wdJ 0

World Journal of
Orthopedics

Online Submissions: http:/ /www.wjgnet.com/esps/
wjo@wijgnet.com
doi:10.5312/wjo.v3.i12.223

World | Orthop 2012 December 18; 3(12): 223-234
ISSN 2218-5836 (online)
© 2012 Baishideng. All rights reserved.

Male osteoporosis: A review

REVIEW

Antonio Herrera, Antonio Lobo-Escolar, Jesus Mateo, Jorge Gil, Elena Ibarz, Luis Gracia

Antonio Herrera, Antonio Lobo-Escolar, Jesis Mateo, Jorge
Gil, Department of Orthopedic and Trauma Surgery, Miguel Ser-
vet University Hospital, 50009 Zaragoza, Spain

Elena Ibarz, Luis Gracia, Department of Mechanical Engineer-
ing, University of Zaragoza, 50009 Zaragoza, Spain

Author contributions: All the authors contributed to the con-
ception and design of the work, revised carefully the content and
approved the final version of the manuscript.

Correspondence to: Antonio Herrera, MD, PhD, Professor,
Department of Orthopedic and Trauma Surgery, Miguel Servet
University Hospital, Avda Isabel la Catdlica, 1, 50009 Zaragoza,
Spain. aherrera@salud.aragon.es

Telephone: +34-976-765664 Fax: +34-976-765652

Received: June 26, 2012 Revised: November 19, 2012
Accepted: December 6, 2012

Published online: December 18, 2012

Abstract

Osteoporosis in men is a heterogeneous disease that
has received little attention. However, one third of
worldwide hip fractures occur in the male popula-
tion. This problem is more prevalent in people over
70 years of age. The etiology can be idiopathic or
secondary to hypogonadism, vitamin D deficiency
and inadequate calcium intake, hormonal treat-
ments for prostate cancer, use of toxic and every
disease or drug use that alters bone metabolism.
Risk factors such as a previous history of fragility frac-
ture should be assessed for the diagnosis. However,
risk factors in men are very heterogeneous. There are
significant differences in the pharmacological treatment
of osteoporosis between men and women fundamen-
tally due to the level of evidence in published trials
supporting each treatment. New treatments will offer
new therapeutic prospects. The goal of this work is a
revision of the present status knowledge about male
osteoporosis.
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INTRODUCTION

Osteoporosis has generally been considered a female
disease; this may explain why this pathology has focused
less attention on men. While osteoporosis has been
underestimated and poorly treated in female patients,
the situation is even worse in male patients, despite the
fact that up to one third of hip fractures are suffered by
men'. In Spain, 26% of these osteoporotic hip fractures
are diagnosed in male patientsm. In addition, the first-

year mortality has been reported to be higher among
male patients (37.5 %)™, The risk of suffering a hip frac-
ture among men is linked to age, although 50% of these
fractures are experienced by patients under 80 years
old”. The incidence of vertebral osteoporotic fractures
has been published as being 50% lower in men”” but
many of these fractures are diagnosed in male patients
with bone mineral density (BMD) levels above the osteo-
porotic standard criteria”. The high incidence and mot-
tality rates of hip fractures, together with the incidence
of vertebral fractures in men and their impact on quality
of life®”] highlight that osteoporosis is also a male dis-
ease, and that it must be diagnosed and treated as it is in
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female patientsm.

The association between osteoporosis and aging has
been well documented. It seems clear that we face a seri-
ous problem due to a marked increase in life expectancy
in the United States"”'" and the Western world"”. In
addition, this increase is higher among men'. In Spain,
mean life expectancy among men was 76.6 yeats in
2000, reaching 77 years in 2005". These data empha-
size the relevance of male osteoporosis. Some studies
conducted in Sweden"”, which compared BMD in the
femoral neck among men and women based on DXA
scan determinations, proved that the higher incidence
of male osteoporosis is found in patients aged 70 to 85
years. Up to 34.7% of individuals in that interval fulfilled
osteoporosis criteria. Moreover, according to the same
authors, about 47% of men older than 50 suffered osteo-
penia. If the group aged between 50 and 80 years is stud-
ied, the prevalence of osteoporosis remains around 21%
in the female sex and 6.3% in the whole population.

function and a different microstructural pathology than
age-related bone loss.

In male idiopathic osteoporosis there is a microstruc-
tural alteration in relation to age. In women, bone stock
decreases markedly during the sixth decade of life, be-
cause of an estrogenic hormone deprivationm]. In men
this decrease is found in patients beyond the age of 70
yearsm, but the trabecular bone is preserved more yearsmj
than in females. There is a relationship between trabecular
bone loss in men and the insulin-like growing factor. On
the contrary, cortical bone loss is due to a decrease in tes-
tosterone and estrogenic hormones™", that leads to an
increased bone turn-over process. These differences be-
tween sexes in the bone stock involution make male indi-
viduals more resistant to fragility fractures, therefore gen-
erally suffering these fractures later in life than women'”.

ETIOLOGY AND PATHOGENESIS OF
MALE OSTEOPOROSIS

DEVELOPMENT AND INVOLUTION OF
THE SKELETON IN MEN

The appendicular skeleton grows twice that of the axial
skeleton during the prepubertal period. In males, pubet-
ty starts later than in females, so the male appendicular
skeleton is bigger in size and width. However, these dif-

ferences in the prepubertal period are lesser in the axial
[16]

skeleton

The male skeleton shows a progressive increase of
BMD during childhood. This increase becomes expo-
nential during adolescence. Although BMD of trabecu-
lar bone is similar in both genders, this density is higher
in men’s cortical bone when compared with that of
women, even when adjusted by body mass index"". The
human male bone is also bigger in size. These biome-
chanical advantages provided by the thickness of corti-
cal bone, make the male skeleton more resistant, and
thus, less prone to suffer fragility fractures. Androgenic
male hormones might explain this advantage“g]. The
bone size enlarges more in males than in females dur-
ing normal aging. This is due to a greater periosteal ap-
position in males that increases the previous differences
which occurred during adolescence. Volumetric BMD
in vertebrae is similar in both genders of the younger
population, and the ulterior losses of trabecular bone are
also similar. Nevertheless, the male skeleton preserves a
higher BMD in the spine during aging due to the greater
periosteal apposition. On the contrary, an increased
endosteal resorption in men compensates for previous
differences in other locations like the hip, where the
volumetric BMD is similar in both genders. Cortical
porosity is also lower, and the trabecular architecture
and connectivity are much more preserved in men than
in women"”. In a recent study conducted by Patsch ez
al™ analyzing iliac crest biopsies of men with idiopathic
osteoporosis concludes that there are an osteoblast dys-
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Osteoporosis in men has been categorized, classically, into
three types: (1) Involutional or senile osteoporosis; (2)
Idiopathic in middle aged males; and (3) Secondary os-
teoporosis”™. Up to 50%-65% of the diagnoses in male
patients are secondary to metabolic diseases, toxic sub-
stances or iatrogenic side effects™ .

In men, testosterone plays a major role in bone me-
tabolism, similar to the role of estrogens in females. Sev-
eral studies have reported the importance of the estro-
gen receptor (ER)-alfa™ and aromatase inhibitors™ on
the growth and development of pathological conditions
of bone. Other authors™ have demonstrated the impor-
tance of the androgen receptor (AR) whose function is
essential for male-type bone formation and remodeling,
because promotes osteoblastic activity. Furthermore
they showed that deficiency of AR has a essential effect
on the expression of the receptor activator of NF-kB
ligand (RANKL) gene, which encoding an osteoclasto-
genesis inducer.

Up to 70% of bone turnover and resorption appear
to be modulated by estrogens and 30% by testoster-
one”". Moreover both hormones are substantial in bone
formation mechanisms®”.

Although hormonal changes in men are not so marked
as in females, they are also important in the pathogenesis
of osteoporosis. Sex-hormone binding globulin (SHBG)
levels increase with aging in men"”. On the contrary, se-
rum bio-available (or non-SHBG bound) estradiol and
testosterone levels decrease with age. BMD is cleatly re-
lated with steroid levels, especially with bio-available estra-
diol levels™,

The trabecular and endosteal resorption in osteo-
porosis patients is not compensated by bone forma-
tion. The periosteal apposition, capital in the male bone
metabolism, is directly related with bio-available levels
of testosterone. A deficit in testosterone levels leads to

. . 23,26
bone loss and increases the risk of fracture™.
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The association between aging and serum SHBG
levels remains unclear. Nevertheless, an inverse relation
of insulin-like growth factor I (IGF-I) levels and SHBG
levels has been widely proven. IGF-1 directly inhibits
SHBG production by liver cells™.

Periosteal apposition, that compensates endosteal re-
sorption, especially in men, is modulated not only by tes-
tosterone, but also by growth hormone (GH) and IGF-1
levels™.

