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[bookmark: _Toc5717954]Abstract

Mini abstract This report provides an overview and a comparison of the burden and management of fragility fractures in the largest five countries of the European Union plus Sweden (EU6). In 2017, new fragility fractures in the EU6 are estimated at 2.7 million with an associated annual cost of €37.5 billion and a loss of 1.0 million quality-adjusted life-years. 

Introduction
Osteoporosis is characterized by reduced bone mass and strength, which increases the risk of fragility fractures, which in turn, represent the main consequence of the disease. This report provides an overview and a comparison of the burden and management of fragility fractures in the largest five EU countries and Sweden (designated the EU6).
Methods
A series of metrics describing the burden and management of fragility fractures were defined by a scientific steering committee. A working group performed the data collection and analysis. Data were collected from current literature, available retrospective data and public sources. Different methods were applied (e.g. standard statistics and health economic modelling), where appropriate, to perform the analysis for each metric. 
Results
[bookmark: _Hlk7518119]Total fragility fractures in the EU6 are estimated to increase from 2.7 million in 2017 to 3.3 million in 2030; a 23% increase. The resulting annual fracture-related costs (€37.5 billion in 2017) are expected to increase by 27%. An estimated 1.0 million quality-adjusted life-years (QALYs) were lost in 2017 due to fragility fractures. The current disability-adjusted life-years (DALYs) per 1,000 individuals age 50 years or more were estimated at 21 years, which is higher than the estimates for stroke or chronic obstructive pulmonary disease. The treatment gap (percentage of eligible individuals not receiving treatment with osteoporosis drugs) in the EU6 is estimated to be 73% for women and 63% for men; an increase of 17% since 2010. If all patients who fracture in the EU6 were enrolled into fracture liaison services at least 19,000 fractures every year might be avoided. 
Conclusions
Fracture related burden is expected to increase over the coming decades. Given the substantial treatment gap and proven cost-effectiveness of fracture prevention schemes such as fracture liaison services, urgent action is needed to ensure that all individuals at high risk of fragility fracture are appropriately assessed and treated.
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[bookmark: _Toc5717956]Executive Summary

Osteoporosis is a disease that weakens the bones and increases the risk of fragility fractures, where bones can break from a fall from a standing height or less. In Western Europe, about 1 in 3 women and 1 in 5 men at or above the age of 50 years will fracture during their lifetime. The number of fragility fractures and cases of osteoporosis is increasing worldwide, creating an increasing burden to society. 

This report provides an overview and a comparison of the burden and management of fragility fractures in six European countries (France, Germany, Italy, Spain, Sweden, UK), hereafter referred to as EU6. 
 
Key findings:
· The total number of fragility fractures in the EU6 is estimated to increase from 2.7 million in 2017 to 3.3 million in 2030; an increase of 23.3%.
· The annual fracture related costs in the EU6 are projected to increase from a total €37.5 billion 2017 to €47.4 billion in 2030; an increase of 27%.
· The number of disability-adjusted life-years (DALYs) per 1,000 individuals age 50 years or more in EU6 due to fragility fractures was estimated at 21 years. This is a higher estimate compared to some other chronic diseases such as stroke (13 DALYs per 1,000) and chronic obstructive pulmonary disease (COPD) (15 DALYs per 1,000). 
· The risk of refracture is highest immediately after a fracture. This has been referred to as the period of imminent risk; this phenomenon suggests that there is an opportunity to optimize the benefits of fracture prevention by treating patients as soon as possible after occurrence of a fracture.
· The treatment gap (defined as the percent eligible individuals not receiving treatment with osteoporosis drugs) in EU6 in year 2017 is estimated to be 73% for women and 63% for men. Compared to analysis from the year 2010 this is a marked increase from 56% in women and 47% in men.
· The proportion of patients starting a pharmacological treatment in the year after a fracture is low. In France, Sweden and Spain 85%, 84% and 72% of fracture patients remained untreated 1 year after fracture, respectively.
· A Fracture Liaison Service (FLS) is a multi-disciplinary health care delivery model for secondary fracture prevention. This health care delivery model has become more common in recent years, but its coverage is still low. 
· A growing body of evidence suggests that FLS are cost-effective care delivery models that have the potential to increase the number of high risk patients being treated, improve adherence to treatment, and reduce the risk of re-fracture. 
· A FLS provides an opportunity to improve early post fracture patient identification and reduce the treatment gap. 
· If FLS could be further expanded to reach all fracture patients in the EU6, 
19,262 additional fractures every year would be avoided, and fracture related costs would be reduced by €285.5 million. 
 




