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Abstract

Historically, osteoporosis has been viewed as a disease of women, with 
research, trials of interventions and guidelines predominantly focused 
as such. It is apparent, however, that this condition causes a substantial 
health burden in men also, and that its assessment and management 
must ultimately be addressed across both sexes. In this article, an 
international multidisciplinary working group of the European Society 
for Clinical and Economic Aspects of Osteoporosis, Osteoarthritis and 
Musculoskeletal Diseases presents GRADE-assessed recommendations 
for the diagnosis, monitoring and treatment of osteoporosis in men. 
The recommendations are based on a comprehensive review of the 
latest research related to diagnostic and screening approaches for 
osteoporosis and its associated high fracture risk in men, covering 
disease burden, appropriate interpretation of bone densitometry 
(including the use of a female reference database for densitometric 
diagnosis in men) and absolute fracture risk, thresholds for treatment, 
and interventions that can be used therapeutically and their health 
economic evaluation. Future work should specifically address the 
efficacy of anti-osteoporosis medications, including denosumab and 
bone-forming therapies.
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<−3 (ref. 21). In terms of treatment choices, bisphosphonates are widely 
advocated20,22, with teriparatide recommended for men with multiple 
vertebral fractures and denosumab for men with prostate cancer21.

The management of osteoporosis in men is also included in general 
osteoporosis guidelines23–26 but there is no clearly defined timetable 
for periodic revision of these recommendations and no consensus on 
the approach to management, leading to vast variation in the treat-
ment of men with osteoporosis across the globe. This state of affairs 
clearly highlights the need for a new guideline informed by the latest 
developments in research and up-to-date expert opinion.

This Evidence-Based Guideline article documents the devel-
opment and presentation of recommendations for the diagnosis, 
monitoring and treatment of osteoporosis in men, undertaken by an 
international working group.

Methods
In February 2023, the European Society for Clinical and Economic 
Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases 
(ESCEO) convened a working group to address the issue of ‘Osteoporo-
sis in Men’. The working group included clinicians (rheumatologists, 
endocrinologists, orthopaedic surgeons), epidemiologists, public 
health and regulatory experts from at least 18 countries across three 
continents. At the meeting, the latest evidence regarding osteoporosis 
in men was reviewed and was synthesized with expert opinion to inform 
a GRADE (Grading of Recommendations Assessment, Development and 
Evaluation)27 assessment of statements for the diagnosis, monitoring 
and treatment of osteoporosis in men. A session was held specifically 
for patient representation.

Literature search
Literature searches were performed (by B.A., C.B., O.B., N.R.F., N.C.H., 
M.H., J.A.K., J.M.K., J.Y.R. and R.R.) and the results were presented to the 
working group in a series of sessions, including sessions on screening 
and diagnosis, health economic aspects, patient perspectives (from 
patient representatives) and therapeutic interventions (a systematic 
review of the latter has been published28). This evidence, together with 
expert opinion, was used to inform the GRADE assessment.

Grading of recommendations
After reviewing the evidence, the working group undertook a GRADE 
assessment to determine recommendations for the diagnosis, screen-
ing, treatment and monitoring of men with osteoporosis. For clarity, 
this GRADE assessment is not that used in the assessment of studies for 
meta-analysis, but has been modified for producing consensus around 
recommendations (and has been previously described29).

The GRADE process involved expert members of the working 
group (n = 28) grading a list of statements (which had been formulated 
by the core writing group ( J.Y.R., R.R., O.B., C.B., N.C.H. and N.R.F.) on 
the basis of a preliminary review of the evidence) (Supplementary 
Table 1) with a level of agreement (‘agree’ or ‘disagree’) and a strength 
of recommendation (‘recommended’ or ‘not recommended’, rated as 
‘strong’ or ‘weak’ depending on the extent to which the member agreed 
with the statement) based on the considered quality of evidence, mag-
nitude of effect, risk-to-benefit ratio, health economic data, values and 
preferences. Working group members were allowed to choose the most 
appropriate category and there was one round of voting. If members 
did not feel that the statement fell within their area of expertise it was 
graded ‘Not qualified’ and if a response was not provided the statement 
was graded ‘Not recorded’.

Introduction
Osteoporosis is a condition characterized by loss of bone mass and 
impaired bone microarchitecture that leads to a substantially increased 
risk of fracture. It is a highly prevalent, though often neglected, condi-
tion, which primarily affects women1. However, since the operational 
definition of osteoporosis was established in the 1990s2 there has been 
relative uncertainty regarding the disease in men3, which has led to 
underdiagnosis of the condition and consequent undertreatment of 
this population4. This underdiagnosis persists, despite a backdrop 
of a considerable5,6 and increasing7 global burden of osteoporosis in 
men, which is associated with not only substantial morbidity but also 
excessive mortality compared with women with osteoporosis8.

It is estimated that in many populations one in five men over the 
age of 50 years will experience an osteoporotic fracture in their remain-
ing lifetime5,6. As global populations age and expand, the number of 
fractures is expected to rise by 310% between 1990 and 2050 (ref. 7). 
The risk of hip fractures is greater in women than in men, but the gap 
lessens with increasing age9. In the Dubbo Osteoporosis Epidemiol-
ogy Study the ratio of hip fracture incidence rates between men and 
women was 1:4.5 (95% CI 1.3–15.7) at age 60–69 years, 1:1.5 (95% CI 
0.9–2.5) at age 70–79 years and 1:1.9 (95% CI 1.2–2.8) at age ≥80 years10. 
The prevalence of forearm fractures (using EU27 data from 2010) was 
approximately four times higher in women than in men (0.4% versus 
0.1% of the population at risk)11, with a risk ratio of 4.5 between the sexes 
at the age of 50 years5.

