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Abstract: Osteoporosis in men contributes to significant morbidity and mortality. Hip fractures
in men are associated with greater mortality compared with women, with a mortality rate

of up to 37.5% within a year following the fracture. Its timely diagnosis and treatment are
therefore essential. However, despite one-third of all hip fractures worldwide occurring in
men, osteoporosis in men remains an immensely under-recognized and undertreated public
health problem. Bisphosphonates are well studied first-line treatments for postmenopausal
women with osteoporosis and have been shown to reduce fragility fractures at all clinically
important sites (vertebral, nonvertebral, hip and wrist). However, the majority of studies of oral
or intravenous bisphosphonate therapy in men with osteoporosis report effects on surrogate
markers, including bone mineral density (BMD] and biochemical bone turnover markers,
rather than on fragility fractures. Oral or intravenous bisphosphonate therapy increases
spinal, total hip and femoral neck BMD compared with placebo in men with osteoporosis.

Both bone resorption and bone formation markers are decreased following bisphosphonate
therapy, with the onset of the decrease in bone formation markers being delayed. In a study of
intravenous zoledronic acid given to older men and women following a hip fracture, any clinical
vertebral and nonvertebral fractures were all reduced compared with placebo infusions. In
addition, mortality was reduced in patients who received zoledronic acid.

Recent studies in men with osteoporosis have increasingly reported reductions in incident
vertebral fractures with oral or intravenous bisphosphonate therapy, although all studies
have been underpowered to detect effects on nonvertebral and hip fracture outcomes.
Bisphosphonates have a role as monotherapy, as consolidative therapy after a course

of teriparatide therapy, or in combination with testosterone replacement in men with
hypogonadism and osteoporosis. Bisphosphonate therapy is validated and important in the

treatment of osteoporosis in men.
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Introduction

Osteoporosis remains an immensely under-recog-
nized and undertreated cause of morbidity and
mortality in men, with one-third of all hip frac-
tures worldwide occurring in men [Gullberg ez al.
1997]. One in six men will sustain a hip fracture
by the age of 90 [Nguyen et al. 1996], with almost
half of these occurring before the age of 80
[Chang et al. 2004]. Up to 40% of hip fractures in
men occur in residential care, and one-fifth of
those who sustain a hip fracture will subsequently

hypogonadism, osteoporosis, risedronate,

have a second hip fracture. Importantly, hip frac-
tures in men are associated with greater mortality
compared with women, with a mortality rate of
up to 37.5% within a year of fracture [Cooper
et al. 1992; Jones et al. 1996; O’Neill er al. 1996;
Orwoll and Klein, 1995].

Vertebral fractures are also common among older
men and are strongly associated with subse-
quent hip and nonvertebral fractures. Although
the majority of vertebral fractures are painless,
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they can impart significant morbidity, including
height loss, reduced quality of life, respiratory
dysfunction and social withdrawal [Khosla ez al.
1994; Orwoll and Klein, 1995]. Vertebral frac-
tures tend to occur earlier in men than women,
with a peak incidence in the fourth and fifth
decades of life [Cooper ez al. 1992; Jones et al.
1996; O’Neill er al. 1996], whereas above the
age of 65, incidence rates of vertebral fractures
in men are half those in women. The incidence
of vertebral fractures at a younger age in men
may be partially accounted for by traumatic
fractures.

Despite the considerable health burden of frac-
tures and osteoporosis in men, there is a paucity
of reported clinical studies that explore the effi-
cacy of osteoporosis therapy in men as opposed
to postmenopausal women, particularly with
regards to fracture reduction as a primary out-
come [Boonen eral. 2009; Orwoll ez al. 2000,
2010a, 2010b]. Increasingly, recent data support
the role of bisphosphonate therapy in the treat-
ment of osteoporosis in men.

Aetiology of bone loss in men

Bone mass and strength are determined by
numerous factors, including the attainment of
peak bone mass and subsequent age-related bone
loss; both processes being dependent on sex ster-
oid production and action. Notably, the majority
of nonvertebral fractures occur in men without
osteoporosis, implying that other factors distinct
from bone mineral density (BMD) contribute to
fracture risk [Seeman er al. 2006].

