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Abstract

As many as one out of three fragility fractures occur in older men and the outcome of major osteoporotic fractures, in par-
ticular hip fractures, is worse in men than in women. Osteoporosis in older men is thus an important threat to the quality of
life of individual patients and a considerable burden for society. However, only a small minority of older men with high or
very high fracture risk are receiving therapy. This does not need to be so as tools for fracture risk assessment are available
and several drugs have been approved for treatment. Nevertheless, the evidence base for the management of osteoporosis in
older men remains limited. This narrative review summarises the evidence for older men on the burden of osteoporosis, the
pathophysiology of fragility fractures, the clinical presentation, diagnosis and risk assessment, the patient evaluation, and

the non-pharmacological and pharmacological management.

Keywords Osteoporosis - Fractures - Older men - Management

Introduction: the burden of osteoporosis
in older men

In patients with osteoporosis, low bone mass and altered
bone quality result in reduced bone strength with increased
risk of fracture. Although this disorder affects most often
postmenopausal women, as many as one out of three fragil-
ity fractures occur in older men and it has been estimated
that about one out of five patients with osteoporosis or low
bone mass is a man [1-3]. The lifetime risk of an osteo-
porotic fracture in a man aged 50 years has been estimated
at 13 to 25% [4, 5]. About a quarter of hip fractures occur
in men [6] and their outcome is worse than in women with
substantially higher associated mortality [7-10]. A third of
the health burden and a quarter to a third of the economic
burden of osteoporosis-related fractures is from fractures in
men [2, 3]. The major osteoporotic fractures in older men are
the fractures of the hip and vertebrae with fractures of the
proximal humerus, distal forearm, ribs, sternum, clavicle,
pelvis, distal femur also contributing to the burden of osteo-
porosis [4]. In the European Union, the total health burden
due to fractures in men in 2010 was estimated to be 384,000
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lost quality-adjusted life years (QALYs) and projected to
increase to 491,000 QALY s lost in 2025: the cost for health
care was estimated at 11.6 billion for 2010 and projected to
increase to 15.5 billion in 2025 [3].

The age-adjusted incidence rate of hip fracture in men
is about half that in women, which reflects the greater bone
strength with intrinsically lower fracture risk in men. Indeed,
this 2:1 ratio appears rather constant in many regions of
the world even though there are large geographical varia-
tions in absolute fracture rates with the highest incidence
rates observed in Northern Europe and North America: inci-
dence rates are lower and female to male ratio is blunted in
Asia and parts of Latin America [11]. There are also race/
ethnic differences with the lowest fracture risk in Blacks
and Asians, but the relation between bone mineral density
(BMD) and fracture risk appears rather homogenous across
race/ethnic groups [12]. The incidence rate of most types of
osteoporotic fractures increases exponentially with age in
both women and men. However, men have a lower fracture
risk and attain a similar incidence rate of osteoporotic frac-
tures as in women at about 10 years older age, with marked
increases of fracture incidence seen in men in their eighties
[4,5].

Osteoporosis thus represents a significant threat to the
health of the growing number of older men and a consid-
erable cost for the health care system. Yet, even more so
than osteoporosis in women, osteoporosis in men is largely
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underdiagnosed and undertreated, even in men who already
sustained a fragility fracture and have a high risk of new
fracture [6, 13—16]. Some progress has been made in recent
years, but awareness of osteoporosis in men and its heavy
burden on the elderly remains low. This narrative review
focuses on the management of osteoporosis in older men.
A search of the literature on this topic in PubMed, Web of
Science and by screening reference lists of review articles
performed in preparation of this review exposed the wide
gap existing between the only limited data on osteoporosis in
elderly men and a wealth of data on postmenopausal osteo-
porosis: the evidence base for the management of osteopo-
rosis in older men is rather limited and much is based on
extrapolations from the knowledge base on postmenopausal
0steoporosis.

Pathophysiology of osteoporotic fractures
in older men

The steep rise of fracture incidence in men after age 75 years
is caused by the combined effects of decreased bone strength
and increased incidence of falls.

Skeletal changes underlying bone fragility in older
men

Lifelong bone loss, deterioration of trabecular bone micro-
architecture, thinning and increased porosity of cortical
bone, and altered bone material properties, all contribute
to increased bone fragility [17, 18]. Bone loss results from
remodelling imbalance with bone formation not matching
resorption. Trabecular bone loss begins in men well before
midlife, whereas cortical bone loss occurs mainly after age
65 years. Bone loss continues throughout life and tends to
accelerate in older men [18-21]: in the US cohort of the
Osteoporotic Fractures in Men (MrOS) Study, men 85 years
of age had a 2.5 times greater estimated femoral neck bone
loss compared to 65 years-old men [21]. Accelerated bone
loss results from increased bone turnover rate as reflected in
higher levels of serum bone turnover markers [22].

Trabecular bone loss in men occurs primarily by thinning
of the trabeculae with less decrease in trabecular number
and connectivity compared to women, which reflects milder
increases in bone turnover in men. Nevertheless, there are
between-subject variations in the rate of bone loss and those
older men with higher bone turnover and accelerated bone
loss also present with a more pronounced deterioration of
trabecular architecture with fewer trabeculae and greater tra-
becular separation [23]. Accelerated bone loss has also been
identified as an independent risk factor for hip and other
non-spine fractures [24, 25].
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Cortical bone loss results from increased bone remod-
elling at the endosteal and intracortical bone surfaces.
Whereas some periosteal bone apposition continues through-
out life, in aging men this no longer compensates for the
increased endocortical and intracortical bone resorption.
The latter are characterized by a phenomenon of trabecu-
larization of the endosteal bone envelope and by increase of
intracortical porosity. The whole of these changes with aging
results in slightly larger bones with thinner, more porous
cortex and wider bone marrow cavity [17, 18, 20, 23, 26].

Little is known on bone material properties in older men,
but age-related changes such as decreased osteon size, result-
ing from the reduced bone formation, and relative increase
of interstitial bone, might contribute to bone fragility [17].

