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Abstract: 140 words
The WHO clinical definition of osteoporosis, based on a measurement of bone mineral density (BMD) by Dual Energy X-ray Absorptiometry, has been used globally since the mid-1990s. However, although this definition identifies those at greatest individual risk of fracture, in the population overall a greater total number of fractures occur in individuals with BMD values above the osteoporosis threshold.  The inclusion of clinical risk factors, with or without BMD, in fracture prediction algorithms can improve the identification of individuals at high fracture risk; thus a number of web-based tools have been developed, the most commonly used globally being FRAX®.  In this review, we will discuss the epidemiology of osteoporosis, clinical risk factors for fragility fracture, and how this knowledge is being used to aid risk stratification.  Importantly, research is on-going to demonstrate the clinical efficacy and cost-effectiveness of such case-finding strategies.   
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A. Introduction

Osteoporosis is characterised by low bone mass and microarchitectural deterioration of bone tissue. The result is bone fragility, and increased risk of the major clinical consequence, fracture.  Since a histological definition is of limited utility in such a widespread condition, a clinical definition was devised, in the mid-1990s, by the World Health Organisation. This is based on bone mineral density (BMD) measured at the femoral neck by Dual Energy X-ray Absorptiometry (DXA).  Independent of age and sex, individual BMD is related to data from a reference population comprised of healthy young adult females to generate a standard deviate “T-score”.  A BMD that is 2.5 standard deviations or more below the young adult female mean defines osteoporosis; a T-score between -1 and -2.5 SDS as osteopenia[1]. Although this definition has proved to be valuable for the identification of those individuals at high individual risk of fracture, it is clear that BMD alone does not encompass all factors that are associated with increased fracture risk. Understanding the epidemiology of osteoporosis and osteoporotic fracture is therefore important to identifying patients who are at greatest risk.  This has led to the development of fracture probability tools that can be used to guide health care providers in deciding when to implement therapies aimed at primary and secondary fracture prevention.  In this review, we will describe the epidemiology of, and risk factors for, osteoporotic fractures, and the tools available with which to undertake risk stratification.  

