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CHAPTER 74 = OVERVIEW OF STRATEGIES FOR
MANAGING OSTEOPOROSIS IN
POSTMENOPAUSAL WOMEN

Michael R. McClung, Ghada El Hajj Fuleihan, and E. Michael Lewiecki

INTRODUCTION

Postmenopausal osteoporosis is a common condition charac-
terized by both low bone mass and microarchitectural deteri-
oration, resulting in impaired bone strength and increased risk
of fracture (1). More than half of women aged 50 and older
will develop osteoporosis or related fractures in their lifetime.
In the United States, almost 2 million women aged 65 and
older experienced a fracture in 2018, and that number is pro-
jected to increase by 68% by 2040 due the increasing number
of older women (2). This is associated with an increase in the
estimated annual US expenditure for all osteoporosis-related
fractures from $57 billion in 2018 to over $95 billion in 2040.
Similar projections have been made for Europe and Asia (3,4).
The adverse effects of these fractures on health-related quality
of life, physical and psychosocial quality of life and mortality,
particularly in elderly patients, have been well documented (5).

Over the past 30 to 40 years, great strides have been
taken in our understanding of the nature and regulation of
bone metabolism and of the epidemiology and pathogenesis
of postmenopausal osteoporosis (6). These advances pro-
vide scientific rather than empiric bises for developing effec-
tive management strategies. Approaches to the management
of osteoporosis in men and premenopausal women and in
patients with other disorders that contribute to impaired skel-
etal health are also covered in other sections of the Primer.
Information in previous sections of this Primer emphasize that
many determinants of postmenopausal osteoporosis, such as
the acquisition of peak bone mass and the influence of many
diseases on bone health, occur during childhood and adoles-
cence and in premenopausal women. It is clear that promot-
ing good general health across the lifespan results in healthier
skeletons.

Chapters in this section highlight advances in both non-
pharmacologic and pharmacologic approaches to manage-
ment of postmenopausal women who have developed osteo-
porosis. Recommendations about general measures including
good nutrition, regular physical activity, and avoiding harmful
habits are applicable to all postmenopausal women, not just
to those with or at risk for osteoporosis. We should help our
patients appreciate that these nonpharmacologic approaches
are important components of osteoporosis management, but
that they are usually not sufficient to prevent postmenopausal
bone loss nor treat postmenopausal osteoporosis. The impor-
tance of fall prevention and the special considerations in man-
aging osteoporosis in very elderly patients are also included

2
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in our section. The remainder of the chapters in this section
focus on the pharmacologic management of postmenopausal
OSteoporosis.

Bone loss after menopause and with advancing age is due
to an imbalance in bone remodeling, with resorption outpac-
ing formation. That appreciation led to the development of
both antiresorptive agents and of teriparatide, the first osteo-
anabolic agent. These drugs were shown to improve bone
strength and to reduce fracture risk in women with postmeno-
pausal ‘osteoporosis. Subsequent advances in the molecular
biology of bone metabolism resulted in the development of
very potent therapies that target specific regulators of bone
metabolism such as RANK ligand and sclerostin. With these
advances, we have a full menu of treatment options with var-
ied mechanisms of action (6). The antiresorptive drugs (more
accurately called antiremodeling drugs), including bisphos-
phonates, estrogen agonists and denosumab, improve bone
mineral density (BMD) and bone strength reduce fracture
risk by slowing bone resorption. However, because they also
decrease bone formation, they do not restore the deranged
skeletal microarchitecture that characterizes osteoporosis. In
contrast, bone-forming or osteoanabolic agents, by activating
bone formation, improve trabecular and cortical microarchi-
tecture in addition to increasing BMD. Current therapies also
have different pharmacologic characteristics, different dosing
regimens, and unique safety profiles. This plethora of choices
presents clinical challenges in deciding which drug to choose
for a specific patient, challenges made more difficult by the
paucity of head-to-head comparisons and dearth of informa-
tion about long-term effectiveness and safety.

Since the previous edition of the Primer, new insights and
additional clinical experience have enhanced our understand-
ing of and refined our approach to managing patients with
postmenopausal osteoporosis. Several of those new insights
are highlighted in this introductory overview chapter.

