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Synopsis
Osteoporosis is now recognized as a major threat to health in aging men. Morbidity and mortality,
particularly following hip fracture, are substantial. Whereas trabecular bone loss starts in early
adulthood, loss of cortical bone only appears to occur from mid-life onwards. Declining
bioavailable estradiol levels play an integral role in male age-associated bone loss. Both
pharmacologic and supportive care interventions are important for optimal care in men at
increased fracture risk.
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Introduction
Osteoporosis is defined as an asymptomatic bone disease marked by low bone mass and
skeletal microarchitectural deterioration resulting in increased fracture risk1. Although
osteoporosis has been widely recognized by medical professionals and the public as a
significant health issue in aging women, it is now also increasingly viewed as a major health
threat to the aging male population in terms of morbidity, mortality, and health care resource
expenditure.

Male Fracture Epidemiology
Despite not undergoing a menopausal transition as do women, men sustain bone loss of
approximately 0.5–1% per year beginning by the sixth decade2. Current estimates are that
approximately 20% of Americans with osteopenia or osteoporosis are male, and that one in
eight men over aged 50 years will incur an osteoporotic-type fracture during his lifetime,
with roughly 30% of hip fractures occurring in men3. Fractures at both the hip and vertebrae
have been shown to increase morbidity and mortality in men4, 5, with hip fractures in men
associated with an approximately 2–3 fold increased mortality risk relative to women6.

Fracture incidence in males has two peaks: one around adolescence and a second, sustained
peak which occurs at advanced age. Prior to age 50 years, males experience more fractures
than females, likely due primarily to increased rates of high energy trauma (such as athletic
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and work-place related injuries) in younger men relative to women7. Men subsequently
experience an exponential rise in fractures beginning after about age 75, although the
absolute fracture incidence in older men remains less than in age-matched women.

Using data from the year 2000, it has been estimated that approximately 9.0 million new
osteoporotic fractures occur yearly, and that roughly 39% of these occur in men5. In the
General Practice Research Database in the United Kingdom followed from 1988–1998,
103,052 men among the 5 million adults followed sustained a fracture over 10.4 million
person years of follow-up7. In men, aging was associated with increased risk for fracture of
the vertebrae, femur, forearm, humerus, clavicle, scapula, pelvis, and ribs; thus, these
fracture types were considered more likely to be associated with osteoporosis. Similar to
these findings, other studies of aged men have also shown increased rates of non-vertebral
fractures of the proximal femur, humerus, and forearm8, 9. Taken together, these findings
suggest that osteoporotic fractures in men primarily involve the hip, vertebrae, humerus, and
forearm, although fractures at other sites including the ribs, pelvis, and clavicle are also
associated with male aging.

Hip fractures
In men, hip fractures are associated with the greatest morbidity and mortality. While current
evidence suggests that hip fracture rates in Western populations appear to have stabilized
over the past two decades, hip fracture rates may be rising in other parts of the world,
including Asia10. Indeed, current estimates are that the number of men worldwide with hip
fracture will be between 1.8 and 6.8 million by 20503, 11. Although absolute incidence rates
vary geographically, overall incidence rates worldwide have been found to increase
exponentially beginning at roughly age 7512. Mortality is substantially higher in men
compared to women following hip fracture. Men are nearly twice as likely to die during
their immediate post-fracture hospitalization13, and roughly one-third of men die within the
first year following fracture14, 15. Morbidity is also increased in men compared to women
following hip fracture; nearly half of men require skilled institutionalized care following hip
fracture16, and men are far less likely when compared to women to return to full
independence at one year following hip fracture17. Further, although it is well documented
that both men and women continue to be undertreated for their osteoporosis following hip
fracture18, men appear to be disproportionally more likely to be undertreated19.