Key results by country:
	Key Results (mean values*)
	France
	Germany
	Italy
	Spain
	Sweden
	UK
	EU6

	Lifetime risk of hip fracture in women from age 50 
	11.0%
	17.1%
	16.7%
	9.8%
	22.8%
	17.2%
	15.1%

	Percentage increase in fragility fractures by 2030
	24.4%
	18.5%
	22.4%
	28.8%
	26.6%
	26.2%
	23.3%

	Annual fracture related cost per capita (€)
	83
	137
	159
	91
	199
	79
	114

	Percentage increase in fracture related costs by 2030
	26.4%
	23.2%
	26.2%
	30.6%
	29.4%
	30.2%
	27.7%

	Percentage increase in Quality-Adjusted Life-Years (QALYs) lost by 2030
	26.4%
	22.4%
	24.7%
	29.8%
	27.2%
	28.2%
	25.6%

	Fracture related Disability-Adjusted Life-Years (DALYs) per 1,000 people
	17
	24
	20
	12
	32
	24
	21

	Fracture related sick days per 1,000 people
	16
	32
	24
	15
	36
	21
	24

	Relative care hours related to fractures per 1,000 people
	138
	-
	882
	756
	191
	248
	443

	Overall treatment gap in women (%) 
	77%
	78%
	73%
	68%
	76%
	64%
	73%

	Post fracture treatment gap in women (%) - osteoporotic fracture
	85%
	-
	-
	72%
	84%
	-
	72%-85%

	Post fracture treatment gap in women (%) - hip fracture
	-
	 -
	-
	68%
	84%
	49%
	49%-84%

	FRAX model with guideline available (yes/no)
	YES
	NO⁺
	YES
	YES
	YES
	YES
	NA

	Change in the uptake of FRAX from 2010 to 2017 (%)
	+100%
	-6%
	-16%
	+17%
	+118%
	+99%
	+75%

	Number of fracture liaison services (FLS) enrolled in the Capture the Fracture (CtF) network (total)
	15
	3
	12
	54
	5
	17
	106

	Potential reduction in number of fragility fractures (per 1,000 population) with improved coverage of FLS
	10.0
	13.9
	7.2
	5.4
	22.7
	16.2
	11.3

	Potential reduction in fracture related costs (€) (per 1,000 of new FLS patients) with improved coverage of FLS 
	-143
	-193
	-139
	-79
	-370
	-216
	-168


*Mean value if not otherwise stated
⁺FRAX is available in Germany, but no guideline currently endorses it’s use

Note: Colours indicate ranking among countries (from green=best to red=worst)



Introduction
The objective of this report is to provide information on the current and future burden of osteoporosis and associated fragility fractures as well as to describe current management of the disease. Results are presented for the five largest EU countries (France, Germany, Italy, Spain and the UK) as well as Sweden, referred to as the EU6. This report was developed by the International Osteoporosis Foundation (IOF) and led by a steering committee of scientific experts assigned by the IOF. The report forms the basis of policy reports prepared by IOF for each of the EU6 countries [1-7] .

To facilitate an assessment and a comparison of the burden and management of fragility fractures a series of metrics was defined by a steering committee and thereafter quantified by a group of analysts at Quantify Research (reflected in the authorship). The metrics were classified into two broad categories with subcategories. The first category was burden of disease with epidemiology, economic cost and patient burden as sub-categories. The second category was management of disease with service provision and service uptake as sub-categories. The first part of this report provides a summary of the most important findings. An appendix that follows provides more detailed information on each metric, particularly on the analytic methods. 

