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Abstract (178 words)
Purpose of review: The field of osteoporosis research has been active for the past 20 years, and has allowed significant advancement in the management of osteoporosis. This review will give an overview of the latest data from international cohorts that relate to current and recent osteoporosis research. 
Recent findings: 
The clinical diagnosis of osteoporosis relies heavily on BMD measured at femoral neck or spine and although BMD has excellent predictive value for future fractures, fracture risk assessment has evolved over the years, resulting in the birth of fracture prediction tools. Fracture risk factors not currently featured in these tools are being considered for inclusion, including imminent risk fracture following a sentinel fracture, number of falls, and previous vertebral fractures. Data from groups with comorbidities such as COPD are helping us understand how to best manage patients with multiple co-morbidities. Finally, the prevalence of vertebral fracture in the older general population and other selected populations have been explored, alongside the global burden of osteoporosis and its consequences. 
Summary: 
Our understanding of osteoporosis continues to expand, but knowledge gaps remain. 
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Introduction
Globally we are living in an aging world. Therefore, the concept of healthy aging is of paramount importance [1]. The latest report published from the International Osteoporosis Foundation (IOF), “Broken bones, broken lives: A roadmap to solve the fragility fracture crisis in Europe” estimates there are 2.68 million new broken bones each year within the EU6 countries, comprising of France, Germany, Italy, Spain, Sweden and the UK [2**]. The risk of fracture increases with a diagnosis of osteoporosis, which has been defined as a condition characterised by low bone mass and microarchitectural deterioration of bone tissue, leading to enhanced bone fragility and therefore higher risk of fracture [3]. In 1994, WHO defined osteoporosis as bone mineral density (BMD) measurement by dual X-ray absorptiometry (DXA)of at least 2.5 standard deviations (SD) below the sex-matched young adult mean [3]. More recently the advent of algorithms capable of assessing clinical risk factors for fractures as part of osteoporosis screening, of which the most widely used is the Fracture Risk Assessment Tool (FRAX) [4**], has moved the era of assessment towards an individualised basis. Despite these advances in the last 20 years, the economic burden from fragility fractures remains substantial; in 2017, the estimated fracture related cost totalled £4.52 billion (€5.25 billion) and these costs are set to increase to £5.89 billion (€6.83 billion) by 2030 [2].

In this review we will provide a review of the diagnosis of osteoporosis; explore emerging fracture risk factors; and expand on current epidemiology data and the burden of osteoporosis on populations using international cohorts.

Diagnosis of Osteoporosis 
Non-invasive imaging techniques, in particular DXA scanning, has been adopted as the method of measuring BMD and this has been universally accepted as the gold standard for diagnosing osteoporosis [5]. BMD has an excellent predictive ability for future fracture and its predictive ability is not only comparable to that of blood pressure with stroke, it is superior to the predictive power of serum cholesterol concentration for cardiovascular disease [6]. However, it is important to recognise that fracture may not occur despite the presence of osteoporosis.
The original WHO criteria for diagnosis of osteoporosis set the numerical value of BMD value at ≤2.5 SD of the mean for a young adult at any site (spine, hip and mid-radius) [5]. The latest European guideline published in 2019 states the T score of BMD assessed by DXA should be taken at the femoral neck or spine [7**] which was also echoed in the National Osteoporosis Foundation guidelines [8]. However, the National Osteoporosis Guideline Group’s guidelines in 2017 highlighted that measurements made at the femoral neck has a higher predictive value for fracture risk [9], as the accuracy of measurement at spine can be affected by degenerative changes, and should therefore avoided in older adults where degenerative change is common [9, 10]. 

Prevalence and Incidence of Osteoporotic Fractures 
The IOF EU6 report estimates approximately 16 million women and 4 million men are affected by osteoporosis, and that prevalence is evenly spread out across the 6 countries in the EU [2]. Osteoporosis can increase the risk of fracture but the actual risk of developing fracture is dependent upon many factors including fracture site, gender, and country. Vertebral fracture (VF), one of the most common osteoporotic fractures, has been closely studied in the past few years. It is often clinically silent, but can be associated with significant disease burden [11], and has very important implications for future fracture risk [12*]. There is currently no definitive method of clinically diagnosing vertebral fractures. There are four main approaches: qualitative visual assessment, semi-quantitative method, pure morphometric analysis, and algorithm-based qualitative (ABQ) method. The most widely used methodology is the semi-quantitative method described by Genant et al [13]. This is also the methodology endorsed by the International Society for Clinical Densitometry ISCD, and IOF [14, 15]. 