Vertebral fractures
Like hip fractures, vertebral fracture incidence in men increases with aging. As shown in the
European Prospective Osteoporosis Study (EPOS) of 3174 men (mean age 63.1 years) who
had spinal radiographs performed at a mean of 3.8 years following a baseline film, the age-
standardized incidence of morphometric fractures was 5.7/1000 person years, a rate slightly
lower than the 10.7/1000 person years determined in women20. As expected, incidence in
both sexes increased markedly with progressive age. Similar trends have been demonstrated
in numerous other studies performed both in the United States and Europe21–24, with small
differences in incidence/prevalence rates between the studies likely reflecting subject
inclusion criteria, study methodologies, as well as geographic variation. Importantly,
vertebral fractures increase the likelihood of subsequent fractures in both sexes25, 26, have
been shown to be a positive predictor of age-adjusted mortality in men26, and are associated
with multiple indices of poorer life quality27.

Although fracture data in men at sites other than the spine and hip are more limited, there is
now good evidence that low trauma fractures of the upper arm (forearm and humerus) and
ankle are associated with an increased risk for future fractures in men28.
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Prevalence of Low Bone Mass in Men
As defined by the World Health Organization, osteopenia is a bone mineral density (BMD)
measured by dual-energy X-ray absorptiometry (DXA) between 1.0 and 2.5 standard
deviations (SD) below the young adult (aged 20–29) normative reference mean, with
osteoporosis defined as a BMD value of less than 2.5 SD below the mean value. Using
femoral BMD data from the Third National Health and Nutrition Survey (NHANES III) and
a BMD normative reference range derived from non-Hispanic whites, Looker and
colleagues found that substantial numbers of men had low bone mass. Using a male
reference range, 3–6% of men had osteoporosis and 28–47% osteopenia; using a female
reference mean, 1–4% of men had osteoporosis, while 15–33% were osteopenic29. By
comparison, Melton and colleagues used a population-based sample of Rochester,
Minnesota men to determine a prevalence estimate of 19% for osteoporosis in men aged 50
and older when using a male reference range, but only 3% when using a female reference
range30. There remains some debate as to whether sex-specific reference ranges may be
more appropriate than a single female-based reference range for describing low bone mass
in men31, 32, although it is clear that the use of a male-specific database identifies more men
as having diminished bone mass (osteopenia and osteoporosis). Estimates of low bone mass
from DXA data in men other than non-Hispanic whites is more limited, but suggests that
non-Hispanic white men have the highest prevalence of osteopenia/osteoporosis, followed
by Mexican-American men and non-Hispanic black men29, results which are consistent with
hip fracture incidence among males of different ethnic backgrounds33.

Risk Factors for Bone Loss in Men
Due to the combination of an improved male longevity, the significant morbidity associated
with fractures in aged males, and the broad availability of pharmacologic agents which
documented efficacy for reducing fracture risk, it is increasingly important to identify men
at increased fracture risk for low BMD-associated fractures. There are many reasons why
male bone loss occurs, which can broadly be grouped into primary (age-associated and
idiopathic) and secondary (all other) causes (Box 1). In individual men, bone loss may result
from a single cause, or be due to a combination of multiple factors. A more thorough review
of risk factors associated with bone loss is men is beyond the scope of this review, but has
been reviewed recently34.

Box 1

Primary and secondary causes of male osteoporosis

Primary Osteoporosis

 Age-related osteoporosis

 Idiopathic osteoporosis

Secondary Osteoporosis

 Alcoholism

 Chronic obstructive pulmonary disease

 Glucocorticoid excess (exogenous or endogenous)

 Gastrointestinal disorders

  Malabsorption syndromes

  Inflammatory bowel disease, celiac sprue

  Primary biliary cirrhosis

  Post-gastrectomy
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 Hypercalciuria

 Hyperthyroidism

 Hyperparathyroidism

 Hypogonadism

  Idiopathic

  Androgen deprivation therapy for prostate cancer

 Lifestyle choices

  Cigarette smoking

  Sedentary lifestyle

 Medication/drug-related

  Anticonvulsants

  Chemotherapeutics

  Glucocorticoids

  Thyroid hormone

 Neuromuscular disorders

 Post-transplant osteoporosis

 Systemic illnesses

  Mastocytosis

  Monoclonal gammopathy

   Multiple myeloma

   Monoclonal gammopathy of undetermined significance

  Other malignancies

  Rheumatoid arthritis

Adapted from Khosla et al. (2008) Endocrine Reviews 29:441–464 with permission from the Endocrine

Society.