An inadequate peak bone mass is involved in the
pathogenesis of osteoporosis in males. Inherited factors
such as gene regulation of steroids production, GH or
IGF-1, are directly related with the peak bone mass. The
lower the peak bone mass, the greater the possibility of
developing an age-related osteoporosis.

Idiopathic osteoporosis

Idiopathic osteoporosis can be present in any age group,
but it is more prevalent in younger individuals. It is
known that low bone mass may be inherited. Genetic
factors linked with gene polymorphisms are the sup-
posed etiology for this type of osteoporosis. Polymor-
phisms have recently been reported in collagen specific
proteins (COLIA 1 and COLIA 2), in vitamin D recep-
tors; and in lipoprotein receptor-related proteinm]. All of
these factors might be involved in the development of a
low bone mass of uncertain originm. Up to 40% of the
cases affecting male patients are diagnosed as primary or
idiopathic osteoporosis

Secondary osteoporosis
Frequent causes of secondary osteoporosis are:

Hypogonadism: This is one of the most frequent eti-
ologies of secondary osteoporosis in men. Studies car-
ried out in nursing homes showed that, among geriatric
individuals who had suffered a hip fracture, up to 66%
had hormonal levels lower than the standard”™.

Other authors”” have documented a marked increase
in the risk of suffering fragility fractures among patients
with low levels of testosterone and estradiol. Moreovet,
these low levels of sexual hormones lead to muscle at-
rophy and total muscular mass decrease. Therefore, a
hormonal deprivation on muscle function damages the
defensive mechanism against falls, thus increasing the
incidence of fractures in these individuals.

Nowadays, it is widely accepted that bone metabo-
lism disorders in patients With?)lO(W levels of estradiol can
increase the risk of fractures = . This might be caused
by a deficit of testosterone transformation into estradiol
due to an aromatase enzyme dysfunction. There are sev-
eral reports along these lines documenting severe male
osteoporosis induced by mutatiaonﬁ] of the estrogen-
receptor of the aromatase enzyme

Low serum levels of vitamin D: Vitamin D plays a ma-
jor role on bone health in all age groups. In younger
individuals it contributes to achieving a good peak bone
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mass whereas in adults, lower levels of vitamin D lead
to substantial losses in bone mass and subsequently to
osteoporosis[m. Two sources of vitamin D are found in
humans: (1) Epidermal synthesis of Vitamin D3 (cole-
calciferol) under sunlight influence (UV-B radiation); or
(2) Absorption in the gastrointestinal tract, from the diet
or nutritional supplements [in some countries certain
food is supplemented with Vitamin D2 (ergocalciferol)].
Vitamin D is then metabolized in the liver into 25-hy-
droxivitamin D (25-(OH) D)™,

Vitamin D stimulates intestinal calcium absorption.
Few food groups contain high concentrations of vitamin
D: fatty fish, fish-liver oils (cod liver oil), and liver. Not
all of them are available in all countries or they are not
consumed regularly by the adult population. Moreovet,
certain foods such as milk, margarine, butter, orange
juice and cereals are not regularly supplemented with
Vitamin D in many countries, such as Spain. Therefore,
daily requirements of Vitamin D are frequently insuf-
ficient in some regions'™*. Similarly, the substantial epi-
dermal synthesis of Vitamin D in younger populations
is reduced in the elderly™. Curiously, in Spain, where the
amount of sunlight radiation is high, the older popula-
tion is usually poorly exposed to this radiation, and the
synthesis of Vitamin D is even lower'™,

The European SENECA Study, carried out in 12
European countries, showed serum levels of 25 hydroxi-
vitamin D lower than 30 ng/mL in 36% of the eldetly
populationw. In our country, a recent study also showed
low levels of 25-hydroxyvitamin-D serum in elderly peo-
ple, with a 95% sensibility to detect secondary hyperpar-
athyroidism™”,

The presence of low levels of vitamin D in men over
065 years of age is very common. It has been considered
that about 15% of male osteoporosis cases are caused by
this deficiency™. Several studies”" have found a high
prevalence of 25-hydroxyvitamin-D serum levels below
25 ng/mlL in the population over 65 years of age (stan-
dard levels are above 35 ng/mL).

This has a major impact on bone metabolism®.
Firstly, a decrease in the intestinal absorption of calcium
decreases the serum ionized calcium concentration. This
gives way to an increased production of parathyroid hor-
mone (PTH) which stimulates bone osteoclasts, releasing
calcium into the bloodstream. PTH also incteases renal
resorption of calcium and renal excretion of phospho-
rus.

All these metabolic disorders, triggered by the vita-
min D deficiency, lead to a significant increase of bone
resorption and, consequently, to a decrease of BMD.

Our experience with 267 patients sustaining a hip
fracture, with a mean age of 80.3 years, proved that 67%
of them had vitamin D serum levels below 25 ng/mlL at
the time of admission. These results assert the high fre-
quency of this deficiency in men with osteoporosis.

Poor calcium intake: The correct daily calcium intake
is essential for bone metabolism™. An intake below the
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recommended 1.200 mgrs per day is quite usual in the
population over 65 years of age. This is directly linked
with a low mineral bone density. If, as usual, it is also as-
sociated with low vitamin D serum levels, the negative
consequences for the mineral metabolism and the health
of the individuals are even greaterm].

Influence of tobacco: Among the toxic substances
involved in t5}31€ etiology of osteoporosis, tobacco plays
a major role . Smokers have been found to have lower
BMD and consequently a significantly higher risk of
fragility fracture. Smoking is endemic within the Span-
ish population over 65. It should also be noted, that this
harmful effect has usually been maintained for many
years, in most cases since adolescence.

Alcol}scz}S:SJAlcohol is another toxic substance affecting
BMD . It is also quite well rooted in the Spanish
population. A significant percentage of people in this
country are regular drinkers, particularly men. A recent
population study of a large, representative sample of
the population aged 55 or more in Zaragoza (Spain) has
documented that, among men, the proportion of heavy
drinkers (WHO criteria) is 16.7%, in comparison to only
0.7% among women'™. Heavy drinking may lead to sig-
nificant adverse effects, not only in the mineral metabo-
lism, but also in the whole metabolic system. It might
also be hypothesized that different rates of osteoporotic
fractures in men and women are influenced by differ-
ences in alcohol consumption.

Coffee consumption: Contrary to what was classically
thought, we now know that there is not enough evidence
to link heavy coffee consumption with osteoporosis in

men[57] .

Hormonal treatments: Prostate cancer, a prevalent
male disease, can be treated in some cases with andro-
genic suppression, which is a major risk factor for osteo-
porosis. In a recent study carried out by Adler , 33%
of patients with prostate cancer who were treated with
androgenic deprivation therapy, showed low BMD, ful-
filling osteoporosis criteria in DXA scanning of their hip
and spine.

Adler applied the new fracture prediction algorithm
tool (FRAX) with corrected femoral neck T-score, re-
porting that 17% of these patients required treatment.
Without any correction this percentage increased to
54% of the patients. In our experience with 87 patients
undergoing hormonal treatment for prostate cancer for
more than one year, and whose mean age was 78.3 years,
27.58% of them showed a BMD lower than 2.5 standard
deviations in the DXA scanning;

Other causes: Other causes involved in the etiology of
secondary osteoporosis in men are: (1) Anticonvulsant
therapy; (2) Prolonged steroid therapies; (3) Patients with
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rheumatoid arthritis or ankylosing spondylitis; (4) Pri-
mary hyperparathyroidism; (5) Hepatic or renal disease;
(6) Malabsorption syndromes; (7) Transplanted patients
or those treated with immunomodulators; (8) Thyro-
toxicosis; (9) Diabetes mellitus; (10) Hypercalciuria; and
(11) Patients with human immunodeficiency virus (HIV).
Opverall we can say that there is no specific pathology
affecting male bone metabolism, but various conditions
or medical treatments can cause secondary osteoporosis.
And these conditions may affect similatly individuals of
both genders.

DIAGNOSIS

The key question is how to establish the diagnosis in
men with no apparent causes of secondary osteoporosis,
nor previous history of fragility fractures. An accurate
assessment of risk factors should be carried out in pa-
tients over 50 years old. Special attention should be paid
to patients with a fragility fracture before the age of
50 years, as well as to those patients suffering diseases
or treated with drugs that can cause a loss of BMD!"'.
Several clinical guidelines recommend routine DXA
scanning after the age of 70 years in the general popula-
tion"". In a recent study conducted by Schousboe™, the
cost-effectiveness of a DXA study was assessed. This
author studied men aged 65 or older treated with oral
bisphosphonates for 5 years and with a history of fra-
gility fractures, in addition to the male population aged
from 80 to 85 with or without a history of previous frac-
tures. The author concluded, after studying quite a large
sample, that bone densitometry may be cost-effective
for patients aged 70 years or older, with the cost of oral
treatment using bisphosphonates below 500% per year.

