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ABSTRACT

Osteoporosis, a disease classically attributed to postmenopausal women, is underappreciated,
underdiagnosed, and undertreated in men. However, it is not uncommon for osteoporotic fractures
to occur in men. About 40% of fractures occur in men with an incidence that has increased over the
years. After a first fracture, the risk of a subsequent episode, as well as the risk of death, is higher in the
male than in the female population. Despite these facts, only 10% of men with osteoporosis receive
adequate treatment. Up to half of the cases of male osteoporosis have a secondary cause, the most
common being hypogonadism, excessive alcohol consumption, and chronic use of glucocorticoids.
The International Society for Clinical Densitometry (ISCD) recommends using the female database
for the diagnosis of osteoporosis by DXA (T-score < -2.5 in men over 50 years old). In addition,
osteoporosis can also be diagnosed independently of the BMD if a fragility fracture is present, or
if there is a high risk of fractures by FRAX. Treatment is similar to postmenopausal osteoporosis,
because the data regarding changes in bone density track closely to those in women. Data concerning
fracture risk reduction are not as certain because the clinical trials have included fewer subjects
for shorter period of time. In men with symptomatic hypogonadism, testosterone replacement, if

review

"Universidade Federal de Séo
Paulo, Sao Paulo, SP Brasil

2 A+ Medicina Diagnéstica, Grupo
Fleury, Pernambuco, PE, Brasil
3 Departamento de Medicina,
Centro Universitério de Belo
Horizonte (UNI-BH), Belo
Horizonte, MG, Brasil
4Unidade de Endocrinologia,
Hospital Felicio Rocho, Belo
Horizonte, MG, Brasil
5Unidade de Endocrinologia,
Hospital Santa Casa, Belo
Horizonte, MG, Brasil

5Division of Endocrinology,
Metabolic Bone Diseases

Unit, College of Physicians &
Surgeons, Columbia University,
New York, NY, USA

Correspondence to:
Leonardo Bandeira

Av. Lins Petit, 298, Paissandu
50070-225 — Recife, PE, Brasil
leonardobandeira@gmail.com

Received on Aug/28/2022

indicated, can improve BMD. Arch Endocrinol Metab. 2022;66(5):739-47

Keywords
Osteoporosis; male; hypogonadism; testosterone

INTRODUCTION

Osteoporosis is a disease characterized by
reduced bone mass and deterioration of skeletal
microarchitecture, resulting in increased bone fragility
and risk of fractures. It is the most common metabolic
bone disease and its main outcome, osteoporotic
fractures, significantly increase morbidity and mortality.
Traditionally a disease of women, osteoporosis is
underappreciated, underdiagnosed, and undertreated
in men. Although more common in women, the
disease occurs with considerable frequency in the male
population, with a prevalence of about 12% worldwide
and reaching more than 20% in some regions of the
world (1-3). Furthermore, the morbidity and mortality
due to fractures are significantly higher in men than
in women, perhaps because they occur 5 to 10 years
later in men, and thus, are accompanied by more
comorbidities (4,5). This narrative review provides an
update on several aspects of male osteoporosis.
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EPIDEMIOLOGY

The prevalence of osteoporosis and fractures has
increased in the last decades more sharply in the male
than in the female population. Between the early 1990s
and mid-2000s, the prevalence of osteoporosis and
osteopenia doubled in men over 50 years old in the
US, reaching 4% and 38%, respectively (6). The chance
of a man suffering an osteoporotic fracture during his
lifetime is greater than that of developing prostate
cancer. In 2000, 40% of the 9 million fractures that
occurred in the world were in men (7). In addition,
a 310% increase in hip fractures is expected between
1990 and 2050 in this population.

A cohort study with 234 men over 60 years old
showed a 32% prevalence of morphometric vertebral
fractures (8). In another study with 725 men over 40

years old from the 5 Brazilian regions, the prevalence :

of fragility fractures was 12.8% (9). The increase of

osteoporotic fractures in this population is highly -
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relevant, since after a first fracture, the risk of a
subsequent fracture, as well as the risk of death, is higher
in the male than in the female population (4). Still, less
than 20% of men with osteoporosis receive treatment,
even considering those with previous fractures (10,11).

PATHOPHYSIOLOGY

The lower prevalence of male osteoporosis, when
compared to female, can be explained by several factors.
Peak bone mineral density (BMD) is 8% to 10% higher
in men than women. Thus, men are generally endowed
with greater peak bone mass before they begin to lose
bone mass. In addition, bone size is generally greater
in men, which confers a mechanical advantage, as
stressors are distributed over a wider cross-sectional
area. Increased bone size can be accounted for by
the action of androgens influencing periosteal bone
formation in men. With age, bone external diameter
increases, further in men than in women, perhaps in
compensation for endocortical thinning and increased
cortical porosity. This significant
increase in bone diameter, due to the action of
androgens on periosteal apposition is likely to be a
key differentiating point between men and women

compensatory

as they age. Another differentiating point is related
to trabecular microstructure. Men have more bone
trabeculae than women, and with aging, the pattern of
trabecular loss is different. In men, aging is associated
with trabecular thinning, but not loss, while in women,
aging is more likely to be associated with trabecular
perforations and loss of trabecular connectivity. These
points are characteristic of accelerated bone resorption
state associated with the menopause (12-15).

