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Abstract: Male osteoporosis is a still largely underdiagnosed pathological condition. As a conse-
quence, bone fragility in men remains undertreated mainly due to the low screening frequency and
to controversies in the bone mineral density (BMD) testing standards. Up to the 40% of overall osteo-
porotic fractures affect men, in spite of the fact that women have a significant higher prevalence of
osteoporosis. In addition, in males, hip fractures are associated with increased morbidity and mortal-
ity as compared to women. Importantly, male fractures occur about 10 years later in life than women,
and, therefore, due to the advanced age, men may have more comorbidities and, consequently, their
mortality is about twice the rate in women. Gender differences, which begin during puberty, lead to
wider bones in males as compared with females. In men, follicle-stimulating hormones, testosterone,
estrogens, and sex hormone-binding levels, together with genetic factors, interact in determining the
peak of bone mass, BMD maintenance, and lifetime decrease. As compared with women, men are
more frequently affected by secondary osteoporosis. Therefore, in all osteoporotic men, a complete
clinical history should be collected and a careful physical examination should be done, in order to
find clues of a possible underlying diseases and, ultimately, to guide laboratory testing. Currently,
the pharmacological therapy of male osteoporosis includes aminobisphosphonates, denosumab, and
teriparatide. Hypogonadal patients may be treated with testosterone replacement therapy. Given
that the fractures related to mortality are higher in men than in women, treating male subjects with
osteoporosis is of the utmost importance in clinical practice, as it may impact on mortality even more
than in women.

Keywords: osteoporosis; BMD; male; bone fragility; fractures; DXA

1. Introduction

The public health burden due to osteoporosis and fragility fractures is progressively
rising as the ageing population increases in many countries. Although a 50-year-old
Caucasian woman has a lifetime risk of fracture of 40% [1], the prevention and management
of the disease are still insufficient and, as a matter of fact, many studies have revealed
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that people at high fracture risk do not receive adequate treatment [2]. As osteoporosis is
commonly considered to be a female disease, it is clear that, in men, whose lifetime risk of
fracture at the age of 50 is around the 13% [1], it is even more underestimated [3]. A small
proportion of men with fractures are correctly screened for osteoporosis and consequently
treated with the appropriate drugs [3].

The present paper is not intended to be a systematical review of the literature on male
osteoporosis. As far as an enormous number of papers has been produced on this matter,
we aimed to create an easy and practical narrative review for the colleagues looking for a
summary on male osteoporosis, particularly for those approaching it for the first time.

2. Pathophysiology

The gender differences between male and females begin during puberty, when in girls
estrogens (E) inhibit periosteal and promote endocortical bone formation, thus limiting
bone diameter, while, in boys, testosterone (T) leads to an increase in bone diameter by
increasing periosteal apposition. During aging, men have a greater periosteal apposition
and similar endocortical resorption than women and, thus, a lower net bone loss [4].

Androgens act on bone both directly through the androgen receptor (AR) and indi-
rectly by activating E receptor-α or -β (ERα or ERβ) thanks to their aromatization into
E. The periosteal bone expansion requires both the AR and ERα pathways, while the AR
signaling is the main mechanism for normal trabecular bone development in males. These
considerations explain the results of several studies, indicating the important role of E in
the regulation of bone loss and bone metabolism in men, and particularly the ability of
aromatizing T into E [5,6]. Indeed, in men, low serum E and T and high serum sex-hormone
binding globulin (SHBG) predict clinical vertebral, nonvertebral, and hip osteoporosis
fractures [7].

In addition to the well-known impact of reduced T, E, and SHBG levels, they play a
significant role in skeletal remodeling and strength, together with a follicle-stimulating
hormone (FSH). In fact, FSH can directly stimulate bone resorption [8–12] by binding to its
specific receptor on osteoclasts. In particular, FSH seems both to upregulate the expression
of RANK, namely the receptor of RANK-L, which is a key cytokine in osteoclastic differenti-
ation, survival, and activity [13,14], and to indirectly stimulate bone resorption by releasing
osteoclastogenic cytokines [15]. Furthermore, FSH may also negatively regulate osteoblast
differentiation from mesenchymal stem cells [16]. In fact, a polyclonal antibody generated
against FSHβ has been proven to block osteoclastogenesis in vitro and, when injected in
ovariectomized mice, to attenuate bone loss; not only by inhibiting bone resorption, but
also by stimulating accrual [11,17].

These data are in keeping with the evidence that elevated FSH values in females
correlate both with increased serum markers of bone turnover and with reduced bone
mineral density (BMD) [17–21]. Moreover, in males, FSH is likely to exert a direct action
on the skeleton in the context of the pituitary–bone axis, as suggested by the finding of
a negative correlation between FSH levels and lumbar/femoral BMD [22]. Furthermore,
in patients with Klinefelter syndrome, T levels and the AR gene CAG polymorphisms,
consisting of a polyglutamine stretch of variable lengths within the N-terminal domain
of the receptor, encoded by a variable number of CAG triplets in exon 1 of the AR gene
located on the X chromosome, which reduce the AR sensitivity, are not associated with
osteoporosis, despite the well-known relationship between hypogonadism and reduced
BMD [23].

Overall, in men, T, E, SHBG, and FSH levels interact in determining the bone mass
accrual, BMD maintenance, and lifetime decrease.

3. Genetics Aspects

It is well known that genetic factors play a relevant role in primary osteoporosis in
both genders [24,25]. Most of the available genetic data have been obtained mainly in
cohorts of postmenopausal women, with only a minority of studies having been conducted



Int. J. Mol. Sci. 2021, 22, 13640 3 of 21

on male osteoporotic subjects. However, it has been reported that the male offspring of
female subjects with osteoporosis show reduced bone mass well before age-related bone
loss ensues [26], suggesting the expression of inherited determinants of osteoporotic risk
from an early age. Consistent with this hypothesis, studies on male twin pairs revealed
an age-related increase in intra-pair differences in radial bone mass and width both in
monozygotic and dizygotic pairs [27]. As in other human multifactorial pathologies,
the study of “nature’s experiments”, represented by rare bone diseases (e.g., aromatase
deficiency, osteoporosis pseudoglioma syndrome, etc.), has represented a useful resource
in investigating the genetic pathways related to male osteoporosis. Then, less severe
functional defects (namely, polymorphic variants) in the same genes or in other genes have
been associated with the predisposition of osteoporosis in men [25].