VERY HIGH OR IMMINENT
FRACTURE RISK

For many years, we have known that the major risk factors
for fracture in postmenopausal women are advanced age,
low BMD, history of falls, and history of previous fractures.
Several studies have now documented that a recent fracture
in a postmenopausal woman is perhaps the most powerful
predictor of subsequent fracture risk, and that risk is highest
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in the first couple of years after the incident fracture (7). The
relative risk of experiencing a second fracture increases more
than fivefold in the first 2 years after an incident fracture and
then gradually decreases over the next few years to a stable
value of about twofold above baseline. In absolute terms, the
probability of a second vertebral fracture is almost 20% in
the first year following the first vertebral fracture. Among
American female Medicare recipients aged 65 years and older
who experienced a fracture, 10% experienced a second frac-
ture with 12 months of the first fracture and 18% within
24 months (7). Appreciating the importance of a recent
fracture as an index of very high or imminent fracture risk,
recently updated guidelines from several national and inter-
national societies have defined a category of “very high frac-
ture risk” (8-11). These guidelines recommend that the choice
of the initial osteoporosis treatment be based on the patient’s
current risk of fracture. For those patients at very high risk,
more aggressive pharmacologic therapy beginning with an
osteoanabolic agent is recommended. This recommendation is
justified by the results of recent studies described below.

SUPERIORITY OF OSTEOANABOLIC
THERAPIES OVER
ANTIREMODELING DRUGS

While it is intuitive that a drug that restores disordered skel-
etal architecture would be a better treatment option than
drugs that only prevent further deterioration in structure, evi-
dence supporting that view has only recently become avail-
able. All three osteoanabolic agents induce larger increases in
bone density than do either bisphosphonates or denosumab.
Small studies demonstrated larger increases in BMD with teri-
paratide than with a bisphosphonate and hinted that nonver-
tebral fracture risk reduction was better with teriparatide (12).
Two large studies, described in detail in Chapters 82 and 83,
clearly document the superiority of teriparatide and romo-
sozumab over oral bisphosphonates for reducing fracture risk
in women with postmenopausal osteoporosis. at high risk of
fracture (13,14). Similarly, a post hoc analysis demonstrated
superior fracture risk reduction with abaloparatide versus
alendronate (15).

TREATMENT-RELATED BMD
RESPONSES AND FRACTURE RISK

The strong relationship between BMD and fracture risk was
described many years ago (16). Analyses from early clinical
trials with bisphosphonates and teriparatide suggested that
treatment-related increases in BMD explained only a small
proportion of fracture risk reduction (17-19). Larger doses
of alendronate, risedronate, and teriparatide resulted in larger
BMD increases but no differences in vertebral fracture risk.
Meta-analyses correlating changes in BMD and nonvertebral
fracture risk were inconclusive. Recently, however, a meta-
regression analysis of most of the large placebo-controlled
fracture endpoint studies demonstrated that the drugs induc-
ing the largest increases in BMD relative to placebo were asso-
ciated with the largest reductions in fracture risk (20). When
individual patient data from those studies were analyzed, pat-
ents with larger increases in BMD had lower fracture rates,
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irrespective of the drug they received (21). These results were
complemented by studies showing that higher total hip T-scores
achieved on alendronate, denosumab, or romosozumab were
associated with lower risk of nonvertebral fracture in the sub-
sequent year (22,23). These results suggest that treatment-
related BMD effects could be adopted as a surrogate for frac-
ture risk reduction in future registration trials (21).

GOAL-DIRECTED THERAPY

The demonstration that on-treatment BMD is predictive of
a patient’s current risk of fracture, coupled with the recent
availability of drugs and sequences of therapy that produce
large increases in BMD; raises the possibility of goal-directed
therapy where the objective of treatment would be achieving
a specific total hip BMD on therapy (24,25 cisions about
an initial therapy and any subsequent thera ould be made
based on the probability that the treatment would achieve
the BMD target. As expected, drugs and sequences that induce
the largest gains in BMD increase the probability of a patient
reaching a treatment target (26). If more data supporting this
approach are produced, goal-directed therapy may be incor-
porated into the next iteration of treatment guidelines.

