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Abstract: Osteoporosis, a musculoskeletal disease characterized by decreased bone mineral 

density (BMD) and an increased risk of fragility fractures, is now recognized as an important 

public health problem in men. Osteoporotic fractures, particularly of the hip, result in signifi-

cant morbidity and mortality in men and lead to considerable societal costs. Many national 

and international organizations now address screening and treatment for men in their osteo-

porosis clinical guidelines. However, male osteoporosis remains largely underdiagnosed and 

undertreated. The objective of this paper is to provide an overview of recent findings in male 

osteoporosis, including pathophysiology, epidemiology, and incidence and burden of fracture, 

and discuss current knowledge about the evaluation and treatment of osteoporosis in males. 

In particular, clinical practice guidelines, fracture risk assessment, and evidence of treatment 

effectiveness in men are addressed.
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Introduction
Osteoporosis is a musculoskeletal disease characterized by decreased bone mineral 

density (BMD) and increased risk of fragility fractures. Osteoporosis is a silent 

disease with no symptoms until a fracture occurs. Osteoporotic fractures result in 

significant mortality and morbidity in men and lead to considerable societal costs, 

including direct medical costs and indirect costs resulting from reduced quality of 

life, disability, and death.1

Typically thought of as a disease impacting women, increasing attention is 

being paid to osteoporosis in males. As many as one in four men over the age of 

50 years will develop at least one osteoporosis-related fracture in their lifetime.2,3 

In 2005, men accounted for 29% of the 2 million osteoporotic fractures in the US 

and 25% of the associated US$17 billion in costs.4 Of all osteoporotic fractures, 

hip fractures contribute to the greatest morbidity and mortality in men. Each year, 

about 80,000 men will break their hip;2 of these, one in three will die in the first 

year after a hip fracture and another one-third will fracture again.5 In light of these 

statistics, male osteoporosis is recognized as a growing public health concern and 

many clinical guidelines now address the evaluation and treatment of osteoporosis 

in males. Despite this guidance, male osteoporosis remains an underdiagnosed and 

undertreated condition.

The aims of this narrative review are to present a brief overview of osteoporosis 

in men and discuss current knowledge about the evaluation and treatment of osteo-

porosis in males. We searched PubMed for studies related to male osteoporosis with 
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a focus on those published from 2003–2013. We used the 

reference list of these articles to obtain additional sources. 

The review begins with a brief description of bone devel-

opment and loss in males and the causes and diagnosis 

of male osteoporosis. We continue with a discussion of 

the prevalence of osteoporosis and incidence of fracture 

in males and the resulting burden on the health care 

system and society. Finally, we address clinical practice 

guidelines, fracture risk assessment, and the evidence of 

treatment effectiveness in men.

Disease etiology  
and pathophysiology
Bone development
Important differences exist between men and women with 

regards to bone development and loss. Early in life, bone 

development is influenced by many factors, such as sex hor-

mones, physical activity level, and body size, with puberty 

possibly having the greatest effect on bone formation and 

development in both men and women. Typically, men start 

puberty later in life and continue in puberty longer than 

women, which can cause differences in bone development 

between males and females. For example, men tend to 

have longer legs than women, because epiphyseal fusion 

(which limits bone growth) occurs later, so men tend to 

have a longer bone maturation period.6–8 Sex hormones also 

have a significant effect on bone growth and the amount of 

bone tissue present at the end of bone maturation.9 In men, 

testosterone during puberty leads to the development of 

larger skeletons, whereas estrogen does not.10 As for bone 

density, estrogens typically reduce bone resorption, thereby 

conserving bone mass. Testosterone can also reduce bone 

resorption; however, this effect may be due to the conver-

sion of testosterone into estrogens. Testosterone also has 

a modest effect on enhancing bone tissue formation.11 In 

other words, estrogens conserve bone mass, while testos-

terone may increase bone mass. By young adulthood, most 

men have developed various advantages that protect their 

bones from fragility fractures compared to women, such 

as a higher peak bone mass, larger bone size, and greater 

bone strength.7,12

In childhood development, obese adolescent males 

are more likely to have larger and stronger bones in the 

forearms and lower legs compared to their normal-weight 

peers.13 However, a subset of the Childhood Health, 

Activity, and Motor Performance School (CHAMPS) 

study in Denmark, showed a positive relationship 

between a moderate-to-high level of physical activity 

and bone mineral content, BMD accumulation, and bone 

area in childhood.14 Overall, these studies suggest that 

mechanical load, through extra body weight or physical 

activity, influences bone development in childhood and 

adolescence.