It seems evident that an accurate medical history
should be completed prior to the densitometric stud-
ies in older men. The main risk factor is the presence
of a previous fragility fracture, especially if it happened
before 50 years of age. We can also say that male popu-
lation over 70 years old is at risk for osteoporosis. This
risk would be even higher in cases with disorders affect-
ing bone metabolism.

In patients with a BMD under 2.5 or more standard
deviations, measured by DXA scanning, standardized
laboratory tests should be performed""™".

These laboratory tests should include: calcium and
creatinine serum levels, biochemical markers of bone
remodeling e.g,, bone resorption markers: serum C-Telo-
peptide (CTx) and urinary N-Telopeptide (uNTx); and
bone formation markers: serum bone-specific alkaline
phosphatase (BSAP) and osteocalcin.

High levels of BSAP in primary hyperparathyroidism
and low levels of osteocalcin in endogenous hypercorti-
cism are the most relevant data reported in endoctine
diseases associated with osteoporosis, high level of bone
turnover markers, may be associated with prevalent ver-
tebral fractures™. Depending on the type of patient, se-
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rum proteins, protein electrophoresis, and Bence-Jones
protein should be determined, as well as serum levels
of testosterone and vitamin D in individualized cases.
Finally, in specific cases, anti-HIV antibodies should be
investigated.

RISK OF FRACTURE

A quantification of the fracture risk is essential to initi-
ate the treatment of osteoporosis. Several authors have
studied the BMD decrease and its predictive value for
the estimation of fracture risk® ", There is no agree-
ment in literature about the hypothetic linear association
of BMD declining with fragility fracture risk. Similarly,
there is no consensus in the predictive value of BMD
depending on the sex of the patient. The EVOS study
of vertebral fractures, suggested that the risk of fracture
is similar in men and women"". De Laet e# 411[65], in the
Rotterdam study in 1998, reported a significant predic-
tive value of BMD for fracture risk; and a similar rela-
tionship between hip fracture and femoral neck BMD in
men and women. Later studies, using the same database,
found a higher incidence of vertebral fractures in wom-
en, Although BMD is an important predictor for frac-
ture tisk'”’, a tool with which to obtain an accurate detet-
mination of fracture risk in men is still necessary[()gl. The
importance of age as a fracture predictor was reported
by Kanis ¢ a/'”, in addition to the relevance of previous
fragility fractures. In a recent meta-analysis work to
analyze the risk factors in men that provide evidence for
association with low bone mass and fractures, showed

statistical significance the following: age, low body mass
index, history of prior fractures, history of falls, current
smoking, excessive alcohol use, chronic corticosteroid
therapy, stroke and diabetes. None of these associations
were of large magnitude from the statistical point of
view. This heterogeneity of factors difficulties the deci-
sion to counsel a screening in men to determine bone
mass by DXA scan. However, the American Society of
Endocrinology in a recent publication”! recommended
practice of measuring bone mass to all men over age 70
and men aged 50-69 who have risk factors.

A tool integrating predictive clinical factors with or
without BMD measurements has been developed by
the WHO in collaboration with the group of Sheffield
Metabolic Bone Diseases””. The FRAX tool has been
reported to be a useful predictor at 10 years follow-up,
for fractures in the hip and in other locations'™”. Nev-
ertheless, it seems that this tool needs to be validated in
other countries™ .

Optionally, BMD can be included for fracture risk
calculation since bone strength is closely related to
BMD. In this regard, both micro and macro-mechanical
models have been suggested, with different characteris-
tics and methodologies to correlate bone strength and
BMD. These models can be used for prediction of bone
strengsgh at different ages, or to prediction of fracture
risk!”"™,
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Concerning finite element (FE) simulation, as alter-
native tool to predict fracture risk, several works can be
U771 The development of new
techniques for measuring BMD has focused much of the
recent research in the clinical setting, but the mechanical
aspects have not been adequately studied™”". Nonethe-
less, all models assume that BMD is the basic measure-
ment, and it should therefore be used as a benchmark in
predicting fracture risk.

From the mechanical point of view, the exposition
of the bone to cyclic loads decreasing in strength over
the time produces a progressive damage which can lead
to a final fracture. It seems apparent that Damage Me-
chanics and Fracture Mechanics criteria should be incor-
porated in any model intending to obtain reliable results.
Recent works are focused in that direction”. However,
till now no model considering the complete correlation
between clinical and mechanical magnitudes related to
fracture behaviour has been developed.

found in the literature

TREATMENT OF THE OSTEOPOROSIS IN
MEN

The indication for treatment of osteoporosis in men
with a previous fragility fracture is clear. The key ques-
tion is whether a DXA screening should be carried out
on the rest of the male population, as has been previ-
ously recommended by several clinical practice guide-
lines™”>™. The use of the FRAX tool could help us
make a therapeutic decision for individualized cases. The
National Osteoporosis Foundation (NOF) recommends
drug therapy in patients over 50 years of age with ver-
tebral fracture; in those with BMD below 2.5 SD; and
depending on the risk of fracture estimations at 10 years,
in those with BMD figures from -2.5 to -1 SD.

Non-pharmacological treatment

As a general rule, a healthy lifestyle, a proper nutrition
and the suppression of toxic substances should be rec-
ommended. An adequate daily intake of calcium and
Vitamin D should also be encouraged. Low blood cal-
cium levels are often present in men older than 70. The
intestinal absorption of calcium is usually diminished in
the elderly population. Oral treatments for chronic co-
morbidities that interfere with calcium absorptionm] and
the age related decline in glomerular filtration contribute
to this situation. In individuals from 50 to 70 years of
age with a low calcium intake, oral supplementations
of 1000 mg/d of calcium carbonate are usually recom-
mended. In those older than 70, the estimated daily re-
quirements are 1200 mg,

An adequate vitamin D supplementation is also re-
quired. We recommend 600 U.I/d in individuals from 50
to 70 years of age and 800 UlI/d in patients older than
70 years[42’95].

Bone is a living tissue that responds to repetitive
loadings with increased biomechanical resistance. Weight
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Table 1 Published articles on the pharmacological treatment of male osteoporosis

Ref. No. cases Follow-up Type of trial BMD increase = Outcome parameter BTMs
Bisphosphonates treatment
Orwoll et al™™ 241 2yr Double-blind + Vertebral fracture NS
Ringe et al™"! 316 lyr Open label, randomized + Vertebral fracture NS
Ringe et al"”! 90 2yr Comparative + NS NS
Boonen et al™"! 284 2yr Double-blind + Vertebral fracture +
Orwoll et al™ 132 lyr Placebo-controlled, randomized + NS +
Lyles et al"™! 2127 19yr Double-blind + Vertebral fracture NS
Adachi et al™! 2127 3yr Double-blind NS HRQoL improve NS
Sambrook et al™! 265 1yr Double-blind + NS NS
Genant et al™ 89 lyr Placebo-controlled F NS NS
Anabolic treatment
Orwoll et al™! 437 11 mo Randomized + NS NS
Kaufman et al™ 325 42 mo Placebo-controlled ¥ Vertebral fracture NS
Leder et al™ 17 42 mo Prospective + NS +
Finkelstein et al™* 42 30 mo Randomized controlled + NS +
Testosterone treatment
Finkelstein et al™* 21 31 mo Prospective ¥ NS NS
Katznelson et al™" 36 18 mo Controlled + NS +
Amory et ™ 70 36 mo Randomized ¥ NS NS
Benito e al"* 10 24 mo Prospective + NS NS
Monoclonal antibody therapy
Smith et al™! 1468 36 mo Double-blind + NS NS
Smith et al™! 1468 36 mo Double-blind NS NS +
Toremifene
Smith et al™ 847 2yr Placebo-controlled NS Vertebral fracture NS

Bone mineral density (BMD) increase mean: Sign +: Increase of BMD. Outcome parameter meaning: (1) Vertebral fracture (decreases); and (2) Health-
related quality of life improve the health-related quality of life. BTMs: Improvement of biochemical markers; HRQoL: Health-related quality of life. NS: Not

studied.

bearing physical activity has been shown to optimize
bone mass™?. Recommended exercises are: weight train-
ing, jogging, walking, climbing stairs, gardening, danc-
ing and aerobic sports in generallm. Strength training
machines for resistance exercises can be recommended
as well. Significant benefits have been proven with the
practice of these activities for just half an hour every
day: (1) Increased muscular strength; (2) Preserved or
increased bone mass; (3) Improved coordination and (4)
Improved general health, self-care and activities of daily
]jvingm’%].