SEQUENTIAL THERAPY

With most osteoporosis drugs, efficacy plateaus or even wanes
with long-term therapy, while rare but important adverse
events are associated with long-term bisphosphonate therapy.
Moreover, the skeletal benefits of all osteoporosis drugs dissi-
pate, at varying rates, upon discontinuation of therapy. Thus,
there is no short-term solution to osteoporosis management.
Rather, optimal osteoporosis treatment requires long term
if not lifelong management and involves the use of different
drugs in different sequences or perhaps combinations (27,28).
Most studies evaluating the combination of drugs with dif-
ferent mechanisms of action have not shown meaningful
benefit. The exception is the combination of denosumab and
teriparatide that resulted in modestly larger BMD increases
during the first 12 months of therapy than with either drug
alone (29). Studies using romosozumab with an antiremodel-
ing drug have not yet been reported.

Sequential therapy includes considering a switch from
a bisphosphonate to either denosumab or to an osteoana-
bolic agent if a patient remains at high fracture risk after 3
to 5 years of therapy because continuing therapy provides
no incremental BMD or fracture risk benefit while exposing
patients to an increasing risk of atypical femoral fracture. Fol-
lowing denosumab with a potent bisphosphonate for perhaps
2 years, with careful monitoring of markers of bone resorp-
tion, is required to at least blunt the rapid loss of BMD and
fracture protection. Because the anabolic effects of all osteo-
anabolic therapies wane with continued administration, their
use is generally limited to 12 to 24 months, after which, tran-
sition to an antiremodeling drug is required to maintain the
skeletal benefits. Importantly, the fracture protection benefit
of osteoanabolic therapy persists for at least 2 years after
transition to either alendronate or denosumab (14,30,31).
(Note that the switch from teriparatide, and probably abalo-
paratide, to denosumab is not recommended.) The opposite
transition, from an antiremodeling drug to an osteoanabolic
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Figure 74.1: Sequence options for the use of drugs with different
mechanisms of action.

agent, is associated with smaller BMD gains than observed in
treatment-naive patients (32). The sequence of an osteoana-
bolic agent followed by a potent antiremodeling drug provides
the best chance of improving hip BMD, the potential target
of therapy (32). Of all the sequences thus far studied, romo-
sozumab for 12 months followed by denosumab induces the
largest and fastest increments in bone density (26).

More experience with various sequences over longer inter-
vals of time is needed, including the use of multiple courses
of the same or different osteoanabolic drugs and the optimal
therapy between those courses (Fig. 74.1). The initial aim
of therapy should be to optimize bone mass, structure, and
strength with an anabolic agent and then to maintain that
improved strength with an antiremodeling drug, perhaps
repeating that sequence until the patient reaches a treatment
goal and a level of modest fracture risk (24). Upon achieving
that objective, a more simple strategy of intermittent bisphos-
phonate maintenance therapy could be employed to preserve
that improved skeletal status.

CURRENT STATUS OF
OSTEOPOROSIS CARE

Despite these impressive advances in assessment and man-
agement, osteoporosis remains woefully underdiagnosed and
undertreated. Too few women are screened or treated, and in
those who begin therapy, few remain on treatment beyond
12 months. In the United States, about one-third of women
aged 65 to 80 have had a DXA exam in the past 3 years, and
the rates are even lower in younger and older postmenopausal
women (33). The proportion of women treated following a hip
fracture declined from a poor 9.8% in 2004 to a pitiful 3.3%
in 2014 (34). In more recent data of American adults aged 50
and older who had a fracture between from May 2017 and
March 2019 until March 2020, 88.6% remained untreated at
any time after the incident fracture, and only 8.6% had BMD
testing in the year following the fracture (35). Subsequent frac-
tures occurred in 13.6% with higher rates among the older
patients. Among patients followed for at least 12 months, the
average duration of treatment with different drugs ranged
from 7 to 13 months and persistence varied between 20%
and 45%. Age-adjusted hip fracture rates, which had fallen
between 1995 and 2008, have plateaued or even increased,
attributed, at least in part, to the declining screening and treat-
ment rates (36).

It is apparent that we are missing important opportunities
to reduce fracture risk by not recognizing and then treating
patients at high fracture risk. Postmenopausal women who
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have a fracture should be thought of as having had a “bone
attack,” and all such patients deserve fracture risk assessment.
Multiple explanations exist for this poor overall performance
including limited knowledge among many physicians, incor-
rect information possessed by patients, inadequate supply of
clinicians experienced in the care of patients with osteoporosis,
conflicting or confusing clinical guidelines, and reimbursement
policies that stifle the use of drugs other than bisphosphonates.
Implementation of health policies that encourage appropriate
screening and then treatment of at-risk patients would not only
improve the lives of millions of patients but provide substantial
cost savings to the overall health systems (2,5).