Mortality rates also differ between the sexes, with men being at a 
substantially higher risk of death following a fracture than women, 
a difference thought to be attributable to excess comorbidity and 
infection rates12. In a group of older adults ≥60 years of age, inpa-
tient mortality (median length of stay for survivors was 8 days with 
an interquartile range of 6–13 days) following a hip fracture was 10.2% 
in men compared with 4.7% in women, and 1-year mortality was 37.5% in 
men compared with 28.2% in women13. This elevated risk might persist 
for over 10 years14.

Age-related alterations to bone microarchitecture are differen-
tially distributed across bone compartments in men and women. With 
increasing age, men experience trabecular bone loss driven largely by 
loss of trabecular thickness15,16 but with connectivity intact, whereas 
women lose trabecular connectivity17,18. Skeletal ageing in men is also 
associated with reductions in cortical bone mineral density (BMD) 
with increasing, and encroaching, trabecularization of the cortex and 
periosteal apposition19.

Although the majority of guidelines pertaining to the manage-
ment of osteoporosis focus on women, specific guidelines for osteo-
porosis in men do exist, such as the Endocrine Society 2012 clinical 
practice guideline20, 2021 French recommendations from the Groupe 
de Recherche et D’Information sur les Ostéoporoses (GRIO) in collabora-
tion with La Société Française de Rheumatologie (SFR)21, and the Danish 
Endocrine Society–National Board of Health 2020 recommendations22. 
The Endocrine Society guideline recommends treatment for men 
‘at high risk of fracture’, including (but not limited to) those with a his-
tory of fragility fracture of the hip or vertebra, men with a BMD 2.5 (or 
more) standard deviations below the mean value for normal young white 
men (using young white men as the reference population) or those in 
the USA with BMD within the osteopenic range and a 20% 10-year risk of 
major osteoporotic fracture or 10% risk of hip fracture20. SFR–GRIO rec-
ommends a ‘1,2,3 approach’ with an intervention threshold T-score <−1 
for a man with a severe osteoporotic fracture and a T-score <−2 for a man 
with any fracture, and recommend treatment for any man if the T-score is 
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Statements addressed the appropriateness of using a reference 
database of women in the context of densitometric diagnosis of osteo-
porosis in men, using FRAX to assess fracture risk and in the setting 
of intervention thresholds (and whether these thresholds should be 
age-dependent), and the role of previous fracture in determining the 
decision to treat.

Treatment decisions were addressed in statements referring to the 
need for vitamin D and calcium repletion, first-line use of oral bisphos-
phonates, second-line use of zoledronate or denosumab and sequential 
therapy with bone-forming agents (or first-line use of these agents 
in accordance with regulatory authorities). The recommendation of 
physical activity and balanced diet was also covered.

Monitoring was addressed in statements regarding the use 
of bone turnover markers to monitor adherence and measurement of 
serum testosterone in pre-treatment assessment (together with the 
appropriateness of hormone replacement therapy).

Approaches to fracture risk assessment in men
BMD and absolute fracture risk
The original WHO consensus definition set the densitometric threshold 
for osteoporosis as an areal BMD of 2.5 standard deviations or more 
below the mean value for healthy young women, derived from the 
NHANES reference range30. This definitional approach has led to ques-
tions regarding whether the densitometric threshold for osteoporosis 
should be the same for men as for women31–33. Given that absolute BMD 
is on average higher in men than in women, it follows that using the 
same threshold and reference range in both sexes will lead to a lower 
prevalence of osteoporosis in men than in women. This approach seems 
appropriate, given the lower risk of fracture, on average, in men than 
in women. Furthermore, evidence suggests that the risk of hip fracture 
is very similar between sexes for a given absolute BMD, supporting the 
use of a common threshold and reference range31,33. Indeed, the gradient 
of risk (hazard ratio for fracture per unit decrease in BMD) is again very 
similar between men and women, and, in both sexes, the relative increase 
in fracture risk associated with a T-score of −2.5 declines with increasing 
age, because at older ages, a greater proportion of the population has a 
low T-score34. Finally, fracture risk varies substantially across the globe35, 
but BMD varies much less, suggesting that BMD contributes only part 
of the overall fracture risk. For example, the same T-score is associated 
with a different risk in Romania compared with that in Sweden36.

Thus, overall, the evidence supports the use of a common T-score 
threshold and the female NHANES reference range for both men and 
women. The question then arises of how best to incorporate BMD 
and other measures of risk into approaches to clinical risk assessment.

Although BMD is a reasonably specific marker of high fracture risk, 
it is not very sensitive. That is, people with a low BMD are individually 
at a high risk of fracture, but the majority of fractures happen in the 
population with a BMD above the T-score threshold of −2.5, simply 
because although they are at a lower risk of fracture individually, there 
are many more people in this population34. Thus, although BMD pro-
vides the definition of osteoporosis, it is only one of many risk factors 
for fracture. Improved capture of the risk associated with non-BMD 
risk factors enables improved risk prediction.

