receptor agonist 20mg SQ daily U U
Abaloparatide179,180 Tymlos PTH-receptor agonist 80mg SQ daily U U
Romosozumab181,182 Evenity Sclerostin inhibitor 210 mg SQ q mo U U U
Calcitonin-salmon183 Calcimar; Fortical; generics Calcitonin 200 USP units by nasal spray daily U

Available only in the United States.
EAA, estrogen agonist/antagonist; IV, intravenous; PTH, parathyroid hormone; SQ, subcutaneous.
Ettinger B, et al151; Liberman UA, et al170; Black DM, et al171;Cummings SR, et al172; Harris ST, et al173; Reginster J, et al174; McClung MR, et al175;
Chesnut CH 3rd, et al176; Black DM, et al177; Cummings SR, et al178; Neer RM, et al179; Miller PD, et al180; Cosman F, et al181; Saag KG, et al182;
Chesnut CH 3rd, et al183; Schnitzer T, et al184; Brown JP, et al185; Delmas PD, et al186; McClung MR, et al187; Miller PD, et al188; Delmas PD, et al.189
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In the pivotal study, raloxifene use was associated with a
significant threefold increase in the risk of VTE without a
significant difference in coronary or cerebrovascular events
between placebo and raloxifene.151 In postmenopausal
women with risk factors for coronary heart disease, no
significant effects of raloxifene on the risk of primary coro-
nary events or stroke were observed over a median of
5.6 years.190 However, the risk of fatal stroke was increased
(HR, 1.49).

Therapy considerations.
Raloxifene is an option for the treatment of postmenopausal

osteoporosis in women with a low risk of hip fracture, an
elevated risk of breast cancer, and low risk of stroke and VTE.

Bisphosphonates
In RCTs, daily oral therapy with alendronate, risedronate,

and ibandronate and annual intravenous dosing with zoledr-
onate reduced the risk of vertebral fractures by 41% to 70%
over 3 years in postmenopausal women with osteoporosis.191

Alendronate, risedronate, and zoledronate also reduced the
risk of hip and nonvertebral fractures by 28% to 50% and 20%
to 38%, respectively, in long-term extension studies. Bone
mineral density in the TH and FN plateaus after about 5 years,
with no further increases over the next 4 to 5 years.192,193

Registration for government approval of the commonly used
weekly and monthly dosing regimens of the oral agents was
based on studies comparing BMD responses to daily therapy
rather than on fracture endpoint studies (Table 8).151,170-189

Adverse events include diffuse bone and muscle pain of
unknownmechanism, worsening upper gastrointestinal symp-
toms with oral bisphosphonates, and flu-like symptoms in
about one-third of patients with the first infusion of zoledr-
onate. Renal failure has occurred with zoledronate in patients
with compromised renal function. Oral bisphosphonates are to
be used with caution, and zoledronate is contraindicated in
patients with markedly impaired renal function. Osteonecro-
sis of the jaw (ONJ) occurs infrequently (1 in 10,000-100,000
patient-years) with osteoporosis doses of bisphosphonates.194

Invasive dental procedures and poor oral hygiene are risk
factors for ONJ. Discontinuing therapy before an invasive
dental procedure does not reduce the risk of ONJ,195 but
improving oral hygiene preoperatively and using topical
antimicrobial therapy with dental extraction does appear to
reduce risk.196,197

A duration-dependent risk of subtrochanteric or femoral
shaft fractures with atypical radiologic features becomes
evident after 2 to 3 years of therapy, with an incidence of
about 1 in 1,000 patients after 8 to 10 years of therapy.198 The
risk of these fractures appears to be greater in Asian women,
in younger postmenopausal womenwith lowBMD rather than
osteoporosis, and in patients with some genetic skeletal
disorders such as hypophosphatasia.199 Pain in the thigh or
groin is usually present for weeks to months before the
atypical fracture occurs. Patients on bisphosphonates for more
than 3 years should be cautioned to report new thigh or groin

pain so that radiographic evaluation can be undertaken. The
risk of atypical fracture may decrease on discontinuation of
oral bisphosphonates.200

Duration of therapy and bisphosphonate drug holiday.
The effects of bisphosphonate therapy on bone remodeling

and protection from fracture wane slowly (over 1-5 y) when
treatment is stopped.192,193,201 Because of this unique phar-
macology, a temporary withdrawal of therapy (‘‘bisphospho-
nate holiday’’) can be considered after 3 to 5 years of therapy
in patients at low or moderate fracture risk and who no longer
meet criteria for therapy.5,7,130,202 Fracture risk increases
again when patients have been off oral bisphosphonate ther-
apy for 2 years.203 Osteoporosis treatment should be restarted
with a significant decline in BMD, an intervening fracture, or
other factors altering clinical risk.5,191,202 For patients remain-
ing at high risk after 3 to 5 years of bisphosphonate therapy
(history of previous spine or hip fracture or multiple other
fractures, hip BMD values remaining in the osteoporosis
range, or who have other important risk factors), continuing
on the bisphosphonate or switching to denosumab or an
osteoanabolic agent is recommended.5,7,202

Therapy considerations.
Bisphosphonates are appropriate to reduce fracture risk in

women with postmenopausal osteoporosis. Use with caution
in patients with significantly impaired renal function. Con-
sider a bisphosphonate holiday only in women at low or
moderate fracture risk.

