ABSTRACT: Osteoporosis is a well-
recognized problem in older women.
However, there has been insufficient
awareness among both the public
and the medical profession that os-
teoporosis is also a common prob-
lem in older men. It is estimated that
one in five 50-year-old men will sus-
tain a fragility fracture during the
remainder of his life. Although treat-
ments that increase bone density are
available, few men receive treat-
ment. Until recently, treatment deci-
sions in osteoporosis have been
based almost entirely on bone den-
sity measurements. Recently, tools
have been developed that enable a
more precise assessment of abso-
lute fracture risk, which is expected
to significantly facilitate treatment
decisions. It is hoped that a greater
awareness of the problem of osteo-
porosis in men will lead to better
treatment, and ultimately to a de-
crease in fractures and their associ-
ated morbidity and mortality.
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Osteoporosis in men:
An underrecognized and
undertreated problem

Important risk factors for male osteoporosis include a prior fragility
fracture, glucocorticoid use or alcohol consumption, a family his-
tory of osteoporosis, and hypogonadism.

Ithough traditionally re-

garded as a disease of

women, especially after

menopause, 0Steoporosis
also occurs frequently in men. Men
steadily lose bone mineral density
with aging, and one in five men over
50 will suffer an osteoporotic fracture.
Almost 30% of all hip fractures are in
men, and the mortality following a hip
fracture is substantially higher in men
than in women.'?

Epidemiology

Trauma (usually falls), reduced bone
density, and impaired bone quality all
contribute to fracturing. Before age
50, men fracture bones more than
women, probably because of exposure
to more trauma. After 50, fractures
increase with age in both sexes, but
more so in women. So-called fragility
fractures, occurring with minimal
trauma such as a fall from standing
height or less, frequently affect the
hip, vertebrae, forearm (wrist), and
humerus. Men represent between 20%
and 40% of all patients with each of
these types of fracture.

In men, the incidence of hip frac-
tures increases sharply after age 75
and is greater at higher latitudes. There
are racial differences in the frequency
of hip fractures. There is evidence of
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a decline in age-standardized rates of
hip fracture in men and women in
Canada since 1985,° which may help
to offset the increase resulting from
aging of the population. Although
both the 1-year mortality and the need
for institutional care after a hip frac-
ture are higher in men than women,
men are less likely to receive investi-
gation or treatment for their underly-
ing osteoporosis.*

Vertebral fractures are often asymp-
tomatic, and also often overlooked on
X-rays (such as lateral chest X-rays);
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accurate data on the prevalence of
such fractures are therefore difficult
to obtain. Vertebral fractures are com-
moner in men younger than 50, but
after 50, vertebral fractures, like other
osteoporotic fractures, increase more
rapidly in women. It is very important
to identify vertebral fractures, as their
presence is predictive of both further
fractures at any site and increased
mortality.

The simple question “How com-
mon is osteoporosis in men?” is unfor-
tunately not as easy to answer as the
corresponding question for women.
The female patient’s bone density is
compared with that of a normal young
(20- to 29-year-old) woman to derive
aT-score. There has been debate about
whether the bone density of male
patients should be compared with that
of normal young males (gender-spe-
cific) or with that of normal females,
which results in different T-scores (0.5
to 1.0 SD units lower when normal
male data are used) and therefore dif-
ferent frequencies of “osteoporosis”
(defined as a T-score less than —2.5).
Using the normal, young male value,
3% to 6% of men over 50 have osteo-
porosis, compared with a 22% gender-
specific prevalence in women. How-
ever, the female prevalence rises
steeply with age from less than 10%
at 50 to 59 years of age to over 60%
at over 80 years. In older women who
develop an incident hip fracture dur-
ing follow-up, between 64%°> and
28%° of these fractures have been
attributed to osteoporosis, based on
T-scores at the femoral neck or the
total hip respectively. The study that
attributed 64% of incident hip frac-
tures to osteoporosis also included
men, of whom only 39% of those
with hip fractures would have been
classified as osteoporotic using a gen-
der-specific comparator. This might
suggest that more men than women
fracture bones that are not “osteo-

porotic.” More importantly, as has
been repeatedly emphasized, a large
proportion of individuals who suffer
fragility fractures do not have osteo-
porosis by bone density criteria. This
has been one of the major reasons for
developing better instruments for pre-
dicting absolute fracture risk, such as
the FRAX (fracture risk assessment)
and the 2010 CAROC tool launched
by the Canadian Association of Radi-
ologists and Osteoporosis Canada.