FRAX is a computer-based algorithm developed by the Sheffield 
WHO Collaborating Centre for Metabolic Bone Diseases and was first 
released in 2008 (ref. 37). The algorithm, intended for use in primary 
care, calculates fracture probability from easily obtainable clinical 
risk factors in men and women38. The output of FRAX is the 10-year 
probability of a major fracture (hip, clinical spine, humerus or wrist 

fracture) and the 10-year probability of hip fracture. Probability is cal-
culated from the risk of fracture and death according to age, BMI and 
dichotomous risk factors comprising prior fragility fracture, parental 
history of hip fracture, current tobacco smoking, long-term use of 
oral glucocorticoids, rheumatoid arthritis, other causes of secondary 
osteoporosis and excessive alcohol consumption. Femoral neck BMD 
can be optionally inputted to enhance fracture-risk prediction38. The 
clinical risk factors considered in FRAX represent risk that is at least 
partly independent of BMD, and that, as with BMD, could be partly 
reversible with anti-osteoporosis treatment.

FRAX probability, which can be calculated with or without BMD 
(and potentially supplemented with trabecular bone score, which per-
tains to a measure of bone microarchitecture39,40), thus presents a highly 
practicable metric with which to assess absolute fracture risk in an 
individual man or woman. However, the measure of risk by itself is of no 
use, unless it is linked to a decision regarding subsequent treatment with 
anti-osteoporosis medications. An intervention threshold is therefore 
required. Approaches to determining an intervention threshold are 
as much based on philosophy as on science, and necessarily encom-
pass consideration of equity, health economics, willingness to pay, 
availability and cost of medicines, burden of disease and health care 
provision34. Broadly speaking, intervention thresholds have generally 
been based on BMD and/or fracture probability, with the presence of 
a prior fragility fracture in an older person generally being viewed as 
an indication for assessment and treatment. A detailed exposition of 
the merits and demerits of the different approaches has been recently 
reviewed (in 2023) and is beyond the scope of this article34. At the funda-
mental level, a fixed BMD T-score threshold of −2.5 is associated with a 
progressively lower effect on relative fracture risk with increasing age, as 
average population T-score declines with age and in the oldest decades 
may be lower than −2.5 (ref. 34), and is clearly hampered by the issues of 
poor sensitivity described above. A fixed fracture probability threshold 
risks undertreatment of younger individuals and overtreatment of older 
individuals. In European guidance on the management of osteoporosis 
in postmenopausal women issued by ESCEO and the International 
Osteoporosis Foundation (IOF)41, which is supported by other guidelines 
including the UK National Osteoporosis Guideline Group (NOGG)23, 
the intervention threshold at a particular age is set at the age-specific 
probability of a future major osteoporotic or hip fracture within the 
next 10 years, conveyed by the presence of a prior fragility fracture, 
without consideration of BMD, other clinical risk factors being absent, 
and BMI being average. This method leads to an intervention threshold 
that rises with age. Importantly, as life expectancy might be <10 years 
at older ages, and because FRAX probability integrates risk of fracture 
with risk of death, the metric represents the lifetime probability of 
fracture. For reasons of equity in relation to individuals who have expe-
rienced a prior fragility fracture, the UK NOGG guidance incorporates 
a hybrid intervention threshold, which rises with age until the age of 
70 years and levels off thereafter. Given the marked variation in average 
fracture probability by country around the world, the age-dependent 
threshold approach, using specific country-calibrated FRAX models, 
ensures, together with health economic analyses, appropriateness for 
probability distributions in individual countries34.

The next question to arise is whether intervention thresholds 
should be the same in men and women. This approach has indeed 
been taken in the European (ESCEO–IOF) guidelines41, on the basis of 
equity (given that the metric represents absolute fracture risk), and that 
health economic analysis suggests that such an approach is similarly 
cost-effective in men and women.

http://www.nature.com/nrrheum
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Stratified targeting of anti-osteoporosis medications
Studies of both teriparatide and romosozumab have demonstrated 
greater and more rapid therapeutic effects with these anabolic agents 
than with oral antiresorptives42,43. Recognizing this development, and 
given the urgent need for therapeutic interventions in those at a very 
high risk of fracture, the ESCEO–IOF has recommended that individuals 
eligible for treatment be dichotomized into those at a ‘high risk’ and 
those at a ‘very high risk’ of fracture44,45. In this way, patients at a very 
high risk of fracture can be directed to the more expensive, but more 
efficacious, anabolic therapy first42,43,46,47, whereas those at a ‘high risk’ 
can be directed to an antiresorptive agent such as a bisphosphonate 
or denosumab45.

Consistent with the age-dependent approach to the intervention 
threshold, in the ESCEO–IOF approach a ‘very high risk’ can be defined 
as a fracture probability that lies above the upper assessment threshold 
(1.2 times the intervention threshold) after a FRAX assessment, with 
or without the inclusion of BMD (if BMD testing is unavailable)44,48. 
A similar, but hybrid, approach has been applied nationally in the UK 
NOGG recommendations49, in which the threshold is adapted to incor-
porate the constant probability threshold above the age of 70 years50. 
The next question to address is what attributes and clinical risk factors 
are associated with FRAX probabilities in the ‘low’, ‘high’ and ‘very high’ 
fracture risk categories. In this setting, it is apparent that the presence 
of a single clinical risk factor rarely leads to a categorization of very high 
fracture risk, but a combination of risk factors, particularly older age, 
recent fracture and glucocorticoid use49.