B. [bookmark: _Toc379997770]Global Burden of Osteoporosis

Osteoporosis is common: a recent report estimated that in 2010, 6.6% of men and 22.1% of women aged over 50 years living in the European Union (EU) had osteoporosis, and that there were 3.5 million fragility fractures [2].  The annual direct costs attributable to fracture treatment in the EU equate to approximately €24 billion. However inclusion of the indirect costs of osteoporosis, such as fracture prevention therapies and long-term post-fracture care, which account for 29% and 5% of the total costs, raises this figure to €37 billion per year [2].  Although historically it has been thought that hip fractures contribute the vast majority of this burden, recent data suggest that this is not the case: thus approximately half (54%) of these costs are attributable to hip fractures.  Non-hip, non-wrist and non-spine fractures account for 39% of the economic burden, with vertebral and wrist fractures contributing 5% and 2%, respectively [2].  
Globally, there is marked heterogeneity in annual age-standardised hip fracture rates: the highest rates are observed in Scandinavia (Denmark 439/100,000 person-years; Norway 420/100,000 person-years; Sweden 401/100,000 person-years) and the lowest in Tunisia (50/100,000 person-years), Ecuador (55/100,000 person-years) and Morocco (69/100,000 person-years) [3 4].  This is illustrated in figure 1 [3], which demonstrates that the highest incidence of hip fracture is generally observed in countries furthest from the equator and in countries in which extensive skin covering due to religious or cultural practices is the norm.  Although the exact mechanisms underlying this variation remain to be elucidated, the geographic distribution would suggest that vitamin D status might be an important factor.  Worldwide, the number of hip fractures is increasing due to improvements in life expectancy and an aging population; in 1990 there were estimated to be 1.7 million hip fractures worldwide, but this is predicted to reach 6.3 million annually by 2050 [5].  These estimates assume a constant age-specific hip fracture incidence, yet varying secular changes in fracture rates across the globe have been observed.  Whilst age and sex-specific hip fracture rates increased in Europe and North America until the late 20th century, with subsequent plateauing or even a decline, there is evidence to suggest that fracture rates are continuing to rise in developing countries (Figure 2) [6 7].   As such, the economic burden of osteoporotic fracture in developing countries is likely to increase markedly.
Importantly, the burden of fragility fracture extends beyond the economic costs: mortality is elevated for most fracture types, although it is highest for hip fracture [8].   Mortality risk is elevated by 5-8 times in the first three months following a hip fracture [9], and whilst this risk does decrease with time, at 10 years post-fracture it still remains above baseline [9 10].  Although hip fractures are more common in women than men, short-term mortality is greater in men [9 10], which might result from greater prevalence of co-morbidities at fracture in men and more frequent perioperative complications, including infection [11] and cardiovascular events [12].  Poorer quality of life [13] and functional decline are also common following an osteoporotic fracture, particularly after hip, pelvis and vertebral fractures [13].   Fewer than 40% of individuals who sustain a hip fracture will regain their pre-fracture ambulatory status within two years of the fracture, and poorer post-fracture function is more likely in those who have an underlying malignancy or cognitive impairment [14].  Furthermore, rates of admission to nursing home following a hip fracture exceed those observed in non-fracturing age and sex-matched controls [15].
Future fracture risk is also increased following a fracture.   A prior history of any fracture has been shown to increase the risk of an osteoporotic fracture by approximately two fold [16-18], with the greatest predictive power for fractures at the same site.  For example, a fourfold increase in vertebral fracture incidence is observed in women with a history of vertebral fracture [17].   Additionally, in women, the incidence of fracture rises further with increasing numbers of prior fractures since the age of 45 years [18]. This highlights the need for both primary and secondary prevention strategies. 

C. [bookmark: _Toc379997771]Risk factors for Osteoporosis and Fragility Fracture

Spontaneous fractures in osteoporosis are rare, and an impact, even if the force is low, is usually required for a fracture to occur.  The epidemiology of osteoporosis and fragility fracture therefore reflects both influences on architectural changes to bone structure, and clinical risk factors that increase the likelihood of an impact force occurring.  Other than for vertebral fracture, in most cases a fracture is the result of a fall [19].  

i. [bookmark: _Toc379997772]Age and Gender

The prevalence of osteoporosis rises steeply after 50 years of age, and there is a similar rise in fragility fracture incidence, demonstrated in figure 3 [20].  In childhood and early adulthood, fracture rates are higher in males than females [21 22], however, after the age of 50 years, this pattern is reversed, and the overall fracture incidence in women is three times higher than that observed in men [22].   Forearm fractures display a marked sex disparity after 50 years of age due to a substantial increase in the incidence in women without a corresponding increase in men [22].  Sex differences in bone geometric structure and microarchitecture that confer greater bone strength are observed from early childhood and persist through to later life; these include greater bone cross-sectional area, thicker cortices, and greater trabecular number and thickness in males [23 24].  These factors contribute to the differences in incidence of fragility fracture in men and women, but the steep rise in older women is also partly attributable to post-menopausal oestrogen withdrawal.  After the female menopause, there is an accelerated reduction in bone mass, decreased trabecular connectivity [25] and increasing cortical porosity and thinning [23 26]. Women who experience an early menopause are therefore at greater risk of osteoporosis and fracture [27]. 
The increasing risk of falls with advancing age also contributes to the rise in fragility fracture incidence in later life.  Falls are four times more common in 90 year olds compared to 60 year olds, and twice as common in women than men [28].  Sarcopenia, poor functional mobility, visual impairment, balance disturbances, neurocognitive dysfunction, cardiovascular instability and sedative medications all increase falls risk [28], and their prevalence increases with aging.  