Denosumab
This fully human monoclonal antibody inhibits RANK

ligand, the principal stimulator of bone resorption. Treatment
with denosumab 60mg by subcutaneous injection every
6months results in marked inhibition of bone remodeling,
with resorption inhibited more than formation.204 In a pivotal
RCT, denosumab therapy for 3 years reduced the risk of
vertebral fractures by 68% and hip fractures by 40% in
postmenopausal women with osteoporosis.178 Over 10 years,
BMD increased by 21.7% and 9.2% in the LS and TH,
respectively, and protection from fracture persisted or
improved.

In that trial, skin rash and skin infection occurred more
frequently with denosumab than placebo but did not increase
in frequency with long-term therapy. Denosumab can be used
in patients with impaired renal function, but hypocalcemia is
more common. Rare cases of atypical femoral fractures and
ONJ were observed with long-term therapy. The relationship
between duration of denosumab therapy and these possible
AEs is unclear. No other AEs were observed over 10 years of
treatment.192

Discontinuing denosumab.
On stopping denosumab treatment, bone turnover markers

quickly rise above baseline levels before returning to pre-
treatment levels after 1 to 2 years. Bone mineral density
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decreases rapidly, and vertebral fracture protection is lost.
Vertebral fractures, often multiple, occurring 3 to 18months
after stopping denosumab treatment have been reported.205

There is no justification for a ‘‘holiday’’ with denosumab
therapy. Whenever denosumab is stopped, therapy with a
bisphosphonate should be used to prevent bone loss.206,207

Therapy considerations.
Denosumab is appropriate for women with postmenopausal

osteoporosis, including those at high risk of fractures. There is
no limit to the duration of denosumab therapy. Administration
of denosumab should not be delayed or stopped beyond
7months without subsequent therapy to prevent bone loss
and vertebral fractures.

Calcitonin-salmon
Nasal spray calcitonin-salmon is recommended for the

treatment of osteoporosis only for women who cannot tolerate
other therapies.5 Calcitonin-salmon may reduce pain and
shorten time to mobilization after an acute vertebral frac-
ture.208

Osteoanabolic therapies
These bone-building drugs stimulate bone formation and

restore the structure of trabecular bone by increasing the
number and width of trabeculae and improving cortical
thickness.209 The bone-forming effects of these agents dimin-
ish over several months (antisclerostin therapy) to a few years
(PTH-receptor agonists). For these and other reasons, therapy
with anabolic agents is limited to treatment intervals of 12 to
24months. Bone mineral density is lost rapidly when osteoa-
nabolic agents are discontinued. To maintain the treatment
benefits, these therapies should always be followed by an
antiremodeling drug. Osteoanabolic therapies are more effec-
tive than antiremodeling agents at increasing BMD and
reducing fractures and should be the initial therapy for
osteoporosis in women at very high or imminent risk of
fracture.6,7,51

Parathyroid hormone receptor agonists
Teriparatide and abaloparatide activate the PTH receptor,

stimulating bone formation on trabecular and endocortical
bone surfaces, leading to increased skeletal mass and volume,
improved trabecular microarchitecture, increased cortical
width, and increased bone strength.210,211 Both drugs, admin-
istered by daily subcutaneous injection, significantly reduce
risks of vertebral and nonvertebral fracture. Hip fracture
efficacy was not demonstrated in individual randomized trials
(limited by sample size), but a meta-analysis showed hip
fracture efficacy with teriparatide.212 Orthostatic hypotension
with first doses and hypercalcemia are possible AEs. High
doses of both drugs induced bone tumors in rats, but this risk
has not been observed in clinical studies. Neither drug should
be used in patients with hypercalcemia, at risk for osteosar-
coma, or with skeletal metastases. Previously, treatment with
both agents was limited to 2 years in one’s lifetime. The

teriparatide label changed (November 2020) to allow a repeat
teriparatide course in appropriate patients. Abaloparatide is
not yet available in Canada.

Teriparatide.
Teriparatide is a synthetic peptide comprised of the first 34

amino acids of PTH.210 In a phase 3 pivotal trial, teriparatide
therapy for 18 to 19months resulted in increases of LS bone
density by 9.5% and TH bone density by 2.6%.179 The risks of
vertebral and nonvertebral fracture were reduced by 65% and
35%, respectively. In women with postmenopausal osteopo-
rosis at high fracture risk, teriparatide reduced risks of verte-
bral fracture by 56% and clinical fractures by 52% compared
with risedronate.213

Abaloparatide.
Abaloparatide is a synthetic analog of PTH-related peptide

analog, modified to potentiate its anabolic effect.211 In a
pivotal fracture trial, women with postmenopausal osteopo-
rosis were randomized to blinded abaloparatide 80mg, pla-
cebo, or open label teriparatide for 18months.214 Bone
mineral density increased with abaloparatide by 11.2% in
the LS and by 4.2% after 18months in TH BMD. Over
18months, risks of vertebral fracture and nonvertebral frac-
ture were reduced by 86% and 43%, respectively. These
fracture-prevention benefits achieved with abaloparatide were
maintained for 2 additional years when women were switched
to alendronate. Increases in BMD, especially at the hip, were
greater with abaloparatide than with teriparatide, but there
were no significant differences in fracture risk between the
two therapies.

Romosozumab
Romosozumab is a humanized antisclerostin monoclonal

antibody that stimulates bone formation while inhibiting bone
resorption.215 It is administered monthly as two subcutaneous
injections totaling 210mg for 12months. In women with
postmenopausal osteoporosis, average BMD increases with
romosozumab at 1 year were 13.3% in the LS and 6.8% in the
TH. With 12months of romosozumab followed by 24months
of alendronate or denosumab, total increases in LS BMDwere
14.9% and 18.1%, respectively, whereas increases in TH
BMD were 7.0% with alendronate and 9.4% with denosu-
mab.181,182

In a pivotal RCT in women with postmenopausal osteopo-
rosis, romosozumab, compared with placebo, significantly
reduced vertebral fracture risk by 73% and clinical fractures
(>85% of which were nonvertebral) by 36% after 12months
of therapy.181 The 25% reduction in nonvertebral fracture risk
was not statistically significant.