3.1. Genes Encoding for Hormones with a Well-Established Role in Bone Biology

By analyzing extreme phenotypes in male osteoporotic subjects, which is useful for
studying rare quantitative and qualitative traits, such as BMD and fractures, the role of
estrogen clearly emerged in the pathophysiology of male osteoporosis. Specifically, Smith
et al. first described a case of osteoporosis and tall stature in a young man associated to
estrogenic resistance caused by a mutation in the ER gene [28]. This phenotype occurred
despite the presence of normal or even higher-than-normal androgen levels. A similar
clinical picture was lately reported in men within a context of aromatase (an enzyme
complex catalyzing the conversion of androgens to E) deficiency syndrome, suggesting
that inactivating mutations in the aromatase (CYP19A1) gene, and thus the reduced con-
version of androgen precursors into E, may be relevant in the pathophysiology of male
osteoporosis [6]. Following these reports, polymorphic variants of the CYP19A1 gene have
been also related to the genetic susceptibility of male osteoporosis [6,29].

Part of the structural skeletal abnormalities found in men with primary osteoporo-
sis have also been related to endocrine alterations other than sex hormone action and
particularly to impaired insulin-like growth factor 1 (IGF-1) in men with idiopathic osteo-
porosis [30]. Indeed, together with sex steroid hormones, IGF-1 has a relevant effect on long
bone growth and periosteal apposition. Accordingly, not only variation in E action [26],
but also higher IGF-1 levels, have been positively associated with BMD in adult men, and
a particular allelic configuration of the IGF-1 gene, leading to reduced IGF-1 levels, was
described in a subset of men with idiopathic osteoporosis [30,31].

3.2. X-Chromosome- and Maternally Inherited-Related Genes

Mutations in plastin 3 (PLS3), a protein involved in actin bundle formation in the
cytoskeleton, have been recently associated with an X-chromosomal osteoporosis form. As
expected, males had an early onset of osteoporotic fractures (including childhood in most
cases) and were, in general, more severely affected than females.

In addition to this, mitochondrial DNA (mtDNA) abnormalities, mostly passing from
the mother to the offspring, have been reported in cases of severe male osteoporosis,
with mtDNA deletion spanning part of the gene coding for complex I of the respiratory
mitochondria chain, probably associated to an inefficient oxidative phosphorylation, and
suggesting this to have a detrimental effect on bone metabolism [32,33].

3.3. Other Autosomal Genes

At present, most of the genetic studies on osteoporosis have been conducted in popula-
tions including both sexes, with a clear female predominance, analyzing mainly autosomal
genes involved in bone gender-unrelated molecular pathways. Genome-wide association
studies (GWASs) in unselected population-based individuals, including males, have re-
vealed several genes associated with low bone mass and risk of fracture, other than the
known mutations in collagen type I genes (COL1A1 and COL1A2), responsible for mild
to severe osteogenesis imperfecta that can be revealed in adulthood [34]. Moreover, other
rare mutations, reported in young osteoporotic adults, are regarded as extracellular matrix
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genes or cell factors involved in the regulation of bone remodeling. Quite recently, heterozy-
gous Wnt family member 1 (WNT1) mutations have been found in adults with autosomal
dominant early-onset osteoporosis, overlapping in some aspects with the same mutation
(in this case involving both alleles), and causing severe osteogenesis imperfecta [35].

The low-density lipoprotein (LDL) receptor-related protein 5 (LRP5) gene, whose inac-
tivating mutations have been associated to low bone mass in osteoporosis pseudoglioma
syndrome, can be considered to be another strong candidate contributing to idiopathic
osteoporosis. LRP5 protein, a member of the LDL receptor superfamily, acts as a co-receptor
that is indispensable for activating the Wnt-pathway and regulating bone formation. Muta-
tion in the LRP5 gene was firstly identified in osteoporosis pseudoglioma syndrome, an
autosomal recessive disease characterized by severe osteoporosis revealing in infancy and
associating with a congenital blindness. Lately, some polymorphic LRP5 variants were
also consistently associated with BMD and fracture risk (p.Val667Met and p.Ala1330Val) in
association studies, and very few novel heterozygous pathogenic mutations with a major
effect were identified in children and adolescents with juvenile idiopathic osteoporosis.
Overall, these studies showed that either rare (e.g., mutations) or more common (e.g., poly-
morphisms) genetic variants of LRP5 are associated with a wide spectrum of phenotypes
characterized by early or maturity-onset bone fragility in both genders [36].

4. Epidemiology of Osteoporosis and Fractures

Osteoporosis in males represents a pathological condition that remains largely un-
derdiagnosed and undertreated mainly due to the low frequency of screening and con-
troversies in BMD testing standards [37,38]. Based on the WHO diagnostic criteria, it has
been estimated that about 10–25% of the male “Medicare population” could suffer from
osteoporosis [39,40]. A European report based on a collaboration between the International
Osteoporosis Foundation (IOF) and the European Federation of Pharmaceutical Industry
Associations (EFPIA) confirmed both that over 6 million men had osteoporosis in 2010
according to densitometric criteria and that the prevalence of this condition significantly
increases with ageing [41].

However, the rate of osteoporosis in men is underestimated, as many subjects who
experienced fragility fractures do not report a BMD impairment [39]. In general, the
incidence of fractures in men has a bimodal peak at 18–45 years (traumatic fractures) and
at 75–80 years of age (osteoporotic fractures) [42].

Although women are characterized by a significantly higher prevalence of osteoporo-
sis, about 30–40% of overall osteoporotic fractures belong to men [43]. In particular, in US
and Europe, the incidence of hip fractures ranges from 0.5 per 1000 patients per year at
the age of 60 up to 13 per 1000 patients per year by the age of 85 [44,45]. While Caucasian
women have a hip fracture incidence four-fold higher than men, Asian women have the
same incidence of hip fracture compared to men [3]. It is important to underline that a
significant proportion of men who suffer hip fractures have broken other bones before
breaking their hip [46]. In particular, after the first hip fracture, the risk of a subsequent hip
fracture increases about five-fold, and it has been estimated that about 27% of men who had
suffered a hip fracture sustained subsequent fractures in their remaining lifetime [47,48].