ii. [bookmark: _Toc379997773]Ethnicity

The incidence of hip fracture differs with ethnicity. In the USA, the highest frequencies are observed in white women and the lowest in Black-American women [29].  Hip fracture rates in women of Hispanic and Asian ethnicity living in the USA are lower than those observed in white women, but higher than Black women [29]. These differences likely reflect a combination of ethnic differences in BMD, skeletal size and microarchitecture; African-American women have higher areal BMD [30], greater bone area [31], increased trabecular thickness, cortical area and cortical thickness compared to Caucasian women [31], all of which will confer greater bone strength and resistance to fracture. 

iii. [bookmark: _Toc379997774]Stature and Obesity

In post-menopausal women, tall stature and low body mass index are established risk factors for some fracture types [32-34].   Traditionally, obesity was considered to be a protective against fragility fracture due to the higher BMD in obese individuals from greater mechanical loading, and protective cushioning in the event of a fall.  However findings of the Global Longitudinal study of Osteoporosis in Women (GLOW), which included over 46000 women from 10 countries, suggested that overall fracture rates did not differ between normal weight and obese women, but differences across fracture sites were observed [35].  Indeed higher frequencies of ankle and lower leg fractures were seen in obese compared with normal weight women, but obese women had lower rates of wrist, hip and pelvic fractures [35].  A recent meta-analysis of prospective data from nearly 400,000 women similarly reported a lower risk of forearm and hip fractures in obese compared to healthy weight women, but a higher incidence of humeral fractures [34].  The mechanisms underlying these differences in site-specific fracture rates are not fully understood, but could relate to size and direction of loading and/or dissipation of forces by adipose tissue in the event of a fall. Furthermore, although in crude analyses the hazard ratio for fracture at a BMI of 35 kg/m2 compared with 25 kg/m2 was 0.87 (95%CI: 0.85-0.90), when this relationship was adjusted for the effect of BMD, the hazard ratio was 1.16 (95%CI: 1.09-1.23); taken with the site-specificity of BMI-fracture associations, the relationships between BMI, BMD and fracture risk are clearly complex, and the implications of these findings for risk stratification require further clarification.

iv. [bookmark: _Toc379997775]Heritable influences
Fragility fracture has a large heritable component, and fracture risk certainly is higher in individuals who have a parent with a history of fragility fracture [36].  However, it is likely that this reflects intrauterine and shared environmental factors in addition to genetic inheritance.   Twin and family studies have suggested that a large proportion of the variance in BMD is heritable, although this does vary by skeletal site, with lumbar spine BMD displaying greater heritability than that at the wrist [37].  However, to date, polymorphisms identified by genome-wide association studies can account for only 1-3% of the variance in BMD, suggesting that further genetic signals remain to be discovered from newer approaches such as deep sequencing, and that shared environmental factors also contribute to the heritable component.  This is supported by finding that the inherited component of BMD is lower in post-menopausal than pre-menopausal women [37 38].  Furthermore it is increasingly recognised that environmental factors can influence gene expression, for example, the observed interaction between vitamin D receptor genotype and birth weight in determining lumbar spine BMD [39], and the observation that polymorphisms in the interleukin-6 promoter gene were only associated with hip BMD in women who were not using oestrogen replacement [40]. Indeed, in twin studies, intrapair differences in birthweight correlated with adult BMC[41 42], with one investigation demonstrating greater intrapair differences in both birthweight and adult BMC in monozygotic than dizygotic twins[41], consistent with the notion that differential placentation may lead to long-term alterations to postnatal growth, despite identical genetic make-up. Additionally, the role of epigenetic processes in mediating gene expression and repression is becoming increasingly recognised [43], and understanding of their role in the development of osteoporosis is likely to evolve in subsequent years.   Finally, it is likely that genetic determinants of bone turnover, age at menopause, hip geometry and muscle strength, in addition to BMD, contribute to the susceptibility to fragility fracture.   