In a second pivotal trial in women at high risk of fracture,
romosozumab was compared with alendronate.182 At
12months, vertebral fracture risk was reduced by 37% with
romosozumab compared with alendronate. After that
12months, all women received alendronate. At the end of
the study (average, 33 mo; 21 mo on alendronate),
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nonvertebral fractures were significantly reduced by 19% and
hip fractures by 38% in patients receiving romosozumab
during the first year of the study compared with those who
received only alendronate throughout. The reduction in ver-
tebral fracture risk observed during the 12months of romo-
sozumab compared with placebo or alendronate was
maintained for at least 2 years while women took denosumab
or alendronate.

Romosozumab can produce mild injection-site reactions
and hypersensitivity reactions. Compared with alendronate,
romosozumab was associated with a higher risk of major
cardiovascular AEs (heart attack, stroke, and cardiovascular
death), but there was no difference in rates of these events
with romosozumab versus placebo. The explanation for the
disparity in the results of the two studies is unclear.216

Romosozumab is not recommended for women at high risk
of cardiovascular disease, particularly those who have had
recent heart attacks or strokes.

Therapy considerations.
Osteoanabolic therapy results in larger, faster gains in

BMD and better protection from fractures than do bisphosph-
onates. Anabolic therapy should be followed by a potent
antiremodeling agent to maintain gains in BMD. Bone min-
eral density gains, particularly in the hip, are greater when the
anabolic drug is administered before the antiremodeling drug
compared with the opposite sequence. The best candidates are
women at very high risk of fracture, including those with prior
and especially recent fractures, very low BMD (T-score below
�3.0), and those who sustain fractures or lose BMD while
taking antiremodeling therapy.

DEVELOPING AN OSTEOPOROSIS
TREATMENT PLAN

Osteoporosis is a chronic, progressive, and currently incur-
able disease requiring life-long management. There is no
single treatment paradigm. Rather, treatment must be indi-
vidualized and then monitored and altered depending on the
course of the patient. Different medications are chosen
depending on the patient’s age, BMD, fracture risk, and other
considerations. Moreover, different medications may be

chosen for the same patient at different stages of life. Optimal
management will entail the use of osteoporosis therapies in
various sequences to maximize benefits and minimize risks
across the lifespan of a postmenopausal woman.

Goal-directed therapy, or ‘‘treat-to-target,’’ is an emerging
concept to aid in the selection of initial therapy or when and
how to change therapy for postmenopausal osteoporosis.217

The fundamental principle of this concept is that the goal of
treatment is to reach an acceptable level of fracture risk or
suitable surrogate. The initial treatment is selected according
to the likelihood of that treatment achieving this goal. If the
response to the initial treatment does not achieve this goal, a
change in treatment is considered.

The value of BMD as an appropriate target as a surrogate of
fracture risk is supported by recent studies documenting that
the level of BMD achieved on osteoporosis treatments corre-
lates strongly with a person’s current risk of fracture; the
higher the TH BMD is on treatment, the lower the fracture
risk.218,219 Those studies suggested that optimal treatment
benefit is achieved at TH T-score values between �2.0 and
�1.5. These data are bolstered by robust evidence from meta-
regressions of published clinical trials of many medications
demonstrating a strong correlation between the magnitude of
BMD increase with treatment and reduction of vertebral,
nonvertebral, and hip fracture risk.220,221

These results suggest that, for patients with very low BMD
or very high risk of fracture, beginning therapy with an
osteoanabolic agent followed by an antiremodeling drug is
most likely to achieve osteoporosis treatment goals.51,222 The
studies documenting the superiority of osteoanabolic treat-
ments over antiremodeling drugs for reducing fracture risk in
patients at very high risk of fracture strongly support this
recommendation.182,213 This approach is even more attractive
on recall that the increase in BMD and fracture protection
achieved with 12 to 18months of osteoanabolic treatment
persists for at least 2 years after patients are transitioned to a
bisphosphonate or denosumab.223,224

Based on these concepts, the choice of the initial treatment
is based on the patient’s current BMD and fracture risk
(Table 9).6,7,51 If the response to the initial treatment does
not achieve this target, a change in treatment is considered. If

TABLE 9. Choosing an initial treatment for postmenopausal osteoporosis

Fracture risk Example Recommended starting therapy

Moderate Patient aged 62 y
T-score: LS -2.6, FN -1.8
No other risk factors

Raloxifene or a bisphosphonate

High Patient aged 68 y, mother with hip fracture
T-score: FN -2.8
Wrist fracture at age 60

Bisphosphonate or denosumab

Very high Patient aged 72 y
T-score: FN -3.0
Humerus fracture age 68
Two recent vertebral fractures

Osteoanabolic drug

FN, femoral neck; LS, lumbar spine.
Shoback D, et al6; Camacho PM, et al7; Kanis JA, et al.51

NAMS POSITION STATEMENT

988 Menopause, Vol. 28, No. 9, 2021 � 2021 The North American Menopause Society



the treatment goal has not been achieved with bisphosphonate
therapy, switching to denosumab or an osteoanabolic drug
should be considered. If the treatment target is reached after
3 to 5 years of bisphosphonate therapy, discontinuation of
treatment for an interval could be considered, with plans to
restart therapy if bone loss or fractures occur. If raloxifene or
denosumab therapy is stopped, switching to a bisphosphonate
would be indicated to prevent the rapid decrease in BMD and
loss of fracture protection. Osteoanabolic therapy should
always be followed by a bisphosphonate or by denosumab.