Natural history of bone loss in men

Analogous to the process in women, both cortical
and trabecular bone density increase significantly
during puberty in response to the actions of sex
steroid hormones [Krabbe ez al. 1984]. In par-
ticular, testosterone exerts an indirect effect on
bone, through the skeletal aromatization of tes-
tosterone to oestrogen [Ebeling, 1998]; muta-
tions of the aromatase enzyme have been
associated with severe osteoporosis in men
[Morishima er al. 1995; Smith ez al. 1994]. The
finding of low bone mass in men with idiopathic
hypogonadotropic hypogonadism further empha-
sizes the role of sex steroid hormones in attain-
ment of optimal peak bone mass [Finkelstein
et al. 1987].

Bone loss commences soon after peak bone mass
is achieved [Nordstrom ez al. 2007], with longitu-
dinal studies suggesting that the rate of loss accel-
erates after the age of 70 in men [Jones ez al. 1994;
Szulc and Delmas, 2001]. In older men, bone for-
mation markers remain stable or decline slightly,
whereas bone resorption markers increase, mainly
after age 70, indicating a likely role for antiresorp-
tive therapy, such as bisphosphonates. This
increased bone resorption may be related to low
levels of bioavailable oestradiol and testosterone
[Pietschmann ez al. 2001]. In men over age 65,
rapid bone loss is more common in men with tes-
tosterone or oestradiol deficiency compared with
controls [Fink ez al. 2006].

Bone loss in men is less rapid than postmenopau-
sal bone loss in women, and occurs primarily by
trabecular thinning secondary to reduced for-
mation within each basic multicellular unit as
demonstrated by noninvasive high-resolution
peripheral quantitative computed tomography
scanning. Although women lose trabeculae with
an increase in trabecular spacing, men sustain tra-
becular thinning with no change in trabecular
numbers or spacing [Khosla ez al. 2006]. The
preservation of trabecular numbers in men may
also help explain their lower lifetime risk of frac-
tures. For men, trabecular bone loss begins early
in life, with 42% of trabecular bone being lost
before age 50; changes in concentrations of insu-
lin-like growth factor 1 being a possible factor. In
contrast, 85% of cortical bone is lost after age 50,
being related to subsequent decline in bioavaila-
ble sex steroids and increased bone remodelling
[Riggs ez al. 2008].

Secondary causes of bone loss in men

Secondary causes of osteoporosis in men are com-
mon and a significant cause of osteoporosis in
men (Table 1) [Ebeling, 2008]. Secondary causes
need to be excluded in men younger than 50 years
when the Z score is less than —2 (2 standard devi-
ations below the age-specific mean) on bone den-
sitometry, and in men older than 50 years with
osteoporosis. The most common secondary
causes are glucocorticoid use, excessive alcohol
use, tobacco use and hypogonadism.

Hypogonadism
Hypogonadism occurs in up to 12.3% of men
[Mohr ez al. 2005], and is a significant contributor

260

http://tab.sagepub.com



[-W Sim and PR Ebeling

Table 1. Secondary causes of osteoporosis.

to osteoporosis due to the role of sex steroids in
bone loss. In older male nursing home residents
with hip fractures, up to 66% were found to have
hypogonadism [Abbasi ez al. 1995], whereas up to
20% of men with spinal fractures had hypog-
onadism, with most being asymptomatic. BMD
has been shown to be lower in men with hypog-
onadism [Finkelstein eral. 1987; Stoch et al
2001], although bone turnover may be increased.
These findings are concordant with the skeletal
effects seen with hypogonadism induced by
androgen deprivation therapy for prostate cancer,
this being associated with decreased BMD,
increased bone turnover and a higher fracture risk
[Shahinian ez al. 2005]. In cases of elevated bone
turnover markers, testosterone replacement may
reduce biochemical markers of bone resorption
[Dillon ez al. 2008; Wang et al. 2001]. Similarly,
this would provide a justification for the use of
bisphosphonate therapy given its mechanism of
action and effects on bone resorption and remod-
elling frequency.