Unlike women, where menopause is associated
with a rather abrupt drop in estrogen levels, androgen
levels decline much more slowly and gradually in males.
An acceleration of this process can occur in men, but
usually at a more advanced age (after 70 years old).
In special situations in which a hypogonadal state
ensues either due to illness or to medication, a sudden
drop in testosterone levels can lead to an increase in
bone resorption, rapid bone loss, and a greater risk of
fractures, similar to what is seen in postmenopausal
women who are not treated with estrogen (16-20).
Increases in sex hormone-binding globulin (SHBG)
with a reduction in free testosterone levels are also
associated with a decrease in BMD and an increased
risk of fractures (21,22).
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Estrogen levels also seem to play a fundamental
role in the male skeleton. Its sufficiency is important
for reaching peak bone mass and its deficiency is
directly associated with the increased remodeling and
bone loss in men (23,24). Prospective multicenter
studies have shown that reduced serum estradiol is an
independent risk factor for fractures in men (25,26).
Those patients who have the combination of low levels
of estradiol and free testosterone are at the greatest risk
for bone loss and fractures (21,22,25,26). Reduced
dehydroepiandrosterone (DHEA) levels have also been
associated with lower BMD, muscle weakness and risk
of falls, and a higher risk of fractures in older men (27).

In addition to mechanical and hormonal aspects,
there are those specifically associated with aging, since
in men bone loss occurs at an older age compared with
women. Inflammatory cytokines in elderly people can
lead to an increase in osteoclast activity and inhibition
of osteoblasts (28). Moreover, the elderly have a higher
prevalence of vitamin D deficiency due to several
factors (dietary restriction, less sun exposure, and lower
cutaneous conversion capacity of 7-dehydrocholesterol
into cholecalciferol) as well as declining muscle function
leading to more falls (29-31).

ETIOLOGY

Secondary causes of osteoporosis are more common
in men than in postmenopausal women. Still, a specific
cause can be found in only 40% to 50% of men with
osteoporosis. The main causes of osteoporosis in the
male population are hypogonadism, excessive alcohol
consumption, and chronic use of glucocorticoids. Other
causes are described in Table 1. Secondary causes should
be investigated in all men with osteoporosis. In addition
to a careful history and physical examination, laboratory
evaluation is recommended. Initial laboratory testing
should include complete blood count, serum creatinine,
calcium, phosphorus, alkaline phosphatase, liver function
tests, testosterone, 25-OH-vitamin D, TSH, in addition to
analysis of 24-hour urine calcium, sodium and creatinine
excretion. This workup identifies approximately 90% of
occult disorders (32). Further evaluation is indicated
when there is suspicion for specific conditions. When a
specific cause is not identified, osteoporosis is idiopathic.
In the elderly, it can be referred to as age-related (10).
Idiopathic osteoporosis is found mainly in middle-aged
men. Most of these patients appear to have a low turnover
state, with reduced bone formation (33).

Arch Endocrinol Metab. 2022;66/5



Table 1. Etiology of male osteoporosis

Primary Secondary

Medications:

* Glucocorticoid

e GnRH analogs

o Aromatase inhibitors
 Anticonvulsants

® Excessive dose of levothyroxine
e Chemotherapy

|diopathic
osteoporosis

Endocrine disorders:

e Hyperparathyroidism
© Hyperthyroidism

e Hypogonadism

o Hypopituitarism

e Acromegaly

e Cushing’s syndrome
* Diabetes mellitus

Age-related
osteoporosis

Gastrointestinal disorders:

o Celiac disease

e |nflammatory bowel disease
e Post-gastrectomy

e Other malabsorptive syndromes
e Primary biliary cirrhosis
Rheumatological diseases:

© Rheumatoid arthritis

o Ankylosing spondylitis

o Systemic lupus erythematosus
Hematological diseases:

o Multiple myeloma

o [ eukemia, lymphoma

® Mastocytosis

e Hemophilia

 Thalassemia

Genetic diseases:

e |diopathic hypercalciuria

e Osteogenesis imperfecta

e Hypophosphatasia

© Homocystinuria

o Klinefelter syndrome

© Hemochromatosis

Miscellaneous:

e VVitamin D deficiency

© Chronic obstructive pulmonary disease
o Post-transplant

e Malignant neoplasm

© Heart failure

® Chronic kidney disease

 Abusive use of alcohol

DIAGNOSIS

As in females, the gold standard for diagnosing
osteoporosis in males is the measurement of BMD
by dual-energy X-ray absorptiometry (DXA). In men
over 50 years old, the disease is defined by a T-score
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< -2.5. The recommendation of the International
Society of Clinical Densitometry (ISCD) is to use the
female database as a reference for the T-score in men
(34). This recommendation may underestimate the
prevalence of osteoporosis in this population since peak
bone mass is higher in men than in women. On the
other hand, for a given BMD in g/cm?, fracture risk is
virtually identical between men and women, validating
this recommendation in clinical practice (35). Screening
for osteoporosis in men by DXA is recommended for all
over 70 years old, or earlier when the risk of fractures is
substantial higher than the normal population such as
hypogonadism, chronic use of glucocorticoids, alcohol
abuse, and previous fracture (36).

When osteoporosis is diagnosed in men, the standard
of care is to treat with a drug approved for men. In
other situations, such as in men with osteopenia whose
fracture risk is high as determined by FRAX (Fracture
Risk Assessment Tool), treatment also is recommended.
FRAX incorporates well-established independent risk
factors to calculate the absolute risk of fractures in 10
years (37). A risk percentage is given for any major
osteoporotic fracture and separately for a hip fracture.
The calibration of the algorithm used in FRAX and its
interpretation vary among countries, as they depend on
local epidemiological data and, in some countries, the
cost-effectiveness of the treatment (36).

The presence of a fragility fracture of the femur or
vertebra regardless of BMD, or the pelvis, humerus,
or forearm in the presence of osteopenia, also allows
for the diagnosis of osteoporosis and pharmacological
therapy is recommended (36,38).