It is also well recognized that hip fracture in men is strictly associated with an increased
morbidity and mortality. Indeed, Diamantopoulos et al. have reported that males’ mortality
rates after hip fracture are about three-fold higher than females [45].

5. Risk Factors and Risk Estimation

Osteoporosis screening in older men has been proposed because it is an accepted
strategy in older women. Some guidelines recommend BMD testing in all men aged
70 years or older and in those aged 50–69 years with risk factors [49,50]. The U.S. Preventive
Services Task Force made no recommendation about osteoporosis screening in men [51].
A study that compared proposed strategies for selecting men aged 70 years or older
for osteoporosis screening reported that the Osteoporosis Self-Assessment Tool (OST),
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which relies on age and weight only, performed slightly better than the more complex
strategies [52]. The risk factors for osteoporosis and fracture in men are almost the same as
in women. Thus, the presence of risk factors (e.g., family history, long-term glucocorticoid
therapy, hypogonadism, low body weight, low bone mineral density, family history of hip
fracture, cigarette smoking, excessive alcohol consumption, low dietary calcium intake,
vitamin D deficiency, neuromuscular disorders, long-term immobilization) should be
particularly considered in order to identify men with osteoporosis [50,53]. Secondary
osteoporosis is common in men, and it is likely that the majority of men between the ages
of 50 and 70 with osteoporosis and fragility fractures have secondary causes [54]. In the
prospective long-term observational study of the MrOS cohort, which enrolled almost
6000 men in United States, several risk factors, such as, among other things, older age
(≥75 years), low hip BMD, smoking, and history of fracture, were associated with an
increased risk of hip fracture [55]. It should be noted that there are frequent overlaps due
to the pathophysiological links between what can be considered a risk factor for primary
osteoporosis and a cause for secondary osteoporosis (e.g., smoking, chronic obstructive
pulmonary disease, gluococorticoid use, sarcopenia).

In older adults, both an increased prevalence of sarcopenia and its association with
falls and fragility fractures have been reported. The SARC-F, a questionnaire developed
for rapidly assessing the presence of sarcopenia and estimating the fall risk, was found to
be predictive of hip fractures independently of the FRAX score (adjusted Hazard Ratio,
HR: 1.24 and 1.15 in men and women, respectively) [56]. In keeping with these findings,
prevalent single or multiple falls were found to be associated with incidental major osteo-
porotic fractures (MOF) independent of FRAX (with or without BMD) in men, but not in
women [57]. Moreover, in the first year after a single fall, men had an increased risk of
fracture (FRAX-adjusted HR 3.47), which remained elevated up to 10 years among individ-
uals with two or more recurrent falls [57]. It is known that, when individually taken, most
clinical risk factors have a weak effect on fracture risk prediction, while their importance
becomes evident when the risk factors are combined in a composite score. For this reason,
several fracture risk prediction tools have been developed, including the FRAX, the Garvan
fracture risk calculator, and the QFracture score [58,59]. However, the predictive value for
estimating the fragility fracture risk of these algorithms has not been studied in men as
extensively as in women. The FRAX tool, which estimates the fragility fracture risk over
10 years, was found to be strongly predictive of MOF and hip fracture in both women and
men without significant sex interaction, regardless of the inclusion of BMD data [60]. In
men at 65 years of age and older, Gourlay et al. compared the fracture risk assessment
algorithms for predicting incident fractures. The QFracture, FRAX, Garvan, and femoral
neck BMD T-score performed similarly in terms of the discriminative ability to identify
men with hip fractures (accuracy ranging from 0.77 up to 0.79 for all tools) [61]. Although
falls and impaired muscle function (sarcopenia) are predictors of incident fractures, falls
are not included in the FRAX score. However, the fall propensity is incorporated into the
other risk calculators, as an indirect measure of muscle function, but muscle strength is
not directly included in any of the tools. This seems to be of importance considering that,
in metanalysis studies, past falls were predictive of incident fractures regardless of the
FRAX score and that, in older men, muscle mass, strength, and function predicted fractures
independent of the FRAX score, even after adjustment for BMD, with the exception of
the appendicular lean mass [62]. Another important variable that may affect the fragility
fracture risk in men is the presence of type 2 diabetes, which is associated with an increased
fracture risk independent of the FRAX score. Thus, for improving the accuracy of FRAX
in diabetic subjects, the use of the rheumatoid arthritis input, and, for the trabecular bone
score (TBS) adjustment, a decrease in the femoral neck T-score input by 0.5 SD, and an
increase in age input by 10 years have been proposed [63].

The efforts in identifying subjects at risk for fracture is of crucial importance in clinical
practice, and it is mandatory to progressively improve our ability in this field. As compared
to women, men experience fractures about 10 years later in life and, due to their more
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advanced age, they may suffer for more comorbidities than women, thus explaining the
two-fold increased mortality in men than in women. Thus, while the fracture risk is lower
in men than in women, the consequences are greater, and therefore identifying and treating
men at risk for fracture could impact on mortality more than in women.

6. Bone Mineral Density Testing

The concept of osteoporosis is intimately linked to the risk of fracture, as fractures
often occur in subjects with low BMD [64]. After a “low energy” fracture, the absolute risk
of refracture for all skeletal sites is similar for both males and females; however, given the
low initial prevalence of fractures in the male population, the relative risk is higher in men
than in women [65].

The measurement of BMD has been shown to be cost-effective for the female popula-
tion older than 65 years and for younger postmenopausal women with risk factors [66].
Similarly, BMD testing in men over 70 years is widely recommended, as ageing is consid-
ered to be an overriding risk factor for fracture in this population [50,64,67]. Men between
50 and 69 years should be tested if they have one of the following risk factors: history
of diseases/conditions such as hypogonadism, delayed puberty, hyperparathyroidism,
hyperthyroidism, rheumatoid arthritis, or chronic obstructive pulmonary disease; drugs
such as glucocorticoids or gonadotropin-releasing hormone agonists, lifestyle habits such
as alcohol abuse or smoking [50] (Figure 1). Some authors have also suggested screening
men who have hypercalciuria and/or nephrolithiasis and those who have underwent a
bariatric surgery procedure [54,68].
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Figure 1. Proposed indications for DXA screening and treatment in men.