Hypogonadism may be primary or secondary
(Table 2). Secondary iatrogenic causes such as
androgen deprivation therapy in prostate cancer

management are especially important to identify
since, comparable with the skeletal effects of glu-
cocorticoids, bone loss may occur as little as 6
months after commencement of therapy [Ross
and Small, 2002]. Furthermore, given that nutri-
ent supplementation alone, with calcium and
vitamin D, may be insufficient to prevent bone
loss in this setting, some guidelines advocate use
of bisphosphonate therapy if the BMD T score is
less than or equal to —2.0 in men who have not
previously sustained a minimal trauma fracture
[Grossmann ez al. 2011].

Bisphosphonate therapy

Bisphosphonates are a well studied class of
antiresorptive drugs that have been approved as
a first-line treatment for osteoporosis. They have
a high affinity for hydroxyapatite, allowing avid
attachment of the drug to bony surfaces and
thus incorporation into bone. Once internalized
by osteoclasts, amino-bisphosphonates inhibit
the action of farnesyl pyrophosphate synthase.
This reduces the activity and viability of osteo-
clasts and ultimately results in reduced bone
resorption.
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Table 2. Causes of hypogonadism.

Oral bisphosphonates have been demonstrated to
be effective in fracture reduction in postmenopau-
salwomen [Wells ez al. 2008a,2008b]. Alendronate
is effective for the primary prevention of vertebral
fractures and secondary prevention of vertebral,
nonvertebral, hip and wrist fractures [Wells ez al.
2008b]. Similarly, risedronate has a role in sec-
ondary prevention of vertebral, nonvertebral and
hip fractures [Wells ez al. 2008a].

In contrast, there are few quality studies with pri-
mary fracture outcome data in men, with many
utilizing surrogate markers including bone turn-
over markers and BMD [Boonen ez al. 2009;
Orwoll et al. 2000, 2010a, 2010b]. Despite this,
the similar antiresorptive effect seen in men, as
supported by increases in BMD and reductions in
bone resorptive markers, supports the use of bis-
phosphonates in men. In circumstances of higher
bone turnover such as hypogonadism, bisphos-
phonates may play an even more substantial role.

Alendronate

Numerous studies have demonstrated the efficacy
of alendronate in men with osteoporosis. The
most recent randomized controlled study reaf-
firmed the results of numerous previous studies

by demonstrating improved BMD and reduced
bone turnover markers [Orwoll ez al. 2010b].

In terms of antifracture efficacy, a randomized
double-blind trial in 241 men with hypogonadism
or eugonadism showed that alendronate at a dose
equivalent to 10 mg per day increased spinal and
femoral neck BMD while also reducing the inci-
dence of quantitative, rather than clinical, verte-
bral fractures at 2 years (0.8% versus 7.1% in the
placebo arm) [Orwoll et al. 2000]. This trial was
not powered to assess reductions in other frac-
tures, including hip fractures. A subsequent
meta-analysis demonstrated a reduction in verte-
bral fractures (odds ratio 0.44) [Sawka et al
2005]. However, the reduction in nonvertebral
fractures was not statistically significant due to a
lack of study power secondary to the small
number of nonvertebral fractures in the treat-
ment and placebo groups, and the paucity of
nonvertebral fracture data in the assessed trials.
Importantly, the use of alendronate in men with
primary osteoporosis having a high fracture risk
is supported by a cost-effectiveness analysis
[Borgstrom et al. 2004].

Alendronate has also been shown to be efficacious
in men with secondary causes of osteoporosis,
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Figure 1. Relative risks of one or more new
morphometric vertebral fractures in the modified
intention-to-treat population of men with osteoporosis,
for zoledronic acid versus placebo. Reproduced with
permission from Boonen et al. [2012].

such as glucocorticoid use and androgen depriva-
tion therapy. Alendronate has been shown to
increase the lumbar spine BMD in men with
glucocorticoid-induced osteoporosis, with few
adverse events [Lespessailles, 2013]. In one clini-
cal trial comparing weekly alendronate 70 mg
with placebo, there was a significant increase in
BMD at the lumbar spine and hip after 12 months
[Stoch er al. 2009]. Similarly, weekly alendronate
increases lumbar spine BMD compared with pla-
cebo in the setting of androgen deprivation ther-
apy [Greenspan er al. 2007], while also being cost
effective [Ito ez al. 2010].