Bone loss
While both men and women lose bone mass during aging, 

there are important differences that result in a lower fracture 

risk for men.7 As with bone formation, the sex steroids have 

important roles in bone loss through aging. In women, the 

decrease in estrogen due to menopause causes bone resorp-

tion to increase by 90% while bone formation increases 

by only 45%, leading to overall bone loss. However, men 

have a more gradual decrease in sex steroid levels with 

aging, which may account for the less severe decrease in 

bone strength.10

Differences also exist in the way in which bone remodel-

ing occurs in men and women. In women, more mineralized 

bone is replaced by less mineralized bone. Additionally, the 

trabecular surface, which is the area over which mechanical 

stresses can be distributed, decreases in women, resulting 

in microdamage due to increased stress on the bones. In 

men, as the trabecular surface decreases, there is an increase 

in bone formation.15 Overall, the result is a smaller decline in 

BMD in men than in post-menopausal women, and it appears 

that the advantages to the male bones in early life continue 

into the later decades of life.16

Causes of male osteoporosis
Male osteoporosis is typically classified into two different 

categories, primary and secondary osteoporosis. Types of 

primary male osteoporosis include age-related osteoporosis 

and idiopathic male osteoporosis. Age-related osteoporo-

sis in men, like in women, is more likely to occur as age 

increases, and is typically seen in males over the age of 

70 years. Idiopathic male osteoporosis, on the other hand, 

is generally defined as one or more fractures and a low 

BMD in men before the age of 65–70 years old.17 There 

are multiple theories as to the etiology of idiopathic male 

osteoporosis, such as genetic factors or a familial history. 

Several epidemiological and clinical observations have 

shown that osteoporosis in both men and women has 

an important genetic component. Multiple genes have 

shown effects on bone development, strength, density, 

etc.18,19 A recent study showed that men whose fathers had 

osteoporosis tended to also have reduced bone size and 

reduced volumetric BMD.20
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Male osteoporosis that can be linked to or explained 

by causes other than aging is generally classified as sec-

ondary male osteoporosis. Chronic diseases that have 

been associated with secondary osteoporosis are listed in 

Table 1 and include diseases such as chronic obstructive 

pulmonary disease (COPD),21,22 cardiovascular disease,23 

rheumatoid arthritis,24 osteoarthritis,25 and multiple 

sclerosis.26,27 Other causes of secondary osteoporosis in 

men include alcohol abuse, glucocorticoid excess (exog-

enous or endogenous), and hypogonadism (idiopathic 

or through androgen deprivation therapy).28 Despite the 

higher prevalence of osteoporosis, osteopenia, and frac-

tures in patients with these characteristics, testing and 

treatment rates are low. Some predictors of osteoporosis 

identification and treatment among US veterans include 

exposure to gonadotropin-releasing hormone (GnRH) 

analogs, prior fragility fractures, a history of falls, and a 

diagnosis of rheumatoid arthritis.29

Diagnosis
The clinical diagnosis of osteoporosis is made on the basis of 

the widely accepted bone BMD T-score criteria established 

by the World Health Organization (WHO). The WHO has 

defined four diagnostic categories:33

•	 Normal: T-score greater than −1.0 (BMD less than 

1.0 standard deviation [SD] below that of a normal 

young adult);

•	 Osteopenia (low bone mass): T-score between −1.0 

and −2.5 (BMD between 1.0 and 2.5 SDs below a young 

adult norm);

•	 Osteoporosis: T-score of −2.5 or lower (BMD of 2.5 or 

more SDs below that of a normal young adult);

•	 Severe or established osteoporosis: the same BMD criteria 

as osteoporosis, but in the presence of one or more fragil-

ity fractures.

The WHO thresholds were published in 1994 and 

developed for use in white postmenopausal women. The 

development of new technologies for measuring BMD and 

more skeletal sites available for assessment, along with 

an increased knowledge of osteoporosis in men has led to 

controversy about whether the WHO criteria are appropriate 

in men.34,35 While central dual-energy X-ray absorptiometry 

(DXA) screening is the preferred approach for assessing 

BMD,36 there has been disagreement about which skeletal 

sites should be used for BMD assessment and which refer-

ent population to use (male or female) when calculating 

T-scores for men.

Updated guidance from the WHO Collaborating Cen-

tre and the International Osteoporosis Foundation (IOF) 

designate the use of diagnostic thresholds in men aged 50 

years and older and recommend BMD measurement using 

DXA at the femoral neck as the reference standard for 

diagnosing osteoporosis in men.35,37 The National Osteo-

porosis Guideline Group (NOGG)38 in the UK endorses 

the WHO and IOF recommendations. The US National 

Osteoporosis Foundation (NOF)39 and the Endocrine 

Society recommend the use of central DXA of the hip 

and spine for osteoporosis diagnosis, with the Endocrine 

Society recommending the use of the forearm (1/3 radius) 

when spine or hip scans cannot be interpreted and for men 

with hyperparathyroidism or receiving androgen depriva-

tion therapy for prostate cancer.40 Osteoporosis Canada 

bases diagnosis on the lowest T-score value for the BMD 

measured at the lumbar spine, total hip, or femoral neck, 

and like the Endocrine Society, also recommends the use 

of forearm measurements if the lumbar spine or hip scans 

cannot be used.41

The WHO and IOF recommend the use of the Third 

National Health and Nutrition Examination Survey 

(NHANES III) reference database for femoral neck measure-

ments in white women aged 20–29 years when calculating 

T-scores in men.37 This position is currently supported by 

NOGG38 and Osteoporosis Canada,41 while the Endocrine 

Society40 recommends the use of male reference data for 

calculating T-scores in men. The International Society of 

Table 1 Secondary causes of male osteoporosis

Medications Anticonvulsants 
Chemotherapeutics 
Glucocorticoids 
Thyroid hormone

Chronic diseases COPD 
Gastrointestinal disorders: malabsorption 
syndromes, inflammatory bowel disease, celiac 
sprue, primary biliary cirrhosis, postgastrectomy, etc 
Hypercalciuria 
Hyperthyroidism 
Hyperparathyroidism 
Hypogonadism 
Neuromuscular disorders 
Systemic illnesses: mastocytosis, malignancies 
Rheumatoid arthritis