Vertebral Fracture
Prevalence of VF for women varies from region to region; in Europe the highest rate was seen in Scandinavia (26%) and the lowest in Eastern Europe (18%), and in Asia the highest was observed in Japan (24%), and the lowest in Indonesia (9%) [16]. Recent studies reported a prevalence rate of 4.3% in a Spanish cohort of postmenopausal women [17], which is lower than observed previously [16] while recent prevalence data in women noted from a Japanese study was 19.1% [18]. The variation amongst the regions is likely to be partially due to ethnic differences, however the sharp decrease in prevalence rate noted in Spain compared with the Japanese data begs the question whether this reflects differences in secular trends between East and West.

A recent study showed elderly women, aged >70 years old were more likely to have severe VF than elderly men, but an increase in severe VF was noted in both genders as age increases [18]. On the contrary, mild VF prevalence was significantly higher in men as a whole than women [16, 18] and in particular those in their 50s and 60s [18]. Interestingly back pain was not significantly associated with multiple VF after adjustments, but is significantly associated with severe VF in both men and women [18]. This suggests it is the extent of vertebral deformity rather than the number of affected vertebrae causing symptomatic outcomes. After 4 years of follow up from the initial FRODOS study, a population-based cohort of postmenopausal Spanish women, the cumulative incidence rate of VF was 6.6% [17]. Risk factors affecting the incidence included prevalent VF, minor vertebral deformities, age, lower bone mass, glucocorticoid use, and rheumatoid arthritis [17]. The presence of baseline VF was associated with five times the increase in relative risk for a new VF, 24% with prevalent fracture and 5.8% without prevalent fracture [17]. 

Fragility Fracture
Fragility fracture is commonly defined according to sites affected including hip, vertebral, wrist and humerus. Hip fracture and its impact has been well documented in the scientific literature. However recently the Dubbo Osteoporosis Epidemiology Study (DOES), one of the world’s longest running longitudinal cohort studying osteoporosis, has highlighted the incidence of non-hip and non-vertebral fractures dominates in all age groups and that this incidence is higher than that of either hip or vertebral fractures alone [19*] therefore, highlighting the need to include our focus on non-hip and non-vertebral fractures on prevention and management. The importance of including lumbar BMD in assessment of fracture risk as a proportion of women with significantly lower BMD at lumbar than that of femoral neck is at a higher absolute risk of fracture was highlighted [19], although this sits in contrast to recommendations to use femoral BMD where possible due to the high prevalence of degenerative change in older adults. This risk is more noticeable in those with osteopenic/osteoporotic femoral neck BMD values or older in age [19].

Secular Trends
A literature on the secular trend of major osteoporotic fractures in various regions continues to emerge. In Denmark, data from 1995 to 2010 showed a general decline in the incidence rate of major osteoporotic fractures in both men and women, but a slight increase in clinical vertebral fractures for men [20]. Similarly, the trend in Italy from 2007 to 2014 showed overall there is a decline in incidence rate of hip fractures in older women [21]. Data from Lebanon between 2006 and 2017 revealed the overall annual incidence rate of fractures increased for both men (2015 to 2017) and women (2014 to 2017) [22]. Like Italy, there is a general decline in incidence rate of hip fractures from 2006 in women and from 2009 in men but the trend reverses in both sexes after 2015[22]. Despite an observed decline in certain fracture types and regions, the overall incident rate of fragility fracture is predicted to increase by 23% from 2017 to 2030[2], which will impact on the overall global fracture related burden. 