THOUGHTS FOR;FHE FUTURE

The osteoporosis community must strive to overcome the
inertia or outright reluctance to treat women with postmeno-
pausal osteoporosis. This will not be solved with new drugs,
especially in the near future, since there are no new molecules
in Phase 2 or 3 clinical development specifically for osteopo-
rosis treatment. While many candidate osteoporosis therapies
have been identified in preclinical studies, it will be many years
before any will come to market. Adopting treatment-related
BMD effects as a surrogate endpoint in registration trials
for new drugs might spur more active development. Perhaps
drugs being developed to prevent, delay or even reverse aging
could have an important effect on osteoporosis risk and man-
agement (37).

An update FRAX tool that will include other risk factors
such as the recency of fracture, history of falls and type 2
diabetes is anticipated, based on meta-analyses of more and
larger databases, hopefully improving fracture risk prediction
(38). The impact of artificial intelligence (AI) on managing
osteoporosis is just beginning to be appreciated. It is already
being used to interpret skeletal radiographs and bone density
tests and to predict fracture risk (39—-41). Perhaps, by using
genetic and biochemical markers, Al might guide precision
therapy, based on probability of salutary responses to differ-
ent treatments. These and other technical advances will surely
enhance our future treatment capabilities.

In the meantime, while we await new developments, we
must make optimal use of our current diagnostic and thera-
peutic tools. There are several strategies and research priorities
that our field should consider, including the following;:

m Provide accessible, accurate, evidence-based information for
patients about the risk factors and consequences of fractures
and both the risks and benefits of osteoporosis therapies.

m Support the importance of general measures of good nutri-
tion and exercise for skeletal as well as general health while
dispelling the perception that those measures or unproven
supplements are adequate treatment for women with oste-
0Oporosis.

® Endorse and provide multifaceted fall prevention programs
for older adults.

m Encourage risk-based case finding with risk assessment and
BMD testing not only for women aged 65 and older but
for all postmenopausal women after a fracture or who have
risk factors for osteoporosis.

m Collate the competing American guidelines into a single,
practical set of recommendations and strategies, based on evi-
dence of best practice when available, to identify and treat the
appropriate patients with the optimal sequence(s) of therapy.
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m Increase educational opportunities for experienced clini-
cians about the implementation of these best practice rec-
ommendations.

m Motivate and incentivize physicians to specialize in the
management of bone health.

m Support the development of secondary fracture prevention
programs. Such programs, employed successfully and cost
effectively in many parts of the world, would be an obvious
first step in closing the large treatment gap. Many of those
programs are embedded in orthopedic or specialty medical
practices where care of the patients is provided by nurse prac-
titioners or physicians assistants.

m Develop a curriculum and training platform for these
advanced practice providers—and physicians—who wish to
become proficient in the management of patients after a
fracture or at high fracture risk.

m Take advantage of “big data” to conduct more real-world
studies comparing efficacy of different drugs and different
sequences of therapies.

m Evaluate the long-term cost-effectiveness of various treat-
ment sequences, recognizing that the skeletal benefits of
osteoanabolic therapy persist for several years after transi-
tion to less expensive antiremodeling drugs.

m Advocate for health policies at both national and local lev-
els that are based on evidence of best outcomes and cost-
effectiveness.