Most vertebral fractures are asymptomatic. Imaging
modalities can readily detect vertebral fractures
(vertebral fracture assessment or spine X-ray) in
patients with osteopenia associated with at least one of
the following: men over 80 years old, historical height
loss greater than 4 cm or 1.5 inches, self-reported but
not recorded prior vertebral fracture or glucocorticoid
therapy equivalent to 5 mg or more of prednisone per
day for > 3 months (34).

Other imaging techniques that assess bone
microarchitecture such as HRpQCT (high resolution
quantitative peripheral computed tomography) and
TBS (trabecular bone score), despite not used for the
diagnosis of osteoporosis, may be useful in further

assessment of bone quality. While HRpQCT is still a :

research instrument available only in medical centers

with research programs in osteoporosis, TBS is a simple
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tool derived from the evaluation of the lumbar spine
DXA image, calculated through specific software (39-
41). TBS can be incorporated into FRAX to adjust
fracture risk calculation, and therefore, to assist in the
decision to treat.

TREATMENT
Non-pharmacological

Nonpharmacological measures such as physical activity,
limited alcohol intake, and smoking cessation should
be recommended for all. In addition, vitamin D
supplementation to maintain serum levels of 25-OH-
vitamin D greater than 30 ng/mL, and a daily intake of
1000 to 1200 mg of calcium through diet or supplements
are important nonpharmacological measures (42-47).

If any secondary cause of osteoporosis is identified, it
should be treated (36).

Bisphosphonates

By inhibiting osteoclasts, bisphosphonates reduce bone
resorption. Alendronate, risedronate, and zoledronic
acid are the main representatives of this class, all of
which are approved by the regulatory agencies for
the treatment of osteoporosis in men. The effects of
bisphosphonates on BMD and bone turnover appear to
be similar between men and women (48).

In men, alendronate therapy for 2 years led to an
increase in BMD in the lumbar spine (+7.1%), femoral
neck (+2.5%), and total body (+2.0%), in addition to
a reduction in bone turnover markers and the risk of
morphometric vertebral fractures (incidence 0.8 vs.
7.1%, p = 0.02 compared with placebo) (49).

The use of risedronate for 2 years also led to a
significantincrease in BMD in the lumbar spine (+6.5%),
femoral neck (+3.2%), and total femur (+4.4%), with a
reduction of > 60% in the risk of vertebral fractures.
The drug was also effective in preventing non-vertebral
fractures (50).

A large prospective, multicenter, randomized
study assessed the efficacy of zoledronic acid versus
placebo for 2 years in 1,199 men with osteoporosis
(either primary or secondary to hypogonadism). At 24
months, the group treated with zoledronic acid showed
a 67% reduction in the relative risk of morphometric
vertebral fractures (p = 0.002 compared with placebo),
in addition to increased BMD and suppression of bone
markers (51).
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A meta-analysis of 22 randomized control trials,
including 4,868 participants, that evaluated the efficacy
of osteoporosis treatment in adult men and reported
fractures outcomes, demonstrated a significantly lower
risk of vertebral (RR: 0.368, 95%CI: 0.252-0.537) and
non-vertebral fractures (RR: 0.604, 95%CIL: 0.404-
0.904) in bisphosphonate users than in placebo-
treated subjects (52). Another meta-analysis comparing
bisphosphonates in men suggested that zoledronic acid
would be the most effective in preventing vertebral
fractures while risedronate would be the most effective
in preventing non-vertebral fractures (53). However,
the authors highlight that the eligible studies were
inadequate to strongly support these results, and that
more well-designed studies are needed to compare the
anti-fracture efficacy of different bisphosphonates in
male osteoporosis.

There is no long-term study of bisphosphonates
in men. However, based on postmenopausal women’s
data, most experts suggest reassessment after 5 years
of oral and 3 years of intravenous bisphosphonate
therapy. If the patient continues to be at high risk for
fractures, treatment can be extended for up to ten years
for oral or six years for intravenous bisphosphonates.
Although rare, in some patients, long-term treatment
may increase the risk of complications, such as atypical
femur fractures and osteonecrosis of the jaw (54).

Denosumab

By binding to nuclear factor-kappa beta activating
receptor-ligand  (RANKL), denosumab prevents
the interaction between RANKL, a powerful bone-
resorbing cytokine, to its receptor RANK on osteoclasts.
This results in a powerful inhibition of these cells and
thus an antiresorptive effect (55).

In a randomized control trial, men receiving
androgen deprivation therapy for prostate cancer who
used denosumab had a significant increase in BMD at
all sites compared with placebo (6.7% in the lumbar
spine, 4.8% in the total hip, 3.9% in the femoral neck,
and 5.5% in the distal radius after 24 months, p < 0.002
for all; n = 734 for each group). After 36 months, there
was a 62% reduction in the risk of vertebral fractures
(1.5 vs. 3.9%, p = 0.006 compared with placebo).
Bone turnover markers decreased significantly in the
denosumab as compared to the placebo group (56).

Unlike of
denosumab is followed by a rapid increase in bone

bisphosphonates, discontinuation
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turnover markers, bone loss and greater risk of multiple
vertebral fractures, as observed in postmenopausal
women (57,58). For this reason, it is recommended
not to stop the medication or that, if discontinued, it
should be switched to another potent antiosteoporosis
agent (e.g., bisphosphonate). When denosumab is
used for a long period, turnover suppression may be so
intense that two doses of zoledronic acid at a 6-month
interval is sometimes necessary to avoid a rebound in
bone turnover, rapid bone loss and increased fracture
risk following the discontinuation of denosumab (59).

Teriparatide

Teriparatide (PTH 1-34) comprises the initial 34
aminoacids of the 84-aminoacid PTH molecule.
Insight into the therapeutic potential of PTH came
from the observation that PTH, when administered
intermittently and in low doses, stimulates bone
formation. Thus, it is an osteoanabolic agent (60-62).