Poor nutrition Low serum levels of vitamin D 
Low calcium

Other Alcohol abuse 
Post-transplant osteoporosis 
Sedentary lifestyle 
Tobacco abuse

Note: Data from.28,30–32

Abbreviation: COPD, chronic obstructive pulmonary disease.
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Clinical Densitometry recently changed their official position 

to recommend the use of the female referent database when 

calculating T-scores in men.42

Epidemiology of osteoporosis  
and fracture
Prevalence of osteoporosis
Osteoporosis remains largely underdiagnosed in males. The 

number of males with osteoporosis is not currently known, 

which is mainly due to the infrequency of screening and con-

troversies in BMD testing standards in men.28 Using the WHO 

diagnostic criteria, it is estimated that 1–2 million men in the 

US have osteoporosis and an additional 8–13 million have 

osteopenia.28 Using data from 2002, researchers estimated 

that about 25% of the male Medicare population had osteo-

porosis.43 A recent study in Denmark using measured BMD 

on a sample of 600 men aged 60–74 years found that 10.2% 

had osteoporosis.44 A new comprehensive report estimates that 

5.5 million men in the European Union (EU) had osteoporosis 

in 2010 based on the WHO diagnostic criterion.45 The overall 

prevalence of osteoporosis in men aged 50 years and older in 

the EU was 6.6%, but the prevalence increased significantly 

with age, reaching 16.6% in men aged 80 years and older.

The main concern of osteoporosis is not just low BMD, 

but the occurrence of fractures. BMD values are only sur-

rogate markers for fracture risk, and may not be completely 

correlated. BMD testing, such as using DXA, is a poor-to-

moderate predictor of fracture.46 A Danish study showed 

that only 24% of patients that had a vertebral fracture had 

osteoporosis, whereas about 1.5% of patients with osteopo-

rosis had a vertebral fracture.44

Incidence of fractures
In 2008, osteoporotic hip fractures in men resulted in 

approximately 109,000 emergency department visits in the 

US.47 For men, the incidence of hip fractures ranged from 

0.56 per 1,000 patients per year at age 60 years to 13 per 

1,000 patients per year by age 85 years. These results were 

similar to those reported in Norway from 2004–2005, where 

there was an incidence of 0.49 hip fractures per 1,000 per-

son years at age 60 years, which then increased sharply to 

12.3 hip fractures per 1,000 person years by age 85 years.48 

These estimates translate to about a 6% lifetime risk of hip 

fracture in men.47 Interestingly, for men of Asian descent, this 

incidence appears to be about half of that in Caucasians.49

Looking at changes over time in Norway, the incidence of 

hip fractures in men decreased from 1999 to 2008 by 4.8% 

(95% confidence interval [CI]: 0.7–8.7).50 This decrease was 

accompanied by an even greater decrease (13.4%) in hip 

fractures in women. In the US, there was a 16% increase in 

hip fractures from 1986 to 1995, which was then followed 

by a decrease of 19.2% from 1995 to 2005, resulting in a net 

decrease in hip fractures over the 20-year period.51 In Canada, 

there has been a steady decline in the incidence of hip fractures, 

comparable to what was seen in the US.52 In Belgium, the 

incidence rate of hip fractures in men remained stable from 

2000 to 2007, but substantially decreased for women.53 The 

study also showed a four-fold increase in anti-osteoporosis pre-

scriptions in men, but the overall treatment numbers remained 

very low. Alternatively, in the Netherlands, the incidence of 

hip fractures in older men actually increased about 43% from 

1981 to 2008,54 and there was also a sharp increase in the 

incidence rate of vertebral fractures from 1986 to 2008.55 For 

men aged 70–74 years in this study, the incidence of vertebral 

fractures increased from 18.9 per 100,000 persons in 1986 to 

1990 to 61.3 per 100,000 persons in 2006 to 2008, while the 

age-adjusted incidence rate for emergency department visits 

due to vertebral fractures doubled.55 Seasonally, there appears 

to be an increase in the fracture risk during the winter months, 

most likely due to slips and falls on ice and snow.48

The risk of hip fractures increase substantially if there 

is a history of previous fragility fractures. After the first 

hip fracture, the risk of a subsequent hip fracture increases 

4.6-fold (95% CI: 4.5–4.7) in US men,50 and the incidence 

of a second hip fracture has not changed substantially over 

time. In Taiwanese males, the incidence of hip fractures is 

3.6 times higher in patients that have had a previous distal 

radius fracture (1.40 per 1,000 person-years versus 5.07 per 

1,000 person-years).56

Additionally, a Swedish study of men diagnosed with 

prostate cancer found that there was an additional 16 fractures 

per 1,000 patient years for patients treated with orchiectomy, 

and an extra 9.8 fractures per 1,000 patient years in patients 

treated with GnRH antagonists. In the study, the incidence 

of hip fractures doubled in men undergoing endocrine 

treatment.57 Subgroup analysis of males with low likelihood of 

metastases suggests that the increase in the fracture incidence 

was due to prostate cancer treatment, and not metastases alone. 