In addition to bone quantity (as
reflected in bone density), bone qual-
ity” and the extent of trauma are im-
portant determinants of fracture. Bone
quality depends on the macrostructure
or geometry of bones (e.g., the length
and diameter of the femoral neck) as
well as the microstructure, which
includes the thickness and porosity of
the outer cortex,? and the interconnec-
tions between, and number of trabecu-
lae. The rate of bone turnover is an ad-
ditional determinant of bone strength.
Newer technologies, especially quan-
titative computerized tomography
(QCT) and high-resolution peripheral
CT (HRpQCT) are beginning to shed
light on some of these characteristics,
but at present these are mainly re-
search tools.®10

Pathogenesis of
bone loss in men
Bone loss in men has many causes,
and often the same patient is affected
by several of these. As in women, it is
useful to distinguish between primary
and secondary osteoporosis. Primary
includes age-dependent and idiopath-
ic osteoporosis. The chief causes of
secondary osteoporosis in men are
excessive alcohol use, treatment with
glucocorticoids, and hypogonadism,
including that experienced by men
receiving androgen deprivation thera-
py (ADT) for prostate cancer.'!

Men lose trabecular bone from
about age 40 onwards,' but they do
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not have the accelerated loss in mid-
life that occurs in women, and hence
their trabecular bone is better pre-
served in old age. Furthermore, men
tend to preserve their trabeculae
(which become thinner), whereas wo-
men lose trabeculae as well as their
interconnections, which results in a
greater loss of bone strength.® The loss
of cortical bone begins later,"® and is
also less marked in men than women.
With aging, there is periosteal addi-
tion of bone, together with expansion
of the marrow cavity, so that the bone
diameter enlarges, which to some ex-
tent provides a compensatory increase
in bone strength.

There is great interest in the role of
sex steroids in contributing to osteo-
porosis in older men, even in the
absence of overt hypogonadism.'?
Both testosterone and estradiol are
present in the blood; most of the estra-
diol (85%) is derived from testoster-
one by peripheral aromatization. Sex
hormone binding globulin (SHBG)
increases with age, necessitating
measurement of bioavailable levels of
testosterone and estradiol. For some
time we’ve known that bone density,
rate of bone loss, and fracture inci-
dence all correlate more closely with
estradiol than with testosterone lev-
els.?2 Furthermore, increased bone
turnover was shown to be suppressed
by estradiol and not by testosterone
in older men in very elegant studies.'?
Interestingly, the threshold level of
bioavailable estradiol below which
bone turnover and bone loss are accel-
erated appears to be similar in men
and women, at around 40 pmol/L.

Other potential endocrine contrib-
utors to bone loss in aging men in-
clude parathyroid hormone (PTH), in
part secondary to vitamin D deficiency
(as in women), growth hormone, and
insulin-like growth factors (IGF-1).

Nutritional factors potentially
contributing to osteoporosis include
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deficiencies of vitamin D, calcium,
and protein. Vitamin D deficiency was
found in 26% of osteoporotic males,
and “insufficiency” in 72%'4in MrOs,
the very large multicentre study of
male osteoporosis in the US. Vitamin
D deficiency is best assessed by meas-
uring the serum level of 25hydroxy-
vitamin D using a precise method,
preferably mass spectrometry. The
indications for measurement of the
25hydroxyvitaminD level are contro-
versial; it should be considered in cer-
tain patient groups known to be pre-
disposed to vitamin D deficiency, such
as those with malabsorption, dark skin
pigmentation, or obesity. Osteoporo-
sis Canada has recommended that
25hydroxyvitamin D be measured in
all patients receiving antiresorptive
treatment for osteoporosis, preferably
after they have been taking the rec-
ommended vitamin D supplement for
at least 3 months. Calcium deficiency
should be avoided by ensuring a total
intake from diet and supplements of
1000 to 1200 mg per day, and recog-
nizing that calcium may be more
important in achieving a good peak
bone mass during earlier life than for
treating osteoporosis in later life.
Dietary protein deficiency may be a
problem in the very elderly. Both vita-
min D and protein deficiency can con-
tribute to muscle weakness and there-
fore to falls and fractures.!*
Osteoporosis in males younger
than 60 in the absence of obvious
causes (idiopathic male osteoporosis)
may have genetic causes such as adult
forms of osteogenesis imperfecta. In
other patients there may be abnormal-
ities of SHBG, IGF-1, or of aromati-
zation of testosterone to estradiol. In
another group of osteoporotic men,
often identified because they also
have renal calculi, urinary calcium is
increased (so-called idiopathic hyper-
calciuria). As a group, men with renal
stones, most of whom have idiopathic

hypercalciuria, have reduced bone
densities'® and an increased frequency
of fractures.'” Smoking is also a risk
factor for osteoporosis, and for frac-
tures, and is included when using the
FRAX tool to calculate absolute frac-
ture risk.

have been thoroughly validated in
Canadian populations.??!