Risedronate

Like alendronate, data support the efficacy of rise-
dronate in men with osteoporosis. In one 12-month
study, risedronate 5 mg per day given for 12
months increased spinal and proximal femur
BMD in men with osteoporosis [Ringe ez al
2006]. This open-label study showed a reduction
in vertebral fractures, but had the shortcoming of
not being blinded.

A more recent randomized clinical trial of 284
men with osteoporosis compared weekly risedro-
nate 35 mg with placebo, reported that risedro-
nate increased lumbar spine BMD [Boonen ez al.
2009]. Importantly, there was no reduction in
incident fractures with risedronate as these
occurred infrequently and the study was not
powered to detect improvements in fracture
endpoints. Therefore, more data are required
to determine the antifracture efficacy of oral

bisphosphonates, including risedronate, particu-
larly regarding nonvertebral and hip fractures.

Intravenous bisphosphonates

Intravenous bisphosphonates, such as zoledronic
acid, present an alternative option to oral bispho-
sphonates, avoiding gastrointestinal adverse
effects and offering regimens with less frequent
dosing and thus improving adherence to therapy.
Potential adverse effects include an acute phase
reaction with fever and myalgia after the first infu-
sion, worsening of renal impairment and, rarely,
jaw osteonecrosis [Bilezikian, 2006]. While
monthly ibandronate has been shown to improve
BMD and bone turnover markers [Orwoll ez al.
2010a], zoledronic acid is the better studied of
the intravenous bisphosphonates in terms of anti-
fracture efficacy.

In one randomized trial, zoledronic acid at an
annual dose of 5 mg reduced overall clinical frac-
tures (35% relative risk reduction) and mortality,
but not hip fractures, in older men and women
over a 1.9-year follow-up period after hip fracture
[Lyles er al. 2007]. Furthermore, zoledronic acid
reduced mortality by 28% compared with pla-
cebo (p = 0.02).

A recent comparative study of once-yearly zole-
dronic acid 5 mg and once-weekly alendronate
demonstrated noninferiority of zoledronic acid
with regards to changes in BMD and bone turnover
markers in men with osteoporosis [Orwoll ez al.
2010b]. Zoledronic acid increased lumbar spine
BMD at 24 months by 6.1% while bone turnover
markers at 12 months were comparable in both
treatment arms. Adverse event rates were similar
and, although few in number, incident vertebral
fracture rates were similar in both groups.
Significantly, based on questionnaire responses,
most men preferred the once-yearly zoledronic acid
infusion (74.2%) compared with alendronate.

The most recently published multicentre double-
blind, placebo-controlled trial of 1199 men
reported fewer incident vertebral fractures with
zoledronic acid (1.6% wersus 4.9%, p = 0.002),
along with significant increases in BMD and
decreases in bone turnover markers (Figure 1)
[Boonen er al. 2012]. Compared with men who
received placebo, men who received zoledronic
acid also had fewer moderate to severe vertebral
fractures and less height loss. Although this study
supports the antifracture efficacy for zoledronic

http://tab.sagepub.com

263


http://tab.sagepub.com

Therapeutic Advances in Musculoskeletal Disease 5 (5)

acid in men with eugonadism and hypogonadism,
overall there remains a lack of data demonstrating
antifracture efficacy for nonvertebral and hip frac-
tures in men; most studies had few such fractures
and thus were underpowered to assess the effects
on these clinical endpoints.

In the setting of androgen deprivation therapy
for prostate cancer, there is also evidence sup-
porting the use of intravenous bisphosphonates.
Pamidronate has been shown to prevent the initial
bone loss seen following initiation of androgen
deprivation therapy [Smith ez al. 2001], whereas
zoledronic acid increased lumbar spine BMD by
5.6% at 1 year compared with a decrease of 2.2%
with placebo [Smith er al. 2003]. However, both
studies were underpowered to assess antifracture
efficacy.