v. Medications

Glucocorticoid exposure may lead to one of the most common forms of secondary osteoporosis, and is associated with an increased risk of fracture [44-46].  Using the General Practice Research Database (GPRD), it was shown that the increased risk is greatest for vertebral fractures, for which the risk is increased even with low dose steroids (<2.5mg/day). Moderate and high dose steroids were associated with increased risk of hip and forearm fractures [46].   Continuous rather than intermittent dosing schedules and prolonged duration of exposure may further increase associated fracture risk [44 45].    Fracture rates increase dramatically in the first 3 months of steroid treatment and then remain stable during prolonged use.  Cessation of steroid treatment is associated with a rapid reversal of risk, even if steroids have been used continuously for over 6 months [46].  The mechanisms responsible for the increased fracture risk in patients requiring steroid therapy are poorly understood:  Whilst there is evidence for a reduction in BMD with steroid exposure, a meta-analysis of 42500 individuals from 8 different cohort studies suggested the increased fracture risk was independent of BMD [47], and post-menopausal women treated with glucocorticoids sustain vertebral fractures at a higher BMD than do women who have not received steroids [48].  Thus, other factors appear to contribute to the increased fracture risk, and bone quality might be important.  Indeed, there is evidence that corticosteroid exposure reduces activity of osteoblasts and osteocytes, and stimulates osteoclastic bone resorption, with effects on the RANK/ RANKL pathway [49]. Histomorphometric studies have identified a reduction in trabecular thickness and greater trabecular separation in women with glucocorticoid-induced osteoporosis compared to postmenopausal osteoporosis [50]. Case-control and longitudinal studies using advanced micro-imaging techniques are now required to further understand such observations.   
A number of other medications have also been linked to higher fracture risk, including proton pump inhibitors [51], thiazolidinediones [52 53], anti-depressants[54],  and anti-epileptic drugs [55], with varying degrees of certainty in terms of causation and biological mechanism.

vi. Co-morbid medical conditions

Individual studies have examined particular comorbidities, and recent analysis of data from 60393 participants of the GLOW study, of whom 6.1% sustained a fracture over the two year follow-up period, demonstrated that a number of co-morbid medical conditions were associated with increased fracture incidence [56]. This included cardiovascular disease, asthma, chronic obstructive pulmonary disease, osteoarthritis, rheumatoid arthritis, stroke, inflammatory bowel disease, Parkinson’s disease, multiple sclerosis and type 1 diabetes mellitus.  In this study, hypertension and malignancy were not associated with an excess fracture risk [56].  It is likely that the cause for the increased fracture incidence observed in these medical conditions is multifactorial, including steroid usage, low grade chronic inflammation, lifestyle factors, BMI, poor mobility and increased falls.   

vii. Smoking and Alcohol Consumption

Smoking is a well-established risk factor for osteoporotic fracture.  The risk is highest in current smokers, but remains elevated in those with a history of smoking compared to non-smokers [57].  This is partly mediated through a negative association of smoking with BMD and through differences in BMI [57].   High, but not moderate, alcohol consumption is also associated with increased fracture incidence [58].