Monitoring osteoporosis therapy
Bone mineral density testing should be repeated 1 to 2 years

after beginning osteoporosis therapy (depending on the drug
used), with careful attention to quality control of the repeat
testing.4,7 For patients on bisphosphonates, repeating BMD
testing again at 5 years is used to determine whether a
‘‘bisphosphonate holiday’’ would be considered.202

Although changes in bone turnover markers are used by
some specialists to assess adherence and effectiveness of
therapy, routine use of bone markers is not recommended.
Follow-up contact by an office nurse may be the most
effective means to enhance adherence to therapy.225

Key points
� The choice of the initial treatment for osteoporosis is based

on the patient’s current BMD and fracture risk.
� Raloxifene is an option for the treatment of postmeno-

pausal osteoporosis in women with a low risk of hip
fracture, an elevated risk of breast cancer, and low risk
of stroke and VTE.

� Bisphosphonates are appropriate to reduce fracture risk in
women with postmenopausal osteoporosis.
– Use with caution in patients with significantly impaired

renal function.
– Consider a bisphosphonate holiday only in women at

low fracture risk who no longer meet criteria for ther-
apy.
� Restart therapy if bone loss or fractures occur or

when patient again meets criteria for treatment.
– For patients remaining at high fracture risk after 3 to

5 years of bisphosphonate therapy, continue treatment
or switch to another drug.

� Denosumab is appropriate for women with postmeno-
pausal osteoporosis, including those at high risk of fracture.
– There is no limit to the duration of denosumab therapy.
– Administration of denosumab should not be delayed or

stopped beyond 7months without subsequent therapy to
prevent bone loss and vertebral fractures.

� Osteoanabolic therapies are most appropriately used in
women at very high risk of fracture, including those with
prior and especially recent fractures, very low BMD (T-
score below �3.0), and those who sustain fractures or lose
BMD while taking antiremodeling therapy.
– Osteoanabolic therapies increase bone mass more rap-

idly and reduce fracture risk more effectively than
do bisphosphonates.

– Anabolic therapy should be followed by an antiremod-
eling agent to maintain bone density gains.

– Bone mineral density gains, particularly in the hip, are
greater when an anabolic drug is administered before an
antiremodeling drug, compared with the opposite
sequence.

� Bone mineral density measured while on therapy correlates
with current fracture risk.

� If the response to the initial treatment does not achieve
preventing bone loss or reducing the risk of fracture, a
change in treatment should be considered.

� If drug-related AEs occur, appropriate management strate-
gies should be instituted. If AEs persist, switching to
another agent may be required.

� Identify barriers to nonadherence to therapy and encourage
adherence to the treatment plan. Providing clear informa-
tion to women regarding their risk for fracture and the
purpose of osteoporosis therapy may be an optimal way to
improve adherence.

� Depending on the treatment, an appropriate interval for
repeat BMD testing is 1 to 2 years after beginning treatment
or when a change in therapy is considered.
– Initial DXA and follow-up scans should ideally be

performed on the same instrument, using the same
procedure. Interpretation of BMD changes requires
careful attention to DXA quality control.

� If progressive loss of BMD or fractures occurs while on
therapy, evaluate for reasons for suboptimal response to
therapy, including poor adherence and underlying medical
conditions or medications.

� Even when treatment increases T-score values above�2.5,
the patient still has the diagnosis and risks of osteoporosis.

� Referral to bone specialists is recommended for women
with very low T-scores, inadequate treatment response,
including progressive decline in BMD or fractures while on
therapy, or additional factors (eg, renal failure, hyperpara-
thyroidism) requiring special management.

CONCLUSIONS
� Osteoporosis is a chronic, progressive health issue affect-

ing a large proportion of postmenopausal women.
� Menopause practitioners should be familiar and comfort-

able with approaches to the assessment and management of
bone health in their patients.

� Once diagnosed, patients with osteoporosis require
lifelong management.

� Management of bone health in postmenopausal women
involves assessment of risk factors for low BMD and
fracture, encouraging healthy lifestyle habits to reduce risk
factors, and if indicated, pharmacologic therapy.

� Effective tools for diagnosing osteoporosis and assessing
fracture risk are available, and well-studied strategies exist
for managing bone health in women at both low and high
risk of fracture.

� By individualizing treatment approaches and monitoring
and adjusting those approaches if the clinical picture
changes, the consequences of osteoporosis on a meno-
pausal woman’s activity and well-being can be minimized.

RECOMMENDATIONS
� Encourage all postmenopausal women to employ lifestyle

practices that reduce the risk of bone loss and osteoporotic

NAMS POSITION STATEMENT

Menopause, Vol. 28, No. 9, 2021 989



fractures: maintaining a healthy weight, eating a balanced
diet, obtaining adequate calcium and vitamin D, partici-
pating in regular physical activity, avoiding excessive
alcohol consumption, not smoking, and using measures
to prevent falls.

� The annual examination should include measurements of
height and weight, assessment for chronic back pain,
kyphosis, and clinical risk factors for osteoporosis, frac-
tures, and falls.