A similar increase in fracture risk due to prostate cancer was 

seen in the US in patients treated with androgen-deprivation 

therapy, where again, the risk of fractures nearly doubled.58

Burden of disease
While the age-adjusted incidence of fractures has decreased 

slightly in recent years,51,52 the number of people over 65 years 

is increasing, leading to an increase in the volume of fragility 
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fractures and corresponding costs. We present several studies 

that estimate the economic burden of osteoporosis and frac-

ture in North America and Europe. For ease of comparison, 

all costs have been converted into 2013 US dollars. US costs 

from other years were adjusted to 2013 values using the US 

Bureau of Labor Statistics Consumer Price Index (CPI)59 and 

other currencies were converted to US dollars by using aver-

age yearly exchange rates from the International Monetary 

Fund60 and then adjusting to 2013 US dollars using the CPI. 

The total cost of fragility fractures in the US is estimated at 

US$15.8–23.2 billion per year, not including indirect costs 

such as lost productivity of patients and caregivers.61 Of the 

cost of fracture treatment, it is estimated that 70% is borne 

by Medicare, 17% by private insurers, 10% by patients, and 

the rest by Medicaid.43

One study showed that 5% of the Medicare population was 

treated for a fracture, which resulted in an annual incremental 

impact of US$1,136 per patient (95% CI: US$8,288–13,983). 

This estimate implies an aggregate cost of fractures of 

US$18.1 billion per year in the US.43 There was an addi-

tional US$2.6 billion for the cost of osteoporosis-related 

physician visits and medications for patients that did not 

fracture, for a total of about US$20.7 billion for osteoporosis 

costs in Medicare-eligible patients. Interestingly, fractures 

in women are estimated to cost an average of US$1,683 less 

than fractures in men.43

In privately insured patients, the mean incremental 

direct cost per patient with nonvertebral fractures com-

pared to control patients without fractures was US$6,888 

(US$13,446 versus US$6,558; P,0.05), of which, 35% 

was composed of inpatient costs and 15% was composed of 

medication costs.62 In the same study, the cost to Medicare 

for nonvertebral fractures was US$15,469 (US$25,960 versus 

US$10,491; P,0.05), of which, 51% was inpatient, 24% 

long-term care, and 3% medications. Medicare patients had 

higher costs in the study because they were more severely ill, 

older, and had higher medical resource use. Hip fractures were 

the most expensive fracture on a per-person basis, costing an 

additional US$14,516 per patient per year for private insur-

ance and US$29,488 per patient per year for Medicare.62

For Medicaid, a study found that patients with osteoporosis 

without a fracture on average cost an extra US$745 per year 

compared to non-osteoporotic patients.63 Those that did have 

a fracture had an increased cost of US$4,458 per year. Again, 

hip fractures were the most expensive, with an incremental 

cost of US$17,954. Additionally, three times the number of 

fracture patients received disability benefits, and the benefits 

lasted twice as long compared to those without fractures.63

The results were similar in Canada, where hip fractures 

account for 57.7% of all fracture-related hospital stays, cost-

ing about US$21,516 per patient.64 Nationally, the costs for 

osteoporosis-related fractures in men resulted in an estimated 

US$352 million for acute care costs, US$34 million for 

physician visits, and US$89 million in other care. Overall 

indirect costs were estimated to be about US$85 million.64 In 

the EU, direct osteoporosis costs in men aged 50 years and 

older were estimated at US$16.4 billion and are expected to 

rise to US$21.9 billion by 2025.45

In addition to health care costs, osteoporotic fractures can 

also lead to pain, disability, and diminished quality of life. 

When evaluating the impact on quality of life 1 year after a 

hip fracture, a systematic review showed a utility of 0.77–0.83 

(0 meaning death and 1 meaning perfect health).65 For vertebral 

fractures, the quality of life 1-year post-fracture was 0.72.

Osteoporosis screening
Risk factors
While the clinical diagnosis of osteoporosis is based on BMD 

T-scores, the use of clinical risk factors may help identify men 

at high risk of fracture to select for BMD testing. Several 

recent studies have focused on identifying risk factors associ-

ated with low BMD and fracture in men. The Osteoporotic 

Fractures in Men Study (MrOS) prospectively followed almost 

6,000 elderly men and found that history of fracture after the 

age of 50 years, increased age, tricyclic antidepressant use, 

recent falls, depressed mood, and poor neuromuscular func-

tion were associated with an increased risk of nonvertebral 

fractures independent of BMD.66 Further, having three or more 

of these clinical risk factors was associated with a six-fold 

increase in the risk of a nonspine fracture. A 2012 systematic 

review and meta-analysis of risk factors for osteoporosis-

related fractures in men found that increased age, low body 

mass index (BMI), excessive alcohol consumption, current 

smoking, long-term corticosteroid use, history of prior frac-

ture, history of falls in prior year, hypogonadism, stroke, and 

diabetes were significantly associated with an increased risk 

of fracture.67 Most of the identified risk factors were of low 

magnitude (adjusted odds ratios [OR] between 1 and 2), but 

prior fracture, history of falls, hypogonadism, and stroke were 

of a larger magnitude, with adjusted ORs greater than 2. Many 

of these factors are included in the screening guidelines and 

fracture risk algorithms that are discussed below.