The diagnosis of osteoporosis in men can also be done on a clinical basis, that is the
occurrence of spontaneous or low-trauma fractures (i.e., a fall from a standing height).
In this very case, the measurement of BMD becomes important not for the diagnosis of
osteoporosis, but for both determining the degree of bone loss and for following up on the
effects of the therapies.

Bone sites where DXA can be performed are the lumbar spine (L1–L4 on antero-
posterior projection), the hip (femoral neck or total proximal femur), and the forearm
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(33% radius of non-dominant forearm), if the hip and/or spine cannot be measured or
interpreted. Forearm BMD should be measured in the presence of hyperparathyroidism or
in very obese patients, whose weight go beyond the limit for the DXA table. Recently, the
International Society for Clinical Densitometry (ISCD) reported that TBS is associated with
hip and major osteoporotic fracture risk in men over the age of 50 years [69].

It is commonly accepted that low BMD is a very good indicator for selecting men who
need pharmacological treatment, particularly because the lower is BMD, the higher is the
efficacy of therapies [70]. Although the T-score (the number of standard deviation units in
relation to the young reference healthy population) represents a strong predictor of fracture
in men, the method to calculate it has been debated. Osteoporosis is identified by values
lower than –2.5 SD, both for females and males [71], but the T-score may vary depending
on whether it is calculated on the basis of female or male BMD reference ranges. Moreover,
in individuals younger than 50 years of age, the Z-score (the number of standard deviation
units in relation to the age-matched reference healthy population) is considered to be the
best parameter for evaluating the fracture risk [71].

The National Osteoporosis Foundation (NOF), the Endocrine Society, as well as the
Italian Society for Osteoporosis, Mineral Metabolism, and Bone Diseases (SIOMMMS)
recommend the use of a male-specific reference range [49,50,72], while the ISCD and the
International Osteoporosis Foundation (IOF) recommend the calculation of the T-score in
men on the basis of a young female normative database [69,73].

Roughly, each SD reduction in the T-score value doubles the risk of fracture both in
males and females, as far as BMD and fracture risk show an overlapping trend in the two
sexes. As a matter of fact, if a T-score of –2.5 SD identifies a high relative risk of fracture for
women using a female reference range, it is reasonable that the same relative risk will be
found at the same T-score threshold for men using a males-derived reference range. The
suggestion for using sex-specific reference database rests on this assumption [30].

On the other hand, the argument for using a female-derived reference database is
that men have a risk of fracture that is generally lower than women. Therefore, the same
T-score threshold will give back an identical absolute risk of fracture in males and females
only if it is calculated on the same reference range population (i.e., 25–30-year-old young
women). However, as men have bigger bones than women, by using a female reference
range, we would underestimate the rate of osteoporosis in men. In this very case, as the
value of BMD, rather than T-score, is the real determinant of absolute fracture risk, a lot
of men would not be offered a proper treatment because they are not classified as having
osteoporosis [30].

In conclusion, the use of a male-based reference database appears to be more appro-
priate and it allows treating a higher number of patients consistently with epidemiological
data on fracture incidence in men [74–77].

7. Laboratory Testing for Differential Diagnosis

Secondary osteoporosis is reported to be more frequent in men than in women, rating
up to 60% of all the cases (Table 1). As mentioned above, the most common causes
of male osteoporosis are corticosteroids use, unhealthy lifestyle (i.e., smoking and/or
high alcohol consumption), primary or secondary hypogonadism, vitamin D deficiency,
and low calcium intake. Albeit less frequently, other diseases or conditions may cause
osteoporosis in men [78]. Therefore, it is important to rule out all of these possible causes,
even though the cost-effectiveness of laboratory testing for evaluating osteoporosis in men
is still unclear [79].
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Table 1. Conditions described as inducing osteoporosis in men.

Medications

Long term glucocorticoid therapy
GnRH agonists or analogs

Cytotoxic agents
Anticonvulsants

Excessive thyroxine doses
Heparin

Immunosuppressive agents (cyclosporine)
Antiretroviral therapy for HIV
Use of tricyclic antidepressants

Diseases

Endocrine
Hypogonadism, Hyperparathyroidism, Cushing’s syndrome, Type 1 and type 2 diabetes,

Hyperthyroidism, Acromegaly, GH deficiency, Delayed puberty
Chronic liver diseases, Inflammatory bowel disease, Celiac disease

Rheumatologic
Rheumatoid arthritis, Systemic lupus erythematosus, Systemic sclerosis, Ankylosing spondylitis

Hematologic
Lymphoma and Leukemia, Multiple myeloma, Systemic mastocytosis

Renal
Chronic renal failure, Renal tubular acidosis, Idiopathic hypercalciuria, Nephrolithiasis

Pulmonary
Chronic obstructive pulmonary disease (COPD)

Neurologic
Parkinson’s disease, Neuromuscular disorders

Genetic
Hypophosphatasia, Osteogenesis Imperfecta, Cystic fibrosis, Thalassemia

Other
Organs transplantation, Hemochromatosis, HIV infection, Bariatric surgery procedures

Lifestyle Habits

Low calcium intake and/or Low protein intake
Sedentary lifestyle
Cigarette smoking

Heavy alcohol consumption
High caffeine intake

Others

Ageing
Family history of osteoporosis or fracture in first-degree relatives

Personal history of fracture as an adult
Low bone mineral density

Vitamin D deficiency
Low BMI (<18 kg/m2)

Long-term immobilization and/or Decreased mobility and/or Sarcopenia

In all the men diagnosed with osteoporosis, both a complete history and physical
examination should be done in order to find clues of possible secondary osteoporosis.

A targeted laboratory assessment based on history and a physical exam will allow for
the diagnosis of the presence of secondary causes. The measuring of complete blood count,
alkaline phosphatase, liver function, serum calcium, phosphate, creatinine, estimated
glomerular filtration rate, 25-hydroxyvitamin D [25(OH)D], total testosterone, and 24-h
urinary calcium excretion should be considered. According to the history of the patients
and/or to specific biochemical-clinical or phenotypic aspects, testing should include index
exams for the suspected disease, such as calculated free testosterone, luteinizing hormone
(LH), serum protein electrophoresis, tissue transglutaminase antibodies, PTH, or TSH [50].
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Other guidelines have highlighted the need of ruling out Cushing syndrome by a 24-h
urinary cortisol and/or dexamethasone suppression test [72].