� Evaluate BMD in all women
– Aged 65 years and older.
– With history of fracture (other than skull, facial bone,

ankle, finger, and toe) after menopause.
– With medical causes of bone loss such as AE therapy

and systemic glucocorticoid therapy of more than
3months.

� Consider BMD testing for postmenopausal women aged
younger than 65 years who have one or more of these risk
factors:
– Discontinued estrogen with additional risk factors

for fracture.
– Thinness (body weight< 127 lb [57.7 kg] or

BMI< 21 kg/m2)
– History of hip fracture in a parent.
– Current smoking.
– Excessive alcohol intake.
– Long-term use of medications associated with bone loss

such as prednisone or an AI.
� Use DXA as the preferred technique for BMD testing and

the lowest T-scores at the LS, TH, or FN for diagnostic
categorization.

� Vertebral imaging is appropriate for women aged 70 years
and older or with historical height loss of more than 1.5 in.

� The IOM recommends daily intake of calcium 1,000mg to
1,200mg and vitamin D3 400 IU to 800 IU for women aged
50 years and older.

� Routine use of calcium and vitamin D supplements is not
recommended. Supplements should only be used when
daily targets of calcium and vitamin D are not achieved
from dietary sources.

� Drug therapy is recommended to prevent bone loss in
postmenopausal women with
– Premature menopause, at least until the average age of

natural menopause.
– Low BMD (T-score<�1.0) and experiencing relatively

rapid bone loss because of acute estrogen deficiency in
the menopause transition or on discontinuing ET.

– Low BMD (T-score<�1.0) and other risk factors for
fracture (eg, family history) but who do not meet the
criteria for osteoporosis treatment.

� Drug therapy is recommended to treat osteoporosis in these
populations:
– All postmenopausal women who have had a vertebral or

hip fracture.
– All postmenopausal women who have BMD values

consistent with osteoporosis (ie, T-scores<�2.5) at
the LS, FN, or TH region.

– All postmenopausal women who have T-scores from
�1.0 to �2.5 and any one of
� History of fracture of proximal humerus, pelvis, or

distal forearm.

� History of multiple fractures at other sites (excluding
face, feet, and hands).

� Increased fracture risk according to country-specific
thresholds using FRAX. In the United States, those
thresholds are a 10-year risk of major osteoporotic
fracture (spine, hip, shoulder, and wrist) of at least
20% or of hip fracture of at least 3%.

� Perform comprehensive evaluation, including thorough
medical history, physical examination, laboratory evalua-
tion and, in women with historical height loss and kyphosis,
vertebral imaging before beginning osteoporosis therapy.

� Ensure adequate total daily intake of calcium (1,000-
1,200mg) and vitamin D (400-800 IU) as adjunct therapy
for all postmenopausal women receiving pharmacologic
interventions for osteoporosis.

� Consider osteoanabolic therapies for patients at very high
risk of fracture, including olderwomenwith recent fractures,
T-scores �3.0 and lower, or multiple other risk factors.

� During therapy, reevaluate the treatment goals and the
choice of medication on an ongoing basis through periodic
medical examination and follow-up BMD testing.

� Once diagnosed, patients with osteoporosis require lifelong
management to prevent fractures.
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115. Bouvard B, Chatelais J, Soulié P, et al. Osteoporosis treatment and
10 years’ oestrogen receptorþ breast cancer outcome in postmeno-
pausal women treated with aromatase inhibitors. Eur J Cancer 2018;
101:87-94.

116. Effects of hormone therapy on bone mineral density: results from the
Postmenopausal Estrogen/Progestin Interventions (PEPI) trial. The
Writing Group for the PEPI. JAMA 1996;276:1389-1396.

117. Hosking D, Chilvers CE, Christiansen C, et al. Prevention of bone loss
with alendronate in postmenopausal women under 60 years of age. Early
Postmenopausal Intervention Cohort Study Group. N Engl J Med
1998;338:485-492.

118. Recker RR, Davies KM, Dowd RM, Heaney RP. The effect of low-dose
continuous estrogen and progesterone therapy with calcium and vitamin
D on bone in elderly women: a randomized, controlled trial. Ann Intern
Med 1999;130:897-904.

119. Adami S, Suppi R, Bertoldo F, et al. Transdermal estradiol in the
treatment of postmenopausal bone loss. Bone Miner 1989;7:79-86.

120. Weiss SR, Ellman H, Dolker M. A randomized controlled trial of four
doses of transdermal estradiol for preventing postmenopausal bone loss:
Transdermal Estradiol Investigator Group. Obstet Gynecol 1999;94:
330-336.

121. Cauley JA, Robbins J, Chen Z, et al; Women’s Health Initiative
Investigators. 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.

122. Greenwald MW, Gluck OS, Lang E, Rakov V. Oral hormone therapy
with 17beta-estradiol and 17beta-estradiol in combination with
norethindrone acetate in the prevention of bone loss in early postmen-
opausal women: dose-dependent effects. Menopause 2005;12:
741-748.

123. Wells G, Tugwell P, Shea B, et al; Osteoporosis Methodology Group and
The Osteoporosis Research Advisory Group. Meta-analyses of therapies
for postmenopausal osteoporosis. V. Meta-analysis of the efficacy of
hormone replacement therapy in treating and preventing osteoporosis in
postmenopausal women. Endocr Rev 2002;23:529-539.

124. Al-Azzawi F, Lees B, Thompson J, Stevenson JC. Bone mineral
density in postmenopausal women treated with a vaginal ring delivering
systemic doses of estradiol acetate. Menopause 2005;12:331-339.