In men with osteoporosis, teriparatide rapidly increases
BMD, as demonstrated by Orwoll ¢z a/. in a randomized
trial with 437 men with low bone density. At month 11,
those treated with teriparatide (20 mcg by subcutaneous
injection daily) experienced a 5.9% gain in BMD at the
lumbar spine (p < 0.001 vs. placebo) and a 1.5% gain
at the femoral neck (p = 0.02 vs. placebo). Heralding
this increase, bone turnover markers rose within
weeks of administration (63). In a follow-up study, 18
months after teriparatide discontinuation, even without
antiresorptive therapy to follow in the majority, subjects
who had been treated with active drug still had an 83%
lower incidence of moderate or severe vertebral fractures
than the placebo group (p < 0.01) (64). Based on other
observations, however, when teriparatide is stopped, it
should be followed by an antiresorptive medication (e.g.,
bisphosphonates) to prevent bone loss (65).

In men and women with glucocorticoid-induced
osteoporosis, teriparatide led to greater BMD gains
and fewer vertebral fractures than alendronate (1.7%
vs. 7.7%, p = 0.007) (66).

Abaloparatide

Abaloparatide is an analogue of PTHrP, designed to
maximize its interaction with the configuration of the
PTH/PTHrP receptor that favors anabolic activity (67).
A recent phase 3, randomized, double-blinded, placebo-
controlled trial was conducted for 1 year in 225 men,
45-84 years old (68). Lumbar spine BMD, the primary
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endpoint, increased by 8.5% in the abaloparatide group
compared to 1.2% in the placebo group (p < 0.0001).
Significant increases in BMD in comparison to placebo
were also seen at the total hip and femoral neck sites.
Bone turnover markers showed the typical major increase
in the bone formation marker PINP (procollagen type
I N-terminal propeptide), followed more slowly and
to a lesser extent in the bone resorption marker, CTX
(carboxy-terminal collagen crosslinks).

Safety of teriparatide and abaloparatide

The US Food and Drug Administration (FDA) has
removed the boxed warning for both teriparatide and
abaloparatide with regard to osteosarcoma and to
duration of use. This recommendation is based upon
abundant surveillance data for teriparatide that did not
show any oncogenic signals in human subjects after
over a decade of careful monitoring (69,70).

Testosterone

Hypogonadism is a major etiology of osteoporosis in
men. Testosterone deficiency is known to reduce BMD
and increase the risk of fractures in men (18,22,25),
which would justify its use in hypogonadal patients
with osteoporosis. Testosterone replacement increases
BMD, reduces bone turnover markers, and improves
bone strength in men with hypogonadism (71-73). On
the other hand, its use in the elderly with normal serum
testosterone levels did not change BMD (74). Data
regarding the effectiveness of testosterone treatment in
fracture reduction are limited (75).

The Society guidelines
osteoporosis recommend testosterone replacement

Endocrine for male
in hypogonadal patients (testosterone levels below
200 ng/mL in at least 2 measurements) who
are symptomatic or who have known causes of
hypogonadism (e.g. pituitary or testicular disorder), if
there are no contraindications. However, testosterone
is not the first-line therapy for hypogonadal men
who are at high risk of fractures. Rather, an approved
medication for osteoporosis is recommended and
should be associated with testosterone therapy if there
is a formal indication for testosterone replacement.
Also, if there is a contraindication to an approved agent
for osteoporosis in patients at high risk of fractures

and testosterone levels below 200 ng/dL, testosterone :

therapy may be an alternative even with no standard
indication for testosterone replacement (36).
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In patients who are not at high risk for fractures,
testosterone may alleviate symptoms of hypogonadism
and improve BMD. There is no recommendation for
testosterone use in eugonadal patients (36).

Romosozumab

Romosozumab, an antisclerostin antibody, was
developed to block the effects of sclerostin, a regulator
of the Wnut bone formation signalling pathway. By
blocking sclerostin, romosozumab was designed to
be an osteoanabolic agent. Indeed, it is. However,
another effect of romosozumab is as an antiresorptive
agent. This mechanism of action is unique in that it is
a dual action drug, namely increasing bone formation
and inhibiting bone resorption. In men, romosozumab
led to significantly greater BMD gains compared
with placebo after 12 months (lumbar spine 12.1%
vs. 1.2%; total hip 2.5% vs. -0.5%; temoral neck 2.2%
vs. -0.2%, respectively; p < 0.001 for all) (76). In
women, a larger clinical trial with fracture endpoints
showed that the drug reduces fractures (77). In men,
these data on fracture efficacy are not available. The
medication was approved by the FDA for the treatment
of postmenopausal osteoporosis in 2019 but has not

yet been approved for male osteoporosis.

Selection of initial therapy

A new fracture risk stratification was recently proposed in
postmenopausal women with osteoporosis, that included
a “very high risk” category. Women are considered at
very high risk of fracture if they have very low BMD, very
high fracture probability by FRAX; a history of multiple
fractures, recent fractures, or falls. In these patients, an
anabolic or more potent antiresorptive agents such as
zoledronic acid or denosumab may be recommended as
an initial osteoporosis treatment (78,79).

Although one could consider these recommendations
to guide the therapeutic decisions in male osteoporosis,
there is no strong data to support this new fracture risk
stratification nor this therapeutical approach in men.
Moreover, it is important to note that romosozumab
and abaloparatide are not yet approved agents for
treating osteoporosis in men.