Fracture Risk Assessment 
The diagnosis of osteoporosis alone does not fully capture all risk factors contributable to a person’s fracture risk and fracture risk scores have been developed to attempt address this complex issue. The most commonly used score is the Fracture Risk Assessment Tool (FRAX), which has been incorporated in 120 guidelines worldwide [23] and has the advantage of been calibrated for target populations if the epidemiology of fracture and death is available from studies conducted in that population. FRAX currently incorporates risk factors including age, gender, body mass index, previous fracture, parental hip fracture, smoking status, rheumatoid arthritis, glucocorticoid use ≥3 months, secondary osteoporosis, alcohol intake of ≥3 units per day, and optional femoral neck BMD or T score [24]. Emerging evidence has shown the risk of further fracture after a sentinel fracture is markedly increased within the next 12-24 months, a phenomenon known as the imminent risk of fracture, and as time elapses this risk decreases as illustrated in Figure 1 [12, 25*]. In a recent retrospective, observational cohort Swedish study of women aged ≥ 50 years with a fragility fracture, the rate of subsequent fracture was found to be highest in the first month following fracture (15 fractures per 1000patient-years) and remains consistently increased at 5 fractures/1000patient-years between 4 to 24 months [26]. The overall cumulative incidence of fracture rate was 7.1% at 12 months and 12.0% at 24 months [26], which is comparable to an American retrospective cohort study of women ≥ 65 years, where the rate was 10% at 12 months, and 18% at 24 months [27]. However, the rate was much higher in an Icelandic study with 31-45% sustaining another fracture within 1 year of the sentinel fracture [12]. Sentinel vertebral fracture was associated with the highest imminent fracture risk [26, 27], and has been identified as an independent risk factor for imminent fracture risk relative to the index hip fracture [26]. 

Other independent risk factors for imminent fracture risk for older women include number of falls in the past 12 months, low physical function, and low total hip T score [28]. The number of falls in the previous year was captured in a Canadian cohort study, and was found to be strongly associated with incident fracture risk, despite adjusting for age, gender, BMD, and baseline fracture probability [29]. This relationship showed a dose-response pattern, where up 3 falls leads to a higher risk than a single fall, but more than 3 falls was not found to contribute to the risk further [29]. Age and osteoporosis are well known independent risk factors, however recent data from the DOES has shown only 34% of total fractures in women and 35% in men were due to advancing age or low BMD, with similar trends observed in each different fracture site [30*]. In fact, advancing age has been demonstrated to contribute a higher proportion of the risk than low BMD [30], which points towards a temporal aspect to the relationship between BMD and fracture where the strength of association between low BMD and fracture is highest at time of fracture and gradually decreases with time. 
Osteoporosis and Co-morbidities
FRAX incorporates some co-morbidities either considered independently (such as Rheumatoid Arthritis) or under the heading of secondary osteoporosis, to take into account associated increased risk of fractures in sufferers with that condition. However, currently fracture prediction algorithms are not inclusive of all the major co-morbidities that may impact osteoporosis risk. A recent Swedish study looking at imminent fracture risk indicated chronic diseases such as cerebrovascular disease, congestive heart failure, dementia, diabetes without chronic complications, mild liver disease, renal disease, and rheumatic disease were predictors of subsequent fracture at 12 and 24 months [26]. The epidemiology of osteoporosis and fracture incidence in selected population with particular co-morbidities is less well established. 

Osteoporosis and Chronic Obstructive Pulmonary Disease
Chronic obstructive pulmonary disease (COPD) is known to increase the risk of osteoporosis. A recent population-based UK cohort study revealed a higher prevalence of osteoporosis diagnosis in COPD patients (5.7%) compared with matched controls (3.9%) at an index date using The Health Improvement Network (THIN), which represents 6.2% of the total UK population [31]. However, the global prevalence of osteoporosis in the COPD population reported by a recent systematic review was much higher at 38% from 58 studies, with very similar trend in many of the countries [32**]. Cumulative incidence of VF in this select population group was recently found to be 10.1% within 1 year and 24.0% within 3 years in a Dutch study [33]. Similar to the general population, the risk of further VF is increased with the presence of prevalent vertebral fracture; of those patients with COPD with a new VF within the first year, 57.3% had a subsequent VF within the next 2 years [33]. There are conflicting data with regards to whether COPD itself increases the risk of major osteoporotic fracture. Data from one UK study showed that increased risk seemed to be mediated by age, smoking status, BMI, inhaled corticosteroid use and cumulative oral corticosteroid use [31], whereas a Taiwanese study showed COPD remains as a risk factor for hip fracture, after adjusting for a slightly different set of confounders including age, sex, hypertension, stroke, hyperlipidaemia and diabetes, autoimmune disease and non-steroidal anti-inflammatory drugs [34]. Currently, COPD is not featured in the FRAX algorithm, but this tool remains a reasonable assessment for this select population. In a cohort of advanced COPD participants, using the FRAX tool, almost 40% of the cohort were calculated to be at intermediate or high risk of developing fragility fractures[35]. Certain markers of disease progression for COPD such as FEV1 were associated with an increased FRAX calculated fracture risk [35]. 