Factors underlying increased incidence of falls

Falls occurs frequently [27]. In 2,741 community-dwelling
men aged 78.8 +5 years from the MrOS US cohort, at least
one incident fall occurred in 35% of the men during a 1 year
observation and 23% of men reported two or more falls [28].
Causation of falls is complex with the involvement of multi-
ple and interacting risk factors. Muscle weakness, disorders
affecting mobility and balance, visual impairment, cognitive
impairment and diseases, medications and sleep disorders
affecting mental alertness, living arrangements and environ-
mental factors can all contribute to an increased incidence
of falls in older men [26, 28]. Many older men have several
risk factors with a cumulative effect on fall incidence [27].

Age-related decline of physical capacity, often exacer-
bated by comorbidity, plays an important role. Different
measures reflecting particular aspects of impaired physi-
cal performance have been associated with risk of incident
falls in older men, including lower extremity disability and
foot problems [27], balance and gait abnormalities [27],
low activity level with poor physical performance [28], Par-
kinson’s disease [29], low muscle mass [30], low muscle
strength [31], sarcopenia [32], and frailty [33].

Another important cluster of risk factors is related to
transient or more permanent decrease of mental alertness.
Increased incidence of falls has been linked to cognitive
impairment [27], sleep disturbances and hypoxia during
sleep [29, 34], use of sedative hypnotics [27, 29].

Moderate to severe lower urinary tract symptoms have
also been shown to carry a significant fall risk in elderly
men [35, 36].

Role of hormonal and non-hormonal factors
Sex steroid hormones

Sex steroids play an important role in the regulation of
bone homeostasis and the preservation of skeletal integrity
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in adult men. Hypogonadism is a well-recognized second-
ary cause of osteoporosis in men [37]. Acquired profound
hypogonadism such as in men receiving androgen depriva-
tion therapy (ADT) for prostate cancer, induces high bone
turnover, accelerated bone loss and increased fracture risk
[38, 39]. This raises the question of how the more progres-
sive and much more limited changes in sex steroid status
in aging men affect bone metabolism [40]. Testosterone
(T) and its Sa-reduced active metabolite dihydrotestos-
terone contribute to the maintenance of the adult skeleton
through androgenic effects expressed via the androgen
receptor and exerted either directly on the bone tissue or
indirectly through effects on muscle. However, the main
effects of sex steroids to help preserve bone health in aging
men by limiting bone turnover, bone loss, deterioration of
trabecular microarchitecture, and cortical porosity appear
to be exerted by estradiol (E2), the aromatization product
of testosterone, acting on bone via the estrogen receptor-o
[40, 41]. Studies in older men found an inverse associa-
tion between E2 or its non-SHBG-bound fractions (free
or bioavailable E2) with prospectively assessed bone loss
[42-46]. Conversely, observational studies in community-
dwelling older men did not convincingly established an
association of serum T or its non-SHBG-bound fractions
with BMD changes independent from E2 levels [40, 41].
On the other hand, in some studies greater bone loss was
found to be associated with higher serum SHBG levels
independently of T and E2 levels [45, 47]. In the MrOS US
study cohort, the highest rate of bone loss was observed
in men presenting with the combined findings of low bio-
available E2, low bioavailable T and high SHBG levels
[45].

There is substantial evidence linking low (non-SHBG-
bound) E2 also with increased fracture risk, even though
there are some discordant findings [40, 41]. Low serum E2
has been associated with increased risk of hip fractures in
older men from the Framingham study [48], low E2 and
calculated free E2 with clinical fractures in men from the
EPIC study cohort [49], low calculated free E2 with clinical
vertebral, nonvertebral and hip fractures in the MrOS Swe-
den cohort [50], the lowest quartile of bioavailable E2 with a
higher risk of nonvertebral fractures in the MrOS US cohort
[51], and low E2 and calculated bioavailable E2 with the risk
of all fractures in the MrOS Hong Kong cohort [46]. The
observed associations between E2 levels and fracture risk
tend to be nonlinear with substantially higher fracture risk
when serum total E2 is below a threshold situated around
16 pg/mL (59 pmol/L) [41]. However, evidence linking E2
levels with fracture risk is essentially limited to clinical and
nonvertebral fractures and two studies with systematic radio-
graphic assessment of vertebral fractures in the MrOS US
cohort and the combined MrOS Sweden and Hong Kong

cohorts, respectively, did not show an association with E2
levels [52, 53].

Consistent findings in several cohort studies in older men
[50-56], even though not confirmed in all [48, 49], convinc-
ingly show that high serum SHBG is associated indepen-
dently of T and E2 levels with increased risk not only of
clinical and nonvertebral fractures, but also of radiographi-
cally assessed vertebral fractures [52, 53].

In most cohort studies [46, 48-52] serum (non-SHBG-
bound) T was not independently associated with fracture
incidence. Exceptions are a report of an association of low
T with fracture in the Dubbo study cohort even though BMD
was associated with E2 [55] and a U-shaped association of
T with fracture risk in the Health In Men Study (HIMS)
cohort [56]. In some studies low T levels, although not inde-
pendently associated with fractures, did have some additive
effect on fracture risk in presence of low E2 levels [46, 48,
51]. An effect of T on fracture risk in older men might be
indirect through its androgenic, anabolic action on muscle:
in the MrOS US and Sweden cohorts low (bioavailable)T
was associated with decreased physical performance and
increased incidence of falls [57, 58].

In summary, both low E2 and high SHBG are inde-
pendently associated with a higher rate of bone loss and
increased fracture risk, whereas low T can have an additive
effect on fracture risk, possibly through increased fall risk.
However, it is noteworthy that the effect size of these asso-
ciations is only small and they explain only a small fraction
of between-subject differences is bone loss and fracture risk.
From an analysis of data from the MrOS cohorts, the authors
concluded that there is limited clinical utility of serum T, E2
and SHBG measurements to evaluate fracture risk as they
did not meaningfully contribute to fracture risk assessment
in a model including clinical risk factors and BMD (FRAX
algorithm) [59].