Daily practice of aerobic activity, such as walking and
coordination exercises (tai-chi) should be encouraged in
the elderly population™. The practice of regular physical
exercise has shown not only to be effective in preventing
BMD declining, but also in preventing falls” """, Falls
are a major risk factor in patients with osteoporosis.
In relation to this, fall prevention programs have also

proved to be very effective! """

Pharmacological treatment

There are significant differences in the pharmacological
treatment of osteoporosis between men and women.
The list of pharmacological agents approved by United
States FDA for the treatment of female osteoporosis
is larger than the one approved for male osteoporosis.
The main differences are due to the level of evidence
in published trials supporting each treatment. Drugs
approved for female osteoporosis have been tested in
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large, multinational, randomized control and placebo-
controlled trials that included thousands of patients.
These drugs have shown efficacy in the prevention of
vertebral fractures, and less consistently in the reduction
of the incidence of non-vertebral fractures. In contrast,
the available articles dealing with the pharmacological
treatment of male osteoporosis are mainly based on the
increase of BMD. Trials that, either provide evidence on
vertebral fracture prevention or the decreased number
of new vertebral fractures after suffering a prior fracture,
are scarce. Furthermore, the size of samples studied and
the follow up periods tested are significantly more re-
duced in males than in females""”. The methodology used
is shown in different studies, from which the number
of patients treated and the effects demonstrated by the
drugs used are detailed in Table 1.

The drugs most widely used are antiresorptive agents,
anabolic agents, hormonal therapy and more recently, for
secondary osteoporosis, monoclonal antibody therapy.

Treatment with bisphosphonates: The most extended
treatment for osteoporosis is oral therapy with bisphos-
phonates. However there is little evidence in literature of
their effectiveness in male patients.

Several studies have demonstrated that alendronate
improves BMD after 2 years of treatment in both spine
and femoral neck. There is also evidence of a significant
decrease in the incidence of vertebral fractures, although
this decrease has not been demonstrated for fractures in
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other locations"”™. Another study showed that a com-

bination of weekly alendronate with alfacalcidol, com-
pared to a combination of alendronate, vitamin D and
calcium, was more effective in the increase of BMD in
the lumbar spine and in the hip at the two year follow-
u [109].

Other studies assessing oral treatment with risedro-
nate have also confirmed an increase in BMD in both
spine and hip, and a significant reduction in the inci-
dence of vertebral fractures' . Once-weekly risendro-
nate for 24 mo showed a significant increase of BMD in
lumbar spine and hip, but showed no difference in the
number of new fractures when compared with the pla-
cebo group!',

After a monthly dosis of Ibandronate over a 2-year
period, it has been demonstrated that it increases BMD
in lumbar spine and hip, to decrease the bone resorption
marker serum C-terminal telopeptide of type 1 colla-
gen (sCTX) and to increase the bone formation marker
BSAP, in people with low BMD"'?. One year of ibandro-
nate treatment was associated with a significant improve-
ment in some parameters of hip geometry, suggesting
that ibandronate may improve strength of the hip!'”.

However, further investigation is needed to confirm
the effectiveness of oral bisphosphonates in decreasing
the incidence of hip and other non-vertebral fractures.

Intravenous bisphosphonates (zoledronic acid) have
been reported to dectease the incidence of fractures, but
their use has not shown a significant reduction in the
rate of new hip fractures in those patients who suffered
a previous fracture' . A study published in 2012 shows
that the zoledronic acid clearly increases the BMD"",

In a recent study about men and women who had
suffered a hip fracture, the effectiveness of zoledronic
acid was evaluated by means of the health-related quality
of life, demonstrating a significant improvement of their
functional scores!"".

Although there are not as many studies on the use
of bisphosphonates in men as there are in women, some
authors claim that their effectiveness is similar in both
gendersmﬂ.

Finally, in prostate cancer patients treated with an-
drogenic deprivation and presenting a strong BMD
decrease, bisphosphonates have been proved as an effec-

tive therapy for bone loss! ",

Treatment with anabolic drugs: Anabolic treatment
with parathyroid hormone derivatives has been approved
by the FDA for the treatment of men at high risk of
fragility fracture; and for patients treated with steroids
suffering a significant reduction in their BMD.

According to Hodsman, the main indications for
treatment with parathyroid hormone in men are severe
osteoporosis or an unsatisfactory response to antiresorp-
tive therapy!™".

Parathyroid hormone has demonstrated to be effec-
tive in the treatment of male osteoporosis. A significant
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increase in the BMD of patients treated with subcutane-
ous doses of 20 micrograms of teriparatide per day has
been documented. This BMD increase was demonstrat-
ed in both femoral neck and spine, as well as in patients
with or without hypogonadotropic hypogonadism“m.
Evidence has shown that teriparatide may decrease the
incidence of vertebral fractures, but the reduction of
fractures in other anatomical locations has not been
proved™. Another recent investigation has demon-
strated the efficacy of teriparatide in increasing BMD in
eugonadal men and in a group of men and women with
BMD below the standard figures corresponding to their
age[]23,12 J.

The controversy of treatment with parathyroid hor-
mone derivatives remains in their possible side effects.
These side effects have not been extensively studied
so far. Therefore, these anabolic treatments should be
kept in use for up to a maximum of two yeats. A good
option, after the anabolic interruption, would be to con-
tinue the therapy with bisphosphonates.

Treatment with testosterone: Testosterone treatments
for male osteoporosis are not usually recommended in
the clinical practice guidelines. This hormonal therapy
may produce severe secondary effects which include:
polycythemia, sleep apnea, benign prostate hypertrophy,
and even prostate cancer. Due to these side effects it has
not been used as a standard treatment for osteoporosis.
However, it seems apparent that testosterone, as was
demonstrated in 1989 could markedly increase the
quality and quantity of bone in young patients with hy-
pogonadism. In 1996 the same group demonstrated the
positive effects of testosterone in order to increase the
lean muscle mass and trabecul{e}%l?z%ne density"*".
Subsequent investigations ~ have found positive
effects on BMD and bone quality in osteoporotic eldetly
patients treated with testosterone. Positive effects have
been detected not only on bone but on muscle mass'*.
However, it still does not represent a treatment of choice
in male osteoporosis. The main problem of treatment
with testosterone is little published evidence and safety
problems with testosterone replacement therapy'™”.

Other treatments: Many recent studies carried out on
prostate cancer patients undergoing hormonal treat-
ment, showed good results using a monoclonal antibody
(Denosumab)”" ¥, This antibody, which acts on the
RANK-ligand, demonstrated an increase in BMD and
a significant decrease in the incidence of vertebral frac-
tures for these patients.

A recent study with a drug in phase Il (Toremifene)
has proved effective to prevent occurrence of new ver-
tebral fractures in patients treated with androgenic depri-
vation therap}f“34].

In a near future we might use other drugs, currently
in development, which could be effective in the treat-
ment of male osteoporosis.
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CONCLUSION

The adequate diagnosis and management of male osteopo-
rosis remain controversial. The origin of idiopathic male
osteoporosis should be further investigated. Mechanisms
of trabecular bone loss in men are not fully defined. We
don’t know if the same range of standard deviations ap-
plied to women in DXA studies to assess osteoporosis,
are applicable to men, especially considering that many
fractures occur in men with less than 2.5 SD in densito-
metric studies. There are no standard criteria for the im-
plementation of diagnostic screening tests in men. There
are obvious differences in bone structure and properties
between men and women, but further investigations are
needed to ascertain the fracture risk assessment in men,
prior to its clinical application. A research area in the
future could be the use of simulation models using the
Finite Element Method, these researches should be fo-
cused to establish an appropriate and reliable correlation
between clinical and mechanical magnitudes, in order to
develop more robust models that can be applied to evalu-
ate the bone strength, and therefore the fracture risk, at
different ages and in any conditions of the patient (with-
out or under treatment).

Bone loss and fracture risk in men are clearly associ-
ated with decreased levels of bio available estrogens.
There is little evidence on the effectiveness of bisphos-
phonates or treatments using anabolic steroids in hu-
mans, indicating the need for further studies. Testoster-
one is indicated just for symptomatic hypogonadism.

Recent research in to new treatment options, like the
use of RANK:-ligand monoclonal antibody (Denosumab)
and other drugs still in phase Il (Toremifene) opens new
perspectives, although more evidence is still needed.