Alternative and adjunctive therapies

Denosumab

Denosumab, a fully human monoclonal antibody
that specifically targets receptor activator of
nuclear factor kB ligand, is a potential alternative
antiresorptive agent to bisphosphonate therapy.
Similarly, its effectiveness in the prevention of
bone loss in the setting of androgen deprivation
therapy for nonmetastatic prostate cancer has
been demonstrated [Smith ez al. 2009]. In addi-
tion to improvements in BMD, the incidence of
new vertebral fractures was decreased over three
years. However, there were no significant reduc-
tions in nonvertebral or hip fractures.

Teriparatide

Anabolic agents, such as teriparatide, may remedy
an underlying defect in osteoblast function, which
has been implicated in men with idiopathic osteo-
porosis [Orwoll and Klein, 1995; Rosen and
Bilezikian, 2001]. Studies show teriparatide or
PTH(1-34) increases spinal and proximal femur
BMD in men with hypogonadism or eugonadism
and osteoporosis [Orwoll ez al. 2003]. In follow-up
studies, prior teriparatide therapy significantly
reduced moderate and severe vertebral fractures,
and nonvertebral while data on nonvertebral or hip
fractures in men are lacking [Kaufman ez al. 2005].

Despite the purported complementary actions of
bisphosphonates and teriparatide on osteoclasts
and osteoblasts respectively, the addition of alen-
dronate to teriparatide blunts the increase in

BMD stimulated by teriparatide in men [Finkelstein
et al. 2003]. Antecedent treatment with risedro-
nate compared with alendronate led to greater
increases in bone formation markers and BMD
[Miller et al. 2008]. Notwithstanding, bisphos-
phonates continue to play a significant role in
men who receive teriparatide for severe osteopo-
rosis since their commencement after cessation of
teriparatide is mandatory and instigates further
gains in BMD [Kurland ez al. 2004].

Testosterone

Studies of testosterone in men with osteoporosis
are limited and none have used fractures as a pri-
mary endpoint. In men with hypogonadism, tes-
tosterone therapy has a comparable effect with
bisphosphonate therapy, with improvements in
bone turnover markers and BMD [Katznelson
et al. 1996; van der Werff ten Bosch and Bot,
1992]. In a 2-year observational study, micro-
scopic magnetic resonance imaging parameters of
trabecular connectivity improved, suggesting tes-
tosterone may improve trabecular architecture in
men with hypogonadism [Benito ez al. 2005].The
effects of testosterone therapy in men with eug-
onadism remain uncertain.

Although there are no studies investigating the
combination of testosterone and bisphosphonates
and despite both having similar effects on bone
turnover and density, there remains a justification
for bisphosphonate use in men receiving sex ster-
oids to restore eugonadism. As previously dis-
cussed, bisphosphonate therapy is effective in
men with hypogonadism and eugonadism, with
studies demonstrating antifracture efficacy.
Therefore, in addition to bisphosphonate therapy,
eugonadal status should be restored in men with-
out contraindications to sex hormone replace-
ment through adjunctive testosterone therapy in
those with high fracture risk.

Conclusion

Despite the relative paucity of studies investigating
the use of bisphosphonates in men with osteoporo-
sis, particularly with respect to antifracture effi-
cacy, both oral and intravenous bisphosphonates
have positive effects on surrogate markers, includ-
ing bone turnover markers and bone density.
Furthermore, despite the lack of data on efficacy
on hip and nonvertebral fractures recent studies
confirm the benefit of both oral and intravenous
bisphosphonate therapy in reducing vertebral

264

http://tab.sagepub.com



[-W Sim and PR Ebeling

fracturesin men with osteoporosis. Bisphosphonates
have a role as monotherapy, as consolidative ther-
apy after a course of teriparatide therapy or in
combination with testosterone replacement in men
at high risk of fracture with hypogonadism.
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