Other hormonal factors

Vitamin D insufficiency, as defined by a serum 25-hydroxy-
vitamin D (25-OH-vitamin D) below 20 ng/mL (50 nmol/L)
is a common finding in older men. Low vitamin D status in
older men has been associated with a greater rate of hip bone
loss [60], a higher risk of hip fractures and major osteoporo-
tic fractures [61-63], and greater fall risk [64]. Moreover,
in the MrOS cohort a low vitamin D status had an additive
effect on the increased rate of hip bone loss and hip fracture
incidence associated with a low bioavailable E2 and/or high
SHBG [65]. Whereas the whole of these findings indicate
that serum 25-OH-vitamin D measurement can contribute
to detect men at higher risk of hip fracture, it has also been
shown that additional measurement of 1,25-dihydroxy-vita-
min D, the active vitamin D metabolite, does not offer added
value in this regard [63].
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Secondary hyperparathyroidism can adversely affect bone
health by increasing bone resorption and cortical porosity
[66, 67]. Several factors can contribute to the occurrence
of secondary hyperparathyroidism in older men, including
vitamin D deficiency, low dietary intake and less efficient
intestinal absorption of calcium, and decreased renal func-
tion. Interestingly, serum parathyroid hormone (PTH) levels
may increase with age independently of 25-hydroxyvitamin
D, phosphate, renal function, and ionized calcium [68] and
in the MrOS US cohort men with a serum PTH in the upper
quartile (intact PTH > 38 pg/mL) had an increased rate of
hip bone loss independent of 25-OH-vitamin D levels and
estimated glomerular filtration rate [69].

Another factor likely to contribute to altered bone metab-
olism in older men is the decreased activity of the soma-
totropic axis reflected in the age-related decline of plasma
IGF1 levels, with possible adverse effects on osteoblastic
function and indirect effects through increased muscle wast-
ing with decreased mechanical stimulation of bone [70, 71].
Interestingly, the decreased growth hormone/IGF1 activity
might underlie at least in part the age-related increase of
SHBG with high SHBG reported to be an independent risk
factor for bone loss and fracture in older men [40].

Finally, a series of fundamental processes affecting
adversely bone cells, including among others oxidative
stress, DNA damage, cellular senescence, and osteocyte
apoptosis probably play an important role in the develop-
ment of bone fragility in the elderly [72].

Clinical presentation, diagnose and risk
assessment

Clinical presentation

Osteoporosis is asymptomatic until a fragility fracture
occurs, which is only one of several reasons why osteopo-
rosis is underdiagnosed and undertreated. Osteoporosis in
older men can be primary, ‘senile’ osteoporosis or second-
ary, i.e. the consequence and epiphenomenon of another
disease or its treatment. Some more common causes of sec-
ondary osteoporosis in men [73, 74] are shown in Table 1.
It is generally believed that compared to women, osteopo-
rosis in men is more often secondary osteoporosis [73, 74].
However, this observation applies mostly to younger men
(<70 years) and reflects to a large extent the strongly biased
population of men seen at the osteoporosis consultation.
Indeed, asymptomatic men and even men with a history of
fracture are still infrequently screened for osteoporosis. In
the MrOS study cohort, for a battery of laboratory tests pro-
posed to detect possible secondary causes of osteoporosis,
the prevalence of laboratory abnormalities was not greater
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Table1 Some more common secondary causes of osteoporosis in
men [73, 74]

Glucocorticoid treatment

Chronic obstructive pulmonary disease
Hypogonadism

Androgen deprivation therapy for prostate cancer
Alcohol abuse

Primary renal hypercalciuria
Post-transplantation

Primary hyperparathyroidism

Hemochromatosis

Multiple Myeloma

Immobilisation (e.g. stroke, Parkinson’s disease)

in older men as compared to men without osteoporosis,
except for 25-OH-vitamin D and alkaline phosphatase [75].
Nevertheless, there is a high prevalence of comorbidities
in older men with osteoporosis. Although these may not be
the cause of the osteoporosis they can still contribute to the
fracture risk.

Diagnosis

A clinical diagnosis of osteoporosis can be made based on
the occurrence of a low trauma (i.e. equivalent to ground
level fall) fracture. When the decision to initiate treatment
for osteoporosis is based only on the occurrence of a frac-
ture, only incident hip and vertebral fractures are usually
being considered.

Now well established in clinical practice is an operational
definition of osteoporosis based on BMD measurement by
dual-energy X-ray absorptiometry (DXA) as originally pro-
posed by a working party of the World Health Organiza-
tion (WHO) for osteoporosis in postmenopausal women
and defined as a BMD value 2.5 standard deviations (SD)
or more below the mean for young adult women, i.e. a
T-score < —2.5. To improve standardization and comparabil-
ity it was later proposed to use the BMD measured by DXA
at the femoral neck and with the women aged 20-29 years
from the Third National Health and Nutrition Examination
Survey (NHANES IIT; USA) as the reference population
[76]. Per analogy, osteoporosis in men has also commonly
been defined as a DXA BMD T-score < — 2.5, be it initially
with less supporting data from prospective studies assess-
ing the relation between BMD and fracture risk in men.
There is, however, no consensus on whether this T-score
in men should be calculated with the use of a young male
or female reference population. The rationale for the use
of the NHANES III reference population of women aged
20-29 years for calculation in men is based on apparent
strong similarities of the relationship between DXA femoral
neck BMD and fracture risk in women and men. There is a
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consistent increase in women and men of relative fracture
risk per SD decrease of BMD, with in both steeper risk gra-
dient for hip fracture than for all osteoporotic fractures and
in both similarly dependent on age. Furthermore, the risk of
hip fracture is similar in men and women for any given abso-
lute BMD value measured at the hip and likewise the risk
of vertebral fracture is also similar in men and women for
any given absolute BMD value. Thus, a man and a woman
of the same age with a same absolute BMD have a similar
fracture risk, even if the similarity of the BMD-fracture risk
relationship must be at least in part fortuitous considering
the underlying differences in bone size and structure [17,
76, 77].