Screening guidelines
Many organizations now provide guidance for osteoporosis 

screening in males. These guidelines are part of an integrated 
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approach aimed at identifying males who should undergo 

diagnostic assessment using DXA in order to inform treat-

ment decisions. Although screening guidelines vary by 

organization, most rely on age and the identification of other 

clinical risk factors to identify males at risk for fracture. In the 

US, the NOF,39 the Endocrine Society,40 and the International 

Society for Clinical Densitometry68 guidelines are consistent 

in recommending a DXA scan for men aged 70 years and 

older and in younger men with prior fractures or other risk 

factors. The NOF guidelines recommend screening in men 

under the age of 70 years if they had glucocorticoid exposure 

or a prior fracture.39 The Endocrine Society recommends 

screening in males younger than 70 years if they have risk 

factors such as prior fracture as an adult, low body weight, 

and smoking40 and the International Society for Clinical 

Densitometry guidelines include prior fracture or disease or 

medication associated with bone loss or low BMD.68 Osteo-

porosis Canada recommends BMD screening for males aged 

65 years and older, and in younger men with risk factors, 

including prior fracture, use of glucocorticoids or other 

high-risk medications, high alcohol intake, current smok-

ing, and diseases associated with rapid bone loss, fracture, 

or osteoporosis.41 The NOGG 2013 guidelines recommend 

the assessment of the 10-year major osteoporotic fracture 

probability in men aged 50 years and older using the UK 

Fracture Risk Assessment Tool (FRAX), an absolute risk 

assessment tool, with BMD testing suggested based on age 

and fracture probability using predetermined assessment 

thresholds.38 Table 2 presents a summary of several North 

American and European screening guidelines.

It should be noted that not all agencies think osteopo-

rosis screening in males is warranted at this time. The US 

Preventive Services Task Force concluded that there is cur-

rently not enough evidence to recommend widespread BMD 

screening in men based on the lack of studies examining 

the impact of screening on fracture rates or fracture-related 

morbidity and mortality and the lack of randomized trials of 

drug therapy on fracture prevention in men.69 Additionally, 

there is little research of the cost-effectiveness of bone den-

sitometry screening in men although one study found that 

screening may be cost-effective in men aged 80 years and 

over and in males aged over 65 years who have experienced 

a prior fracture.70

Absolute risk assessment
Low BMD alone is a poor predictor of fracture in men, with 

one study finding that only 21% of elderly men who went 

on to have a nonvertebral fracture and 39% of men who 

Table 2 Male osteoporosis screening guidelines

Organization Screening recommendations

National Osteoporosis Foundation (NOF)39 BMD testing using DXA for men age 70+ and in those age 50–69 with risk factors for fracture. In 
those with a prior fracture, BMD testing and vertebral imaging are recommended to assess disease 
severity. Vertebral imaging is recommended in men aged 80 years and older, in men aged 75–79 
years with a T-score of −1.5 or less, and in men aged 50–69 years with low trauma fracture, long-
term glucocorticoid treatment, historical height loss of at least 1.5 inches, or prospective height 
loss of 0.8 inches or more.

The Endocrine Society40 BMD testing using DXA in men aged 70 years and older and in men aged 50–69 years who have 
risk factors such as low body weight, prior fracture as an adult, and smoking. Laboratory testing 
should be done to detect secondary causes.

International Society for Clinical  
Densitometry68,71

BMD testing for men aged 70 years and older and in men under the age of 70 years with clinical risk 
factors including prior fracture or disease or medication associated with bone loss or low BMD.

National Osteoporosis Guideline  
Group (NOGG)38

Assess 10-year major osteoporotic fracture probability in men aged 50 years and older using UK 
FRAX. BMD testing is recommended based on age and fracture probability using predetermined 
assessment thresholds.

Osteoporosis Canada41 BMD testing in men aged 65 years and older and in men aged 50–64 years with fragility fracture 
after age 40 years, prolonged use of glucocorticoids, parental hip fracture, vertebral fracture  
or osteopenia based on radiography, high alcohol intake, current smoking, low body weight or  
major weight loss, and other disorders associated with osteoporosis. In men younger than  
50 years, BMD testing is recommended for those with fragility fractures, use of high-risk 
medications, hypogonadism, malabsorption, chronic inflammatory conditions, primary 
hyperparathyroidism, or other conditions associated with bone loss or fracture.