125. Lindsay R, Gallagher JC, Kleerekoper M, Pickar JH. Effect of lower
doses of conjugated equine estrogens with and without medroxypro-
gesterone acetate on bone in early postmenopausal women. JAMA
2002;287:2668-2676.

126. Prestwood KM, Kenny AM, Kleppinger A, Kulldorff M. Ultralow-dose
micronized 17beta-estradiol and bone density and bone metabolism in
older women: a randomized controlled trial. JAMA 2003;290:1042-
1048.

127. Ettinger B, Ensrud KE, Wallace R, et al. Effects of ultralow-dose
transdermal estradiol on bone mineral density: a randomized clinical
trial. Obstet Gynecol 2004;104:443-451.

128. Jackson RD, Wactawski-Wende J, LaCroix AZ, et al; Women’s Health
Initiative Investigators. Effects of conjugated equine estrogen on risk of
fractures and BMD in postmenopausal women with hysterectomy:
results from the Women’s Health Initiative randomized trial. J Bone
Miner Res 2006;21:817-828.

129. Barrionuevo P, 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;104:1623-
1630.

130. Fink HA, MacDonald R, Forte ML, et al. Long-term drug therapy and
drug discontinuations and holidays for osteoporosis fracture prevention:
a systematic review. Ann Intern Med 2019;171:37-50.

131. Chlebowski RT, Hendrix SL, Langer RD, et al; WHI Investigators.
Influence of estrogen plus progestin on breast cancer and mammography
in healthy postmenopausal women: the Women’s Health Initiative
Randomized Trial. JAMA 2003;289:3243-3253.

132. Wassertheil-Smoller S, Hendrix SL, Limacher M, et al; WHI Inves-
tigators. Effect of estrogen plus progestin on stroke in postmenopausal
women: the Women’s Health Initiative: a randomized trial. JAMA
2003;289:2673-2684.

133. Manson JE, Hsia J, Johnson KC, et al; Women’s Health Initiative
Investigators. Estrogen plus progestin and the risk of coronary heart
disease. N Engl J Med 2003;349:523-534.

NAMS POSITION STATEMENT

994 Menopause, Vol. 28, No. 9, 2021 � 2021 The North American Menopause Society



134. Anderson GL, Limacher M, Assaf AR, et al; Women’s Health Initiative
Steering Committee. Effects of conjugated equine estrogen in postmen-
opausal women with hysterectomy: the Women’s Health Initiative
randomized controlled trial. JAMA 2004;291:1701-1712.

135. Shumaker SA, Legault C, Rapp SR, et al; WHIMS Investigators.
Estrogen plus progestin and the incidence of dementia and mild cogni-
tive impairment in postmenopausal women: the Women’s Health Ini-
tiative Memory Study: a randomized controlled trial. JAMA
2003;289:2651-2662.

136. Boardman HM, Hartley L, Eisinga A, et al. Hormone therapy for
preventing cardiovascular disease in post-menopausal women.
Cochrane Database Syst Rev 2015(3);CD002229.

137. Nudy M, Jiang X, Aragaki AK, et al. The severity of vasomotor
symptoms and number of menopausal symptoms in postmenopausal
women and select clinical health outcomes in the Women’s Health
Initiative Calcium and Vitamin D randomized clinical trial.Menopause
2020;27:1265-1273.

138. Oliver-Williams C, Glisic M, Shahzad S, et al. The route of administra-
tion, timing, duration and dose of postmenopausal hormone therapy and
cardiovascular outcomes in women: a systematic review. Hum Reprod
Update 2019;25:257-271.

139. Heiss G,Wallace R, Anderson GL, et al; WHI Investigators. Health risks
and benefits 3 years after stopping randomized treatment with estrogen
and progestin. JAMA 2008;299:1036-1045.

140. Papadakis G, Hans D, Gonzalez-Rodriguez E, et al. The benefit of
menopausal hormone therapy on bone density and microarchitecture
persists after its withdrawal. J Clin Endocrinol Metab 2016;101:5004-
5011.

141. Watts NB, Cauley JA, Jackson RD, et al. Women’s Health Initiative
Investigators. No increase in fractures after stopping hormone therapy:
results from the Women’s Health Initiative. J Clin Endocrinol Metab
2017;102:302-308.

142. The NAMS 2017 Hormone Therapy Position Statement Advisory Panel.
The 2017 hormone therapy position statement of The North American
Menopause Society. Menopause 2017;24:728-753.

143. Marjoribanks J, Farquhar C, Roberts H, Lethaby A, Lee J. Long-term
hormone therapy for perimenopausal and postmenopausal women.
Cochrane Database Syst Rev 2017;1:CD004143.

144. Kaunitz AM. Extended duration use of menopausal hormone therapy.
Menopause 2014;21:679-681.

145. ACOG Practice Bulletin No. 141: management of menopausal symp-
toms. Obstet Gynecol 2014;123:202-216. Erratum in Obstet Gynecol
2018;131:166; Obstet Gynecol 2018;131:604.

146. Manson JE, Chlebowski RT, Stefanick ML, et al. Menopausal hormone
therapy and health outcomes during the intervention and extended
poststopping phases of the Women’s Health Initiative randomized trials.
JAMA 2013;310:1353-1368.

147. Faubion SS, Kuhle CL, Shuster LT, Rocca WA. Long-term health
consequences of premature or early menopause and considerations
for management. Climacteric 2015;18:483-491.

148. Delmas PD, Bjarnason NH, Mitlak BH, et al. Effects of raloxifene on
bone mineral density, serum cholesterol concentrations, and uterine
endometrium in postmenopausal women. N Engl J Med 1997;337:1641-
1647.