Osteoporosis
Osteoporosis, which means porous bone, is a disease that weakens the bones and increases the risk of fragility fractures, where bones can break from low level impact or stress that would not normally break a healthy bone. Since bones become more porous and fragile with age, the disease is mainly found in the older population, and is more common amongst women than men [8]. 
[bookmark: _Hlk29281159]Bone mineral density (BMD) is the measurement used to determine whether an individual has osteoporosis. The operational definition of osteoporosis is based on the T-score for BMD in women [9, 10] and is defined as a value for BMD 2.5 SD or more below the young female adult mean (T-score less than or equal to –2.5). 

The clinical relevance of osteoporosis lies in the associated fragility fractures; until such an event occurs there are usually no symptoms [8]. In the Western World, about 1 in 3 women and 1 in 5 men above 50 years of age will fracture during their remaining life-time [11]. After the age of 50 years, most sites of fracture can be considered characteristic of osteoporosis. Fractures at the hip and vertebrae are among the most common and serious sites of osteoporotic fracture. Fragility fractures of the humerus, forearm, ribs, tibia (in women, but not including ankle fractures), pelvis and other femoral fractures after the age of 50 years are fractures associated with low BMD [12, 13].
 
Worldwide, osteoporosis causes more than 9 million fractures a year, meaning there is a fragility fracture every 3 seconds [14]. Those who have had their first osteoporotic fracture have a higher risk for further fractures. The risk of fracture also increases with age, and as average life expectancy around the world rises, more individuals are expected to sustain fragility fractures. 

The fracture-related monetary cost of fragility fractures in the 27 countries of the EU (EU27) has been estimated at €37 billion in 2010 [15], with 26,300 life-years lost and 1.16 million quality-adjusted life-years (QALYs) lost on a yearly basis [15]. With changing demography, these costs are expected to increase considerably by the year 2030. 

Despite significant impacts on health and quality of life for the older population, there is a general lack of awareness of osteoporosis, including many health care agencies, which results in suboptimal care. Indeed, most individuals at high risk are never identified nor given appropriate treatment, which gives rise to further fragility fractures and worsening of health status.

The primary outcomes of interest in this report were fractures considered to be related to low BMD [12]. These include clinical vertebral fractures, fractures of distal forearm, pelvis-sacrum, ribs-sternum, clavicle, humerus and proximal femur. Fractures of the hands, feet, ankle, skull and facial bones were excluded. The report also focuses on specific fracture sites: hip fracture, clinical vertebral fracture and major osteoporotic fracture (MOFs). MOF is a grouping of the most common fractures comprising hip, clinical vertebral, distal forearm and proximal humerus fractures. The term “other” osteoporotic fractures in this report refers to osteoporotic fractures that are not MOFs unless specifically defined. The majority of vertebral fractures are sub-clinical (75%) and recognised on radiographs by a change in shape of the vertebral body [10].  In the present report, clinical vertebral fractures coming to medical attention are considered rather than these morphometric fractures. 







Epidemiology of Fragility Fractures

Prevalence of osteoporosis

[bookmark: _Hlk29281221]About one-tenth of women age 60 years, one-fifth of women age 70, two-fifths of women age 80 and two-thirds of women aged 90 years have osteoporosis and an increased risk of fragility fracture [16]. Worldwide, approximately 200 million women have osteoporosis [17] defined as a value for femoral neck BMD 2.5 SD or more below the young female adult mean (T-score less than or equal to –2.5) [10].  Note that the BMD threshold applies to men as well as women.

In 2015, there were an estimated 20 million individuals with osteoporosis in the EU6. Of those, 15.8 million were women and 4.2 million were men. The number of women with osteoporosis increased markedly with age (Fig. 1). The prevalence of osteoporosis at the age of 50 years or more, as judged by femoral neck BMD, was 6.8% in men and 22.5% in women.

Country-specific estimates for individuals with the disease age 50 years or older in women ranged from 21.8% (UK) to 23.1% (Italy). For men, the number with osteoporosis ranged from 6.7% (Germany) to 7.0% (Italy). For country-specific details and methods, see the appendix (1: Prevalence of osteoporosis). 
[image: ]
Fig. 1 Prevalence of osteoporosis in the EU6 by age and sex

Osteoporosis represents one of the greatest health risks for individuals age 50 years or more, even when compared to hypercholesterolaemia and hypertension (two major contributors to heart disease), which affect 54% and 44% of people age 50 years or more, respectively [18]. 
[bookmark: _Ref509932996]

Number of fractures

There were estimated to be 2.7 million new fragility fractures in the EU6 in 2017 — equivalent to 7,332 fractures/day (or 305/h) (Table 1). Almost twice as many fractures occurred in women (66%) compared to men. Hip, vertebral and distal forearm/proximal humerus fractures accounted for 19.6, 15.5, and 17.9 % of all fractures, respectively. Other fragility fractures accounted for 49% of the fracture burden.