REFERENCES

1 Gullberg B, Johnell O, Kanis JA. World-wide projections for
hip fracture. Osteoporos Int 1997; 7: 407-413

2 Herrera A, Ferrandez L, Gil E, Martinez AA, Moreno AC.
Epidemiology of hip fracture in Spain. Int Orthop 2006; 30:
11-14

3 Jiang HX, Majumdar SR, Dick DA, Moreau M, Raso ], Otto
DD, Johnston DW. Development and initial validation of
a risk score for predicting in-hospital and 1-year mortal-
ity in patients with hip fractures. | Bone Miner Res 2005; 20:
494-500

4 Chang KP, Center JR, Nguyen TV, Eisman JA. Incidence
of hip and other osteoporotic fractures in elderly men and
women: Dubbo Osteoporosis Epidemiology Study. | Bone
Miner Res 2004; 19: 532-536

5 O’Neill TW, Felsenberg D, Varlow J, Cooper C, Kanis JA,
Silman A]J. The prevalence of vertebral deformity in europe-
an men and women: the European Vertebral Osteoporosis
Study. | Bone Miner Res 1996; 11: 1010-1018

6 Cooper C, Atkinson E]J, O'Fallon WM, Melton LJ. Incidence
of clinically diagnosed vertebral fractures: a population-
based study in Rochester, Minnesota, 1985-1989. | Bone
Miner Res 1992; 7: 221-227

7 Seeman E, Bianchi G, Khosla S, Kanis JA, Orwoll E. Bone
fragility in men- where are we? Osteoporos Int 2006; 17:
1577-1583

(49

Boishidengs  WJO | www.wjgnet.com

230

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Ross PD. Clinical consequences of vertebral fractures. Am |
Med 1997; 103: 30S-42S; discussion 425-43S

Nevitt MC, Ettinger B, Black DM, Stone K, Jamal SA, En-
srud K, Segal M, Genant HK, Cummings SR. The associa-
tion of radiographically detected vertebral fractures with
back pain and function: a prospective study. Ann Intern Med
1998; 128: 793-800

Wan H, Sengupta M, Velkoff VA, DeBarros KA. U.S. Cen-
sus Bureau, Current Population Reports, P23-209, 65+ in
the United States: 2005. Washington DC: U.S. Government
Printing Office, 2005. Available from: URL: http://www.
census.gov/prod/2006pubs/p23-209.pdf.

National Osteoporosis Foundation. Clinician’s Guide to
Prevention and Treatment of Osteoporosis. Washington
DC: National Osteoporosis Foundation, 2010. Available
from: URL: http:// www.nof.org/sites/ default/files/ pdfs/
NOFE_Clinicians_Guide2008.pdf.

International Osteoporosis Foundation. Facts and statistics
about osteoporosis and its impact, cited 2011-01-09. Avail-
able from: URL: http:/ /www.iofbonehealth.org/facts-and-
statistics.html

Kanis JA, Johnell A, Oden A, De Laet C, Mellstroms D.
Epidemiology of Osteoporosis and Fracture in Men. Calcif
Tissue Int 2004; 75: 90-99

Goerlich FJ, Pinilla R. Esperanza de vida en Espafia a lo
largo del siglo XX. Madrid: Fundacién BBVA, 2006
Instituto Nacional de Estadistica. Cifras de poblacion y
censos demograficos, cited 2011-01-10. Available from: URL:
http:// www.ine.es/inebmenu/mnu_cifraspob.htm.
Seeman E. Growth in bone mass and size--are racial and
gender differences in bone mineral density more apparent
than real? | Clin Endocrinol Metab 1998; 83: 1414-1419
Seeman E. Sexual dimorphism in skeletal size, density and
strength. | Clin Endocrinol Metab 2001; 86: 4576-4584

Fink HA, Ewing SK, Ensrud KE, Barrett-Connor E, Taylor
BC, Cauley JA, Orwoll ES. Association of testosterone and
estradiol deficiency with osteoporosis and rapid bone loss
in older men. | Clin Endocrinol Metab 2006; 91: 3908-3915
Seeman E. The Growth and Age-Related Origins of Bone
Fragility in Men. Calcif Tissue Int 2004; 75: 100-109

Patsch JM, Kohler T, Berzlanovich A, Muschitz C, Biegl-
mayr C, Roschger P, Resch H, Pietschmann P. Trabecular
bone microstructure and local gene expression in iliac crest
biopsies of men with idiopathic osteoporosis. | Bone Miner
Res 2011; 26: 1584-1592

Szulc P, Delmans PD. Biochemical markers of bone turn-
over in men. Calcif Tissue Int 2001; 69: 229-234

Khosla S, Riggs BL, Atkinson EJ, Oberg AL, McDaniel JM,
Holets M, Peterson JM, Melton L] 3rd. Effects of sex and age
on bone microstructure at the ultradistal radius: a popula-
tion-based non-invasive in vivo assessment. | Bone Miner
Res 2006; 21: 124-131

Seeman E. Pathogenesis of bone fragility in women and
men. Lancet 2002; 359: 1841-1850

Riggs BL, Melton L], Robb RA, Camp JJ, Atkinson EJ, Mc-
Daniel L, Amin S, Rouleau PA, Khosla S. A population-
based assessment of rates of bone loss at multiple skeletal
sites: evidence for substantial trabecular bone loss in young
adult women and men. | Bone Miner Res 2008; 23: 205-214
Lambert JK, Zaidi M, Mechanick JI. Male osteoporosis: epi-
demiology and the pathogenesis of aging bones. Curr Osteo-
poros Rep 2011; 9: 229-236

Khosla S. Role of Hormonal Changes in the Pathogenesis of
Osteoporosis in Men. Calcif Tissue Int 2004; 75: 110-113
Orwoll ES. Osteoporosis in men. Endocrinol Metab Clin
North Am 1998; 27: 349-367

Smith EP, Boyd ], Frank GR, Takahashi H, Cohen RM,
Specker B, Williams TC, Lubahn DB, Korach KS. Estrogen
resistance caused by a mutation in the estrogen-receptor

December 18,2012 | Volume 3 | Issue 12 |



29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

gene in a man. N Engl | Med 1994; 331: 1056-1061

Bilezikian JP, Morishima A, Bell J, Grumbach MM. In-
creased bone mass as a result of estrogen therapy in a man
with aromatase deficiency. N Engl ] Med 1998; 339: 599-603
Kawano H, Sato T, Yamada T, Matsumoto T, Sekine K,
Watanabe T, Nakamura T, Fukuda T, Yoshimura K, Yo-
shizawa T, Aihara K, Yamamoto Y, Nakamichi Y, Metzger D,
Chambon P, Nakamura K, Kawaguchi H, Kato S. Suppres-
sive function of androgen receptor in bone resorption. Proc
Natl Acad Sci USA 2003; 100: 9416-9421

Leder BZ, LeBlanc KM, Schoenfeld DA, Eastell R, Finkel-
stein JS. Differential effects of androgens and estrogens on
bone turnover in normal men. | Clin Endocrinol Metab 2003;
88: 204-210

Khosla S, Melton L], Atkinson EJ, O’Fallon WM, Klee GG,
Riggs BL. Relationship of serum sex steroid levels and bone
turnover markers with bone mineral density in men and
women: a key role for bioavailable estrogen. | Clin Endocri-
nol Metab 1998; 83: 2266-2274

Crave JC, Lejeune H, Brébant C, Baret C, Pugeat M. Dif-
ferential effects of insulin and insulin-like growth factor I
on the production of plasma steroid-binding globulins by
human hepatoblastoma-derived (Hep G2) cells. | Clin Endo-
crinol Metab 1995; 80: 1283-1289

Eisman JA. Genetic of osteoporosis. In: Favus M]J, editor.
Primer on the metabolic bone diseases and disorders of
mineral metabolism. 6th ed. Washington DC: The American
Society for Bone and Mineral Research, 2006: 300-306

Amin S, Nelson DT. Osteoporosis in men. Rheum Dis Clin
North Am 2001; 27: 19-47

Abbasi AA, Rudman D, Wilson CR, Drinka PJ, Basu SN,
Mattson DE, Richardson TJ. Observations on nursing home
residents with a history of hip fracture. Am | Med Sci 1995;
310: 229-234

Meier C, Nguyen TV, Handelsman DJ ,Schindler C,Kushnir
MM, Rockwood AL, Meikle AW, Center JR, Eisman JA, Sei-
bel MJ. Endogenous Sex Hormones and Incident Fracture
Risk in Older Men. The Dubbo Osteoporosis Epidemiology
Study. Arch Intern Med 2008; 168: 47-54

Szulc P, Munoz F, Claustrat B, Garnero P, Marchand F,
Duboeuf F, Delmas PD. Bioavailable estradiol may be an
important determinant of osteoporosis in men: the MINOS
study. ] Clin Endocrinol Metab 2001; 86: 192-199
Barrett-Connor E, Mueller JE, von Miihlen DG, Laughlin
GA, Schneider DL, Sartoris DJ. Low levels of estradiol are
associated with vertebral fractures in older men, but not
women: the Rancho Bernardo Study. | Clin Endocrinol Metab
2000; 85: 219-223