149. Neele SJM, Evertz R, De Valk-De Roo G, Roos JC, Netelenbos JC.
Effect of 1 year of discontinuation of raloxifene or estrogen therapy on
bone mineral density after 5 years of treatment in healthy postmeno-
pausal women. Bone 2002;30:599-603.

150. Eng-Wong J, Reynolds JC, Venzon D, et al. Effect of raloxifene on bone
mineral density in premenopausal women at increased risk of breast
cancer. J Clin Endocrinol Metab 2006;91:3941-3946.

151. Ettinger B, Black DM, Mitlack BH, et al. Reduction of vertebral fracture
risk in postmenopausal women with osteoporosis treated with raloxifene:
results from a 3-year randomized clinical trial. Multiple Outcomes of
Raloxifene Evaluation (MORE) Investigators. JAMA 1999;282:637-645.

152. Cranney A, Tugwell P, Zytaruk N, et al; Osteoporosis Methodology
Group and The Osteoporosis Research Advisory Group. Meta-analyses
of therapies for postmenopausal osteoporosis. IV. Meta-analysis of
raloxifene for the prevention and treatment of postmenopausal osteopo-
rosis. Endocr Rev 2002;23:524-528.

153. Cummings SR, Eckert S, Krueger KA, et al. The effect of raloxifene on
risk of breast cancer in postmenopausal women: results from the MORE
randomized trial. Multiple Outcomes of Raloxifene Evaluation. JAMA
1999;281:2189-2197.

154. Martino S, Cauley JA, Barrett-Connor E, et al; CORE Investigators.
Continuing outcomes relevant to Evista: breast cancer incidence in
postmenopausal osteoporotic women in a randomized trial of raloxifene.
J Natl Cancer Inst 2004;96:1751-1761.

155. Silverman SL, Christiansen C, Genant HK, et al. Efficacy of baze-
doxifene in reducing new vertebral fracture risk in postmenopausal
women with osteoporosis: results from a 3-year, randomized, pla-
cebo-, and active-controlled clinical trial. J Bone Miner Res
2008;23:1923-1934.

156. Lindsay R, Gallagher JC, Kagan R, Pickar JH, Constantine G. Efficacy
of tissue-selective estrogen complex of bazedoxifene/conjugated estro-
gens for osteoporosis prevention in at-risk postmenopausal women.
Fertil Steril 2009;92:1045-1052.

157. Pinkerton JV, Harvey JA, Lindsay R, et al; SMART-5 Investigators.
Effects of bazedoxifene/conjugated estrogens on the endometrium
and bone: a randomized trial. J Clin Endocrinol Metab 2014;99:
E189-E198.

158. Pinkerton JV, Conner EA. Beyond estrogen: advances in tissue selective
estrogen complexes and selective estrogen receptor modulators. Cli-
macteric 2019;22:140-147.

159. Gallagher JC, Palacios S, RyanKA, et al. Effect of conjugated estrogens/
bazedoxifene on postmenopausal bone loss: pooled analysis of two
randomized trials. Menopause 2016;23:1083-1091.

160. Mirkin S, Pinkerton JV, Kagan R, et al. Gynecologic safety of conju-
gated estrogens plus bazedoxifene: pooled analysis of five phase 3 trials.
J Women’s Health (Larchmt) 2016;25:431-442.

161. Formoso G, Perrone E,Maltoni S, et al. Short-term and long-term effects
of tibolone in postmenopausal women. Cochrane Database Syst Rev
2016;10:CD008536.

162. Biglia N, Maffei S, Lello S, Nappi RE. Tibolone in postmenopausal
women: a review based on recent randomized controlled clinical trials.
Gynecol Endocrinol 2010;26:804-814.

163. Cummings SR, Ettinger B, Delmas PD, et al; LIFT Trial Investigators.
The effects of tibolone in older postmenopausal women. N Engl J Med
2008;359:697-708.

164. Russell RG, Rogers MJ. Bisphosphonates: from the laboratory to the
clinic and back again. Bone 1999;25:97-106.

165. McClung M, Clemmesen B, Daifotis A, et al. Alendronate prevents
postmenopausal bone loss in women without osteoporosis. A double-
blind, randomized, controlled trial. Alendronate Osteoporosis Preven-
tion Study Group. Ann Intern Med 1998;128:253-261.

166. Fogelman I, Ribot C, Smith R, Ethgen D, Sod E, Reginster JY.
Risedronate reverses bone loss in postmenopausal women with low
bone mass: results from a multinational, double-blind, placebo-con-
trolled trial. BMD-MN Study Group. J Clin Endocrinol Metab
2000;85:1895-1900.

167. McClung MR, Wasnich RD, Recker R, et al; Oral Ibandronate
Study Group. Oral daily ibandronate prevents bone loss in early
postmenopausal women without osteoporosis. J Bone Miner Res
2004;19:11-18.

168. McClung M, Miller P, Recknor C, Mesenbrink P, Bucci-Rechtweg C,
Benhamou CL. Zoledronic acid for the prevention of bone loss in
postmenopausal women with low bone mass: a randomized controlled
trial. Obstet Gynecol 2009;114:999-1007.

169. Grey A, BollandMJ, Horne A, et al. Five years of anti-resorptive activity
after a single dose of zoledronate—results from a randomized double-
blind placebo-controlled trial. Bone 2012;50:1389-1393.