_ Monitoring therapy

BMD at the hip and spine should be assessed every 1-2
years to monitor response to treatment. If BMD is stable,
less frequent DXA measurements are reasonable (36).
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Bone turnover markers (BTM) are useful to monitor
response to treatment in postmenopausal women
(36). Although analyses of BTM in men are scarcer
than in women, previously published data indicate a
broad analogy in men with what has been observed
for women. Trials of pharmacological treatment of
osteoporosis in men have shown a decrease in BTMs
following the use of antiresorptives (51,56,80,81), and
an increase with the use of teriparatide (63,82). Thus,
although there is no robust data to support the use of
BTMs in men, these data indicate that BTMs may be
used to monitor and improve treatment compliance
during treatment of male osteoporosis. In women, it
is recommended to measure BTMs at baseline, and
3-6 months after initiating osteoporosis treatment. For
antiresorptive drugs, it is recommended to assess the
bone resorption marker CTX, while the measurement
of the bone formation marker P1NP is most appropriate
for monitoring anabolic therapy (36).

In conclusion, this review summarizes the most
recent data on epidemiology, pathophysiology,
etiology, diagnosis, and treatment of male osteoporosis.
Despite a frequent condition, male osteoporosis is still
underappreciated by physicians, with less than 20%
of men being treated, even considering those with
previous fractures. With the increase in life expectancy,
osteoporosis has become more prevalent in men and
its main outcome, namely fracture, underscores a
major health burden in this population, in addition
to remarkable costs for health systems around the
world. Thus, it is urgent to increase awareness of male
osteoporosis, reducing undertreatment and improving
care for this population.

Funding: no external funding was received for the preparation,
writing, and editing of this manuscript.

Disclosure: no potential conflict of interest relevant to this article
was reported.

REFERENCES

1. Zamani M, Zamani V, Heidari B, Parsian H, Esmaeilnejad-
Ganji SM. Prevalence of osteoporosis with the World Health
Organization diagnostic criteria in the Eastern Mediterranean
Region: a systematic review and meta-analysis. Arch Osteoporos.
2018;13(1):129.

2. Salari N, Ghasemi H, Mohammadi L, Behzadi MH, Rabieenia E,
Shohaimi S, et al. The global prevalence of osteoporosis in the
world: a comprehensive systematic review and meta-analysis. J
Orthop Surg Res. 2021;16(1):609.

Arch Endocrinol Metab. 2022;66/5



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Chen P, Li Z, Hu Y. Prevalence of osteoporosis in China: a
meta-analysis and systematic review. BMC Public Health.
2016;16(1):1039.

Bliuc D, Nguyen ND, Milch VE, Nguyen TV, Eisman JA, Center
JR. Mortality risk associated with low-trauma osteoporotic
fracture and subsequent fracture in men and women. JAMA.
2009;301(5):513-21.

Bandeira L, Bilezikian JP. Novel Therapies for Postmenopausal
Osteoporosis. Endocrinol Metab Clin North Am. 2017;46(1):
207-19.

Alswat KA. Gender Disparities in Osteoporosis. J Clin Med Res.
2017;9(5):382-7.

Johnell O, Kanis JA. An estimate of the worldwide prevalence
and disability associated with osteoporotic fractures. Osteoporos
Int. 2006;17(12):1726-33.

Borges CN, de Almeida JM, Lima D, Cabral M, Bandeira F
Prevalence of morphometric vertebral fractures in old men and
the agreement between different methods in the city of Recife,
Brazil. Rheumatol Int. 2014;34(10):1387-94.

Pinheiro MM, Ciconelli RM, Jacques Nde O, Genaro PS,
Martini LA, Ferraz MB. The burden of osteoporosis in Brazil:
regional data from fractures in adult men and women--the
Brazilian Osteoporosis Study (BRAZOS). Rev Bras Reumatol.
2010;50(2):113-27.

BorbaV, CostaT. Osteoporose em homens. In: Bandeira F, editor.
Protocolos clinicos em endocrinologia e diabetes. 2% ed. Rio de
Janeiro: Guanabara Koogan; 2017. p. 241-52.

Jung Y, Ko Y, Kim HY, Ha YC, Lee YK, Kim TY, et al. Gender
differences in anti-osteoporosis drug treatment after osteoporotic
fractures. J Bone Miner Metab. 2018;37(1):134-41.

Khosla S, Riggs BL, Atkinson EJ, Oberg AL, McDaniel LJ, Holets
M, et al. Effects of sex and age on bone microstructure at the
ultradistal radius: a population-based noninvasive in vivo
assessment. J Bone Miner Res. 2006;21(1):124-31.

Macdonald HM, Nishiyama KK, Kang J, Hanley DA, Boyd SK.
Age-related patterns of trabecular and cortical bone loss differ
between sexes and skeletal sites: a population-based HR-pQCT
study. J Bone Miner Res. 2011;26(1):50-62.

Seeman E. Invited Review: Pathogenesis of osteoporosis. J Appl
Physiol (1985). 2003;95(5):2142-51.

Khosla S, Monroe DG. Regulation of Bone Metabolism by Sex
Steroids. Cold Spring Harb Perspect Med. 2018;8(1).

Szulc P, Claustrat B, Marchand F, Delmas PD. Increased risk of
falls and increased bone resorption in elderly men with partial
androgen deficiency: the MINOS study. J Clin Endocrinol Metab.
2003;88(11):5240-7.

Lassemillante AC, Doi SA, Hooper JD, Prins JB, Wright OR.
Prevalence of osteoporosis in prostate cancer survivors: a meta-
analysis. Endocrine. 2014;45(3):370-81.

Fink HA, Ewing SK, Ensrud KE, Barrett-Connor E, Taylor BC,
Cauley JA, et al. Association of testosterone and estradiol
deficiency with osteoporosis and rapid bone loss in older men. J
Clin Endocrinol Metab. 2006;91(10):3908-15.