Belgorosky A, Guercio G, Pepe C, Saraco N, Rivarola MA.
Genetic and clinical spectrum of aromatase deficiency in
infancy, childhood and adolescence. Horm Res 2009; 72:
321-330

Morishima A, Grumbach MM, Simpson ER, Fisher C, Qin
K. Aromatase deficiency in male and female siblings caused
by a novel mutation and the physiological role of estrogens.
J Clin Endocrinol Metab 1995; 80: 3689-3698

Paterlink M, Boonen S, Cross HS, Lamberg-Allardt C. Vit
D and calcium insufficiency-related chronic diseases: an
emergen wold-wide public health problem. Int ] Environ Res
Public Health 2009; 6: 2585-2607

The American Society for Bone and Mineral Research.
Osteoporosis Handout on Health. Available from: URL:
http:// www.asbmr.org/Education/Resources.aspx
Ortega RM, Andrés P, Redondo MR, Zamora MJ, Lépez-
Sobaler AM, Encinas-Sotillos A. Dietary assessment of a
group of elderly Spanish people. Int | Food Sci Nutr 1995; 46:
137-144

Vaqueiro M, Baré M, Anton E, Andreu E, Moya A, Sampere
R, Villar E, Gimeno C. [Hypovitaminosis D associated to

(49

A
JBaishideng®

WJO | www.wjgnet.com

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

Herrera A et a/. Male osteoporosis

low sun exposure in the population over 64 years old]. Med
Clin (Barc) 2007; 129: 287-291

van der Wielen RP, Lowik MR, van den Berg H, de Groot
LC, Haller J, Moreiras O, van Staveren WA. Serum vitamin
D concentrations among elderly people in Europe. Lancet
1995; 346: 207-210

Vaqueiro M, Baré ML, Anton E, Andreu E, Gimeno C.
[Evaluation assessment of the cut-off point of vitamin D
in the population older than 64 years old]. Med Clin (Barc)
2006; 127: 648-650

Looker AC, Mussolino ME. Serum 25-hydroxyvitamin D
and hip fracture risk in older U.S. white adults. ] Bone Miner
Res 2008; 23: 143-150

Holick MF. Vitamin D deficiency. N Engl ] Med 2007; 357:
266-281

Ebeling PR. Osteoporosis in Men. N Engl | Med 2008; 358:
1474-1482

Bogunovic L, Kim AD, Beamer BS, Nguyen J, Lane JM. Hy-
povitaminosis D in patients scheduled to undergo orthopae-
dic surgery: a single-center analysis. | Bone Joint Surg (Am)
2010; 92: 2300-2304

Rosen C]J. Clinical practice. Vitamin D insufficiency. N Engl
J Med 2011; 364: 248-254

Moinuddin MM, Jameson KA, Syddall HE, Sayer AA,
Martin HJ, Robinson S, Cooper C, Dennison EM. Cigarette
Smoking, Birthweight and Osteoporosis in Adulthood: Re-
sults from the Hertfordshire Cohort Study. Open Rheumatol |
2008; 2: 33-37

Gonzélez-Reimers E, Alvisa-Negrin ], Santolaria-Fernan-
dez F, Ros-Vilamajé R, Martin-Gonzalez MC, Hernandez-
Betancor I, Garcia-Valdecasas-Campelo E, Gonzalez-Diaz A.
Prognosis of osteopenia in chronic alcoholics. Alcohol 2011;
45: 227-238

Shimizu Y, Sakai A, Menuki K, Mori T, Isse T, Oyama T,
Kawamoto T, Nakamura T. Reduced bone formation in
alcohol-induced osteopenia is associated with elevated p21
expression in bone marrow cells in aldehyde dehydroge-
nase 2-disrupted mice. Bone 2011; 48: 1075-1086

Lobo E, Dufouil C, Marcos G, Quetglas B, Saz P, Guallar E,
Lobo A, ZARADEMP Workgroup. Is there an association
between low-to-moderate alcohol consumption and risk of
cognitive decline? Am | Epidemiol 2010; 172: 708-716

Rapuri PB, Gallagher JC, Kinyamu HK, Ryschon KL. Caf-
feine intake increases the rate of bone loss in elderly women
and interacts with vitamin D receptor genotypes. Am | Clin
Nutr 2001; 74: 694-700

Adler RA, Hastings FW, Oetkov VI. Treatment thresholds
for osteoporosis in men on androgen deprivation therapy:
T-score versus FRAX. Ostoporosis Int 2010; 21: 647-653
Schousboe JT, Taylor B, Fink HA, Kane RL, Cummings
SR, Orwoll ES, Melton L] 3rd, Bauer DC, Ensrud KE. Cost-
effectiveness of Bone Densitometry Followed by Treatment
of Osteoporosis in Older Men. JAMA 2007; 298: 629-637
Biver E, Chopin F, Coiffier G, Brentano TF, Bouvard B, Gar-
nero P, Cortet B. Bone turnover markers for osteoporotic
status assessment? A systematic review of their diagnosis
value at baseline in osteoporosis. Joint Bone Spine 2012; 79:
20-25

Selby PL, Davies M, Adams JE. Do men and women frac-
ture bones at similar bone densities? Osteoporos Int 2000; 11:
153-157

Lunt M, Felsenberg D, Reeve ], Benevolenskaya L, Can-
nata J, Dequeker J, Dodenhof C, Falch JA, Masaryk P, Pols
HA, Poor G, Reid DM, Scheidt-Nave C, Weber K, Varlow
J, Kanis JA, O’Neill TW, Silman AJ. Bone density variation
and its effects on risk of vertebral deformity in men and
women studied in thirteen European centers: the EVOS
Study. ] Bone Miner Res 1997; 12: 1883-1894

Nguyen T, Sambrook P, Kelly P, Jones G, Lord S, Freund ],

December 18,2012 | Volume 3 | Issue 12 |



64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

Herrera A et al. Male osteoporosis

Eisman J. Prediction of osteoporotic fractures by postural
instability and bone density. BMJ 1993; 307: 1111-1115
Melton L], Atkinson E]J, O’Connor MK, O’Fallon WM, Riggs
BL. Bone density and fracture risk in men. | Bone Miner Res
1998; 13: 1915-1923

De Laet CE, Van Hout BA, Burger H, Weel AE, Hofman A,
Pols HA. Hip fracture prediction in elderly men and wom-
en: validation in the Rotterdam study. | Bone Miner Res 1998;
13: 1587-1593

van der Klift M, De Laet CE, McCloskey EV, Hofman A,
Pols HA. The incidence of vertebral fractures in men and
women: the Rotterdam Study. | Bone Miner Res 2002; 17:
1051-1056

Johnell O, Kanis JA, Oden A, Johansson H, De Laet C,
Delmas P, Eisman JA, Fujiwara S, Kroger H, Mellstrom D,
Meunier PJ, Melton L] 3rd, O’Neill T, Pols H, Reeve ], Sil-
man A, Tenenhouse A. Predictive value of BMD for hip and
other fractures. | Bone Miner Res 2005; 20: 1185-1194

Schuit SC, van der Klift M, Weel AE, de Laet CE, Burger
H, Seeman E, Hofman A, Uitterlinden AG, van Leeuwen
JP, Pols HA. Fracture incidence and association with bone
mineral density in elderly men and women: the Rotterdam
Study. Bone 2004; 34: 195-202

Johnell O, Kanis JA, Gullberg B. Mortality, morbidity and
assessment of fracture risk in male osteoporosis. Calcif Tis-
sue Int 2001; 69: 182-4.