[bookmark: _Toc379997777]D. Patient identification

Osteoporosis is a silent disease until a fracture occurs.  Patient perception of fracture risk is often underestimated [59 60], and therefore initiation of primary prevention is usually reliant on health care practitioners. It is unsurprising that secondary prevention, that is identifying individuals for treatment on the basis of a fracture occurring, is the approach most often taken as the starting point for fracture prevention.
Approaches to secondary fracture prevention
A detailed description of the various approaches to secondary fracture prevention is beyond the scope of this review, but the key issue is how to achieve risk stratification and treatment, if appropriate, following attendance with a new fragility fracture. Several methods have been explored, both staff and IT-based and the most successful systems usually focus on a multi-disciplinary Fracture Liaison Service[61], incorporating orthogeriatricians who can ensure that medical management of orthopaedic patients is optimised, both whilst in hospital, and for future fracture prevention. The International Osteoporosis Foundation has recently instituted “a global campaign to facilitate the implementation of coordinated, multi-disciplinary models of care for secondary fracture prevention.”  (http://www.capturethefracture.org). The “Capture the Fracture” initiative has provided guidance on secondary fracture prevention, and also a global map, with a quality grading scheme, on which, subject to application, secondary fracture prevention services can be documented [62]. There is currently huge variation, not only between, but also within countries, and in the availability, scope and quality of secondary prevention facilities. This kind of initiative, aimed at raising quality and population coverage, should provide a valuable contribution to service improvement.

Approaches to primary fracture prevention
In any non-communicable chronic disease such as osteoporosis there is clearly a balance between the benefits of widespread treatment, with associated increased cost and risk of side-effects consequent on a systematic screening approach, and the danger of under-treatment attendant on a case-finding strategy focused on those at greatest individual risk. Although in the US, DXA screening is standard at the age of 65 years, in the majority of countries, population screening is not judged to be cost-effective and primary prevention is focused more on opportunistic case-finding, triggered by the presence of clinical risk factors. Incentives for more systematic identification of those at highest risk, such as those generated by the UK Quality Outcome Framework, may also be used. Again, space does not permit a detailed overview of national approaches to primary prevention, but these policies are often readily available online (for example:  US: http://nof.org/files/nof/public/content/file/2237/upload/878.pdf; UK: http://guidance.nice.org.uk/CG146) and as position papers[63-65].

Approaches to risk stratification

i. BMD alone
The traditional WHO definition of osteoporosis is based on a measurement of BMD, and there is evidence that fracture risk approximately doubles for every standard deviation decrease in BMD [66].  However, over recent years, it has been increasingly recognised that low BMD should be viewed as a risk factor for fragility fracture rather than as a disease in itself.  Furthermore, bone geometric and microarchitectural properties, which cannot be assessed by DXA, and other clinical risk factors, clearly contribute to fracture risk, effects that may be independent of DXA-derived BMD. A small proportion of the population is identified by a T-score of -2.5 or below, and in terms of total numbers, more fractures in later life may occur in individuals who have a BMD in the normal or osteopenic range. For example, Wainwright et al prospectively studied 8065 post-menopausal women in the USA.  243 women experienced a hip fracture over the 5 year study period, and only 46% of these women had an osteoporotic T-score at baseline screening [67].  As such, if BMD alone is used to determine treatment thresholds, then many women at risk of fracture will not be offered intervention.  Newer techniques including peripheral quantitative computed tomography and HR-pQCT can provide a more detailed assessment of bone structure, but their use in clinical practice is limited by availability of instruments, a lack of population-based reference data and, indeed, any convincing evidence of their superiority, in terms of risk stratification, over traditional densitometry. 

ii. Fracture risk assessment tools encompassing BMD and clinical risk factors

The use of clinical risk factors (CRFs) in addition to BMD measurement has been demonstrated to increase the accuracy of hip and major osteoporotic fracture risk assessment [68]. As such, a number of tools have been developed to calculate an individual’s risk of fracture, either based on clinical risk factors alone, or in combination with BMD measurement.  The three most widely used instruments are the WHO Fracture Risk Assessment Tool, FRAX® (www.shef.ac.uk/FRAX) [69], Garvan Fracture Risk Calculator (www.garvan.org.au/bone-fracture-risk) and QFracture (www.qfracture.org) [70] (Table 1).  