Osteoporosis and Aromatase Inhibitor Therapy
Aromatase inhibitor (AI) therapy is part of the mainstream management in oestrogen receptor positive breast cancer, and through its physiological effect, can be associated with accelerated bone loss, therefore negatively impacting BMD and increasing fracture risk for the users [36]. BMD has been demonstrated to decrease at femoral neck and total hip after use of aromatase inhibitor without anti-resorptive medication [37, 38], and rate of osteoporosis ranges from 6.5% [39] with up to 5 years of AI exposure to 11% with 10 years of exposure [40]. In contrast a recent study using a population-based BMD registry, showed AI users were not at greater risk for hip fracture (HR, 0.90) compared with the general population [41*]. The AI users in this particular study cohort at baseline had a higher average body mass index, BMD and a lower prevalence of prior fracture [41]. In the same group there was no significant difference between observed and predicted fracture risk using FRAX, when BMD was included [42]. 

Osteoporosis and Economic Burden
The burden of osteoporosis is substantial and wide-ranging. Economically, the estimated fracture related cost in 2017 for EU6 countries was €37.5 billion [2], for Latin American Countries (Brazil, Mexico, Colombia, and Argentina) the total cost was US$ 1.7 billion in 2018[43], and in Australia, the estimate of total direct cost from osteoporosis was US$ 2.77 billion in 2017, which was three times higher than the 2007 estimate [44]. A systematic review of US health care related costs estimated the hospitalisation cost for hip fractures ranged from US$ 8,358–32,195 per encounter [45]. In Asia, the median hospitalisation cost for hip fracture was found to be US$ 2,943.74 (range US$774–US$14,198.90), and on average this represents 18.95% of the countries’ GDP per capita in 2014 [46**]. 
The burden from osteoporosis related fractures is long lasting. The annual loss of quality-adjusted life years (QALYs) for EU6 countries totalled more than 2.6million and within EU6 countries it is the 4th leading cause of chronic disease morbidity as shown in Figure 2 [2]. This will impact on one’s independence, well-being and number of sick days taken in the affected working age population. One year after hip fractures, 60% were found to have difficulty with at least one essential activity of daily living, and 27% entered a nursing home for the first time [47]. This is likely as a result of reduced mobility, lingering side effects such as pain and an increased need for care support [47]. 

Conclusion
Osteoporosis is a chronic condition that has far reaching consequence on those affected. Our increasing understanding about factors affecting fracture risk will enhance our current tools in targeting individualised fracture risk assessment. However, despite reports of decline in hip fracture incidence in parts of world, in the ageing society that we live in, the burden from osteoporosis and its related sequelae will continue to increase. Further research is warranted to close the remaining knowledge gaps. 


Key points: 3-5 key bullet points that summarise your article after the main text. Each bullet is to be no longer than one sentence.
· Osteoporosis is defined as BMD value at ≤ 2.5 standard deviation (SD) measured at femoral neck or spine. 
· Vertebral fracture is often clinically silent, but associated with significant disease burden. 
· Imminent fracture risk is an important factor contributing to subsequent fractures.
· Osteoporosis can co-exist with multiple co-morbidities such as COPD and cancer therefore require careful assessment of bone protection if co-morbidities are present. 
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