There are several routes to an individual being categorized as 
being at a very high risk of fracture on the basis of their FRAX prob-
ability score. A key contributor is prior fragility fracture. Thus, studies 
have demonstrated that fracture risk is acutely elevated immediately 
after an index fracture and that this risk wanes over the following 
2 years but does not return to baseline and subsequently increases 
with age51–54. Although a fracture at any time in the past is associated 
with an increased risk of an incident fracture, when this prior fragility 
fracture has occurred within the past 24 months the excess risk is even 
greater55,56. This pattern has been most comprehensively assessed in the 
Iceland Reykjavík cohort51,56, and further data from the Reykjavik Study 
have shown that, in individuals who sustained a recurrent fracture, 
31–45% of these fractures occurred within 1 year of the first (sentinel) 
fracture, depending on the fracture site56. Importantly, the transient 
increase in risk following an index fracture is of sufficient magnitude 
to materially alter the subsequent 10-year probability of fracture56. 
Multipliers specific to age, sex and fracture site have been generated 
to modify FRAX probability, enabling the physician to accommodate 
the excess risk associated with recency and particular fracture types57. 
A platform enabling the easy incorporation of the multiplier as a modi-
fier of the FRAX calculator has been developed and is available online 
as FRAXplus58. A key advantage of this approach is that recency and site 
of fracture, along with other modifiers of FRAX probability, for exam-
ple, dose of glucocorticoids or trabecular bone score59, can be used to 
modify FRAX probability in a way that is immediately interpretable in 
the context of current national guidelines that are based on 10-year 
FRAX probability45.

Biochemical assessment
Biochemical assessments in men with osteoporosis can be helpful 
in diagnosis and also in fracture risk assessment, providing infor-
mation complementary to that from FRAX and BMD. In addition to 
renal function, bone profile (including phosphate) and screening for 

secondary causes of osteoporosis, bone turnover markers and serum 
(free) testosterone can also assist in the management of men with 
osteoporosis48.

Bone turnover markers, including procollagen type I N-propeptide 
(P1NP) and C-terminal telopeptide (CTX) can be measured prior to 
treatment and again at 3 months to ascertain whether the suppres-
sion of bone turnover has been adequately achieved and medication 
adherence has been satisfactory48,60.

Increased levels of bone turnover markers have been shown to be 
associated with a greater extent of bone loss and periosteal expansion 
in men61, thus justifying their inclusion in the algorithm of clinical 
treatment for osteoporosis in both men and women48.

Serum total testosterone concentration, complemented by free 
testosterone concentration if serum values are borderline and/or in 
a clinical situation in which testosterone binding might be altered 
(for example, by obesity or glucocorticoid use), can also be measured 
to identify those men who are hypogonadal and who might therefore 
benefit from testosterone supplementation62,63.

Therapeutic interventions for men with 
osteoporosis
Many studies of anti-osteoporosis medications have been performed 
in post-menopausal women; however, some trials have specifically 
sought to address the issue of efficacy and safety of these agents in 
the male population. One issue is that the majority of these studies 
are limited in their ability to address fracture incidence as an outcome 
and so regulatory authorities have sanctioned the use of ‘bridging’ 
studies64 that look at the similarity of BMD response between men and 
women with a similar fracture risk. In this case, the primary outcome 
is improvement in BMD rather than fracture risk, and thresholds for 
benefit (surrogate threshold effect) have been proposed65 with differ-
ences between the change in BMD in the intervention group versus the 
placebo group of 1.83% for any fracture, 1.42% for vertebral fracture, 
3.18% for hip fracture and 2.13% for non-vertebral fracture65,66 (Fig. 1). 
These thresholds are derived from a large series of trials in women 
with changes in fracture risk in relation to changes in total hip BMD. 
We can therefore use this approach when examining historical trials 
of therapeutic interventions for osteoporosis in men28.

Antiresorptive agents (bisphosphonates and denosumab)
A rich body of literature supports the use of oral bisphosphonates for 
osteoporosis in men, with studies ranging in duration from 6 months67 
to 3 years68 having demonstrated significant improvements in fem-
oral neck BMD. These benefits were documented in a 2023 system-
atic review and meta-analysis: alendronate monotherapy improved 
BMD at the lumbar spine with a mean difference (MD) of 5.2% (95% 
CI 2.76–7.64), total hip with an MD of 2.34% (95% CI 1.66–3.03) and 
femoral neck with an MD of 2.53% (95% CI 1.76–3.31), and risedronate 
monotherapy improved BMD at the lumbar spine with an MD of 4.39% 
(95% CI 3.46–5.31), total hip with an MD of 2.46% (95% CI 1.71–3.22) and 
femoral neck with an MD of 1.95% (95% CI 0.62–3.27)28. Two studies of 
zoledronate69,70 reported significant improvements in lumbar spine 
BMD (MD 6.10%; 95% CI 4.99–7.21)70, femoral neck BMD (MD 3.1%; 95% 
CI 2.2–5.4) and total hip BMD (MD 3.8%; 95% CI 2.2–5.4). Benefits for 
vertebral fracture incidence were also observed following 12 months of 
zoledronate treatment and 24 months of follow-up in one of the stud-
ies (relative risk 0.33; 95% CI 0.16–0.7, P = 0.002)70, but no benefits for 
fracture outcomes were observed in the other study69. A head-to-head 
comparison of zoledronate and alendronate found that zoledronate 
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was not inferior to alendronate, but did not demonstrate the supe-
riority of zoledronate71. One study investigated the efficacy of iban-
dronate in 132 men and reported significant improvements in lumbar 
spine BMD (MD 2.58%; 95% CI 1.41–3.76) and total hip BMD (MD 2.13%; 
95%CI 1.34–2.92) at 1 year72. Denosumab administered via 6-monthly 
subcutaneous injections seemed to provide benefits in BMD accrual 
compared with placebo in randomized controlled trials of 242 men73 
and 47 men74 with osteoporosis over 2 years of follow-up. The results 
of a 2023 meta-analysis demonstrated the benefits of denosumab for 
BMD at the lumbar spine with an MD of 5.80% (95% CI 3.5–8.1), femoral 
neck BMD with an MD of 2.07% (95% CI 1.23–2.92) and total hip BMD 
with an MD of 2.28% (95% CI 1.51–3.04)28.