iia. FRAX®
The most comprehensively developed risk assessment tool is FRAX®, produced by the Centre for Metabolic Bone Diseases at the University of Sheffield [69].  It estimates 10-year major osteoporotic (vertebral, hip, forearm and proximal humerus) and hip fracture probability, either with or without inclusion of BMD measurement.  The CRFs were chosen on the basis of intuitive linkage to fracture risk and ready clinical availability following a series of meta-analyses of prospective cohort studies from Europe, North America, Asia and Australia including nearly 45000 individuals, and have subsequently been validated in other cohorts. A unique feature of the FRAX algorithm is the integration of risk of death with risk of fracture, to yield a 10-year probability of fracture, which incorporates not just fracture risk, but also the competing hazard of death. Fifty-eight population-specific FRAX calculators for use in fifty-three countries have since been developed to account for geographical variations in fracture incidence and mortality [71].  Importantly an internet-based calculator (Figure 4) allows rapid use and implementation in the primary care setting, and models that do not require BMD assessment [72 73] are likely to be helpful in identifying high-risk patients in low resource settings where availability of DXA is limited. Recent data suggest that in 2013 nearly 2.4million FRAX calculations were performed in 173 different countries [71]. 
As with all risk assessment tools, it is clear that not all CRFs for osteoporotic fracture are included in the FRAX algorithm (this being limited by which data were available globally in population-based cohorts), and many of the included CRFs have a dose-response element that is not incorporated into the algorithm.  For example, only current smoking is considered, whereas a past history of smoking also increases fracture risk above that of a lifetime non-smoker [57], and the calculator assumes an average daily consumption for all current smokers. Similarly, details of glucocorticoid exposure (e.g. dose, duration) were not available in the original FRAX cohorts so that the relationship again assumes an average exposure; this will lead to an underestimation of fracture risk for recipients of higher daily doses of steroids, and overestimation for low daily doses [45].  Based on the assumption that the average exposure in the FRAX cohorts probably lay within the range of 2-5-7.5mg daily, an adjustment to the calculated fracture risk has been proposed based on the relative fracture risks according to steroid dose, as shown in table 2 [74][75], and a recent paper has described how to use FRAX optimally in clinical practice, incorporating methods to interpret the output where dose response considerations are present [76]. Furthermore, although like all risk assessment tools FRAX   has not been validated in patients who have received anti-osteoporotic treatment, there is some evidence that it may still provide a useful guide in terms of continuation or cessation of therapy [77].  
iib: Garvan Fracture Risk Calculator and QFracture
The Garvan Fracture Risk Calculator and QFracture provide country specific (Australia and UK) alternatives to FRAX. It is important to understand that there are fundamental differences in these algorithms, and that resulting absolute fracture risks/ probabilities, even over the same time span of 10 years, will differ and thus necessitate the derivation of tool-specific intervention thresholds. The Garvan calculator was derived using the Australian Dubbo cohort of around 2000 individuals and includes men and women [78]. It yields absolute fracture risk as a percentage over 5 or 10 years for osteoporotic fracture or hip fracture, based on age, sex, prior fracture, falls and bone mineral density. A 5-year fracture risk may be felt to be useful at older ages, and like QFracture, this algorithm does not incorporate the competing hazard of death. This approach has been used in other cohorts, although it lacks the wider generalizability and local calibration of the FRAX calculator. QFracture takes a different approach, with a statistically driven identification of multiple clinical risk factors (30 in total, and including falls), which are ostensibly readily available from the General Practice record [70 79]. Although the first version of QFracture was validated in an independent UK cohort [79], the second version, (which now includes prior fracture) has only been tested and validated in random subsets of the same overall cohort [70 80]. A further consideration is the definition of osteoporotic fracture, which differs from that employed by FRAX (with the definition in the Garvan calculator differing again), meaning that the 10-year fracture risk percentage may differ markedly between the three calculators.  Overall, Garvan and QFracture risk calculators may find most favour with those managing the oldest old, where clinicians may have a preference for inclusion of falls as a risk factor (although falling does not directly identify a risk amenable to pharmacologic treatment), and estimation of risk over shorter time periods may be felt to be an advantage (the inclusion of the death hazard in FRAX also addresses this issue). However, the limitations of both QFracture and the Garvan calculator in relation to generalizability, death hazard and national treatment thresholds must be considered when used more generally in clinical practice.