A recent study has shown that most recommended laboratory tests prescribed to
assess and achieve a differential diagnosis of metabolic bone diseases are unlikely in older
men, except perhaps for vitamin D and alkaline phosphatase dosages [80].

Although more evidence-based data are needed in order to validate the role of lab-
oratory tests, we must be aware that male osteoporosis is frequently due to other condi-
tions that must be diagnosed and cured. A correct laboratory approach before stating
anti-osteoporosis therapies should be considered as a cornerstone in the management of
osteoporosis in men [81].

8. Pharmacotherapies of Osteoporosis in Men

Gendered medicine represents an important concept in order to appropriately set
up the most effective, patient-centered, treatment option. Unfortunately, since most of
the randomize controlled trials (RCTs) for anti-fracture drug development have been
performed in post-menopausal women, currently, there is not a universally shared and
validated strategy for therapeutic decision-making in men [3,50]. In fact, most of the RCTs
performed in men considered the change in BMD as a primary end point, since they were
not powered to assess the reduction in fracture risk. The overall results from these RCTs
exhibited effects on BMD, bone turnover, and trends in fracture reduction similar to those
reported in larger registration RCTs in postmenopausal women [82–84]. Indeed, it should
always be taken into consideration that up to 60% of male subjects with a diagnosis of
osteoporosis may suffer from a secondary form, and that the correction of the secondary
cause must always be pursued.

Based on a cost-effectiveness analysis by the NOF, subsequently endorsed by the
Endocrine Society, the following treatment indications have been recommended for men:
(a) presence of hip or vertebral fracture without major trauma; (b) subjects without fragility
fractures but showing lumbar spine and/or hip BMD −2.5 SD below the mean of nor-
mal young males; (c) individuals undergoing long-term glucocorticoid therapy with
>7.5 mg/dL daily of prednisone or equivalent for more than 3 months; (d) diagnosis
of osteopenia in men whose lumbar spinal and/or hip BMD T-score values range be-
tween −1.0 and −2.5 SD with a FRAX risk-calculated 10-year fracture probability equal or
greater than 3 and 20%, respectively, for hip and major osteoporotic fractures, although
this approach may underestimate the fracture risk [50,81,85].

As reported in studies in post-menopausal osteoporotic women, where the use of
antiresorptive/anabolic drugs lacking in adequate calcium and vitamin D intake is not
evidence based, calcium and vitamin D supplementation should also be considered in men
as a fundamental part of all pharmacological treatments of osteoporosis [3,50,81,84]. Bone
active agents currently approved for the pharmacological therapy of male osteoporosis
consist of antiresorptive agents, such as aminobisphosphonates (NBPs) or denosumab and
the osteoanabolic agent teriparatide (Table 2).

Table 2. Currently approved drugs for the treatment of osteoporosis in men.

Drug Administration Route
Dose

Effect on
BMD

Fracture Risk Reduction in Specifically Designed RTCs

Vertebral Non-Vertebral Hip

Alendronate
Oral

10 mg/day
70 mg/week

Yes
No (Yes)

(only in a meta-analysis of
RCTS) [86]

No No

Risedronate

Oral
5 mg/day

35 mg/week
75 mg/twice a month

Yes
No (Yes)

(only in an open-label
study) [87]

No (Yes)
(only in an

open-label study)
[87]

No
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Table 2. Cont.

Drug Administration Route
Dose

Effect on
BMD

Fracture Risk Reduction in Specifically Designed RTCs

Vertebral Non-Vertebral Hip

Ibandronate Oral
150 mg/month Yes No No No

Zoledronate Intravenous injection
5 mg/year Yes Yes No No

Denosumab
Subcutaneous injection
60 mg/every 6 months Yes

No (Yes)
(only in men receiving
androgen deprivation

therapy for
non-metastating prostate

cancer) [88]

No No

Teriparatide Subcutaneous injection
20 µg/day Yes

No (Yes)
(follow-up analysis of a

RCT, with a risk reduction
close to statistical
significance) [89]

No No

8.1. Antiresorptive Agents

This class of drugs mainly includes oral NBPs (alendronate, risedronate, and iban-
dronate), intravenous NBPs (zoledronate and ibandronate), and denosumab.

8.1.1. Amino-Bisphosphonates (NBPs)

Either oral alendronate or risedronate were demonstrated to be effective in increasing
BMD and decrease bone turnover markers in osteoporotic men [90–94]. As mentioned
above, these clinical studies were not designed or powered to assess anti-fracture efficacy.
However, subsequent meta-analyses of these RCTs data evidenced that alendronate is
effective in reducing the risk of vertebral fractures in men with low bone mass or fractures,
but there is no sufficient evidence demonstrating a significant effect on non-vertebral
fractures [86]. Likewise, open-label studies with risedronate revealed that it reduces the
incidence of a new vertebral fracture by 60% and of non-vertebral fractures by 47% in
men with primary or secondary osteoporosis versus placebo [87]. Currently, different oral
formulations of alendronate (10 mg daily or 70 mg weekly) or risedronate (5 mg daily,
35 mg weekly, or 150 mg monthly) are available on the market. A single RCT assessed the
efficacy of oral ibandronate (150 mg once-monthly) in 132 men with primary, idiopathic,
or hypogonadism-related low bone density [95]. At 1 year of treatment, ibandronate
significantly increased BMD at the lumbar spine or hip and significantly reduced bone
turnover marker levels as compared with placebo.

A more recent RCT, designed with fracture end points, has been performed in order
to assess the efficacy of intravenous zoledronate (yearly 5 mg infusion) on the preven-
tion of fractures in a large cohort of 1199 men aged 50 years or older, with primary or
hypogonadism-associated osteoporosis [96]. After 2 years, zoledronate-treated patients
had a significant 67% reduction in the relative risk of one or more new morphometric ver-
tebral fractures versus the placebo group. Interestingly, the rates of nonvertebral fracture
were also consistently lower with zoledronate than with placebo, showing similar point
estimates to those reported in larger studies on women. Moreover, the effects of therapy on
BMD, bone turnover markers, and the reduction in vertebral fracture risk were shown to
be similar to the results of the pivotal trials in postmenopausal women, further supporting
the fact that this agent is effective in both genders. Indeed, the same conclusion had been
reached the year before by a gender-specific analysis of the HORIZON RFT trial [97].