Etiology of Male Bone Loss
Although DXA is the best-established clinical method for assessing bone loss, DXA only
allows for assessment of ‘areal’ BMD and therefore lacks the ability to distinguish between
cortical and trabecular bone components. Recent advances in bone imaging, however, have
allowed for significantly enhancement in our understanding of age-associated bone loss.
Chief among these advances has been the application of quantitative computed tomography
(QCT) to both central and peripheral skeletal sites, technology which allows for true
assessments of ‘volumetric’ BMD (vBMD) and bone microstructural changes either cross-
sectionally or longitudinally. Accordingly, Riggs and colleagues recently assessed bone
geometry and vBMD by QCT at the lumbar spine and femoral neck, and peripheral QCT at
the distal radius and tibia in a population-based sample of 323 men aged 20–97 years from
Rochester, Minnesota35. As seen in Figure 1, substantial (approximately 46%) nearly linear
loss of lumbar spine (composed primarily of trabecular bone) vBMD occurred across the
entire adult male lifespan. In contrast, cortical vBMD as assessed at the radius remained
essentially stable until approximately the sixth decade in men, thereafter decreasing nearly
linearly by approximately 18%.

In addition to changes in vBMD, changes in bone geometry also occur with aging. As again
demonstrated by Riggs et al., aging in males was associated with increases in bone cross-
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sectional area at the femoral neck due to progressive periosteal apposition with concomitant
increases in endocortical resorption, ultimately resulting in a slight decline in cortical area
and thickness. Importantly, however, this net outward cortical displacement increases
resistance to bending stresses, thereby providing a partial biomechanical adaptation to limit
the overall loss of bone strength due to the decreases in cortical area and thickness36.

Additional studies from the Osteoporotic Fractures in Men (MrOs) cohort examining
changes in vBMD and bone dimensions at the femoral neck and shaft by QCT in a cohort of
3358 men aged 65–100 demonstrated that at the femoral neck, trabecular vBMD was 22.1%
lower in men aged > 85 years compared to men aged 65–69 years, but that cortical vBMD
was similar between the two groups37. Confirming the results described by Riggs et al,
increased endocortical resorption and periosteal apposition with resultant cortical thinning
but outward cortical displacement was also observed at the femoral neck in the older versus
younger aged men. At the femoral shaft by comparison, both the cross-sectional and
medullary areas were increased (9% and 22%, respectively) in the older versus younger
men, with % shaft cortical bone and shaft cortical vBMD both 4% lower in the older men.

Together, these studies demonstrate that whereas trabecular bone loss in men (and indeed, in
women) begins in early adulthood, cortical bone loss only appears to begin with mid-life.
Further, although an increase in periosteal apposition leads to an increase in bone cross
sectional area with aging, a simultaneous increase in endocortical resorption ultimately
results in the overall decline in cortical area.