iii. Intervention thresholds
It is important to appreciate that a high fracture probability is not a diagnosis of future fracture: If an individual with a high fracture probability does not sustain a broken bone, it is thus not necessarily due to failure of the prediction model. Similarly, a proportion of individuals predicted to be at low probability will still experience an incident fracture.  Furthermore, neither FRAX itself, nor the Garvan calculator or QFracture, inform treatment decisions by themselves. The threshold risk/ probability at which treatment may be given to reduce the risk of future fracture will depend on many considerations, not just at the level of the individual, but critically in terms of cost-benefit and how much an individual country is prepared to pay for each year of quality adjusted life saved. 
There are a number of country-specific treatment threshold guidelines available, many of which advocate the use of fracture prediction models (usually FRAX) for case-finding approaches [81].  Even between the USA and UK guidance, there is marked heterogeneity.  The National Osteoporosis Foundation in the USA suggests BMD assessment for women over 65 years and men over 70 years, in addition to younger post-menopausal women at sufficiently high risk based on CRFs. Treatment is recommended for those with a history of vertebral or hip fracture, osteoporosis on BMD assessment, or osteopenia and a 10-year FRAX-calculated probability of a hip fracture >3% or major osteoporotic fracture >20% [82].  Conversely, the UK National Osteoporosis Guideline Group (NOGG) recommends the use of FRAX as the first step in risk assessment, with prior fragility fracture usually a sufficient basis for treatment regardless of other risk factors. Where a 10-year probability has been generated by FRAX, threshold graphs are subsequently used to guide appropriate intervention: patient reassurance with further risk calculation at a later date (low risk), BMD assessment (intermediate risk), or immediate treatment without the need for BMD assessment (high risk) (Figure 4B) [83].  Once BMD has been performed, the 10-year probability of fracture is plotted by age, either above or below a single treatment threshold, which is set at the 10-year fracture probability conferred by having had a previous fragility fracture, corresponding to older UK national guidance. The treatment threshold thus increases with age, but even so, the proportion of women potentially eligible for treatment rises from 20% to 40% across the age range assessed. Differences in access to health care, cost of medications, willingness to pay for quality adjusted life years saved, fracture epidemiology, other disease burdens, and the implications of fracture at the individual and societal level within different countries will reflect the threshold and overall strategy employed, and direct translation of an approach from one country to another may well not be appropriate.  Recognising this, the International Osteoporosis Foundation has published guidance relating to osteoporosis and corticosteroid-induced osteoporosis, which can be readily modified to reflect national priorities and subsequent treatment thresholds[63-65].
At present, there have been few randomised controlled trials (RCT) to investigate the efficacy and cost-effectiveness of fracture prediction algorithms.  However, a trial of clodronate compared to placebo for fracture prevention in post-menopausal women, demonstrated that clodronate was effective at reducing fracture incidence in women with a high fracture risk assessed by FRAX without BMD measurement [84], therefore supporting the NOGG guideline than BMD measurement is not necessary for patients characterised as high risk by FRAX.  Similarly, greater fracture reduction with denosumab was demonstrated in osteoporotic women with a moderate to high fracture risk assessed by FRAX [85], but there is heterogeneity across therapies as a whole [86].  The SCOOP (Screening of Older Women for Prevention of Fracture) study has been designed to assess the effectiveness and cost effectiveness of community based screening using FRAX to reduce fracture incidence [87].   This multicentre study in the UK has recruited over 11000 women aged 70 to 85 years.  Women randomised to the intervention arm had their 10-year fracture probability assessed by FRAX.  Those deemed to be above an age-dependent threshold had an assessment of BMD by DXA, and the fracture probability recalculated by FRAX.  Women who had a probability above a treatment threshold were subsequently advised to discuss their treatment options with the general practitioner.   The control group received usual primary health care.  Both groups are being followed-up for 5 years for incident fracture, and an early qualitative study in this trial population demonstrated that these screening approaches are acceptable to patients and general practitioners [88]. 