Preventing osteoporosis

Tangential to the focus of this section on treating postmeno-
pausal osteoporosis is the possibility and strategy of prevent-
ing osteoporosis. During the menopause transition, bone loss
is relatively rapid and is associated with significant deteriora-
tion in bone microarchitecture and strength (42,43). Women
who come to menopause with low bone mass (T-score <=1.0)
are at very high risk for developing osteoporosis. by age 70
without estrogen or other pharmacologic prevention therapy.
Estrogen preparations with or without progestins or baze-
doxifene, raloxifene and low-dose bisphosphonates are gov-
ernment approved to prevent postmenopausal osteoporosis.
Estrogen therapy and bisphosphonates are effective in main-
taining bone density in young postmenopausal women as long
as treatment is given (44,45). In women even at low fracture
risk, estrogen therapy substantially reduces the risk of verte-
bral and hip fracture (46). The benefit: risk profile of meno-
pausal hormone therapy is excellent when begun at or soon
after menopause in women without important risk factors for
breast cancer (47). If estrogen is discontinued, skeletal benefits
are quickly lost (48,49). Transitioning to a bisphosphonate for
2 years, followed by intermittent bisphosphonate maintenance
therapy, could then maintain bone density and bone structure
indefinitely (50). Most guidelines focus on identifying post-
menopausal women at high risk of fracture for whom treat-
ment would be indicated. The North American Menopause
Society (now The Menopause Society) recommends that ther-
apy to prevent bone loss be considered in women coming to
menopause with low bone density (9). Women at high risk of
osteoporosis (but not yet at high risk of fracture) can be easily
identified at the time of menopause. By not offering therapy to
prevent the loss of bone density and structure in early meno-
pause, we are missing an important opportunity to preserve
bone health and to optimize outcomes in later life.
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SUMMARY

Postmenopausal osteoporosis is a very common disorder, and
all clinicians who care for postmenopausal women should
be comfortable in assessing and treating those women. We
have excellent tools for diagnosis and risk assessment and
a wide range of treatment options of drugs with varied and
complementary mechanisms of ‘action. Long-term manage-
ment is required, and optimal therapy entails the use of differ-
ent drugs in various sequences. The chapters of this section of
the Primer will provide the reader with valuable information
and guidance for the management of women with postmeno-
pausal osteoporosis. No-algorithm for treatment is provided
for there is no single therapeutic approach that is appropriate
for each patient. Treatment is individualized, depending on the
patient’s risk of fracture, coexisting medical issues, and her
perspectives and objectives. Instead of thinking about treating
osteoporosis, we should focus on treating patients who have
osteoporosis.

References

1. NIH Consensus Development Panel on Osteoporosis Prevention
Diagnosis and, Therapy. Osteoporosis prevention, diagnosis, and
therapy. JAMA. 2001;285(6):785-795.

2. Lewiecki EM, Ortendahl JD, Vanderpuye-Orgle J, et al. Health-
care policy changes in osteoporosis can improve outcomes and
reduce costs in the United States. [BMR Plus. 2019;3(9):¢10192.

3. Kanis JA, Norton N, Harvey NC, et al. SCOPE 2021: a new score-
card for osteoporosis in Europe. Arch Osteoporos.2021;16(1):82.

4. Odén A, McCloskey EV, Kanis JA, Harvey NC, Johansson H.
Burden of high fracture probability worldwide: secular increases
2010-2040. Osteoporos Int. 2015;26(9):2243-2248.

5. Hansen D, Bazell C, Pelizzari P, Peynson B. Medicare cost of
osteoporotic fractures 2021. https://www.milliman.com/-/media/
Milliman/importedfiles/ektron/medicare_cost_of_osteoporotic_
fractures.ashx

6. Compston JE, McClung MR, Leslie WD. Osteoporosis. The Lancet.
2019;393(10169):364-376.

7. Balasubramanian A, Zhang J, Chen L, et al. Risk of subsequent
fracture after prior fracture among older women. Osteoporos Int.
2019;30(1):79-92.

8. Camacho PM, Petak SM, Binkley N, et al. American Association
of Clinical Endocrinologists/American College of Endocrinology
clinical practice guidelines for the diagnosis and treatment of
postmenopausal osteoporosis-2020 update. Endocr Pract. 2020;
26(Suppl 1):1-46.

9. The North American Menopause Society. Management of osteo-
porosis in postmenopausal women: the 2021 position statement of
The North American Menopause Society. Menopause. 2021;28(9):
973-997.

Kanis JA, Harvey NC, McCloskey E, et al. Algorithm for the man-
agement of patients at low, high and very high risk of osteopo-
rotic fractures. Osteoporos Int. 2020;31(1):1-12.

LeBoff MS, Greenspan SL, Insogna KL, et al. The clinician’s guide
to prevention and treatment of osteoporosis. Osteoporos Int.
2022;33(10):2049-2102.

Body JJ, Gaich GA, Scheele WH, et al. A randomized double-blind
trial to compare the efficacy of teriparatide [recombinant human
parathyroid hormone (1-34)] with alendronate in postmenopausal
women with osteoporosis. | Clin Endocrinol Metab.2002;87(10):
4528-4535.