Male Bone Microstructural Changes with Aging
The more recent development of high-resolution peripheral QCT (HRpQCT), which can be
used to image peripheral skeletal sites (wrist and tibia) at much higher resolution than
standard QCT, has allowed for even more accurate non-invasive assessment of bone
microstructure. In a population-based cross-sectional study of 278 Rochester, Minnesota
men aged 21–97 years highly characteristic of the United States white population, Khosla
and colleagues used HRpQCT to examine bone microstructure at the ultradistal radius38.
Relative to young aged-matched women aged 20–29 years, men had markedly greater bone
volume (BV)/tissue volume (TV) and trabecular thickness (26% and 28%, respectively), but
little difference in trabecular number or separation. Interestingly, while cross-sectional
decreases in trabecular BV/TV were approximately 26% in both sexes between ages 20–90
years, the structural basis for these declines was fundamentally different. Whereas women
lost trabeculae and increased trabecular separation over the lifespan, men primarily
sustained trabecular thinning without trabecular loss. Importantly, these data are in
accordance with previous histomorphometric studies of cadaveric transiliac bone biopsies
obtained over approximately the same age range of 20–90 years, suggesting that the changes
determined by HRpQCT may be similar at other skeletal sites. If so, this may partially
explain the reduced fracture incidence seen in men compared to women with aging, as
decreases in trabecular number are anticipated to have a greater impact on bone strength
relative to decreases in trabecular thickness39.

The Role of Sex Steroids in Male Osteoporosis
Although the role of declining sex steroid levels in bone loss is best recognized in women,
marked changes in sex steroid levels also occur over the male lifespan. Unlike women in
whom menopausal-associated ovarian failure is the primary cause, declining sex-steroid
levels in men are principally due to a greater than two-fold age-associated increase in sex
hormone binding globulin (SHBG) levels40. This SHBG increase limits the biologically
available [free (1–3%) and albumin-associated 35–55%] sex steroids, leading to declines in
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bioavailable testosterone and estrogen levels of 64% and 47%, respectively, over the male
lifespan40.

While testosterone is the predominant male sex steroid, both cross-sectional41–46 and
longitudinal47 evidence indicates that levels of bioavailable estradiol (E2) rather than
testosterone are better correlated with male BMD. In support of this, a longitudinal study
which evaluated sex steroid levels in a younger male cohort (22–39 years; an age range in
the final stages of skeletal maturation) versus an older male cohort (60–90 years; an age
range in which age-related bone loss occurs) over a 4-yr interval found that while distal
forearm BMD (primarily reflecting cortical bone compartment changes) in the younger
cohort increased approximately 0.42–0.43%/year, distal forearm BMD in the older men
declined by 0.49–0.66%/year47. Importantly, the increased BMD in younger men and the
decreased BMD in older men were more closely associated with bioavailable E2 levels than
with testosterone levels. Further, in older men there appeared to be a ‘threshold’ bioavailable
E2 level of ~40 pM (11 pg/mL), below which bone loss rates appeared to increase. Further
vBMD analyses showed that this bioavailable E2 threshold correlated better with cortical
than trabecular sites48. Above this threshold, however, there was no firm relationship seen
between bone loss rates and bioavailable E2 levels. Additional work has supported this
threshold effect for bioavailable and total E249, although the absolute threshold determined
by other investigators has varied slightly depending on whether E2 levels were determined
by immunoassay (approximately 20–25 pg/mL) or mass spectroscopy (16 pg/mL)50, 51.

While correlative, the above findings provide no direct evidence of a causal role for estrogen
in male bone health with aging. In order to directly assess the role of sex steroids [estrogen
(E) and testosterone (T)] on skeletal health in aging men, Khosla and colleagues undertook a
direct interventional study in which they suppressed endogenous testosterone and estrogen
production (by treatment with both a GnRH agonist and an aromatase inhibitor) while
simultaneously providing physiologic replacement levels of estrogen and testosterone by
topical patch placement52. Following determination of baseline bone turnover markers while
on the above endogenous suppression/physiologic replacement regime, subjects were
randomized into one of four groups: group A (−T,−E) discontinued both patches; group B
(−T,+E) continued only the estrogen patch; group C (+T,−E) continued only the testosterone
patch; and group D (+T,+E) continued both patches. Accordingly, the study design
permitted determination of bone metabolism changes due to either estrogen or testosterone,
since endogenous sex steroid production was suppressed throughout the entire study.