Thus, the evidence base strongly supports the use of bisphospho-
nates or denosumab in the treatment of osteoporosis in men, and sug-
gests that oral bisphosphonates should be recommended as first-line 
therapy with intravenous bisphosphonates as second-line therapy 
(similar to the approach taken for the treatment of post-menopausal 
women41).

Adherence is a substantial issue when considering any therapy75 
but particularly so with oral bisphosphonates (owing to complexities of 
dosing regimes and adverse effects)76–78. Adherence can be monitored 
by measurement of bone turnover markers at baseline and at 3 months 
to identify a decrease above the least significant change (that is, reduc-
tions of more than 38% for P1NP and 56% for CTX), an approach that is 
supported by international guidelines60.

Anabolic agents
Teriparatide has been compared with placebo in two studies, one 
with 309 men with osteoporosis followed over 11 months79 and 
the other involving 23 men for 18 months80. Meta-analysis of these 
studies showed that teriparatide treatment significantly improved 
BMD at the lumbar spine (MD 8.19%; 95% CI 1.14–15.25) and femoral 
neck (MD 1.33; 95% CI 0.39–2.27)28. Teriparatide has been compared 
with alendronate in two head-to-head studies, in which teriparatide 
treatment led to significantly greater increases in BMD at the lumbar 
spine81,82 and femoral neck82. Comparisons with risedronate indicated 
a lack of superiority of teriparatide unless teriparatide was followed 
by risedronate83, supporting the drive towards sequential therapy 

when bone-forming agents are employed. Two studies published 
in 2022 investigated the effect of abaloparatide versus placebo in 
a total of 248 men with osteoporosis over a period of 12 months in a 
trial in the USA, Poland and Italy84 and over 18 months in a Japanese 
population85. Meta-analysis of the two studies demonstrated a sig-
nificant improvement in abaloparatide-treated patients in BMD at 
the lumbar spine (MD 11.29%; 95% CI 1.80–20.8), femoral neck (MD 
3.98%; 95% CI 1.10–6.85), and total hip (MD 3.91%; 95% CI 0.34–7.49)28. 
Only one study has compared romosozumab with placebo, in 245 
men over a 12-month period. This study found significantly greater 
improvements in the romosozumab group than in the placebo group 
(P < 0.001 for all comparisons) in percentage change in BMD at the 
lumbar spine (12.1% versus 1.2%), femoral neck (2.2% versus −0.2%) 
and total hip (2.5% versus −0.5%)86. The possibly increased risk of 
cardiovascular adverse events should be considered when using 
romosozumab in men87.

Hormone replacement therapy
Reductions in sex steroid production and increases in levels of sex 
hormone binding globulin (SHBG) reduce the availability of free testos-
terone in men as they age63,88.Testosterone is released from the testes 
in response to luteinizing hormone stimulation and is converted to 
oestradiol via aromatase (CYP19A1). Oestradiol is thought to medi-
ate the major downstream effects on bone homeostasis as it acts on 
osteoclasts, osteoblasts and osteocytes via binding to α and β oestrogen 
receptors. Indeed, oestradiol was shown to mediate the main effects 
of testosterone on bone homeostasis in healthy men 20–50 years of 
age treated with a gonadotropin hormone-releasing hormone (GnRH) 
analogue to suppress endogenous testosterone and receiving testoster-
one replacement with or without an aromatase inhibitor89–91. Profound 
hypogonadism, such as in androgen deprivation therapy for prostate 
cancer, is a well known cause of osteoporosis and increased fracture 
risk. As for endogenous sex steroid levels in community-dwelling older 
men, most data suggest a role of low oestradiol levels in increased bone 
loss and fracture risk and, with some exceptions90, no clear association 
of testosterone levels with bone loss and fracture incidence91.

One of the important initiatives in understanding the role of tes-
tosterone replacement in men was the series of ‘T-trials’ emanating 
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Fig. 1 | Improvements in BMD with anti-
osteoporosis medications. The figure provides 
a representation of the percentage improvement 
of total hip bone mineral density (BMD) with 
use of anti-osteoporosis medications including 
alendronate, risedronate, zoledronate, ibandronate, 
denosumab, abaloparatide and romosozumab28. 
Thresholds for benefit (surrogate threshold effect 
(STE))65,66 for fracture, depicted as horizontal lines 
on the graph, are 3.18% for hip fracture, 2.13% for 
non-vertebral fracture, 1.83% for all fractures and 
1.42% for vertebral fractures. These thresholds are 
derived from a large series of placebo-controlled 
trials evaluating various anti-osteoporosis agents in 
women with osteoporosis.
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from the National Institute on Aging. The T-trial specifically for bone 
demonstrated a significant increase (7%) in lumbar spine trabecular 
volumetric BMD after 1 year of testosterone replacement92. Bone micro-
architectural benefits were also observed after 2 years of testosterone 
replacement (compared with placebo), with significant increases in 
cortical volumetric BMD (3%) and significant increases in areal BMD 
at the lumbar spine and hip93.