Notes: Copyright © 2014. National Osteoporosis Foundation. Adapted with permission from Clinician’s Guide to Prevention and Treatment of Osteoporosis. Washington, 
DC: National Osteoporosis Foundation; 2014. Available from: http://nof.org/hcp/clinicians-guide. Accessed April 11, 2014.39 Copyright © 2010. CMA. Adapted from 
Papaioannou A, Morin S, Cheung AM, Atkinson S, Brown JP, Feldman S, Hanley DA, Hodsman A, Jamal SA, Kaiser SM, Kvern B, Siminoski K, Leslie WD; Scientific Advisory 
Council of Osteoporosis Canada. 2010 clinical practice guidelines for the diagnosis and management of osteoporosis in Canada: summary. CMAJ. 2010;182(17):1864–1873. 
This work is protected by copyright and the making of this copy was with the permission of Access Copyright. Any alteration of its content or further copying in any form 
whatsoever is strictly prohibited unless otherwise permitted by law.41

Abbreviations: BMD, bone mineral density; DXA, dual-energy X-ray absorptiometry; FRAX, Fracture Risk Assessment Tool.
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went on to have a hip fracture had a T-score below −2.5.72 

This indicates a need for tools that predict fracture risk 

independently of, or in addition to, BMD.72 The use of risk 

assessment tools that include clinically relevant risk factors 

to predict fracture risk are being increasingly incorporated 

into osteoporosis screening and treating guidelines.

The WHO FRAX (http://www.shef.ac.uk/FRAX/

index.aspx) has been incorporated into many national and 

international screening and treatment guidelines worldwide. 

FRAX is a computerized algorithm that calculates the 10-year 

probability of hip fracture and the 10-year probability of a 

major osteoporotic fracture using clinical risk factors, with 

the optional inclusion of BMD. Risk factors included in 

FRAX are age, sex, weight, height, previous fracture, parental 

history of hip fracture, current smoking, secondary osteopo-

rosis, glucocorticoid exposure, rheumatoid arthritis, three or 

more units of alcohol per day, and BMD at the femoral neck 

using DXA, if available. FRAX models currently exist for 

53 countries and are calibrated to reflect country-specific 

epidemiology of fractures and mortality.73

Other absolute risk assessment algorithms include the 

Canadian Association of Radiologists and Osteoporosis Canada 

(CAROC) tool, Garvan nomogram, and Qfracture. These tools 

differ in the number of clinical risk factors included, but all 

incorporate age and sex. The CAROC, recommended for risk 

assessment by the Osteoporosis Canada guidelines, uses age, 

sex, and femoral neck T-score to determine initial 10-year 

absolute major fracture risk (low, moderate, or high) and 

adjusts risk upward in the presence of prolonged glucocorticoid 

use or fragility fractures after the age of 40 years.41 A patient 

with both of these risk adjustments is classified as high risk 

irrespective of BMD. The Garvan nomogram was developed 

in Australia to predict hip or major osteoporotic fracture using 

age, sex, history of prior fractures, and femoral neck BMD or 

weight (if BMD unavailable).74 Qfracture was developed for 

use in the UK and uses 31 risk factors to calculate the 10-year 

probability of osteoporotic fracture or hip fracture, but does 

not include BMD as an input.75

The performance of these tools has not been extensively 

studied in a male population. A study that evaluated the 

predictive performance of the Garvan nomogram and FRAX 

in a sample of Australian men in a clinical setting found that 

FRAX discriminates fracture risk poorly, but the number of 

men studied was small.76 A validation study of the Canadian 

FRAX concluded that the model was well-calibrated and 

adequately discriminates hip fracture in men.77 In an obser-

vational study of FRAX calibration and discrimination in the 

MrOS cohort, the tool showed fairly accurate predicted risk 

for hip fractures without BMD but did not predict the risk 

of major osteoporotic fractures as well.78 The discrimination 

of the tool was poor for major osteoporotic fractures with or 

without the inclusion of BMD, but was fair for hip fracture 

with the inclusion of BMD. These limited results highlight 

the need for further research into the development and valida-

tion of fracture risk assessment tools in men. One example 

of a recently developed model in a male cohort was that by 

LaFleur et al79 to estimate absolute fracture risk in a regional 

cohort of male veterans using data collected passively in 

routine health care operations. The algorithm predicted 

absolute risk of hip or any major fracture using age, BMI, 

smoking, alcohol use, fall risk, number of clinic visits, and 

several comorbid diseases and drug exposures, and showed 

good to acceptable discrimination for hip fracture and any 

major fracture, respectively.

Treatment
Whom to treat
Treatment guidelines for male osteoporosis rely on the results 

of BMD screening and the presence of clinical risk factors 

to select those at high risk for fracture to treat with phar-

macologic therapies. Table 3 presents the NOF, Endocrine 

Society, NOGG, and Osteoporosis Canada guidelines for 

treating male osteoporosis. All of these agencies incorporate 

the use of an absolute risk assessment tool, such as FRAX, 

into their treatment guidelines. The NOF and Endocrine 

Society both recommend treatment in males over the age of 

50 years with a prior fracture, in those with a T-score indica-

tive of osteoporosis based on BMD testing, and in osteopenic 

men with a 10-year probability of a hip fracture $3% or a 

10-year probability of a major fracture $20% based on the 

US-adapted FRAX.39,40 Osteoporosis Canada recommends 

treatment in men over the age of 50 years with a previous hip 

or spine fracture, or multiple fragility fractures, irrespective 

of BMD.41 Fracture risk assessment using the CAROC Risk 

Assessment tool, or Canadian FRAX, is also recommended 

to classify patients as low, moderate, or high risk.41 Treatment 

is recommended in men at high risk of fracture defined as 

a 10-year major fracture risk .10%; in men with moderate 

fracture risk, treatment should be considered in the presence 

of selected risk factors (Table 3).