Drake MT, Murad MH, Mauck KF, Lane MA, Undavalli
C, Elraiyah T, Stuart LM, Prasad C, Shahrour A, Mullan R],
Hazem A, Erwin PJ, Montori VM. Clinical review. Risk fac-
tors for low bone mass-related fractures in men: a system-
atic review and meta-analysis. | Clin Endocrinol Metab 2012;
97:1861-1870

Watts NB, Adler RA, Bilezikian JP, Drake MT, Eastell R, Or-
woll ES, Finkelstein JS; Endocrine Society. Osteoporosis in
men: an Endocrine Society clinical practice guideline. | Clin
Endocrinol Metab 2012; 97: 1802-1822

World Health Organization. WHO Fracture Risk Asses-
ment Tool. Available from: URL: http://www.shef.ac.uk/
FRAX

Kanis JA, Johnell O, Oden A, Johansson H, McCloskey E.
FRAX and the assessment of fracture probability in men and
women from the UK. Osteoporosis Int 2008; 19: 385-397
Ettinger B, Black DM, Dawson-Hughes B, Pressman AR,
Melton LJ 3rd. Updated fracture incidence rates for the US
version of FRAX. Osteoporos Int 2012; 21: 25-33

Kanis JA, Johansson H, Oden A, Dawson-Hughes B, Melton
LJ 3rd, McCloskey EV. The effects of a FRAX revision for
the USA. Osteoporosis Int 2010; 21: 35-40

Azagra R, Roca G, Encabo G, Prieto D, Aguyé A, Zwart
M, Giiell S, Puchol N, Gene E, Casado E, Sancho P, Sola S,
Toran P, Iglesias M, Sabaté V, Lépez-Expésito F, Ortiz S,
Fernandez Y, Diez-Perez A. Prediction of absolute risk of
fragility fracture at 10 years in a Spanish population: valida-
tion of the WHO FRAX ™ tool in Spain. BMC Musculoskelet
Disord 2011; 12: 30

Lee TC, McHugh PE, O’Brien FJ, O’'Mahoney D, Taylor D,
Bruzzi M, Rackard SM, Kennedy OD, Mahony NJ, Harrison
N, Lohfield S, Brennan O, Gleeson J, Hazenberg JG, Mullins
L, Tyndyk M, McNamara LM, O’Kelly KU, Prendergast PJ.
Bone for life: Osteoporosis, bone remodelling and computer
simulation. In: Prendergast PJ, McHugh PE, editors. Topics
in Bio-Mechanical Engineering. Dublin: Trinity Centre for
Bio-Engineering & National Centre for Biomedical Engi-
neering Science, 2004: 58-93

Boccaccio A, Vena P, Gastaldi D, Franzoso G, Pietrabissa R,
Pappalettere C. Finite element analysis of cancellous bone
failure in the vertebral body of healthy and osteoporotic
subjects. Proc Inst Mech Eng H 2008; 222: 1023-1036

Zhang L, Yang G, Wu L, Yu B. The biomechanical effects

(49

A
JBaishideng®

WJO | www.wjgnet.com

232

80

81

82

83

84

85

86

87

88

89

90

91

92

93

of osteoporosis vertebral augmentation with cancellous
bone granules or bone cement on treated and adjacent non-
treated vertebral bodies: A finite element evaluation. Clin
Biomech 2010; 25: 166-172

Macneil JA, Adachi JD, Goltzman D, Josse RG, Kovacs CS,
Prior JC, Olszynski W, Davison KS, Kaiser SM. Predicting
fracture using 2D finite element modelling. Med Eng Phys
2012; 34: 478-484

Kaneko M, Ohnishi I, Bessho M, Matsumoto T, Ohashi
S, Tobita K, Nakamura K. Prediction of proximal femur
strength by a quantitative computed tomography-based
finite element method-creation of predicted strength data
of the proximal femur according to age range in a normal
population and analysis of risk factors for hip fracture. |
Bone Joint Surg Br 2011; 93-B (Suppl 1I): 216 Proc

Bryan R, Nair PB, Taylor M. Use of a statistical model of the
whole femur in a large scale, multi-model study of femoral
neck fracture risk. | Biomech 2009; 42: 2171-2176

Bessho M, Ohnishi I, Matsumoto T, Ohashi S, Matsuyama
J, Tobita K, Kaneko M, Nakamura K. Prediction of proximal
femur strength using a CT-based nonlinear finite element
method: Differences in predicted fracture load and site with
changing load and boundary conditions. Bone 2009; 45:
226-231

Derikx LC, Vis R, Meinders T, Verdonschot N, Tanck E.
Implementation of asymmetric yielding in case-specific
finite element models improves the prediction of femoral
fractures. Comput Methods Biomech Biomed Engin 2011; 14:
183-193

Tellache M, Pithioux M, Chabrand P, Hochard C. Femoral
neck fracture prediction by anisotropic yield criteria. Eur |
Comp Mech 2009; 18: 33-41

Amin S, Kopperdhal DL, Melton L] 3rd, Achenbach SJ,
Therneau TM, Riggs BL, Keaveny TM, Khosla S. Associa-
tion of hip strength estimates by finite[Jelement analysis
with fractures in women and men. | Bone Miner Res 2011; 26:
1593-1600

Keaveny TM, Hoffmann PF, Singh M, Palermo L, Bilezikian
JP, Greenspan SL, Balck DM. Femoral Bone Strength and
Its Relation to Cortical and Trabecular Changes After Treat-
ment With PTH, Alendronate, and Their Combination as
Assessed by Finite Element Analysis of Quantitative CT
Scans. | Bone Miner Res 2008; 23: 1974-1982

van Geel TA, van den Bergh JP, Dinant GJ, Geusens PP.
Individualizing fracture risk prediction. Maturitas 2010; 65:
143-148

Ensrud KE, Lui LY, Taylor BC, Schousboe JT, Donaldson
MG, Fink, HA, Cauley JA, Hillier TA, Browner WS, Cum-
mings SR. A comparison of prediction models for fractures
in older women: is more better? Arch Intern Med 2009; 169:
2087-2094

Moayyeri A, Kaptoge S, Dalzell N, Bingham S, Luben RN,
Wareham NJ, Reeve J, Khaw KT. Is QUS or DXA better for
predicting the 10-year absolute risk of fracture? | Bone Miner
Res 2009; 24: 1319-1325

Langsetmo L, Leslie WD, Zhou W, Goltzman D, Kovacs CS,
Prior ], Josse R, Olszynski WP, Davison KS, Anastassiades
T, Towheed T, Hanley DA, Kaiser S, Kreiger N. Using the
same bone density reference database for men and women
provides a simpler estimation of fracture risk. | Bone Miner
Res 2010; 25: 2108-2114

Lépez E. Design and development of a model for the pre-
diction of osteoporotic fractures. Application to femoral
neck and lumbar spine. Zaragoza: University of Zaragoza,
2011

Leib ES, Lewiecki EM, Binkley N, Hamdy RS, International
Society for Clinical Densitometry. Official positions of the
International Society for Clinical Densitometry. | Clin Densi-
tom 2004; 7: 1-6

December 18,2012 | Volume 3 | Issue 12 |



94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

Brown JP, Josse RG. 2002 clinical practice guidelines for
the diagnosis and management of osteoporosis in Canada.
CMA] 2002; 167: S1-34

Gallagher JC, Riggs BL, Eisman ], Hamstra A, Arnaud SB,
DeLuca HF. Intestinal calcium absorption and serum vita-
min D metabolites in normal subjects and osteoporotic pa-
tients: effect of age and dietary calcium. | Clin Invest 1979; 64:
729-736

Ross AC, Taylor CL, Yaktine AL, Del Valle HB, editors.
Dietary references intakes for calcium and vitamin D. Wash-
ington DC: The national Academies Press, 2011. Available
from: URL: http:// www.nap.edu

Guadalupe-Grau A, Fuentes T, Guerra B, Calbet JA. Exercise
and bone mass in adults. Sports Med 2009; 39: 439-468
Michaélsson K, Olofsson H, Jensevik K, Larsson S, Mallmin
H, Berglund L, Vessby B, Melhus H. Leisure physical activ-
ity and the risk of fracture in men. PLoS Med 2007; 4: €199
Kukuljan S, Nowson CA, Bass SL, Sanders K, Nicholson
GC, Seibel M]J, Salmon ], Daly RM. Effects of a multi-com-
ponent exercise program and calcium-vitamin-D3-fortified
milk on bone mineral density in older men: a randomised
controlled trial. Osteoporos Int 2009; 20: 1241-1251

Kukuljan S, Nowson CA, Sanders K, Daly RM. Effects of re-
sistance exercise and fortified milk on skeletal muscle mass,
muscle size, and functional performance in middle-aged
and older men: an 18-mo randomized controlled trial. | Appl
Physiol 2009; 107: 1864-1873

Kukuljan S, Nowson CA, Sanders KM, Nicholson GC, Sei-
bel MJ, Salmon ], Daly RM. Independent and Combined Ef-
fects of Calcium-Vitamin D3 and Exercise on Bone Structure
and Strength in Older Men: An 18-Month Factorial Design
Randomized Controlled Trial. | Clin Endocrinol Metab 2011;
96: 955-963

Tinetti ME. Clinical practice. Preventing falls in elderly per-
sons. N Engl ] Med 2003; 348: 42-49

Fortinsky RH, Iannuzzi-Sucich M, Baker DI, Gottschalk M,
King MB, Brown CJ, Tinetti ME. Fall-risk assessment and
management in clinical practice: views from healthcare pro-
viders. | Am Geriatr Soc 2004; 52: 1522-1526

Chou WC, Tinetti ME, King MB, Irwin K, Fortinsky RH. Per-
ceptions of physicians on the barriers and facilitators to inte-
grating fall risk evaluation and management into practice. |
Gen Intern Med 2006; 21: 117-22.