The above approach, which has been recommended by
the International Osteoporosis Foundation (IOF) [3] and
the International Society for Clinical Densitometry (ISCD)
[78], aims to identify men and women at similar fracture risk
and thus likely to benefit equally from treatment. According
to this approach, a smaller fraction of the male population
than the female population is diagnosed as osteoporotic,
reflecting the higher mean BMD in men. The alternative
approach using a reference population of young adult males
to calculate the T-score identifies a larger proportion of
men as osteoporotic, a proportion more comparable to that
of women identified as osteoporotic, but with on average
a lower fracture risk. In favour of this approach, which is
recommended in the clinical guidelines by the Endocrine
Society (USA) [79] and by the National Osteoporosis Foun-
dation (USA) [80], it is argued that a substantial proportion
of fractures occur in men with a higher BMD [81]. It is
also noteworthy that nearly all clinical trials for validation
of osteoporosis treatments in men have included men on
basis of a BMD T-score calculated using a male reference
population. Real-life data from the 5880 men in the MrOS

Table 2 Clinical risk factors for fracture

study cohort show that the choice of diagnostic approach has
a major impact on the proportion of older men identified as
warranting treatment: the prevalence of osteoporosis was
2% according to the “‘WHO criterion’ (female reference) and
9.4% according to the ‘NOF criterion’ (male reference); in
the men who meet the WHO osteoporosis criterion observed
10-year hip fracture probability was 20.6% as compared to
only 6.8% for men who meet the NOF but not the WHO
criterion [82].

How to identify men at high fracture risk who
should benefit from treatment?

Older age, a history of fracture after age 50 years not
caused by a major trauma, and a low BMD are without
doubt the most important risk factors for fracture. How-
ever, independent additional clinical risk factors contribute
to fracture risk. The combined findings of observational
studies have identified a long list of risk factors for frac-
ture in men [29, 79, 83]. Methods have been proposed
to combine clinical risk factors with or without femoral
neck BMD with the aim to estimate fracture probability,
such as the FRAX™ algorithm (www.shef.ac.uk/FRAX/)
[84] and Garvan monogram (www.fractureriskcalculator.
com) [85]. Risk factors for hip fracture in older men from
the MrOS study cohort, which were independently associ-
ated with fracture risk in a multivariate model including
femoral neck BMD and adjusted for competing mortal-
ity risk [83], are shown in Table 2. Clinical risk factors
validated in meta-analyses involving a large number of
subjects, shown to contribute to fracture risk independ-
ent of femoral neck BMD, and included in the FRAX™
risk assessment algorithm, are also listed in Table 2. The
computer-based FRAX algorithm combines these clinical

Independent risk factors for hip fracture in the MrOS cohort (multi-
variate model with adjustment for competing mortality)
Data from Cauley et al. [83]

Risk factors validated in meta-analyses which contribute to risk of hip
and major osteoporotic fractures independent of BMD and are included
in the FRAX™ algorithm According to Kanis et al. [84]

Age 75 years or older

Low femoral neck BMD
Current smoking

Tall stature

Height loss since age 25 years
History of fracture

Use of tricyclic antidepressant
History of myocardial infarction or angina
Hyperthyroidism

Parkinson’s disease

Low protein intake

Lower executive function

Low body mass index

Prior history of fracture

Parental history of hip fracture

Use of oral glucocorticoids

Rheumatoid artritis/other secondary causes
Current smoking

Alcohol intake of 3 or more units daily
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risk factors with some patient characteristics (gender, age,
height, weight) and with or without femoral neck BMD to
calculate an estimate of the 10 year probability of hip frac-
ture and of major osteoporotic fractures. Country-specific
versions of the algorithm are calibrated according to local
fracture epidemiology data. The proposed fracture prob-
ability thresholds for intervention may vary according to
local guidelines and pharmaco-economic issues but lies
mostly around a 10 year probability of all major fractures
of 20% and of hip fracture of 3% [79, 80, 86, 87].

The importance of BMD measurement for risk assess-
ment is illustrated by an analysis of the data from the MrOS
cohort showing that in elderly men without prior fragility
fracture, age with femoral neck BMD T-score (female ref-
erence population) identified men with incident fracture as
accurately as more comprehensive fracture scores including
the FRAX and Garvan tools. Recommendations concerning
indications for case finding by BMD screening vary accord-
ing to local guidelines; both the Endocrine Society (USA)
and National Osteoporosis Foundation (USA) propose to
screen men 70 years or older or men 50-69 years with other
risk factors [79, 80]. In this context estimated fracture risk
with FRAX or similar tools used without BMD can help
select men who will benefit from a DXA, i.e. those men
having a moderately high fracture probability although still
below intervention threshold on the basis of clinical risk
factors alone. Lumbar spine and hip are the usually recom-
mended DXA measurement sites [79], although the hip is
clearly the preferred measurement site in older men because
of frequent spuriously elevated BMD at the spine due to
osteoarthritis, prior vertebral fracture and/or vascular calci-
fications. Moreover, as discussed above, it is femoral neck
BMD that has been used for standardized approaches to
BMD-based diagnosis. Measurements at the forearm (1/3
or 33% radius) have been proposed as an alternative if valid
measurements at the two other sites are not possible or as
an additional measurement site in a particular situation, i.e.
men with primary hyperparathyroidism or ADT for prostate
cancer [79]. The more recently introduced DXA-based tra-
becular bone score (TBS) does not seem to contribute signif-
icantly to the prediction of incident clinical or radiographic

vertebral fractures in older men when taking into account
spine BMD and age [88].

Detection of undiagnosed fractures by vertebral fracture
assessment (VFA) using DXA equipment or lateral spine
X-ray can help to establish the diagnosis of osteoporosis
and can be recommended for men at risk for osteoporosis
such as men with osteopenia (7-score <— 1 and > — 2.5) or
with clinical risk factors; in men already diagnosed with
osteoporosis it can help to define the severity of the disease
and fracture risk [79].

In conclusion, there are different approaches to identify
older men with osteoporosis and high fracture risk which are
summarized in Table 3. Each of these have their strengths
and limitations and they complement each other.