Meier C, Nguyen TV, Handelsman DJ, Schindler C, Kushnir MM,
Rockwood AL, et al. Endogenous sex hormones and incident
fracture risk in older men: the Dubbo Osteoporosis Epidemiology
Study. Arch Intern Med. 2008;168(1):47-54.

Shahinian VB, Kuo YF, Freeman JL, Goodwin JS. Risk of fracture
after androgen deprivation for prostate cancer. N Engl J Med.
2005;352(2):154-64.

Cauley JA, Ewing SK, Taylor BC, Fink HA, Ensrud KE, Bauer
DC, et al. Sex steroid hormones in older men: longitudinal
associations with 4.5-year change in hip bone mineral density--

Arch Endocrinol Metab. 2022;66/5

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37

38.

39.

Male osteoporosis

the osteoporotic fractures in men study. J Clin Endocrinol Metab.
2010;95(9):4314-23.

Mellstrom D, Johnell O, Ljunggren O, Eriksson AL, Lorentzon M,
Mallmin H, et al. Free testosterone is an independent predictor
of BMD and prevalent fractures in elderly men: MrOS Sweden. J
Bone Miner Res. 2006;21(4):529-35.

Callewaert F, Boonen S, Vanderschueren D. Sex steroids and the
male skeleton: a tale of two hormones. Trends Endocrinol Metab.
2010;21(2):89-95.

Damien E, Price JS, Lanyon LE. Mechanical strain stimulates
osteoblast proliferation through the estrogen receptor in males
as well as females. J Bone Miner Res. 2000;15(11):2169-77.
LeBlanc ES, Nielson CM, Marshall LM, Lapidus JA, Barrett-
Connor E, Ensrud KE, et al. The effects of serum testosterone,
estradiol, and sex hormone binding globulin levels on fracture
risk in older men. J Clin Endocrinol Metab. 2009;94(9):3337-46.
Woo J, KwokT, Leung JC, Ohlsson C, Vandenput L, Leung PC. Sex
steroids and bone health in older Chinese men. Osteoporos Int.
2012;23(5):1553-62.

Kirby DJ, Buchalter DB, Anil U, Leucht P. DHEA in bone: the
role in osteoporosis and fracture healing. Arch Osteoporos.
2020;15(1):84.

D’Amelio P, Roato I, D’Amico L, Veneziano L, Suman E, Sassi F,
et al. Bone and bone marrow pro-osteoclastogenic cytokines are
up-regulated in osteoporosis fragility fractures. Osteoporos Int.
2011;22(11):2869-77.

Lips P. Vitamin D deficiency and secondary hyperparathyroidism
in the elderly: consequences for bone loss and fractures and
therapeutic implications. Endocr Rev. 2001;22(4):477-501.

Metter EJ, Conwit R, Tobin J, Fozard JL. Age-associated loss of
power and strength in the upper extremities in women and men.
J Gerontol A Biol Sci Med Sci. 1997;52(5):B267-76.

lzquierdo M, Ibanez J, Gorostiaga E, Garrues M, Zuniga A, Antén
A, et al. Maximal strength and power characteristics in isometric
and dynamic actions of the upper and lower extremities in
middle-aged and older men. Acta Physiol Scand. 1999;167(1):
57-68.

Diab DL, Watts NB. Updates on Osteoporosis in Men. Endocrinol
Metab Clin North Am. 2021;50(2):239-49.

Khosla S. Idiopathic osteoporosis--is the osteoblast to blame? J
Clin Endocrinol Metab. 1997;82(9):2792-4.

Shuhart CR, Yeap SS, Anderson PA, Jankowski LG, Lewiecki EM,
Morse LR, et al. Executive Summary of the 2019 ISCD Position
Development Conference on Monitoring Treatment, DXA Cross-
calibration and Least Significant Change, Spinal Cord Injury, Peri-
prosthetic and Orthopedic Bone Health, Transgender Medicine,
and Pediatrics. J Clin Densitom. 2019;22(4):453-71.

Kanis JA, Bianchi G, Bilezikian JP, Kaufman JM, Khosla S, Orwoll
E, et al. Towards a diagnostic and therapeutic consensus in male
osteoporosis. Osteoporos Int. 2011;22(11):2789-98.

Watts NB, Adler RA, Bilezikian JP, Drake MT, Eastell R, Orwoll ES,
et al. Osteoporosis in men: an Endocrine Society clinical practice
guideline. J Clin Endocrinol Metab. 2012;97(6):1802-22.

Kanis JA, Oden A, Johansson H, et al. FRAX and its applications
to clinical practice. Bone. 2009;44(5):734-43.

Siris ES, Adler R, Bilezikian J, Bolognese M, Dawson-Hughes B,
Favus MJ, et al. The clinical diagnosis of osteoporosis: a position
statement from the National Bone Health Alliance Working
Group. Osteoporos Int. 2014;25(5):1439-43.

Silva BC, Leslie WD. Trabecular Bone Score: A New DXA-Derived
Measurement for Fracture Risk Assessment. Endocrinol Metab
Clin North Am. 2017;46(1):153-80.

745

his resel

ght® AE&M all rig

Copyrig



Copyright® AE&M all rights reserved

Male osteoporosis

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

746

Leib E, Winzenrieth R, Aubry-Rozier B, Hans D. Vertebral
microarchitecture and fragility fracture in men: a TBS study.
Bone. 2014;62:51-5.

Boutroy S, Bouxsein ML, Munoz F, Delmas PD. In vivo assessment
of trabecular bone microarchitecture by high-resolution
peripheral quantitative computed tomography. J Clin Endocrinol
Metab. 2005;90(12):6508-15.