Overall, either oral or intravenous NBPs have been demonstrated to be generally
well tolerated in osteoporotic males, with adverse events similar both in type (upper
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gastrointestinal symptoms with oral compounds and acute phase reaction in up to 40% of
cases with the first zoledronate infusion) and occurrence rate, as observed in females. Other
complications associated with long-term NBPs treatment regimens such as osteonecrosis of
the jaw and atypical femoral fractures were shown to be very rare.

8.1.2. Denosumab

Denosumab, the monoclonal antibody against the receptor activator of nuclear factor–
kB ligand (RANKL), has a well-documented antiresorptive activity on bone. Following
the positive results of RCTs in postmenopausal women [84], an RCT in men was firstly
directed at subjects receiving androgen deprivation therapy (ADT) for non-metastatic
prostate cancer [88]. In these subjects, the standard dosing regimen of subcutaneous 60 mg
denosumab, every 6 months, reduced bone turnover, increased BMD, and significantly
reduced the incidence of new vertebral fractures at 36 months. Interestingly, always in
prostate cancer patients, a subsequent trial using higher denosumab dosages of 120 mg
every 6 months demonstrated a delay in the occurrence of bone metastasis [98].

The results emerging from a subsequent 12-month RCT in men with low BMD, show-
ing significant increases in both lumbar and femoral BMD over placebo (5.7% and 2.4%
increases at 12 months, respectively), caused the U.S. Food and Drug Administration
(FDA) and European Medicines Agency (EMA) to extend the use of denosumab (60 mg
subcutaneously, every 6 months) to all male subjects at a high risk of fracture [99]. As
for zoledronate, the effects of denosumab on BMD were similar to those reported in the
larger RCTs in postmenopausal women with osteoporosis, where efficacy in the prevention
of vertebral and non-vertebral fractures was also demonstrated. Likewise, as reported
for NBPs, for denosumab, the incidence of adverse events was similar to that reported in
women. These mainly include increases risk of eczema and cellulites in the first years of
treatment. Moreover, long-term denosumab treatment has also been associated with jaw
osteonecrosis and atypical femoral fractures. Recently, some concerns have been raised for
the possible rebound of bone turnover and the associated risk of multiple vertebral frac-
tures after denosumab discontinuation, but while this has been rarely described in women
(particularly in case of a prevalent vertebral fracture before denosumab initiation) [100],
the corresponding information in men is lacking.

8.2. Bone Anabolic Agents

Despite this, different bone anabolic agents (teriparatide, abaloparatide, and ro-
mosozumab) are actually approved in most countries for the treatment of postmenopausal
osteoporosis; the only available osteoanabolic agent approved worldwide for the treatment
of osteoporosis in men is teriparatide, the 1–34 amino terminal fragment of the intact PTH
molecule. The therapeutic efficacy of this drug in men has been demonstrated in different
clinical trials [89,101–103].

A significant increase in vertebral BMD in middle-aged men with primary osteoporo-
sis was observed in a pilot study using daily subcutaneous injections of teriparatide for
12 months [103]. Subsequently, a small study was specifically designed to address the
efficacy of teriparatide in 23 middle-aged men with idiopathic osteoporosis and markedly
reduced bone formation indexes at histomorphometry, 78% of whom had sustained fragility
fractures [101]. After 18 months, active treatment with teriparatide (400 IU daily subcuta-
neous injections) was associated with important increases in both lumbar spine and hip
BMD, together with increases in bone turnover markers. In a larger, placebo-controlled
RCT, performed on a mixed sample of 437 men with idiopathic osteoporosis, age-related os-
teoporosis, or osteoporosis secondary to hypogonadism, two different teriparatide dosages
(20 and 40 mcgs/day) were compared versus placebo [102]. Albeit the study was stopped
at 11 months (because of a finding of osteosarcomas in rats in routine toxicology studies), a
significant increase in BMD was observed in both active treatment groups over placebo
(5.9% with 20 mcgs and 9.0% with 40 mcgs at the lumbar spine, and 1.5% and 2.9%, with
20 mcgs with 40 mcgs, at the hip, respectively). Consistent with the anabolic activity of
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this drug, bone formation markers significantly increased during treatment, with a greater
extent than bone resorption markers. The response to teriparatide was to be similar and
independent from gonadal status, age, baseline BMD, and body mass index. Adverse
events such as nausea, headache, and dizziness were similar in the placebo and 20-mcg
groups, while they were more frequent in the 40-mcg group.

As for oral NBPs, these trials were not designed to have fractures as an end point, but
an indication for a reduction in vertebral fracture incidence has emerged in the 18-month
follow-up analysis of the latter RCT, with a 51% risk reduction, close to statistical signifi-
cance, in those subjects previously treated with teriparatide [89]. In a subsequent trial in
glucocorticoid-induced osteoporosis, including both sexes, teriparatide treatment revealed
to be superior to alendronate in increasing BMD and preventing fractures in the overall
cohort [104]. However, the male-specific analysis, likely due to the limited sample of males,
did not to achieve statistically significant differences [105].

Albeit current evidence suggests that NBPs or denosumab should be recommended
as first-line pharmacotherapy in osteoporotic men [50], from at least a theoretical point of
view, osteoanabolic teriparatide regimens would represent a more logical approach in men
with idiopathic osteoporosis and low bone turnover [30]. This is also the case for some
forms of secondary osteoporosis, such as glucocorticoid-induced osteoporosis [104,105] or
in type 2 diabetes osteopathy [106], whose pathogenic mechanisms are mainly linked to
impaired bone formation.

8.3. Bone Anabolic Agents Testosterone Replacement

Testosterone replacement therapy (TRT) may be considered in patients with hypog-
onadism, which is a major cause of secondary osteoporosis in men. As any replacement
therapy, there is no role for testosterone therapy in eugonadal men. Although men with the
lowest serum T concentrations have been shown to achieve the greatest increase in BMD,
scarce data are available on fracture risk [107]. Notwithstanding the well-known positive
effect of androgens on periosteal bone, TRT has only a moderate effect on lumbar BMD
(≈2% increase) and a scarce effect on femur BMD [108].