In the absence of a prior fragility fracture, the NOF and 

Endocrine Society treatment guidelines rely on T-scores 

from DXA scanning as the first approach to identify males 

for treatment. The NOGG guidelines differ in that treatment 

for men may be recommended based solely on clinical 

risk factors in the absence of a BMD test if the probability 

of fracture lies above a pre-determined upper assessment 

threshold.
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Nonpharmacologic treatment
Nonpharmacologic approaches for the prevention and treat-

ment of osteoporosis in men include diet and lifestyle changes 

to reduce modifiable fracture risks. These approaches are 

incorporated into many osteoporosis clinical guidelines. For 

example, the NOF,39 Endocrine Society,40 and Osteoporosis 

Canada41 all recommend adequate calcium and vitamin D 

intake and encourage regular weight-bearing and muscle-

strengthening physical activity. The NOF and Endocrine 

Society also advocate tobacco cessation and the avoidance 

of excessive alcohol. Fall prevention strategies are recom-

mended by Osteoporosis Canada and the NOF. The NOF 

and Osteoporosis Canada guidelines are universal recom-

mendations applicable to all men aged 50 years and older 

while the Endocrine Society guidelines apply to men with 

or at risk for osteoporosis. The NOGG38 does not make any 

population-based recommendations, but does advise that 

general osteoporosis management should include the cor-

rection of calcium and vitamin D deficiencies, assessment 

of fall risks, and mobility maintenance.

The evidence surrounding the anti-fracture efficacy of 

these interventions in males is varied. While current smoking 

and consumption of ten or more alcoholic drinks per week 

are associated with moderately increased risk of fracture, 

the effects of smoking cessation and alcohol reduction have 

been less frequently studied.67 One observational study in 

men showed that former smokers had a lower fracture risk 

than current smokers (although still a higher risk than never 

smokers) and the effect was longlasting.81 The Framingham 

study demonstrated no significant change in hip fracture risk 

after decreasing alcohol consumption from heavy to light 

levels.82 The evidence supporting calcium and vitamin D 

supplementation and physical activity is also mixed. A recent 

systematic review found that the effect of calcium intake on 

fracture outcomes in men was inconsistent, but there was 

substantial heterogeneity in how calcium intake was defined 

and assessed.67 Concerning vitamin D, a systematic review and 

meta-analysis found that daily supplementation with 700–800 

IU of oral vitamin D was associated with decreased hip and 

nonvertebral fractures.83 This study did not find any difference 

in effect between males and females, but the data on males were 

limited. Another recent systematic review of exercise interven-

tions on fall-related fractures in patients with osteopenia or 

osteoporosis concluded that these interventions may reduce 

falls and fall-related fractures; however, most of these studies 

did not directly assess fall or fracture outcomes and the major-

ity were conducted in postmenopausal females.84

Pharmacologic treatment
The US Food and Drug Administration (FDA)-approved 

pharmacologic therapies for osteoporosis treatment in men 

include teriparatide, denosumab, and the bisphosphonates 

Table 3 Osteoporosis treatment guidelines for males

Organization Pharmacological treatment recommendations

National Osteoporosis Foundation (NOF)39 Treatment recommended for men aged 50 years and older with hip or vertebral fracture (clinical or 
on imaging); T-score less than −2.5 at femoral neck, total hip, or lumbar spine; T-score between −1.0 
and −2.5 at the femoral neck or lumbar spine; and a 10-year probability of a hip fracture $3% or a 
10-year probability of a major fracture $20% based on the US-adapted FRAX.

The Endocrine Society40 Recommend treatment in men who had hip or vertebral fracture without major trauma; BMD 
of spine, femoral neck, or total hip 2.5 SD or more below mean of normal young males; T-score 
between −1.0 and −2.5 at the femoral neck or lumbar spine plus a 10-year probability of a hip fracture 
$3% or a 10-year probability of a major fracture $20% based on FRAX. Treatment is also suggested 
in men aged 50 years and older receiving long-term glucocorticoid therapy (equivalent to 7.5 mg or 
greater of prednisone for 3 months) as recommended in the 2010 guidelines of the American Society 
of Rheumatology.80

Osteoporosis Canada41 Assess fracture risk using CAROC or Canadian FRAX. Recommend treatment for high-risk men 
with 10-year fracture risk .20%, prior hip or spine fracture, or multiple prior fractures. In men with 
moderate fracture risk (10-year risk between 10% and 20%), consider treatment for those with the 
following risk factors: vertebral fracture identified by imaging, previous wrist fracture in those over the 
age of 65 years or with T-score less than or equal to −2.5, lumbar spine T-score much smaller than 
femoral neck T-score, androgen-deprivation therapy for prostate cancer, long-term glucocorticoid 
use, recurrent falls, or other disorders associated with osteoporosis, bone, loss, or fractures.