Kendler DL, Marin F, Zerbini CAF, et al. Effects of teriparatide and
risedronate on new fractures in post-menopausal women with severe
osteoporosis (VERO): a multicentre, double-blind, double-dummy,
randomised controlled trial. Lancet. 2018;391(10117):230-240.

10.

11.

12.

13.

25/07/24 4:51 PM



6 Section VIi: Osteoporosis Il (Therapeutics)

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Saag KG, Petersen J, Brandi ML, et al. Romosozumab or alendro-
nate for fracture prevention in women with osteoporosis. N Engl
] Med. 2017;377(15):1417-1427.

Leder BZ, Mitlak B, Hu MY, Hattersley G, Bockman RS. Effect of
abaloparatide vs alendronate on fracture risk reduction in post-
menopausal women with osteoporosis. | Clin Endocrinol Metab.
2020;105(3):938-943.

Cummings SR, Black DM, Nevitt MC, et al. Bone density at var-
ious sites for prediction of hip fractures. The Study of Osteopo-
rotic Fractures Research Group. Lancet. 1993;341(8837):72-75.
Liberman UA, Weiss SR, Broll J, et al. Effect of oral alendronate
on bone mineral density and the incidence of fractures in post-
menopausal osteoporosis. The Alendronate Phase III Osteoporosis
Treatment Study Group. N Engl | Med. 1995;333(22):1437-1443.
Neer RM, Arnaud CD, Zanchetta JR, et al. Effect of parathy-
roid hormone (1-34) on fractures and bone mineral density in
postmenopausal women with osteoporosis. N Engl ] Med. 2001;
344(19):1434—1441.

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. N Engl | Med. 2001;344(5):333-340.
Bouxsein ML, Eastell R, Lui LY, et al. Change in bone density and
reduction in fracture risk: a meta-regression of published trials.
] Bone Miner Res. 2019;34(4):632-642.

Black DM, Bauer DC, Vittinghoff E, et al. Treatment-related
changes in bone mineral density as a surrogate biomarker for
fracture risk reduction: meta-regression analyses of individual
patient data from multiple randomised controlled trials. Lancet
Diabetes Endocrinol. 2020;8(8):672-682.

Ferrari S, Libanati C, Lin CJF, et al. Relationship between bone
mineral density T-score and nonvertebral fracture risk over
10 years of denosumab treatment. ] Bone Miner Res. 2019;34(6):
1033-1040.

Cosman F, Lewiecki EM, Ebeling PR, et al. T-score as an indicator
of fracture risk during treatment with romosozumab or alendro-
nate in the ARCH trial. | Bone Miner Res. 2020;35(7):1333-1342.
Cummings SR, Cosman F, Lewiecki EM, et al. Goal-directed treat-
ment for osteoporosis: a progress report from the ASBMR-NOF
Working Group on Goal-Directed Treatment for Osteoporosis.
J Bone Miner Res. 2017;32(1):3-10.

Lewiecki EM, Kendler DL, Davison KS, et al. Western osteoporo-
sis alliance clinical practice series: treat-to-target for osteoporosis.
Am | Med. 2019;132(11):e771-€777.

Cosman F, Libanati C, Deignan C, et al. Romosozumab followed
by antiresorptive treatment increases the probability of achieving
bone mineral density treatment goals. JBMR Plus. 2021;5(11):
el0546.

Langdahl B. Treatment of postmenopausal osteoporosis with
bone-forming and antiresorptive treatments: combined and sequen-
tial approaches. Bone. 2020;139:115516.

Chandran M. The why and how of sequential and combination
therapy in osteoporosis. A review of the current evidence. Arch
Endocrinol Metab. 2022;66(5):724-738.

Leder BZ, Tsai JN, Uihlein AV, et al. Two years of denosumab and
teriparatide administration in postmenopausal women with oste-
oporosis (the DATA Extension study): a randomized controlled
trial. | Clin Endocrinol Metab.2014;99(5):1694-1700.

Bone HG, Cosman F, Miller PD, et al. ACTIVExtend: 24 months
of alendronate after 18 months of abaloparatide or placebo for
postmenopausal osteoporosis. | Clin Endocrinol Metab. 2018;
103(8):2949-2457.

Lewiecki EM, Dinayahi RV, Lazaretti-Castro M, et al. One year
of romosozumab followed by two years of denosumab maintains
fracture risk reductions: results of the FRAME Extension study.
] Bone Miner Res.2019;34(3):419-428.