Tinetti ME, Kumar C. The patient who falls: “It's always a
trade-off”. JAMA 2010; 303: 258-566

Body JJ, Bergmann P, Boonen S, Boutsen Y, Bruyere O, De-
vogelaer JP, Goemaere S, Hollevoet N, Kaufman JM, Milisen
K, Rozenberg S, Reginster JY. Non-pharmacological manage-
ment of osteoporosis: a consensus of the Belgian Bone Club.
Osteoporos Int 2011; 22: 2769-2788

Kanis J, Bianchi G, Bilezikian JP, Kaufman JM, Khosla S,
Orwoll E, Seeman E. Towards a diagnostic and therapeu-
tic consensus in male osteoporosis. Osteoporos Int 2011; 22:
2789-2798

Orwoll E, Ettinger M, Weiss S, Miller P, Kendler D, Graham ],
Adami S, Weber K, Lorenc R, Pietschmann P, Vandormael K,
Lombardi A. Alendronate for the treatment of osteoporosis
in men. N Engl ] Med 2000; 343: 604-610

Ringe JD, Farahmand P, Schacht E, Rozehnal A. Superiority
of a combined treatment of Alendronate and Alfacalcidol
compared to the combination of Alendronate and plain vita-
min D or Alfacalcidol alone in established postmenopausal
or male osteoporosis (AAC-Trial). Rheumatol Int 2007; 27:
425-434

Ringe JD, Faber H, Farahmand P, Dorst A. Efficacy of rise-
dronate in men with primary and secondary osteoporosis:
results of a 1- year study. Rheumatol Int 2006; 26: 427-431
Boonen S, Orwoll ES, Wenderoth D, Stoner KJ, Eusebio R,
Delmas PD. Once-weekly risedronate in men with osteopo-

(49

A
JBaishideng®

WJO | www.wjgnet.com

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

Herrera A et a/. Male osteoporosis

rosis: results of a 2-year, placebo-controlled, double-blind,
multicenter study. ] Bone Miner Res 2009; 24: 719-725

Orwoll ES, Binkley NC, Lewiecki EM, Gruntmanis U, Fries
MA, Dasic G. Efficacy and safety of monthly ibandronate in
men with low bone density. Bone 2010; 46: 970-976

Genant HK, Lewiecki EM, Fuerst T, Fries M. Effect of
monthly ibandronate on hip structural geometry in men
with low bone density. Osteoporos Int 2012; 23: 257-265

Lyles KW, Colén-Emeric CS, Magaziner JS, Adachi JD,
Pieper CF, Mautalen C, Hyldstrup L, Recknor C, Nordsletten
L, Moore KA, Lavecchia C, Zhang ], Mesenbrink P, Hodgson
PK, Abrams K, Orloff JJ, Horowitz Z, Eriksen EF, Boonen S.
Zoledronic acid and clinical fractures and mortality after hip
fracture. N Engl ] Med 2007; 357: 1799-1809

Sambrook PN, Roux C, Devogelaer JP, Saag K, Lau CS,
Reginster JY, Bucci-Rechtweg C, Su G, Reid DM. Bisphos-
phonates and glucocorticoid osteoporosis in men: results of a
randomized controlled trial comparing zoledronic acid with
risedronate. Bone 2012; 50: 289-295

Adachi JD, Lyles KW, Colén-Emeric CS, Boonen S, Pieper
CF, Mautalen C, Hyldstrup L, Recknor C, Nordsletten L,
Moore KA, Bucci-Rechtweg C, Su G, Eriksen EF, Magaziner
JS. Zoledronic acid results in better health-related quality of
life following hip fracture: the HORIZON-Recurrent Frac-
ture Trial. Osteoporos Int 2011; 22: 2539-2549

Khosla S, Amin S, Orwoll E. Osteoporosis in men. Endocrine
Reviews 2008; 29: 441-464

Smith MR, Eastham J, Gleason DM, Shasha D, Tchekmedy-
ian S, Zinner N. Randomized controlled trial of zoledronic
acid to prevent bone loss in men receiving androgen depri-
vation therapy for nonmetastatic prostate cancer. | Urol 2003;
169: 2008-2012

Smith MR. Androgen deprivation therapy for prostate can-
cer: new concepts and concerns. Curr Opin Endocrinol Diabe-
tes Obes 2007; 14: 247-254

Hodsman AB, Bauer DC, Dempster DW, Dian L, Hanley
DA, Harris ST, Kendler DL, McClung MR, Miller PD, Ol-
szynski WP, Orwoll E, Yuen CK. Parathyroid Hormone and
Teriparatide for the Treatment of Osteoporosis: A Review of
the Evidence and Suggested Guidelines for Its Use. Endocr
Rev 2005; 26: 688-703

Orwoll E, Scheele WH, Paul S, Adami S, Syversen U, Diez-
Perez A, Kaufman JM, Clancy AD, Gaich GA. The effect of
teriparatide [human parathyroid hormone (1-34)] therapy
on bone density in men with osteoporosis. | Bone Miner Res
2003; 18: 9-17

Kaufman JM, Orwoll E, Goemaere S, San Martin J, Hossain
A, Dalsky GP, Lindsay R, Mitlak BH. Teriparatide effects on
vertebral fractures and bone mineral density in men with
osteoporosis: treatment and discontinuation of therapy. Os-
teoporos Int 2005; 16: 510

Finkelstein JS, Wyland J], Leder BZ, Burnett-Bowie SM, Lee
H, Juppner H, Neer RM. Effects of teriparatide retreatment
in osteoporotic men and women. | Clin Endocrinol Metab
2009; 94: 2495-2501

Leder BZ, Neer RM, Wyland JJ, Lee HW, Burnett-Bowie SM,
Finkelstein JS. Effects of teriparatide treatment and discon-
tinuation in postmenopausal women and eugonadal men
with osteoporosis. | Clin Endocrinol Metab 2009; 94: 2915-2921
Finkelstein JS, Klibanski A, Neer RM, Doppelt SH, Rosen-
thal DI, Segre GV, Crowley WF. Increases in bone density
during treatment of men with idiopathic hypogonadotropic
hypogonadism. | Clin Endocrinol Metab 1989; 69: 776-783
Katznelson L, Finkelstein ]S, Schoenfeld DA, Rosenthal DI,
Anderson EJ, Klibanski A. Increase in bone density and lean
body mass during testosterone administration in men with
acquired hypogonadism. | Clin Endocrinol Metab 1996; 81:
4358-4365

Amory JK, Watts NB, Easley KA, Sutton PR, Anawalt BD,

December 18,2012 | Volume 3 | Issue 12 |



128

129

130

Herrera A et al. Male osteoporosis

Matsumoto AM, Bremner W], Tenover JL. Exogenous testos-
terone or testosterone with finasteride increases bone min-
eral density in older men with low serum testosterone. ] Clin
Endocrinol Metab 2004; 89: 503-510

Benito M, Vasilic B, Wehrli FW, Bunker B, Wald M, Gom-
berg B, Wright AC, Zemel B, Cucchiara A, Snyder PJ. Effects
of testosterone replacement on trabecular architecture in hy-
pogonadal men. | Bone Miner Res 2005; 20: 1785-1791

Kenny A, Kleppinger A, Annis K, Rathier M, BrownerB,
Judge JO, McGee D. Effects of Transdermal Testosterone on
Bone and Muscle in Older Men with Low Bioavailable Tes-
tosterone Levels, Low Bone Mass and Physical Frailty. ] Am
Geriatr Soc 2010; 58: 1134-1143

Martin AC. Osteoporosis in men: a review of endogenous
sex hormones and testosterone replacement therapy. | Pharm
Pract 2011; 24: 307-315

(49

TR
JBaishideng®

WJO | www.wjgnet.com

234

131

132

133

134

Smith MR, Egerdie B, Herndndez Toriz N, Feldman R, Tam-
mela TL, Saad F, Heracek ], Szwedowski M, Ke C, Kupic A,
Leder BZ, Goessl C. Denosumab in men receiving androgen-
deprivation therapy for prostate cancer. N Engl ] Med 2009;
361: 745-755

Khosla S. Update in male osteoporosis. | Clin Endocrinol
Metab 2010; 95: 3-10

Smith MR, Saad F, Egerdie B, Sieber P, Tammela TL, Leder
BZ, Ke C, Goessl C. Denosumab and changes in bone turn-
over markers during androgen deprivation therapy for pros-
tate cancer. | Bone Miner Res 2011; 26: 2827-2833

Smith MR, Malkowicz SB, Brawer MK, Hancock ML, Mor-
ton RA, Steiner MS. Toremifene decreases vertebral frac-
tures in men younger than 80 years receiving androgen de-
privation therapy for prostate cancer. | Urol 2011; 186: 2239-
2244

S-Editor Huang XZ L-Editor A E- Editor Zhang DN

December 18,2012 | Volume 3 | Issue 12 |