The possible negative effect of T on the risk of prostate cancer and cardiovascular
events in elderly patients is still a matter of debate and, therefore, the risk/benefit ratio of a
long-term TRT in these individuals is still unknown [109]. Indeed, a recent case-crossover
study comparing 6-month T use for 39,622 subjects concluded that men without cancer
prescribed testosterone therapy had approximately twice the risk of venous thromboem-
bolism within the 1-, 3-, and 6-month case periods compared with the equivalent control
periods 6 months earlier, with some evidence that the association was more pronounced
among younger men [110].

Importantly, the antiresorptive and osteoanabolic agents available in men have been
demonstrated to be effective in preventing BMD decrease even in hypogonadal patients.
As a consequence, the Endocrine Society’s recommendations suggest the use of bispho-
sphonates and other approved therapies for hypogonadal men [50]. The possible use of
bone active therapy may be considered even in hypogonadal men at high risk of fracture,
who are already treated with T for hypogonadal symptoms. On the other hand, using
androgen replacement as ‘bone drug’ should be considered in hypogonadal men (i.e., T
levels <200 ng/dL) with hypogonadal symptoms (i.e., low libido, hot flushes, unexplained
chronic fatigue who are symptomatic), and in whom the approved pharmacological agents
for male osteoporosis cannot be used due to contraindications.

9. Future Treatments
9.1. Selective Estrogen Receptor Modulators (SERMs) and Selective Androgen Receptor
Modulators (SARMs)

The action of estrogens on the male skeleton (i.e., achievement of peak bone mass,
regulation of bone turnover and prevention of bone loss) has suggested the administration
of drugs with an estrogenic action on bone, such as SERMs, also in men, in order to
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prevent bone loss [3]. SERMs administered in males with low estrogen levels reduced bone
resorption markers [111], and, in hypogonadal males under androgen deprivation therapy
for prostate cancer, they prevented bone loss and halved the risk of vertebral fractures in
respect to placebo [112].

The action of androgens on bone is mainly due to the enhancement of periosteal
apposition, to the anabolic effect on muscle mass, and to their peripheral conversion into E.
From a theoretical point of view, the SARMs may represent an ideal drug, as, by allowing
a tissue-selective interaction with the androgen receptor, they can exert an optimal effect
on bones and muscles, with less involvement of other tissues such as prostate, heart, and
kidney [3]. The studies with SARMs, however, did not show particular advantages, while
some toxic effects were reported [3].

9.1.1. New Antiresorptive Drugs

The bone resorption process is characterized by three phases: Adhesion of osteoclasts
to the bone surface in order to have the resorption lacuna; Acidification of the resorption
lacuna in order to dissolve the mineral component of bone; Degradation of the bone
matrix through the release of proteolytic enzymes [113]. Cathepsin K (CK) is a lysosomal
protease released by active OCs (osteoclasts) during bone resorption for the degradation
of the organic matrix. As CK does not affect the production of OB-stimulating factors,
it is reasonable that CK-inhibitors may exert a lower inhibition of bone formation than
N-BPs or denosumab [114]. Odanacatib was the first CK-inhibitor used in clinical studies
on osteoporosis, and it showed a good efficacy in suppressing bone resorption markers, in
increasing BMD, and in reducing fracture risk, together with a lower inhibition of bone
formation. Unfortunately, an unexpectedly increased risk of stroke stopped the clinical
development of Odanacatib, but there are other CK-inhibitors that are under study.

Vacuolar H+-ATPases (V-ATPases) of the OC ruffled border are essential for the
acidification of the resorption lacunae and for the dissolution of the bone mineral, thus
allowing proteases digestion of the bone matrix protein. Although V-ATPases are ubiq-
uitous proton pumps, some drugs targeting osteoclast-ruffled border V-ATPases have
been identified [115], and they showed an ability to prevent bone loss in ovariectomized
mice [116].

Src proto-oncogene is a member of the tyrosine kinases, which are highly expressed in
OCs. Src proto-oncogene contributes to the OCs’ survival and to the development of their
ruffled border. In animal models, the Src proto-oncogene inactivation causes increased BMD
and osteopetrosis [117]. The reduction in Src proto-oncogen expression has been suggested
to increase OB differentiation and bone formation [118]. Saracatinib is a competitive
inhibitor of Src kinase. This agent induces the in vitro inhibition of OC formation and
activity. In addition, in a phase I trial in healthy men, saracatinib administration led to a
dose-dependent reduction in bone resorption markers, without both significant effect on
bone formation markers and serious adverse events [119].

9.1.2. New Anabolic Drugs

Drugs counteracting physiological antagonists (i.e., sclerostin, dickkopf-1 (DKK-1),
secreted frizzled-related proteins) of the Wnt–β-catenin signaling pathway are studied as
targets for new anabolic agents.

For the coupling mechanisms between bone formation and resorption, the antire-
sorptive therapy with suppression of osteoclast (OC) activity is followed by a subsequent
reduction in bone formation, while the anabolic therapy with an activation of osteoblast
(OB) activity is followed by a subsequent increase in bone resorption, the latter limiting the
anabolic window of treatment with anabolic drugs such as teriparatide or abaloparatide.
In the last years, some molecules that act in uncoupling bone formation and resorption,
thus having a combined anabolic and antiresorptive effect on bone, have been studied,
and, among these romosozumab, a monoclonal antibody against sclerostin has been mar-
keted at least in some countries for the treatment of postmenopausal osteoporosis. In a
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phase III randomized placebo-controlled trial in men, the treatment with romosozumab
induced a significantly higher increase in spine and hip BMD than placebo, over a period
of 12 months [120]. Cardiovascular adverse events with romosozumab treatment have
raised concerns regarding the safety of this drug, therefore a deep re-evaluation of the data
is ongoing.

Apart from romosozumab, other monoclonal antibodies against DKK-1 have been
developed [121]. Recently, a bispecific heterodimeric antibody targeting both sclerostin
and DKK1 have been created and, in animal models, it has induced larger increases in bone
mass and bone strength than with either romosozumab or DKK1-Ab treatment alone [122].