LWBK1904-C074_p01-06.indd 6

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43

44.

45.

46.

47.

48.

49.

50.

Cosman F. Anabolic therapy and optimal treatment sequences for
patients with osteoporosis at high risk for fracture. Endocr Pract.
2020;26(7):777-786.

Gillespie CW, Morin PE. Trends and disparities in osteoporosis
screening among women in the United States, 2008-2014. Am |
Med. 2017;130(3):306-316.

Desai RJ, Mahesri M, Abdia Y, et al. Association of osteoporosis
medication use after hip fracture with prevention of subsequent
nonvertebral fractures: an instrumental variable analysis. JAMA
Netw Open. 2018;1(3):180826.

Singer AJ, Williams SA, Pearman L, Wang Y, Pyrih N, Jeray K. An
evaluation of treatment patterns for osteoporosis and outcomes
after a fragility fracture in a real-world setting. | Orthop Trauma.
2023;37(4):e159-e164.

Lewiecki EM, Chastek B, Sundquist K, et al. Osteoporotic frac-
ture trends in a population of US managed care enrollees from
2007 to 2017. Osteoporos Int. 2020;31(7):1299-1304.

Doolittle ML, Monroe DG, Farr JN, Khosla S. The role of seno-
lytics in osteoporosis and other skeletal pathologies. Mech Ageing
Dev.2021;199:111565.

Schini M, Johansson H, Harvey NC, Lorentzon M, Kanis JA,
McCloskey EV. An overview of the use of the fracture risk
assessment tool (FRAX) in osteoporosis. | Endocrinol Invest.
2024;47(3):501=511.

Erjiang E, Wang T, Yang L, et al. Machine learning can improve
clinical detection of low BMD: the DXA-HIP Study. ] Clin Densi-
tom. 2021:24(4):527-537.

Cha Y, Kim JT, Kim JW, Seo SH, Lee SY, Yoo JI. Effect of artificial
intelligence or machine learning on prediction of hip fracture risk:
systematic review. | Bone Metab. 2023;30(3):245-252.

Hong N, Cho SW, Shin S, et al. Deep-learning-based detection
of vertebral fracture and osteoporosis using lateral spine X-ray
radiography. | Bone Miner Res. 2023;38(6):887-895.

Greendale GA, Sowers M, Han W, et al. Bone mineral density loss
in relation to the final menstrual period in a multiethnic cohort:
results from the Study of Women’s Health Across the Nation
(SWAN). J Bone Miner Res. 2012;27(1):111-118.

Greendale GA, Huang M, Cauley JA, et al. Trabecular bone score
declines during the menopause transition: the Study of Women’s
Health Across the Nation (SWAN). | Clin Endocrinol Metab.
2020;105(4):e1872—1882.

Wells G, Tugwell P, Shea B, et al. Meta-analyses of therapies for
postmenopausal osteoporosis. V. Meta-analysis of the efficacy of
hormone replacement therapy in treating and preventing oste-
oporosis in postmenopausal women. Endocr Rev. 2002;23(4):
529-539.

McClung MR, Wasnich RD, Hosking D]J, et al. Prevention of
postmenopausal bone loss: six-year results from the Early Post-
menopausal Intervention Cohort Study. | Clin Endocrinol Metab.
2004;89(10):4879-488S.

Cauley JA, Robbins J, Chen Z, et al. Effects of estrogen plus pro-
gestin on risk of fracture and bone mineral density: the Women’s
Health Initiative randomized trial. JAMA. 2003;290(13):1729-1738.
The North American Menopause Society. The 2022 hormone
therapy position statement of The North American Menopause
Society. Menopause. 2022;29(7):767-794.

Wasnich RD, Bagger YZ, Hosking D], et al. Changes in bone
density and turnover after alendronate or estrogen withdrawal.
Menopause. 2004;11(6 Pt 1):622-630.

Heiss G, Wallace R, Anderson GL, et al. Health risks and benefits
3 years after stopping randomized treatment with estrogen and
progestin. JAMA. 2008;299(9):1036-1045.

de Villiers TJ. Bone health and menopause: osteoporosis pre-
vention and treatment. Best Pract Res Clin Endocrinol Metab.
2024;38(1):101782.

25/07/24 4:52 PM