E. Summary

Osteoporosis and associated fragility fracture are globally common conditions, and contribute significantly to morbidity, mortality and healthcare spending.  Although there is some evidence for a plateauing of fracture incidence in the developed world, an aging population and adoption of westernised lifestyles in transitioning populations will lead to an increasing burden of osteoporosis globally.  The clinical definition of osteoporosis has been based solely on BMD, but the prediction of fracture at the individual level has been improved by incorporation of clinical risk factors, derived from a greater understanding of the epidemiology of osteoporosis.  Although fracture prediction tools are now available, which can be used to stratify risk and guide treatment, studies are required to demonstrate cost-effectiveness and clinical efficacy of these approaches.  


Practice Points
· Osteoporosis has been defined as a T-score of <-2.5 at the femoral neck, but this definition does not encompass other determinants of fracture risk including bone quality and clinical risk factors.  
· Female sex, older age, white ethnicity, smoking, high alcohol consumption, steroid exposure, past fracture, and a family history of osteoporotic fracture are all risk factors for future fracture.
· The use of clinical risk factors in addition to BMD can improve fracture prediction.
· A number of fracture probability tools have been developed to encompass clinical risk factors and BMD in stratifying fracture risk, with FRAX® the most widely validated and utilized.
· A high fracture risk does not equate to a definite fracture, and some individuals with a low fracture probability will also sustain fractures.
Research agenda
· The burden of fragility fracture, and associated secular trends, in the developing world, particularly in African and South American countries, is yet to be fully described. 
· Future work needs to elucidate the impact of clinical risk factors, for example smoking and alcohol consumption, on bone microarchitecture and quality.
· The use of fracture probability tools for case identification and/or treatment stratification needs to be examined in randomised controlled trials.







Figure 1: Hip fracture rates for men and women combined in different countries of the world categorised by risk. Where estimates are available, countries are colour coded red (annual incidence >250/100,000), orange (150–250/100,000) or green (<150/100,000).  Reprinted from Kanis et al., Osteoporosis International 2012 [3].  With permission from Springer Science and Business Media. 

Figure 2: Secular trends in hip fracture incidence.  Reprinted from Cooper C et al., Osteoporosis International 2011 [6].  With permission from Springer Science and Business Media. 

Figure 3: Hip, wrist and radiographic vertebral fracture incidence by age and gender.  Reprinted from The Lancet, Vol 367 (9527), P Sambrook & C Cooper, Osteoporosis, Pages 2010-18., Copyright 2011, with permission from Elsevier [20].

Figure 4: (A) A screen shot from the FRAX® calculator website (www.shef.ac.uk/FRAX).  Data from a hypothetical female patient, aged 72 with a history of current steroid exposure and a parental history of fracture, in whom BMD assessment has not been performed, has been entered into the calculator.  This patient has a 10-year probability of major osteoporotic fracture and hip fracture of 25% and 12%, respectively.  (B) The UK FRAX® calculator provides a link to the National Osteoporosis Guideline Group (NOGG) treatment threshold graphs, which can be used by health care practitioners to guide treatment decisions.  Based on the same patient, these graphs recommend assessment of BMD by DXA, unless the patient was receiving >7.5mg prednisolone per day, when treatment without BMD assessment would be recommended. 

Table 1:  Comparison of fracture probability calculators.

Table 2: Percentage adjustment of 10 year probabilities of a hip fracture or a major osteoporotic fracture by age according to dose of glucocorticoids.  Reproduced with permission from Kanis et al., Osteoporosis Int 2011 [75]. With permission from Springer Science and Business Media. 
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