As seen in Figure 2, complete absence of both T and E (group A) resulted in significant
increases in bone resorption which were completely prevented by treatment with both T and
E (group D). Treatment with estrogen alone was almost completely able to prevent the
increase in bone resorption (group B), however, whereas testosterone alone had only modest
effects (group C). Comparatively, the significant decline in serum bone formation markers
[osteocalcin and amino-terminal propeptide of type I collagen (P1NP)] that occurred with
deficiency of both T and E (group A) were completely prevented by supplementation of
both T and E (group D); treatment with either E or T alone lead to only slight decreases in
osteocalcin levels, whereas P1NP levels were maintained with E (group B) but not T (group
C) treatment. Together, these results are consistent with a dominant role for estrogen as the
major sex steroid regulating skeletal health in aged men.

With male aging, levels of bioavailable testosterone decline even more precipitously than
those of bioavailable estrogen. Despite this decrease, however, the extent to which
diminution of bioavailable testosterone levels impacts bone loss associated with male aging
is less clear when compared to the role of declining bioavailable estrogen levels. As shown,
testosterone imparts modest effects on bone resorption, and also affects bone formation
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(Figure 2). As recently demonstrated, increased femoral neck BMD occurred in aged men
who received low-dose testosterone replacement for 2 year53 despite the absence of BMD
increases at any other site examined (lumbar spine, total hip, or distal radius). Whether the
effect of testosterone on femoral neck BMD in this study was direct, or rather the result of
testosterone aromatization to estrogen, however, is unclear. Current evidence suggests that
testosterone also likely plays a role in cortical appositional bone growth, although this has
been most convincingly demonstrated in rodent studies54 and the extent to which
testosterone has this function with aging in men is less clear.

Finally, it has been suggested that testosterone may play a more indirect role in male skeletal
health with aging by allowing for relative maintenance of balance and muscle strength in
men compared to women51. As such, the slightly lower fracture incidence in aged men
relative to age-matched women may be partially reflective of the increased frequency of
falling which occurs with aging in women relative to men55, 56, with fractures after falls 2.2-
fold higher in women than men57.

Other Potential Causes of Male Bone Loss
A variety of other factors have been postulated to play a role in age-associated male bone
loss. These include an age-associated rise in parathyroid hormone levels58, decreases in
growth hormone and circulating bioavailable insulin-like growth factor levels59, and
inherent changes or loss of stem or osteoprogenitor cells60. Additionally, nutrition is also
appears to be critical for optimal skeletal health, as failure to maintain adequate intake of
vitamin D, calcium, or protein have all been shown to lead to worsened bone health in
men12.

Care for Male Patients with Bone Loss
Reducing the substantial fracture risk which occurs with bone loss in men is now more
widely recognized as an important goal of optimal patient care. Despite this recognition,
however, the vast majority of studies using pharmacologic interventions have been
performed in women; further, the comparatively fewer studies in men have typically
assessed BMD changes as a surrogate for fracture risk. Nonetheless, current evidence
suggests that the most commonly prescribed therapies (nitrogen-containing bisphosphonates
and teriparatide) are as efficacious in men as they are in women.

Bisphosphonates
Alendronate61, risedronate62, ibandronate63, and zoledronate64 have all been shown to
increase BMD and reduce biochemical markers of bone turnover in men with low bone
mass, with alendronate, risedronate, and zoledronate having received FDA approval for the
treatment of osteoporosis in men. Importantly, BMD changes with bisphosphonate therapy
appear to be equivalent in men with low free testosterone levels as in men with normal
levels61, perhaps indicating why bisphosphonate therapy is effective in limiting bone loss in
men receiving androgen deprivation therapy for prostate cancer. Bisphosphonates have also
been shown to be effective for limiting bone loss in men receiving corticosteroid therapy65

or in the setting of acute immobilization66.