National Osteoporosis Guideline  
Group (NOGG)38

Assess 10-year osteoporotic fracture probability in men aged 50 years or older using UK FRAX. 
Treatment thresholds both with and without BMD testing are based on age and fracture probability.

Notes: Copyright © 2010. CMA. Adapted from Papaioannou A, Morin S, Cheung AM, Atkinson S, Brown JP, Feldman S, Hanley DA, Hodsman A, Jamal SA, Kaiser 
SM, Kvern B, Siminoski K, Leslie WD; Scientific Advisory Council of Osteoporosis Canada. 2010 clinical practice guidelines for the diagnosis and management of 
osteoporosis in Canada: summary. CMAJ. 2010;182(17):1864–1873. This work is protected by copyright and the making of this copy was with the permission of Access 
Copyright. Any alteration of its content or further copying in any form whatsoever is strictly prohibited unless otherwise permitted by law.41

Abbreviations: BMD, bone mineral density; CAROC, Canadian Association of Radiologists and Osteoporosis Canada; FRAX, Fracture Risk Assessment Tool; 
SD, standard deviation.
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alendronate, risedronate, and zoledronic acid. In the EU, 

strontium ranelate is also approved for the treatment of 

male osteoporosis along with teriparatide and alendronate, 

risedronate, and zoledronic acid. All of these agents inhibit 

bone resorption, except teriparatide, which promotes new 

bone growth.

The anti-fracture efficacy of these drugs has mostly been 

studied in postmenopausal women.39,85 Large randomized 

controlled trials of osteoporosis treatments with a fracture 

endpoint are rare in men; studies in men tend to be small 

with changes in BMD or bone turnover markers as the pri-

mary outcome, with fracture incidence usually reported as a 

secondary outcome.40 The use of surrogate markers in these 

studies is justified on the basis of therapeutic equivalence; if 

the changes in BMD in men on a given treatment are similar 

to those observed in women on that treatment over the same 

duration, then it is assumed that fractures endpoints will also 

be similar.35 However, due to gender differences in bone devel-

opment, pathophysiology, and risk factors, it is unclear if the 

anti-fracture benefits seen in women are the same in men.86 

Further, there is little evidence surrounding the comparative 

effectiveness of the various osteoporosis treatments, as recent 

systematic reviews of treatments to prevent osteoporotic 

fractures found few studies that examined the effect of osteo-

porosis treatments on fracture prevention in men and no large 

trials that compared treatments head-to-head.86–88

Bisphosphonates, most commonly generic alendronate, 

are often prescribed as the first-line treatment to prevent 

fracture. Alendronate,89 risedronate,90 and zoledronic acid91 

have been shown to reduce the risk of vertebral fracture 

in men. Risedronate has also demonstrated reductions in 

the incidence of nonvertebral90 and hip92 fractures in men. 

However, there is an overall lack of evidence concerning the 

effectiveness of bisphosphonates for reducing hip and other 

nonvertebral fractures in osteoporotic men.

The parathyroid hormone teriparatide is the only anabolic 

agent that is FDA-approved for the treatment of severe or 

glucocorticoid-induced osteoporosis in men.93 Teriparatide 

has been shown to significantly decrease the incidence of 

vertebral fractures.94 Treatment with teriparatide is contro-

versial due to possible side effects and is not recommended 

for durations longer than 2 years.85

Denosumab, recently FDA-approved for treating male 

osteoporosis, was shown to significantly increase BMD at 

the lumbar spine, total hip, femoral neck, trochanter, and 

1/3 radius in men with low bone density.95 In men receiving 

androgen deprivation therapy for prostate cancer, denosumab 

was associated with a decreased incidence of new vertebral 

fractures.96 In men with osteoporosis, strontium ranelate 

increased BMD at the lumbar spine, femoral neck, and total 

hip, which is consistent with the effects seen in women.97

Conclusion
Male osteoporosis remains underdiagnosed and under-treated, 

but is increasingly recognized as a significant public health 

concern. Osteoporotic fractures lead to considerable personal 

and societal costs as a result of increased morbidity and mor-

tality. There is now more knowledge of the secondary causes 

of osteoporosis in men and the risk factors for osteoporosis 

and fracture in the male population. Many organizations now 

provide clinical guidelines to address osteoporosis screening 

and treatment in men. This is hopefully an important step 

towards improved diagnosis and treatment, although oppor-

tunities for further research remain (Table 4). Absolute risk 

assessment tools such as the FRAX may play an important 

role in identifying men at risk for fracture, although more 

research is needed in developing and validating these tools in 

male populations. The approved pharmacological treatments 

have shown reduced vertebral fracture incidence in men, but 

there remains an evidence gap concerning the effectiveness of 

these treatments in reducing hip and nonvertebral fractures. 

More research is needed to address this gap and to examine 

the comparative effectiveness of the various osteoporosis 

treatments.
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