Sirtuins (Sirt) are considered to be the master regulators of several cellular processes,
and mice with Sirt1 deletion in osteoprogenitor cells suffer from an impaired bone forma-
tion and consequentially reduced cortical bone mass [123]. Sirt1 seems to be a positive
regulator of bone formation and resveratrol; moreover, a Sirt1 activator induced an increase
in bone formation markers and bone mass in elderly obese men [124].

Nitric Oxide (NO), through the activation of soluble guanylate cyclase (sGC), promotes
OB proliferation and survival. Cinaciguat, a sGC activator, increased bone formation
and improved indices of bone microarchitecture in animal models [125]. Insulin, via
the NO/sGC pathway, favors OB proliferation and survival, and, accordingly, in type 1
diabetes, bone damage seems to be due to a reduction in bone formation [126]. In animal
models with type 1 diabetes, treatment with cinaciguat, increased OB proliferation, and
survival with a final increase in bone mass [127].

9.1.3. New Drugs with Dual Action, Anabolic, and Antiresorptive Activity

Activin A is a protein of the extracellular bone matrix and belongs to the TGFβ/BMP
superfamily. It plays a role in osteoclastogenesis and also negatively regulates OB differenti-
ation. Serum levels of activin A are higher in postmenopausal women with osteoporosis in
respect to women without osteoporosis [128]. Activin A antagonists have been suggested
for having a dual anabolic–antiresorptive effect on bone [129]. Sotatercept, an activin A
antagonist, increased bone formation and reduced bone resorption in primates [130], and,
in healthy postmenopausal women, it induced an increase in bone formation, together
with a reduction in bone resorption markers [131].

Semaphorins regulate cell–cell interactions, cell adhesion, and motility in several
tissues, and, in the bone, semaphorin signaling is involved in the communication between
cells such as OBs and OCs. Semaphorin 3A, secreted by OBs and OCs, stimulates bone for-
mation and inhibits bone resorption, as shown in animal models treated with Semaphorin
3A [132]. On the contrary, semaphorin 4D, secreted by OCs, which reduces bone formation
and increases bone resorption and bone loss, was prevented in animal models treated
with antisemaphorin 4D antibodies [133]. Agonists of semaphorin 3A and antagonists of
semaphorin 4D should be investigated as drugs for osteoporosis.

Hydrogen sulfide (H2S) has several physiological effects in different tissues, and, in
cellular and animal models, it inhibits OC activity and, consequently, bone loss and stimu-
lates osteoblastic differentiation, thus increasing bone formation [134]. A drug combining
alendronate, which has a high affinity for bone matrix, with H2S-releasing substances
has been developed, thus combining the bone anticatabolic and anabolic functions. The
preliminary cellular data are interesting [135].

The kynurenine (Kyn) pathway, which is part of the tryptophan degradation pathway,
seems to play a role in the osteogenic differentiation and osteoclastic activity [136]. Blocking
this pathway in cellular and animal models reduced OB differentiation and increased OC
number with consequent osteoporosis [137], while administering picolinic acid, the end-
product of the Kyn pathway, determined a strong osteogenic effect with increased bone
formation [138]. Substances interfering with tryptophan metabolites could be developed
as drugs with a dual antiresorptive and anabolic action on bone.
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10. The Management of Osteoporosis Men

The proposed indications for DXA screening and treatment in men are summarized
in Figure 1. While the BMD determination by DXA is recommended for all men above 70
years of age, in younger individuals, the screening for osteoporosis is recommended in the
presence of incident fragility, fractures, and/or of one major risk factor among delayed
puberty, hypogonadism, hyperparathyroidism, hyperthyroidism, chronic obstructive pul-
monary disease, use of glucocorticoids or ADT, alcohol abuse and smoking habit, or other
causes of secondary osteoporosis (Table 1). Treatment with bone active drugs is always
recommended in the presence of a recent fragility fracture. In non-fractured patients above
50 years of age, an anti-fracture treatment is recommended in the presence of a BMD T-score
below −2.5 or below −2.0 in diabetic patients, or in the presence of glucocorticoid therapy,
ADT, a risk of major osteoporotic fractures above 20%, or of hip fractures above 3%, as
evaluated by Frax score. In non-fractured patients below 50 years of age, an anti-fracture
treatment is recommended in the presence of a BMD Z-score below −2.0.

Nowadays, male osteoporosis is still underestimated and underdiagnosed with the
logical consequence that, often, men are not offered an adequate treatment. This lack of
adequate management of osteoporosis in men may have an impact on the health-related
life quality (HRQoL) in these patients. A recent systematic review and meta-analysis (of
14 and 10 studies, respectively) showed that men with osteoporosis had a lower HRQoL
than men without osteoporosis, with hip fracture, vertebral fractures, or wrist fractures
severely impairing HRQoL of men. Interestingly, BMD at spine and femur was positively
correlated with HRQoL, and effective anti-osteoporotic drugs could improve the HRQoL
of men [139].

The strengths of the present study are firstly related to the fact that it includes not only
the available evidence regarding the risk factors and the crucial elements for diagnosing
and treating osteoporosis in men, but also some potential recommendations regarding how
to manage this condition in a real life setting. Secondly, the present review sheds light on
the future possibilities for the treatment of osteoporosis in men.

However, this study has the limitation of being a narrative review rather than a
systematic review, and, consequently, a selection study and information bias could not be
excluded. Accordingly, the proposed flow-chart on the management of osteoporosis in
men has to be considered an expert position, rather than evidence-based guidelines, since
the Grading of Recommendations Assessment, Development and Evaluation (GRADE)
system has not been adopted. Consequently, this study does not aim to change the medical
practice on the basis of literature evidence.

11. Conclusions

Notwithstanding the several weaknesses of the data regarding the pharmacological
prevention of fractures in men, some of the available therapies may exert an important
effect in males as well as they do in females. Nevertheless, as fractured men have a higher
morbidity and mortality than fractured women, a prompt diagnosis and a consequent
treatment appear to be crucial in this population.

Recent studies, both basic and translational, have paved the way for new acquisitions
in the pathophysiology of skeletal metabolism, identifying or suggesting a role of “new”
molecules and “new” molecular pathways for bone health, both in females and in males.
There are hopes for future therapeutic agents that will reduce bone fragility and fracture
risk with the possible result of decreasing mortality in men with osteoporosis.
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