Management of osteoporosis in elderly men
Initial evaluation

Once the diagnosis of osteoporosis is established and its
severity documented, to perform an appropriately compre-
hensive clinical evaluation with thorough history taking,
physical examination and targeted biology before initiating
treatment is good clinical practice and serves the following
several purposes:

— To assess the clinical impact of the disease (back pain,
kyphosis, mobility,...)

— To rule out major secondary causes of osteoporosis that
may require specific treatment (e.g. hyperparathyroidism,
multiple myeloma, hyperthyroidism, ...)

— To evaluate general health status and physical function,
and to identify risk factors for falls (Living arrange-
ments? Cognitive functioning? Muscle strength? Bal-
ance? Sarcopenia? Frailty? Nycturia? ...)

— To identify the presence of comorbidities that may have
implications for the choice of osteoporosis treatment, its
monitoring, and its outcome (gastrointestinal diseases,
impaired renal function, liver disease, allergies, immo-
bilisation, ...)

Table 3 How to identify older men having a high risk for fracture and likely to benefit from treatment

Elderly men (> 70 years) to be considered as having osteoporosis with substantial risk for fracture, expected to benefit from (pharmacological)

osteoporosis treatment

Men who have had a hip fracture without major trauma

Men who have had a clinical or silent radiographic vertebral fracture without major trauma
Men with femoral neck, total hip and/or lumbar spine BMD 2.5 SD or more below the mean for the women 20-29 years from NHANES III

(T-score < — 2.5; female reference)

Men at substantial absolute fracture risk as calculated with FRAX™ (with or without BMD) with indicative intervention thresholds of >20%
ten-year probability of major osteoporotic fracture or >3% ten-year probability of hip fracture
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As to blood and urine investigations, measurements of
serum calcium, phosphorus, creatinine, liver function, alka-
line phosphatase, 25-OH-vitamin D and testosterone, com-
plete blood count, and 24-h urinary calcium (and creatinine)
excretion have been proposed as standard testing, with addi-
tional tests as appropriate according to history and physical
examination [79]. Considering the specific target population
of elderly osteoporotic men and the several purposes of the
evaluation, it can be argued to add the following tests to
the standard biology testing: serum albumin, protein elec-
trophoresis, CRP, fasting glucose (or Haemoglobin Alc),
parathyroid hormone, SHBG (and calculated free T) and
thyrotropin.

Lifestyle measures and non-pharmacological
management

Appropriate lifestyle- and non-pharmacological measures
are an inherent and important component of the management
of osteoporosis in older subjects. Older men with osteoporo-
sis should be advised about lifestyle recommendations [79,
89, 90]. A balanced diet should ensure adequate protein con-
sumption [79, 89, 91] and ideally contribute substantially to
a recommended daily calcium intake of 1200-1500 mg [79,
89, 90]. Both for protein and calcium requirements, dairy
products are an important component of such diet [89, 91,
92]. Even though efficacy data has been conflicting, in par-
ticular, if no concomitant vitamine D supplementation [93],
calcium supplements, usually 500-1000 mg, depending on
dietary intake, should be considered in men with (risk of)
deficiency [79, 90, 94]. Calcium supplementation, usually
with vitamin D, is also a required complement to other spe-
cific pharmacological treatments of osteoporosis because
these supplements have been an inherent part of the thera-
pies of osteoporosis as evaluated in clinical trials [79, 90,
94].

Vitamin D supplements are recommended for elderly
men with (risk of) vitamin D deficiency/insufficiency.
Although achieving a serum 25-OH-vitamin D level 20 ng/
mL (50 nmol/L) is generally considered to ensure vitamin
D sufficiency [93-95], some guidelines recommend a higher
target level of 30 ng/mL (75 nmol/L) for osteoporotic men
[79] or more specifically for the older subjects [95]. Sup-
plementation with a starting daily dose cholecalciferol of
800-1000 IU (20-25 pg) is recommended and will achieve
in many men 25-OH-levels in this range of 20 to 30 ng/mL
(50-75 nmol/L) [95-98]. In elderly subjects with insufficient
vitamin D status, vitamin D supplementation in the range
of 800-1000 IU appears beneficial in lowering the risk of
falling. Several higher dosages tested (mainly in women), in
particular infrequent administration of high doses, appeared
to increase the risk of falls and hip fractures [95, 97-99].
Nevertheless, some men may require higher dosages of

vitamin D in specific situations such as malabsorptive dis-
eases or the use of some antiepileptic drugs [79]. In clinical
trials for validation of pharmacological therapies of osteopo-
rosis, treatment regimens usually included besides a calcium
supplement also a vitamin D supplement of 400 to 1200 IU
(10-30 pg) per day.

Safe weight-bearing activities and exercises should be
strongly encouraged even if there is little supportive evi-
dence for men [79, 89]. Also logical is to discourage exces-
sive alcohol consumption (>3 units/day) and smoking as
these are known risk factors for fracture [79, 89]. Finally,
measures to reduce the risk of falls deserve full atten-
tion in an individualised and broad approach [89], which
may include such varied aspects as an adaptation of living
arrangements, critical reappraisal of prescription of psycho-
tropic and cardiovascular drugs, exercising, use of a walk-
ing aid, or treatment of lower urinary tract symptoms with
nycturia.

Pharmacological therapy

Specific therapies for secondary causes of osteoporosis,
such as glucocorticoid-induced osteoporosis, are beyond
the scope of this review and will not be discussed except for
hypogonadism.

In sharp contrast to the extensive validation of drugs for
the treatment of postmenopausal osteoporosis in large clini-
cal trials with reduction of fracture rate as primary efficacy
criterion, approval for use of these drugs for therapy in men
has generally been based only on a rather small-scaled study
of short duration (1 or 2 years) with BMD as a surrogate
endpoint. Indeed, validation of a particular treatment in
men has been considered sufficient if in a so-called ‘bridg-
ing trial’ a particular treatment regimen (same molecule;
same dosage) previously shown to reduce fracture risk in
postmenopausal women induces in men BMD changes of
comparable magnitude as the BMD changes previously
observed to accompany fracture risk reduction in postmen-
opausal women. Data showing that osteoporosis therapy
reduces fracture risk in men is very limited [90] and only a
single trial in men had fracture risk reduction as the primary
endpoint [100].