170. Liberman UA, Weiss SR, Broll J, et al. Effect of oral alendronate on
bone mineral density and the incidence of fractures in postmenopausal
osteoporosis. The Alendronate Phase III Osteoporosis Treatment Study
Group. New Engl J Med 1995;333:1437-1443.

171. Black DM, Cummings SR, Karpf DB, et al. Ramdomised 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.

172. Cummings SR, Black DM, ThompsonDE, et al. Effect of alendronate 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.

173. Harris ST, Watts NB, Genant HK, et al. Effects of risedronate
treatment on vertebral and nonvertebral fractures in women with
postmenopausal osteoporosis: A randomized controlled trial. Verte-
bral efficacy with risedronate therapy (VERT) study group. JAMA
1999;282:1344-1352.

NAMS POSITION STATEMENT

Menopause, Vol. 28, No. 9, 2021 995



174. 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.

175. McClung MR, Geusens P, Miller PD, et al. Effect of risedronate on the
risk of hip fracture in elderly women. Hip Intervention Program Study
Group. New Engl J Med 2001;344:333-340.

176. Chesnut CH 3rd, Saag A, Christiansen C, et al. Effects of oral ibandr-
onate administered daily or intermittently on fracture risk in postmen-
opausal osteoporosis. J Bone Miner Res 2004;19:1241-1249.

177. 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.

178. Cummings SR, San Martin J, McClung MR, et al; for the FREEDOM
Trial. Denosumab for prevention of fractures in postmenopausal women
with osteoporosis. N Engl J Med 2009;361:756-765.

179. Neer RM, Arnaud CD, Zanchetta JR, et al. Effect of parathyroid
hormone (1-34) on fractures and bone mineral density in postmen-
opausal women with osteoporosis. N Engl J Med 2001;344:
1434-1441.

180. Miller PD, Hattersley G, Juel Riis b. et al; ACTIVE Study Investigators.
Effect of abaloparatide vs placebo on new vertebral fractures in post-
menopausal women with osteoporosis: a randomized clinical trial.
JAMA 2016;316:722-733.

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

182. Saag KG, Petersen J, Brandi ML, et al. Romosozumab or alendronate for
fracture prevention in women with osteoporosis. N Engl J Med 2017;
377:1417-1427.

183. Chesnut CH 3rd, Silverman S, Andriano K, et al. A randomized trial of
nasal spray salmon calcitonin in postmenopausal women with estab-
lished osteoporosis: the Prevent Recurrence of Osteoporotic Fractures
study. PROOF Study Group. Am J Med 2000;109:267-276.

184. Schnitzer T, Bone HG, Crepaldi G, et al. Therapeutic equivalence of
alendronate 70mg once-weekly and alendronate 10mg daily in the
treatment of osteoporosis. Alendronate Once-Weekly Study Group.
Aging (Milan, Italy) 2000;12:1-12.

185. Brown JP, Kendler DL,McClungMR, et al. The efficacy and tolerability
of risedronate once a week for the treatment of postmenopausal osteo-
porosis. Calcif Tissue Int 2002;71:103-111.

186. Delmas PD, McClung MR, Zanchetta JR, et al. Efficacy and safety of
risedronate 150mg once a month in the treatment of postmenopausal
osteoporosis. Bone 2008;42:36-42.

187. McClungMR, Miller PD, Brown JP, et al. Efficacy and safety of a novel
delayed-release risedronate 35mg once-a-week tablet. Osteoporos Int
2012;23:267-276.

188. Miller PD, McClung MR, Macovei L, et al. Monthly oral ibandronate
therapy in postmenopausal osteoporosis: 1-year results from the
MOBILE study. J Bone Miner Res 2005;20:1315-1322.

189. Delmas PD, Adami S, Strugala C, et al. Intravenous ibandronate
injections in postmenopausal women with osteoporosis: one-year results
from the dosing intravenous administration study. Arthritis Rheum
2006;54:1838-1846.

190. Barrett-Connor E, Mosca L, Collins P, et al; Raloxifene Use for The
Heart Trial Investigators. Effects of raloxifene on cardiovascular events
and breast cancer in postmenopausal women. N Engl J Med 2006;
355:125-137.

191. McClung M, Harris ST, Miller PD, et al. Bisphosphonate therapy for
osteoporosis: benefits, risks, and drug holiday.AmJMed 2013;126:13-20.

192. Bone HG, Hosking D, Devogelaer JP, et al; Alendronate Phase III
Osteoporosis Treatment Study Group. Ten years’ experience with
alendronate for osteoporosis in postmenopausal women. N Engl J
Med 2004;350:1189-1199.

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

194. Khosla S, Burr D, Cauley J, et al; American Society for Bone and
Mineral Research. 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.

195. Kang SH, Park SJ, Kim MK. The effect of bisphosphonate discontinua-
tion on the incidence of postoperative medication-related osteonecrosis

of the jaw after tooth extraction. J Korean Assoc Oral Maxillofac Surg
2020;46:78-83.

196. Khan AA, Sándor GK, Dore E, et al; Canadian Taskforce on Osteonec-
rosis of the Jaw. Bisphosphonate associated osteonecrosis of the jaw. J
Rheumatol 2009;36:478-490.

197. Zebic L, Patel V. Preventing medication-related osteonecrosis of the
jaw. BMJ 2019;365:l1733.

198. 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.

199. Starr J, Tay YKD, Shane E. Current understanding of epidemiology,
pathophysiology, and management of atypical femur fractures. Curr
Osteoporos Rep 2018;16:519-529.

200. Schilcher J, Koeppen V, Aspenberg P, Michaëlsson K. Risk of atypical
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