Cauley JA, Harrison SL, Cawthon PM, Ensrud KE, Danielson ME,
Orwoll E, et al. Objective measures of physical activity, fractures
and falls: the osteoporotic fractures in men study. J Am Geriatr
Soc. 2013;61(7):1080-8.

Jackson RD, LaCroix AZ, Gass M, Wallace RB, Robbins J, Lewis
CE, et al. Calcium plus vitamin D supplementation and the risk of
fractures. N Engl J Med. 2006;354(7):669-83.

Cauley JA, Parimi N, Ensrud KE, Bauer DC, Cawthon PM,
Cummings SR, et al. Serum 25-hydroxyvitamin D and the risk
of hip and nonspine fractures in older men. J Bone Miner Res.
2010;25(3):545-53.

Smulders E, Weerdesteyn V, Groen BE, Duysens J, Eijsbouts A,
Laan R, et al. Efficacy of a short multidisciplinary falls prevention
program for elderly persons with osteoporosis and a fall
history: a randomized controlled trial. Arch Phys Med Rehabil.
2010;91(11):1705-11.

Cawthon PM, Harrison SL, Barrett-Connor E, Fink HA, Cauley
JA, Lewis CE, et al. Alcohol intake and its relationship with bone
mineral density, falls, and fracture risk in older men. J Am Geriatr
Soc. 2006;54(11):1649-57.

Kanis JA, Johnell O, Oden A, Johansson H, De Laet C, Eisman JA,
et al. Smoking and fracture risk: a meta-analysis. Osteoporos Int.
2005;16(2):155-62.

MacLean C, Newberry S, Maglione M, McMahon M, Ranganath V,
Suttorp M, et al. Systematic review: comparative effectiveness of
treatments to prevent fractures in men and women with low bone
density or osteoporosis. Ann Intern Med. 2008;148(3):197-213.
Orwoll E, Ettinger M, Weiss S, Miller P, Kendler D, Graham J, et al.
Alendronate for the treatment of osteoporosis in men. N Engl J
Med. 2000;343(9):604-10.

Ringe JD, Farahmand P, Faber H, Dorst A. Sustained efficacy of
risedronate in men with primary and secondary osteoporosis:
results of a 2-year study. Rheumatol Int. 2009;29(3):311-5.
Boonen S, Reginster JY, Kaufman JM, Lippuner K, Zanchetta J,
Langdahl B, et al. Fracture risk and zoledronic acid therapy in
men with osteoporosis. N Engl J Med. 2012;367(18):1714-23.
Nayak S, Greenspan SL. Osteoporosis Treatment Efficacy for
Men: A Systematic Review and Meta-Analysis. J Am Geriatr Soc.
2017;65(3):490-5.

Zhou J,WangT, Zhao X, Miller DR, Zhai S. Comparative Efficacy of
Bisphosphonates to Prevent Fracture in Men with Osteoporosis:
A Systematic Review with Network Meta-Analyses. Rheumatol
Ther. 2016;3(1):117-28.

Adler RA, El-Hajj Fuleihan G, Bauer DC, Camacho PM, Clarke BL,
Clines GA, et al. Managing Osteoporosis in Patients on Long-
Term Bisphosphonate Treatment: Report of a Task Force of the
American Society for Bone and Mineral Research. J Bone Miner
Res. 2016;31(1):16-35.

Sidlauskas KM, Sutton EE, Biddle MA. Osteoporosis in men:
epidemiology and treatment with denosumab. Clin Interv Aging.
2014,9:593-601.

Smith MR, Egerdie B, HernandezToriz N, Feldman R, TammelaTL,
Saad F, et al. Denosumab in men receiving androgen-deprivation
therapy for prostate cancer. N Engl J Med. 2009;361(8):745-55.
Lamy O, Gonzalez-Rodriguez E, Stoll D, Hans D, Aubry-Rozier B.
Severe Rebound-Associated Vertebral Fractures After Denosumab
Discontinuation: 9 Clinical Cases Report. J Clin Endocrinol Metab.
2017;102(2):354-8.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Cummings SR, Ferrari S, Eastell R, Gilchrist N, Jensen JB,
McClung M, et al. Vertebral Fractures After Discontinuation of
Denosumab: A Post Hoc Analysis of the Randomized Placebo-
Controlled FREEDOM Trial and Its Extension. J Bone Miner Res.
2018;33(2):190-8.

Tsourdi E, Zillikens MC, Meier C, Body JJ, Gonzalez Rodriguez
E, et al. Fracture risk and management of discontinuation of
denosumab therapy: a systematic review and position statement
by ECTS. J Clin Endocrinol Metab. 2020:dgaa756.

Tam CS, Heersche JN, Murray TM, Parsons JA. Parathyroid
hormone stimulates the bone apposition rate independently
of its resorptive action: differential effects of intermittent and
continuous administration. Endocrinology. 1982;110(2):506-12.
BellidoT, Ali AA, Gubrij I, Plotkin LI, Fu Q, O'Brien CA, et al. Chronic
elevation of parathyroid hormone in mice reduces expression of
sclerostin by osteocytes: a novel mechanism for hormonal control
of osteoblastogenesis. Endocrinology. 2005;146(11):4577-83.
Bellido T, Ali AA, Plotkin LI, Fu Q, Gubrij I, Roberson PK, et
al. Proteasomal degradation of Runx2 shortens parathyroid
hormone-induced anti-apoptotic signaling in osteoblasts. A
putative explanation for why intermittent administration is
needed for bone anabolism. J Biol Chem. 2003;278(50):50259-72.
Orwoll ES, Scheele WH, Paul S, Adami S, Syversen U, Diez-Perez
A, et al. The effect of teriparatide [human parathyroid hormone
(1-34)] therapy on bone density in men with osteoporosis. J Bone
Miner Res. 2003;18(1):9-17.