The drugs approved in most countries for the treatment of
osteoporosis in men with the main trials in support of their
use in men are summarized in Table 4. The orally adminis-
tered bisphosphonates alendronate and risedronate, the intra-
venously administered bisphosphonate zoledronic acid, and
denosumab, the subcutaneously administered monoclonal
antibody neutralizing the activity of human receptor activa-
tor of nuclear factor-kB (RANKL), are all ‘anti-resorptive’
bone-active agents acting through inhibition of osteoclastic
bone resorption. Teriparatide, a synthetic peptide with 34
amino acids corresponding to the N-terminal first amino
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Table 4 Drugs approved for the treatment of osteoporosis in men with the respective main trial having validated this use

&

Main findings

Primary end-point

Patient number (active drug/placebo)

Age

Drug treatment regimen (study)

Springer

Increase BMD spine, total hip, femoral neck,

% change lumbar spine BMD at 24 months

Alendronate Oral, 10 mg daily +calcium and 241 (46/95)

total body
Reduced loss of stature

mean 63 years (range 31-85)

vitamin D (Orwoll et al. [101])

Numerical decrease vertebral fractures (signifi-

cance dependent on type of analysis)

Increase BMD spine, total hip, femoral neck

% change lumbar spine BMD at 24 months

286 (191/93)

calcium and vitamin D (Boonen et al. [102]) Mean 60 years (range 36-83) (>40%

Risedronate Oral, 35 mg once weekly + daily

(few fractures; no effect)

aged > 65 years )
1199 (558/611)

65%reduction of vertebral fractures; reduction

New morphometric vertebral fractures over

Zoledronic acid Intravenous, 5 mg yearly

(Boonen et al. [100])

height loss; increase BMD
No difference mortality or severe adverse events

24 months

Median 66 years (range 50-85 years)

(18% >175 years)
242 (121/121)

Increase BMD spine,

% change

Denosumab Subcutaneous, 60 mg every

total hip, femoral neck, distal radius

Lumbar spine BMD

at 12 months

Mean 65 years (range 30-85 years)

6 months (Orwoll et al. [107])

(36% >70 years )
437 (151+139/147)

Increase BMD Spine (20 and 40 pg dose),

% change BMD at 24 months study inter-

Teriparatide Subcutaneous 20 or 40 pg daily

total hip (only 40 pg dose), femoral neck (20

rupted after median of 11 months treatment

(range 2—15 months)

Mean 59 years (range 30-85 years)

(Orwoll et al. [110])

and 40 pg), total body (only 40 ug dose) (no

change distal radius)

acids of the 84 amino acids of parathyroid hormone, admin-
istered by daily subcutaneous injection, is an anabolic bone-
active agent with bone-forming properties.

Bisphosphonates

Bisphosphonates are generally considered the first-line treat-
ment for osteoporosis in men. Their action to decrease bone
resorption and bone turnover is reflected in a decrease of the
(urinary or blood) levels of biochemical markers of bone
turnover observed in the studies in men with the different
bisphosphonates.

Alendronate, as a daily oral dose of 10 mg with associ-
ated calcium and vitamin D supplements was studied in men
with moderately low femoral neck and spine BMD (mean
BMD, respectively, 2.2 and 2.0 SD below the mean in nor-
mal young men), with a prevalent vertebral fracture in about
half of the patients. Two years treatment increased BMD
at all sites with increases comparable to findings in post-
menopausal women, reduced the loss of stature compared
to placebo and reduced numerically (significantly according
to an alternative analysis) incident vertebral fractures. [101].
Although alendronate has been validated as a daily oral dose
of 10 mg, it is now more commonly used as a single weekly
oral dose of 70 mg, equivalence of these two dosing regi-
mens having been documented in postmenopausal women.

Risedronate, as a weekly oral dose of 35 mg, with associ-
ated daily calcium and vitamin D supplements, was studied
in men with low spine BMD (mean 3.3 SD below mean
for young men) and moderately low hip BMD (mean 2.0
SD below mean for young men), with a prevalent vertebral
fracture in slightly more than a third of the men. After two
years of treatment, BMD was increased at all measurement
sites (spine, total hip, trochanter, femoral neck) with lumbar
spine BMD changes comparable to prior findings in post-
menopausal women. There was no demonstrated effect on
stature; fractures were few and not allowing evaluation of
efficacy on fracture reduction [102].

Zoledronic acid as a 5 mg dose administered once per
year intravenously, with associated daily calcium and vita-
min D supplements, has been approved for use in men based
on the HORIZON Recurrent Fracture Trial (RFT) in 508
men and 1619 women (mean age 74.5 years) with surgically
repaired recent low trauma hip fracture. During a median
1.9 year follow-up there was overall a 35% reduction in
clinical fractures and 28% reduction in mortality. However,
among the men in the study the number of incident frac-
tures was small and not different between active treatment
and placebo [103]. Nevertheless, an analysis of a subset of
the participants in the HORIZON-RFT trial showed that the
treatment-induced BMD increase in men was similar than
that in women with recent hip fracture [104]. In a subsequent
study involving 1199 men with moderately low femoral neck
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BMD (mean 2.2 SD below mean for normal young men)
and a third of them with a prevalent vertebral fracture, two
yearly administrations of 5 mg zoledronate was shown to
significantly reduce the incidence of new vertebral frac-
tures over 24 months by 65%, to reduce the risk of new
moderate-to-severe vertebral fractures and to limit the loss
of stature; a numerical reduction of clinical vertebral and
nonvertebral fractures was not statistically significant. This
is the only clinical trial in men with fracture incidence and
not BMD change as the primary endpoint [100]. In a head-
to-head comparison in men, BMD changes over two years
were similar for treatment with once-a-year 5 mg zoledronic
acid intravenously and 70 mg oral alendronate weekly [105].