However, consistently robust benefits of testosterone replace-
ment therapy have not been demonstrated. In a systematic review and 
meta-analysis of testosterone therapy, benefit was only observed in 
lumbar spine BMD and only in a hypogonadal population62.

Answers might come from the TRAVERSE (Testosterone Replace-
ment therapy for Assessment of long-term Vascular Events and efficacy 
ResponSE in hypogonadal men) trial of testosterone supplementation 
versus placebo (in men with hypogonadal symptoms, low serum tes-
tosterone levels and high cardiovascular risk), which demonstrated 
cardiovascular safety of supplementation as the primary end point; 
the supplementary material in this paper states that clinical fracture 
outcomes will be discussed in a future publication94.

The potential for hormone replacement therapy to benefit BMD 
in hypogonadal men supports the assessment of serum total or free 
testosterone levels in men undergoing investigation for osteoporosis, 
and in those with established osteoporosis. However, there is a lack 
of controlled data on fracture incidence in response to testosterone 
therapy, and owing to the specificity of this treatment for men, it is not 
possible to ‘bridge’ from the effects on fracture in studies in women.

For the above reasons, serum free or total testosterone levels 
should be measured as a facet of the investigatory ‘work-up’ for osteo-
porosis in men. Testosterone therapy might be indicated in the case of 
symptomatic deficiency, with the decision to recommend testosterone 
therapy made on the basis of a holistic assessment of the patient across 
bone, cardiometabolic and sexual function, ideally in conjunction with 
endocrinology expertise. Furthermore, hypogonadal men with osteo-
porosis should usually be treated with an established anti-osteoporosis 
medication, regardless of whether testosterone therapy is instituted, 
in order to most effectively reduce fracture risk.

Efficacy summary
From the studies reported above, it is clear that anti-osteoporosis 
medications can substantially benefit the male skeleton in the case 
of osteoporosis via the accrual of BMD, but also via demonstrated 
improvements in fracture outcomes70. First-line treatment with oral 
bisphosphonates followed by second-line deployment of intrave-
nous bisphosphonates and denosumab is supported as an approach 
to anti-resorptive therapy (driven by the relative ease and cost of 
administration of these oral agents, compared with health care 
professional-delivered intravenous and subcutaneous preparations). 
For those men who would benefit from initial bone-forming therapy, 
the available data on BMD supports the utility of abaloparatide (Fig. 1), 
although further studies and collection of data on teriparatide should 
be a research priority.

Health economic aspects
In addition to their substantial effects on morbidity and mortality, 
there are considerable costs associated with osteoporosis and fragil-
ity fractures in men. For payers and policy-makers to develop a robust 
strategy to combat osteoporosis in men, they require evidence not only 
of clinical efficacy but also of economic value. This need is set within a 
competitive landscape of rising demands for health care but limited 

resources, and so the case for resource and funding for osteoporosis 
in men needs to be made.

Studies in the USA have shown that men account for a quarter 
of the overall cost of fractures95 and a claims database study found 
that the average cost of a fracture is notably greater in men than in 
women ($52,000 versus $17,000)96. The authors hypothesized that 
the reason for this discrepancy could be the fact that fractures in men 
are associated with greater co-morbidity.

The cost-effectiveness of osteoporosis interventions in men was 
investigated in a 2023 systematic review of relevant studies, including 
those concerning anti-osteoporosis medications (8 studies), nutri-
tional interventions (4 studies), screening strategies (6 studies), inter-
vention thresholds (5 studies) and post-fracture care programmes 
(2 studies)97. The systematic review found that there were fewer studies 
in men than in women and that those that were published were largely 
from the USA or Europe and only two had been published in the pre-
ceding 5 years, highlighting the need for up-to-date research in this 
area97. The quality of the studies was fair, with a score of 18.8 out of 25 
(range 13–23.5)97. This systematic review also examined the breadth 
of input data used in economic models and, interestingly, found that 
although there was men-specific data for hip fracture incidence, hip 
fracture cost, baseline mortality and excess mortality, the vast major-
ity of inputs (for example, ‘treatment effects’) used combined or even 
women-only inputs for economic modelling, potentially introducing 
inaccuracy into the model and, again, highlighting the need for more 
high-quality research into osteoporosis in men.

In terms of the cost-effectiveness of medications, oral bisphos-
phonates have been proven cost-effective in men 55 years of age or 
older with a history of fracture, low bone mass, rheumatoid arthritis 
or use of high-dose glucocorticoids98–102, although there are no studies 
comparing the cost-effectiveness of different bisphosphonate formula-
tions. Denosumab was shown to be cost-effective in comparison with 
bisphosphonates and teriparatide in high-risk populations103,104, and 
calcium and vitamin D supplementation (or vitamin D-fortified dairy 
products) were cost-effective in all men >80 years of age and in men 
>60 years of age with osteoporosis105–107. With regard to medications for 
men with osteoporosis, there are important gaps in the literature that 
need to be closed, for example, demonstration of the cost-effectiveness 
of denosumab for treating glucocorticoid-induced osteoporosis.