Teriparatide
Once daily recombinant parathyroid hormone 1–34 increases BMD in men with low bone
mass, and appears to reduce the risk for vertebral fractures67. As with bisphosphonates,
results appear to be similar in magnitude to those seen in women, and teriparatide has
received FDA approval for the treatment of osteoporosis in men.
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Denosumab…
The RANK ligand inhibitor was initially approved for the treatment of osteoporosis in
women, and was more recently FDA-approved for the treatment of men with non-metastatic
prostate cancer with osteopenia and a high risk of fracture receiving androgen-deprivation
therapy.

A more complete review of additional potential pharmacologic agents for the management
of male bone loss is beyond the scope of this review. Accordingly, the reader is referred to a
recently published meta-analysis of the comparative effectiveness of currently available
pharmacologic agents for reducing fracture risk in men68.

Additional Supportive Care
In addition to pharmacologic interventions, ensuring that men with low bone mass receive
appropriate supportive care is essential for limiting fracture risk. Such care includes
confirming that patients have adequate vitamin D and calcium intake both prior to, and
while maintained, on therapy. In older community-dwelling men aged 65 years and older,
moderate reductions in bone loss at the hip and spine, and reduced non-vertebral fracture
incidence were seen in subjects receiving dietary vitamin D and calcium supplementation
for three years compared to subjects who received placebo69. Notably, recommendations
from the Institute of Medicine on dietary intakes of calcium and vitamin D have been
recently published, with skeletal-related outcomes as the primary endpoint for most included
studies70, 71.

Finally, defining appropriate generalized exercise prescriptions in patients at increased
fracture risk remains an important part of the care plan for most subjects, as increases in
physical performance are expected to increase muscle mass and tone, thereby reduce frailty
and decreasing fall risk. To date, however, studies which have attempted to examine this
approach to exercise in at-risk patients have not used standardized methods. Due to the
significant heterogeneity among studies which examined the role of exercise in fracture
reduction, a recent review concluded that currently available data does not allow for proper
quantitative assessment of risk associated with exercise in at-risk subjects34.

Conclusions
While much work over the preceding two decades has enlightened our understanding of
male bone loss, significant challenges to providing optimal care to our male patients persist.
Osteoporosis in men remains an under-recognized clinical problem which will continue to
grow in importance with the aging of the population. Despite significant advances in our
understanding of the epidemiology, risk factors, etiology, and therapeutic approaches to
male osteoporosis, much work awaits if we are to limit future morbidity and mortality
associated with bone loss in men.
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Key Points

• In men, hip fractures are associated with the greatest morbidity and mortality

• Fracture incidence in males has two peaks: one around adolescence and a
second, sustained peak which occurs at advanced age

• Morbidity is also increased in men compared to women following hip fracture;
nearly half of men require skilled institutionalized care following hip fracture16,
and men are far less likely when compared to women to return to full
independence at one year following hip fracture17.
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Figure 1.
A. Total vertebral body vBMD values (mg/cm3) from a population sample (n=323) of
Rochester, Minnesota men aged 20–97 years. B. Cortical vBMD values at the distal radius
in the same male cohort. Adapted from Riggs et al. (2004) J Bone Miner Res. 19:1945–1954
with permission from the American Society of Bone and Mineral Research.
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Figure 2.
Percent changes in markers of (A) bone resorption (urinary deoxypyridinoline [Dpd] and N-
telopeptide of type I collagen [NTX] and (B) bone formation (serum osteocalcin and N-
terminal extension peptide of type I collagen [P1NP]) in elderly men (mean age, 68 years)
pharmacologically made acutely hypogonadal and subsequently treated with either an
aromatase inhibitor (group A), estrogen alone (group B), testosterone alone (group C), or
both estrogen and testosterone (group D). Significance for change from baseline: *, p < 0.05;
**, p < 0.01; ***, p < 0.001. Adapted from Falahati-Nini et al. (2000) J Clin Invest
106:1553–1560 with permission from the American Society for Clinical Investigation.

Drake and Khosla Page 15

Endocrinol Metab Clin North Am. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