FRAX calculates absolute fracture
risk using age, weight, presence or
absence of prior fragility fracture, pa-
rental history of hip fracture, current
smoking, glucocorticoid use (ever),

In the US, the National Osteoporosis

Foundation recommends that pharmacological

treatment for osteoporosis be considered if

the T-score at any site is -2.5 or below, or if

the 10-year risk of major osteoporotic
fracture exceeds 20%, or if the 10-year
risk of hip fracture exceeds 3%.

Case-finding and diagnosis
of osteoporosis in men

The guidelines for evaluating osteo-
porosis in men are not well validated.
Some organizations have recom-
mended routine bone mineral density
(BMD) screening of men by dual X-
ray absorptiometry (DXA) at age 658
or at age 70 or 75, but a recent study
suggested that it may not be cost-
effective before age 80." Qualitative
ultrasound and CT bone screening are
not standardized. Bone density meas-
urement by DXA clearly has predic-
tive value for fractures at a population
level. As in women, a gender-specific
T-score of less than —2.5 (as provided
on the DXA printout) has been used
to define osteoporosis in men over 50.
The presence of an unequivocal
fragility fracture is also diagnostic of
osteoporosis. Estimation of absolute
fracture risk, using assessment instru-
ments such as the CAROC tool or the
FRAX tool, is clearly an improvement
over the use of DXA alone. Both tools
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rheumatoid arthritis, and use of three
or more units of alcohol per day. If
available, a density measurement of
the femoral neck bone obtained by
DXA can also be included in the cal-
culation. The output is the 10-year risk
of' major osteoporotic fracture (includ-
ing wrist, humerus, vertebra, and hip)
and the 10-year risk of hip fracture
alone. In the US, the National Osteo-
porosis Foundation recommends that
pharmacological treatment for osteo-
porosis be considered if the T-score at
any site is —2.5 or below, or if the 10-
year risk of major osteoporotic frac-
ture exceeds 20%, or if the 10-year
risk of hip fracture exceeds 3%. In
some jurisdictions, FRAX without a
DXA bone density measurement is
being used, or proposed,?? to assign
patients to one of three groups: “low
fracture risk (<10% 10-year risk of
any major osteoporotic fracture),”
requiring only lifestyle advice; “in-
termediate risk (10% to 20%,” requir-
ing further refining of fracture risk,
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perhaps with the help of BMD testing;
and “high fracture risk (>20%),”
requiring consideration of pharmaco-
logical treatment without need for
BMD testing. Individuals with posi-
tive risk factors should have a frac-
ture risk assessment, with or without a

porotic fracture) should receive life-
style advice only, and those catego-
rized as high risk (>20%) should be
considered for pharmacotherapy, usu-
ally a bisphosphonate. In the interme-
diate risk group (10% to 20% 10-year
fracture risk), particular attention

Most drugs shown to be effective in

postmenopausal women—either in improving

bone density, or preferably in reducing

fracture risk—are similarly effective in men.

Exceptions, of course, are estrogens and

selective estrogen receptor modulators.

DXA study. It should be emphasized
that the FRAX tool is a useful guide,
but it is not prescriptive—the physi-
cian’s judgment remains important,
together with the patient’s own choice.
Like FRAX, the 2010 version of
CAROC also uses the femoral neck
BMD, together with age, sex, and his-
tory of fragility fracture or glucocorti-
coid use, to categorize patients as low,
intermediate, or high risk of major
osteoporotic fractures. There is excel-
lent concordance between FRAX and
CAROC.

The 2010 Osteoporosis Canada
Guidelines'® provide clear indications
when to consider BMD testing in
patients younger than 50, and in the
50 to 64 age group, and recommend
BMD testing in all men (and women)
65 or older. BMD testing then allows
fracture risk assessment using FRAX
or CAROC. As with the “FRAX with-
out DXA” approach described above,
patients who are categorized as low
risk (<10% 10-year risk for any osteo-

should be directed toward identifying
vertebral fragility fractures (which,
like other fragility fractures, imply
high risk). Several other factors should
also be considered, including rapid
bone loss, ADT, a disproportionately
low spinal BMD, and recurrent falls,
since these may indicate that more ag-
gressive treatment (pharmacotherapy)
is required.

Laboratory evaluation!® is mainly
directed at identifying secondary
causes of osteoporosis, and usually
includes serum protein electropho-
resis and testing for CBC, serum
calcium and albumin (for calcium cor-
rection), alkaline phosphatase, crea-
tinine, TSH, and perhaps 25hydroxy-
vitamin D. In addition, tests to exclude
specific disorders may be considered
if indicated: PTH, 24-hour urine cal-
cium, serology for celiac disease,
testosterone, and luteinizing hor-
mone. Although estradiol is clearly of
great importance in the pathophysiol-
ogy of male osteoporosis,'? the accu-
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rate measurement of bioavailable es-
tradiol involves complex technology
and is not yet routinely available. It is
likely to become an important part of
the investigation of male osteoporosis
in the future, when these technical
problems are resolved and when it is
translated into new and effective treat-
ments for male osteoporosis. Markers
of bone formation and resorption are
only occasionally useful in the indi-
vidual patient, but are widely used for
investigative purposes.