Screening for osteoporosis, using BMD as measured by dual-
energy X-ray absorptiometry (DXA), was cost-effective in a cohort of 
men who had sustained a fall108 and a study in US men suggested that 
a fracture risk assessment strategy using age, femoral neck BMD and 
vertebral fracture assessment (with DXA) would be cost-effective for 
men 50–60 years of age109. However, in Switzerland, a DXA-based popu-
lation screening approach (followed by treatment with alendronate 
for cases of osteopenia with fracture or defined osteoporosis) was not 
found to be cost-effective in men (although it was in women)110, reflect-
ing geographic variation in factors that influence cost-effectiveness, 
as well as in the screening approaches taken.

Post-fracture care services (centred on secondary fracture preven-
tion and models including fracture liaison services or orthogeriatric 
services) were universally cost-effective in Sweden (with zero net costs 
and 35 quality-adjusted life years gained compared with a ‘do nothing’ 
approach)111 and in the UK (at £14,525 per quality-adjusted life years for 
orthogeriatric services aimed at men 83 years of age)112.

The aforementioned systematic review found no significant differ-
ence in the cost-effectiveness of intervention thresholds between men 
and women97. However, when dissecting studies that included men and 

http://www.nature.com/nrrheum


Nature Reviews Rheumatology | Volume 20 | April 2024 | 241–251 247

Evidence-based guidelines

women, the incremental cost-effectiveness ratio (calculated as the dif-
ference in the cost of an intervention divided by the difference in the 
effect of an intervention) was numerically superior for men than for 
women in 75% of the studies examined and was inferior for men in 25% 
of those studies97. It should be noted that 73% of studies concluded that, 
although numerically different, there was no statistically significant 
difference in cost-effectiveness between men and women97.

An important consideration is the use of sequential therapies 
(that is, the use of a bone-forming agent followed by an anti-resorptive 
agent), and in this area a regimen of abaloparatide followed by 
alendronate was dominant over alendronate monotherapy or bio-
similar teriparatide followed by alendronate in a cohort of US men 
with a BMD T-score ≤−2.5 and a history of fracture113, in terms of 
cost-effectiveness. This finding, however, remains to be demonstrated 
in other populations.

As well as the direct costs of fracture care and prevention, there 
are also the notable consequences of impacts on social care, increased 
mortality and the increased risk of subsequent fractures.

In summary, osteoporosis in men gives rise to a substantial health 
economic burden. Cost-effective interventions for osteoporosis in men 
exist, including medications, screening approaches, post-fracture care 
and sequential therapy, and, overall, the cost-effectiveness of these 
interventions is similar between men and women. However, further 
research focused on male populations is required to close knowledge 
gaps concerning epidemiology, costs and model inputs, in order to 
tailor health economic outputs in this population. These health eco-
nomic factors were considered by the working group when grading 
recommendations.

Physical exercise and a balanced diet
The skeletal benefits of physical activity, a balanced diet and calcium 
and vitamin D supplementation have been well-documented.

Exercise
Aside from cardiometabolic benefits, evidence supports the skeletal 
benefits of exercise, including weight-bearing exercise, resistance 
exercise and multi-modal approaches114. This literature is further 
fortified by a 2021 trial, focused on men, which demonstrated that a 
multi-component exercise approach had significant benefits for BMD 
in middle-aged and older men115. Although the benefits of exercise 
interventions have not demonstrated a reduction in fracture (as an end 
point) in a public health realm116, on the basis of BMD associations and 
adjunctive benefits across organ systems, it is usually appropriate to 
recommend exercise to men with osteoporosis.

Falls
A 2020 systematic review that served as an update of a 2019 Cochrane 
review of evidence for the effect of exercise on prevention of falls found 
that exercise reduces the risk of falls by 23% (ref. 117), again emphasiz-
ing the potential benefits of exercise on musculoskeletal health. The 
effect of falls on fracture risk has also been included in FRAXplus58, with 
the option to adjust the 10-year fracture probability according to the 
number of falls occurring in the past year (0, 1, 2 and 3 or more falls).

Balanced diet and supplementation
Advocating a balanced diet is recommended for men with osteoporosis, 
echoing similar guidelines in women41. Adequate protein intake is impor-
tant and consumption at levels that are higher than the recommended 
daily allowance might be of benefit to skeletal health118,119.

The above should be considered in light of particular diets, with 
vegetarian and vegan diets seeming to potentially reduce BMD120 and 
caloric restriction (although not intermittent fasting) being associated 
with lower BMD120.

In general, 800–1200 mg of calcium should be consumed via 
the diet on a daily basis; calcium supplementation can be considered 
if the daily intake is below 800 mg and vitamin D supplementation 
(800 IU) should be considered for those at an increased risk of fracture 
and those in whom vitamin D levels are insufficient41.

Patient perspectives of osteoporosis in men
Patient preference and perspectives are important to consider in the 
development of recommendations, to ensure that a patient-centred 
approach is adopted121. In the development of the recommenda-
tions presented herein, the working group included patient input, 
which highlighted patients’ expectations of a clinical approach to 
osteoporosis.

With regard to the treatment of osteoporosis in men, it was empha-
sized by the patient representation that anti-osteoporosis therapy was 
desired as quickly as possible as patients want to ‘stop the clock of bone 
metabolism’ in order to ‘have no further fractures’.

In our qualitative work examining patient preferences, no concern 
was forthcoming from the patients that osteoporosis was considered a 
‘female’ condition and so associated with a stigma. However, a review 
of wider experience (that is, beyond the working group) suggests that 
clinicians should consider this potential issue when managing men 
with osteoporosis. For example, a 72-year-old patient in another study 
was quoted as saying “When I was first diagnosed my first thought was 
‘why have I got it, isn’t this just for old women?’”122.