In the studies with the different bisphosphonates, men
with low serum testosterone appeared to respond equally
well to treatment as men with normal serum testosterone.
From the mostly small-scaled studies in men there is no
indication for gender-specific safety problems. Consider-
ing the only limited information for men, safety issues in
postmenopausal women should be considered also relevant
for men, which includes the rare occurrence of osteonecro-
sis of the jaw and atypical femur fracture. In older men,
dental problems should be taken care of before initiation
of treatment and renal function checked as in subjects with
markedly impaired renal function (estimated glomerular
filtration rate <35 ml/min) use of bisphosphonates in not
advised without additional investigations [79] and intrave-
nous zoledronic acid is contra-indicated. In frail and disa-
bled older patients, the adherence to the strict modalities
of oral bisphosphonate use may be problematic. To limit
the risk of hypocalcaemia, vitamin D deficiency should be
treated, and calcium/vitamin D supplements started prefer-
ably before initiation of bisphosphonate treatment, more in
particular before intravenous administration of zoledronic
acid. Patients should be informed of the occurrence of fever
and influenza-like symptoms in the days following intrave-
nous zoledronic acid administration.

Denosumab

Denosumab strongly inhibits osteoclastic bone resorption
and bone turnover. Its use in men was initially approved to
increase bone mass in men at high risk for fracture receiving
ADT for nonmetastatic prostate cancer. Subsequently, deno-
sumab was approved for treatment to improve bone mass in
men with osteoporosis at high risk for fracture.
Denosumab as a subcutaneous injection of a 60 mg dose
every 6 months, with associated daily calcium and vitamin
D supplements, was studied in a randomized placebo-con-
trolled trial in men receiving ADT for nonmetastatic pros-
tate cancer. The men (734 in each arm) with a mean age of
75.4 years (85% of men 70 years or older) had a moderately
low BMD (median BMD at the spine 0.5 SD and at the

femoral neck 1.5 SD below the mean for young men). Deno-
sumab treatment decreased the levels of bone turnover mark-
ers, increased BMD at all measurement sites and all-time
points over the 36 months observation and reduced the inci-
dence of new vertebral fractures over 12, 24 and 36 months
[106]. In support of its use in men with osteoporosis, deno-
sumab as a 60 mg dose administered subcutaneously every
6 months, with associated daily calcium and vitamin D sup-
plements, was studied in men with moderately low BMD
(mean BMD at the spine 2.0 SD and at the femoral neck 1.9
SD below the mean for young men) with a history of osteo-
porotic fracture in 25% and prevalent vertebral fracture in
23% of the men. Denosumab treatment increased the BMD
at all measurement sites, i.e. spine, total hip, femoral neck
and distal radius, over the 12 months duration of the study
[107]. An open-label follow-up study indicated further BMD
increase during a second year of treatment [108].

As illustrated convincingly in the study in men with ATD,
denosumab is equally effective in men with low serum tes-
tosterone as in men with normal serum testosterone. From
the limited data in men, there is no indication of gender-spe-
cific safety issues. Possible severe hypocalcaemia, although
rare, deserves particular attention in elderly men. Vitamin
D deficiency should be treated and calcium and vitamin D
supplements preferably initiated before administration of
denosumab; adherence to calcium/vitamin D supplemen-
tation should be monitored during treatment. Possible rare
adverse events also include potentially severe hypersensitiv-
ity reactions, osteonecrosis of the jaw and atypical femur
fractures. Data on denosumab treatment of postmenopausal
women with osteoporosis has shown that cessation of treat-
ment is followed by rapid bone loss and a potential increase
of fracture risk. Therefore, it may be advisable that interrup-
tion of denosumab treatment would be followed by a period
of treatment with a bisphosphonate [109].

Teriparatide

Teriparatide, [PTH(1-34)] as a daily subcutaneous injec-
tion of a 20 pg dose, with associated calcium and vitamin
D supplements, has an anabolic, bone-forming action and
is indicated to increase bone mass in men with primary or
hypogonadal osteoporosis at high risk of fracture. Approval
of this therapy for use in men is based on a trial comparing
the effects of daily subcutaneous administration of 20 pg and
40 pg teriparatide with placebo in men with low BMD (mean
BMD at the spine 2.2 SD and at the femoral neck 2.7 SD
below the mean for young men). The study was prematurely
interrupted after median of 11 months of treatment because
of the development of osteosarcomas in rats during toxico-
logical evaluation, findings later considered not predictive
for increased risk in humans. Treatment induced an increase
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in the levels of biochemical markers of bone formation fol-
lowed by increased levels of the markers of bone resorp-
tion. At study endpoint spine and femoral neck BMD was
increased with both teriparatide dosages but with the 40 ug
dose these increases were greater and seen also at the total
hip and total body; neither teriparatide doses increased BMD
at the radius. Treatment effects were independent of age and
serum testosterone levels [110].

In an 18-month follow-up study after interruption of
teriparatide treatment, a fairly rapid decline of BMD was
observed, which was limited in those men using a bispho-
sphonate [111]. From studies comparing the effect of alen-
dronate monotherapy, teriparatide monotherapy and combi-
nation therapy of alendronate and teriparatide, teriparatide
appeared more effective as judged by changes in BMD,
while the concomitant use of alendronate appeared to blunt
the anabolic action of teriparatide [112].

Adverse reactions with teriparatide treatment are more
frequent for the 40 pg compared to the 20 pg dose. Common
adverse reactions are dizziness, nausea, headache and limb
pains. Although the use of teriparatide has been restricted
to a duration of two years for safety reasons, post-market-
ing surveillance data have not shown an increased risk of
osteosarcoma.