Kaufman JM, Orwoll E, Goemaere S, San Martin J, Hossain A,
Dalsky GP, et al. Teriparatide effects on vertebral fractures and
bone mineral density in men with osteoporosis: treatment and
discontinuation of therapy. Osteoporos Int. 2005;16(5):510-6.
Kurland ES, Heller SL, Diamond B, McMahon DJ, Cosman F,
Bilezikian JP. The importance of bisphosphonate therapy in
maintaining bone mass in men after therapy with teriparatide
[human  parathyroid hormone(1-34)].  Osteoporos Int.
2004;15(12):992-7.

Saag KG, Zanchetta JR, Devogelaer JP, Adler RA, Eastell R, See
K, et al. Effects of teriparatide versus alendronate for treating
glucocorticoid-induced osteoporosis: thirty-six-month results of
a randomized, double-blind, controlled trial. Arthritis Rheum.
2009;60(11):3346-55.

Miller PD, Hattersley G, Riis BJ, Williams GC, Lau E, Russo LA, et
al. Effect of Abaloparatide vs Placebo on New Vertebral Fractures
in Postmenopausal Women With Osteoporosis: A Randomized
Clinical Trial. JAMA. 2016;316(7):722-33.

Czerwinski E, Cardona J, Plebanski R, ChenY, Pearman L, LiYH, et
al. Abstract #1164092: Efficacy and Safety of Abaloparatide in Men
with Osteoporosis. Oral presentation at: American Association of
Clinical Endocrinology (AACE); May 12-14, 2022; San Diego, CA.
Endocrine Practice. 2022;28(5):578-9.

Miller PD, Lewiecki EM, Krohn K, Schwartz E. Teriparatide: Label
changes and identifying patients for long-term use. Cleve Clin J
Med. 2021;88(9):489-93.

Gilsenan A, Midkiff K, Harris D, Kellier-Steele N, McSorley D,
Andrews EB. Teriparatide Did Not Increase Adult Osteosarcoma
Incidence in a 15-Year US Postmarketing Surveillance Study. J
Bone Miner Res. 2021;36(2):244-51.

Snyder PJ, Kopperdahl DL, Stephens-Shields AJ, Ellenberg SS,
Cauley JA, Ensrud KE, et al. Effect of Testosterone Treatment on
Volumetric Bone Density and Strength in Older Men With Low
Testosterone: A Controlled Clinical Trial. JAMA Intern Med.
2017;177(4):471-9.

Bouloux PM, Legros JJ, Elbers JM, Geurts TB, Kaspers MJ,
Meehan AG, et al. Effects of oral testosterone undecanoate
therapy on bone mineral density and body composition in 322
aging men with symptomatic testosterone deficiency: a 1-year,

Arch Endocrinol Metab. 2022;66/5



73.

74.

75.

76.

77.

randomized, placebo-controlled, dose-ranging study. Aging
Male. 2013;16(2):38-47.

Kenny AM, Kleppinger A, Annis K, Rathier M, Browner B, Judge
JO, et al. Effects of transdermal testosterone on bone and muscle
in older men with low bioavailable testosterone levels, low bone
mass, and physical frailty. J Am Geriatr Soc. 2010;58(6):1134-43.
Snyder PJ, Peachey H, Hannoush P, Berlin JA, Loh L, Holmes
JH, et al. Effect of testosterone treatment on bone mineral
density in men over 65 years of age. J Clin Endocrinol Metab.
1999;84(6):1966-72.

Golds G, Houdek D, Arnason T. Male Hypogonadism and
Osteoporosis: The Effects, Clinical Consequences, and Treatment
of Testosterone Deficiency in Bone Health. Int J Endocrinol.
2017;2017:4602129.

Lewiecki EM, Blicharski T, Goemaere S, Lippuner K, Meisner PD,
Miller PD, et al. A Phase 3 Randomized Placebo-controlled Trial
to Evaluate Efficacy and Safety of Romosozumab in Men With
Osteoporosis. J Clin Endocrinol Metab. 2018;103(9):3183-93.
Cosman F, Crittenden DB, Adachi JD, Binkley N, Czerwinski E,
Ferrari S, et al. Romosozumab Treatment in Postmenopausal
Women with Osteoporosis. N Engl J Med. 2016;375(16):1532-43.

Arch Endocrinol Metab. 2022;66/5

78.

79.

80.

81.

82.

Male osteoporosis

Shoback D, Rosen CJ, Black DM, Cheung AM, Murad MH,
Eastell R. Pharmacological Management of Osteoporosis in
Postmenopausal Women: An Endocrine Society Guideline
Update. J Clin Endocrinol Metab. 2020;105(3):1-8.

Camacho PM, Petak SM, Binkley N, Diab DL, Eldeiry LS, Farooki A,
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(1):1-46.

Xu Z. Alendronate for the Treatment of Osteoporosis in Men:
A Meta-Analysis of Randomized Controlled Trials. Am J Ther.
2017;24(2):e130-8.

Orwoll E, Teglbjaerg CS, Langdahl BL, Chapurlat R, Czerwinski E,
Kendler DL, et al. A randomized, placebo-controlled study of the
effects of denosumab for the treatment of men with low bone
mineral density. J Clin Endocrinol Metab. 2012;97(9):3161-9.
Farahmand P, Marin F, Hawkins F, Méricke R, Ringe JD, Gliier CC, et
al. Early changes in biochemical markers of bone formation during
teriparatide therapy correlate with improvements in vertebral
strength in men with glucocorticoid-induced osteoporosis.
Osteoporos Int. 2013;24(12):2971-81.

747

his resel

ght® AE&M all rig

Copyrig