Also, no issues with adherence were reported to the working group, 
although previous estimates have suggested that up to 64% of men are 
non-adherent to bisphosphonate therapy by 12 months123, highlighting 
the need for patient education, counselling and, potentially, adherence 
monitoring78.

Summary of recommendations and guidelines
Here we summarize the recommendations of the working group for 
the diagnosis, screening, assessment and treatment of men with osteo-
porosis. The statements supported by the working group are itemised 
below and detailed ratings are presented in Supplementary Table 1. 
Statements were graded ‘weak recommendations’ if 75% of voters 
selected either ‘strong do’ or ‘weak do’, and were graded as ‘strong 
recommendations’ if 75% of voters selected ‘strong do’.
•	 A female reference database should be used for the densitometric 

diagnosis of osteoporosis in men (strong recommendation).
•	 FRAX is the appropriate tool for the assessment of fracture risk 

and as the basis for setting intervention thresholds in men with 
osteoporosis (strong recommendation).

•	 FRAX-based intervention thresholds should be age dependent in 
men with osteoporosis (strong recommendation).

•	 Trabecular bone score, used with BMD and FRAX probability, 
provides useful information for fracture risk assessment in men 
(weak recommendation).

•	 All men with a prior fragility fracture should be considered 
for treatment with anti-osteoporosis medications (strong 
recommendation).

•	 The anti-osteoporosis treatment regimen in men should 
be adapted to an individual’s baseline fracture risk (strong 
recommendation).
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•	 Vitamin D and calcium repletion should be ensured in all men 
above the age of 65 years (strong recommendation).

•	 Oral bisphosphonates (alendronate or risedronate) are 
first-line treatments for men at a high risk of fracture (strong 
recommendation).

•	 Denosumab or zoledronate are second-line treatments for men 
at a high risk of fracture (strong recommendation).

•	 A sequential therapy starting with a bone-forming agent followed 
by an anti-resorptive agent should be considered for men at a very 
high risk of fracture (strong recommendation).

•	 Biochemical markers of bone turnover are the appropriate tool 
to assess adherence to anti-resorptive therapy in men (weak 
recommendation).

•	 Bone-forming agents, when given as first-line treatment in men 
at a very high risk of fracture, should be used in accordance with 
the recommendations of the regulatory authorities (strong 
recommendation).

•	 Physical exercise and a balanced diet should be recommended to 
all men with osteoporosis (strong recommendation).

•	 Serum total testosterone should be assessed, as part of the 
pre-treatment assessment of men with osteoporosis (weak 
recommendation).

•	 Appropriate hormone replacement therapy should be considered 
in men with low levels of total or free serum testosterone (weak 
recommendation).

•	 Based on available BMD data, abaloparatide is considered an 
appropriate first-line treatment for men with osteoporosis at a 
very high risk of osteoporotic fracture (weak recommendation).

It should be noted that these recommendations should be taken 
as a whole, and not in isolation. For example, the recommendation 
“All men with a prior fragility fracture should be considered for treat-
ment with anti-osteoporosis medications” should be interpreted in the 
context of those recommendations recommending the assessment of 
fracture risk using FRAX.

In addition, given that prior fracture is such a strong predictor 
of future fracture, and in line with other national23 and international41 
guidelines, treatment should be strongly considered in those who have 
sustained a fracture. In the UK NOGG guideline, it is suggested that 
FRAX can be used to adjudicate the type of anti-osteoporosis treat-
ment used in those with a prior fragility fracture23, and in European 
guidelines, it is recommended that all women over 65 years of age 
be considered for treatment if they have sustained a prior fracture, 
without the need for further assessment41.

Unlike previous guidelines20–22, these recommendations address 
the particular issue of the sex of the reference population used in the 
densitometric diagnosis of osteoporosis in men, provide guidance for 
the usage of FRAX in this population and delineate the use of pharma-
cological approaches for the treatment of osteoporosis in men based 
on the latest, systematically evaluated evidence28. This review pro-
vides a particularly timely perspective, as anabolic therapies become 
increasingly available in clinical practice.

Limitations and research outlook
Although the method of producing the above guidelines is robust, the 
recommendations are constrained by the current limitations in terms 
of the scope of research regarding osteoporosis in men. Future research 
should be particularly aimed at addressing treatment efficacy, focusing 
on denosumab, abaloparatide, teriparatide and romosozumab, and 

further studies are required to determine the role of testosterone in 
the treatment of osteoporosis in men.

Conclusions
In conclusion, osteoporosis in men continues to be a substantial  
clinical and health economic concern for health care workers, 
policy-makers and, most importantly, patients. Medications for reduc-
ing fracture risk exist and evidence of their efficacy is presented above, 
as are robust recommendations to enable clinicians to navigate this 
potentially difficult area of clinical practice. In terms of treatment, these 
guidelines advocate the use of oral anti-resorptive agents as first-line 
agents in men at a high risk of fracture and the use of bone-forming 
agents followed sequentially by anti-resorptive agents in men at a very 
high risk of fracture (with abaloparatide supported by the strongest 
data with respect to BMD changes), following an approach similar to 
that advocated for women with osteoporosis41.

We finish by emphasizing that osteoporosis in men is an area of rela-
tive neglect, and that further research, investment and focus is required 
to address some fundamental areas of the disease in this patient group.

Published online: 14 March 2024
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