Treatment

Much less information is available
regarding the pharmacological treat-
ment of osteoporosis in men compar-
ed with women. However, the avail-
able data suggest that most drugs shown
to be effective in postmenopausal
women—either in improving bone
density, or preferably in reducing frac-
ture risk—are similarly effective in
men. Exceptions, of course, are estro-
gens and selective estrogen receptor
modulators (SERMs such as ralox-
ifene), which are not used in men
because of their feminizing effects.

Among the bisphosphonates, alen-
dronate, risedronate, and zoledronate
have positive effects on BMD and ver-
tebral fracture risk. Bisphosphonates
are equally effective in improving
bone density in men with normal or
low testosterone levels, and the deci-
sion to use androgens should be made
independently of the decision to use a
bisphosphonate.

Parathyroid hormone (teripara-
tide) improves bone density in men as
it does in women, but has not yet been
proven to reduce fractures in men.

Thiazide diuretics may have a pos-
itive effect on bone. Both improved
BMD? and a reduction in hip frac-
tures?* have been reported with thi-
azide treatment, and a few men with
idiopathic hypercalciuria and osteo-
porosis have shown a rapid recovery
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in bone mass when treated with hy-
drochlorothiazide.” Whether this is a
result of the thiazide-induced reduc-
tion in urinary calcium excretion, or
possibly due to a direct effect of thi-
azide on bone, is not known.

Strontium ranelate (available in
Europe but not North America) and
calcitonin have not been well studied
in men.

Denosumab (Prolia), the newly re-
leased monoclonal antibody to RANKL
(receptor activator of nuclear factor
kappa-B ligand), acts as an osteoclast
suppressor. In men receiving ADT for
prostate cancer, denosumab (given
twice yearly by subcutaneous injec-
tion) caused an increase in BMD at all
sites, and decreased vertebral frac-
tures.2

Sex steroid therapy requires fur-
ther study. In symptomatic hypo-
gonadism, testosterone is appropriate,
and improves bone density as well as
increasing muscle mass and strength.
How much of the bone effect is due
to aromatization to estradiol is not
known. More controversial is the use
oftestosterone (administered by injec-
tion or transdermal gel or patch) in
older asymptomatic males with low
testosterone levels. There has been
some concern about potential adverse
effects on the prostate and on lipid lev-
els, as well as an increased risk of car-
diac events.?”’” Both PTH and bisphos-
phonates are as effective in improving
bone density in hypogonadal as in
eugonadal males. Testosterone has
also been recommended in various
forms of secondary osteoporosis, such
as that due to glucocorticoid treat-
ment, and may help, even if mainly by
improving muscle mass and strength.

In view of the demonstrated role
of estradiol, estrogen might be expect-
ed to help the osteoporosis of hypo-
gonadal males, but its feminizing
action precludes long-term use. Simi-
larly, raloxifene has been shown to

reduce bone resorption in men in
short-term studies.

Calcium, vitamin D, and exercise
recommendations for men are similar
to those for women. It seems prudent
to ensure a total daily vitamin D intake
from food and supplements of 1000 to

or heavy alcohol consumption, a fam-
ily history of osteoporosis, and fre-
quent falls. The new tools for assess-
ment of absolute fracture risk, FRAX
and CAROC, are useful in guiding the
treatment of osteoporosis. Bisphos-
phonates are effective in improving

Testosterone has also been

recommended in various forms of

secondary osteoporosis, such as that

due to glucocorticoid treatment, and

may help, even if mainly by improving

muscle mass and strength.

2000 units. An insufficient intake of
calcium (less than 1000 mg per day)
should be avoided, preferably by con-
suming adequate high-calcium foods,
but if necessary by taking calcium
supplements. Inactivity can contribute
to bone loss, and appropriate strate-
gies can reduce the risk of falling,?®
particularly exercises designed to im-
prove balance, such as tai chi.

Summary

Osteoporosis in men is an important
and inadequately appreciated problem.
This is partly a result of the earlier dis-
proportionate emphasis on osteoporo-
sis in women, especially following
menopause. Both primary care physi-
cians and members of the public need
to maintain an awareness of male
osteoporosis so that patients who are
at risk for fractures are appropriately
assessed and treated. Among impor-
tant risk factors are a prior fragility
fracture (including an asymptomatic
vertebral fracture), glucocorticoid use
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bone density in men with normal or
low testosterone levels, and appropri-
ate exercise and fall-reduction pro-
grams can help to reduce injuries. The
identification and treatment of per-
sons at risk for fragility fractures aims
to reduce the substantial morbidity,
mortality, and costs that result from
osteoporosis-related fractures.
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