Romosozumab

Romosozumab is a humanized monoclonal antibody that
binds sclerostin and inhibits its action. Sclerostin, a secre-
tion product of the osteocytes, regulates bone formation.
Inhibition of sclerostin by romosozumab has been shown
to both increase bone formation and decrease bone resorp-
tion, resulting in a strong anabolic action on bone. Romo-
sozumab treatment for 12 months was shown to increase
BMD and reduce the incidence of vertebral fractures and
clinical fractures in postmenopausal women. In a ‘briging
study’ in men with osteoporosis, 245 men were randomized
2:1 to receive romosozuma 210 mg subcutaneously monthly
or placebo for 12 months (163 romosozumab/82 placebo).
The men included in the study with a mean age of 72 years
(40% > 175 years) had a low BMD (mean BMD at the spine
2.2 SD and at the femoral neck 2.3 SD below the mean for
young men) and a moderate fracture risk (median 10 years
probability of major osteoporotic fracture of 7.7% and of hip
fracture of 3.3% according to FRAX™). Twelve months of
treatment increased BMD significantly at the spine (12.1%
from baseline), total hip (2.5% from baseline) and femoral
neck (2.2%). Adverse events and serious adverse events were
balanced between romosozumab and placebo with, however,
a numerical imbalance in positively adjudicated serious car-
diovascular events (romosozumab 4.9% vs placebo 2.5%)
[113]. In a comparative study with alendronate in postmen-
opausal women, there has been a possible cardiovascular
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safety signal for romosozumab and an imbalance in mortal-
ity in patients 75 year and older. The drug was approved
by the European Medicine Agency for use in women with
severe osteoporosis who are at high risk of fracture, but not
in those with history of myocardial infarction or stroke;
pharmacovigilance studies have been initiated [114]. As to
date, romosozumab has not yet been approved for use in
men.

Role of testosterone therapy

There is an important knowledge gap regarding the effects
of testosterone therapy for skeletal health in older men (see
[40] for review): (1) there is no reliable data on testosterone
treatment specifically in men with osteoporosis; (2) except
for a couple of studies, trials did not include elderly men
with unequivocally low serum testosterone; and (3) data on
the effects of testosterone therapy on fracture risk is com-
pletely lacking. The data available suggests that testosterone
therapy has modest suppressive effects on bone resorption,
induces modest increases of lumbar spine areal BMD and
inconsistent, overall nonsignificant areal BMD increases at
the hip as measured by DXA. More substantial increases at
the spine and significant increases at the hip were reported
for volumetric BMD assessed by QCT [115]. There is evi-
dence from several trials that BMD increase during testos-
terone therapy may be related to the magnitude of induced
increase in serum testosterone and estradiol levels, which
might explain why significant areal BMD increases accord-
ing to DXA were seen only in studies with intra-muscular
testosterone injections and not with transdermal testosterone
treatment.

From this, it can be concluded that although modest
beneficial effects on the maintenance of skeletal integrity
may be an added benefit of testosterone treatment initiated
for another indication in older men with low serum testos-
terone, there is insufficient data to support its use to treat
osteoporosis. Osteoporosis is neither a specific nor sufficient
indication for testosterone therapy. The implication is that
specific osteoporosis treatment should be initiated in hypo-
gonadal elderly men at high risk for fracture, regardless of
whether they are also treated with testosterone to alleviate
other symptoms of hypogonadism [40, 41]. In this regard, it
is important to note that the different therapies approved for
the treatment of osteoporosis in men appeared to be equally
effective in men with either low or normal serum testoster-
one. Moreover, treatment with bisphosphonates and deno-
sumab have been shown to effectively prevent bone loss in
men with profound hypogonadism receiving ADT for pros-
tate cancer [116]
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Choice of therapy

Pharmacological treatment should always be an add-on to
appropriate and personalized lifestyle- and non-pharmaco-
logical measures.

Bisphosphonates are considered the first-line therapy for
osteoporosis. For elderly men at high risk of fracture, intra-
venous zoledronic acid may be the preferred treatment [79].
It is the only therapy documented by a trial in men to reduce
fracture risk, whereas for other treatments assumption of
efficacy to reduce fracture risk is by extrapolation from data
in postmenopausal women. The administration modality of
zoledronic acid may favour treatment adherence and limit
the need for treatment monitoring by repeated DXA in less
mobile elderly patients, whereas the strict modalities of oral
bisphosphonate intake may be a challenge for disabled and
frail subjects. Moreover, elderly patients are often already
taking many pills. Nevertheless, oral bisphosphonates may
be a valid alternative, e.g. for economic reasons, contra-
indications for intravenous zoledronic acid or patient prefer-
ence. Denosumab is a good alternative for high fracture risk
patients in case of contra-indications for bisphosphonates or
patient preference. Finally, anabolic treatment with teripara-
tide can be considered either as initial treatment in patients
with markedly low BMD and high fracture risk, usually with
(multiple) prevalent vertebral fractures, or as rescue treat-
ment in case of therapy failure with new incident fractures
under antiresorptive treatment. Teriparatide treatment for
a duration of maximum 24 months should be followed by
treatment with an anti-resorptive drug.

Conclusions

Awareness of osteoporosis in men has undoubtedly
improved. But osteoporosis is still commonly seen as a dis-
ease of postmenopausal women and perhaps occasionally
of men with secondary osteoporosis. Presently, only a small
minority of elderly men with high or very high fracture risk
is being treated. This should not be the case as all neces-
sary tools to evaluate fracture risk are available and several
drugs long available for the treatment of postmenopausal
women with osteoporosis are now also approved for treat-
ment in men. Unfortunately, the level of evidence for use
of these therapies in men is rather limited, mostly to only
small-scaled bridging studies of short duration with BMD
endpoints. Moreover, these studies included only a minor-
ity of men 70 years or older. This contrasts with the many
large, randomized treatment trials with fracture endpoints
performed in postmenopausal and elderly women. Reassur-
ing is that there seem to be sufficient similarities between
osteoporosis in women and men to justify to some extent

extrapolations. However, it could be argued that the data
for men is too limited to have uncovered more subtle, yet
relevant, gender-specific issues. Remarkably, even the effects
of testosterone therapy on bone health in elderly men are
poorly documented. Clearly, there is much work ahead: there
is a need for more research, but meanwhile an urgent task
is to improve the clinical care of elderly men at high risk
for fracture. Perhaps, fracture liaison services could play an
important role in this context, although this approach might
have less added value for the oldest patients [117].
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