Table 1. Estimated number of incident fragility fractures in the EU6 by site in 2017
	Fracture site
	Women
	Men
	Men and women

	Hip 
	381,732
	144,738
	526,470

	Spine
	267,194
	148,089
	415,283

	Proximal humerus /distal forearm
	303,021
	175,020
	478,041

	Other
	819,029
	437,397
	1,256,426

	All
	1,770,976
	905,244
	2,676,220



The number of new fragility fractures in 2017 by country is shown in Fig. 2. Germany had the highest number of fractures in both men and women—approximately 765,000 incident fractures in total, predominately reflecting the large population size and comparatively high fracture incidence.
[image: ]

Fig. 2  Number (thousands) of new fragility fractures by country in 2017


When fracture numbers were expressed as a rate of the population at risk, there was a greater than two-fold range in risk that varied from 15/1,000 in France to 32/1,000 in Sweden (Table 2).

Table 2. The number of new fragility fractures in 2017 in men and women by country, the population at risk (men and women aged 50 years or more) and the crude incidence (/1000 of the population).
	Country
	New fractures
(000)
	Population at risk (000)
	Rate/1,000

	France 
	381.6
	24,672
	15

	Germany
	764.9
	33,399
	23

	Italy
	563.4
	26,282
	21

	Spain
	327.6
	16,510
	20

	United Kingdom
	519.0
	24,048
	22

	Sweden
	119.7
	3,787
	32

	EU6
	2,676.2
	128,699
	21



A detailed breakdown of number of fractures by site and country is given together with the methods in the appendix (2: Lifetime risk of fragility fractures). 


Lifetime risk of fragility fracture

[bookmark: _Hlk23845254]The remaining lifetime risk of sustaining a hip fracture for women at the age of 50 years varied between 9.8% for Spain to 22.8% for Sweden (Fig. 3). The corresponding risk range for men was 6.1% (France) to 13.7% (Sweden). The lifetime risk of hip fracture at age 50 years was comparable to the lifetime risk of a stroke in Europe for both women (20%) and men (14%) [22].
[image: ]
[bookmark: _Hlk7540615]Fig. 3 Lifetime risk of hip fracture from the age of 50 years, by country and sex, and the equivalent risk for stroke.

The remaining lifetime probability of a MOF was highest in Sweden (46.3 % for women and 28.7 % for men (Fig. 4). Lifetime risk of major osteoporotic fracture was comparable to that of cardiovascular disease (CVD) in Europe, which affects 29% of women and 38% of men [19]. For methods and numerical data by fracture site and country, see the appendix (2: Lifetime risk of fragility fractures).
[image: ]
Fig. 4  Lifetime risk of fragility fracture from the age of 50 years, by country and sex, and the equivalent risk for cardiovascular disease (CVD). 
Source: National fracture incidences and own calculations.


Fracture projections

[bookmark: _Hlk29281737]There is a marked difference in the risk of fracture between countries [20]. Northern European countries have the highest fracture rates observed worldwide. The reasons for the difference in fracture risk are unknown but cannot be explained by differences in bone density. Plausible factors include differences in body mass index, low calcium intake, reduced sunlight exposure and perhaps the most crucial factor, high socio-economic status, which in turn may be related to low levels of physical activity [21, 22]. Regardless of differences in fracture risk the number of fractures in all countries is expected to increase due to an increasingly ageing population. 

To estimate the annual number of new fractures between 2017 and 2030, national data on fracture incidence by type and sex were combined with demographic projections over time (see appendix, 3: Fracture projections). The total number of all fragility fractures in the EU6 is projected to increase from 2.7 million in the year 2017 to 3.3 million in 2030; an increase of 23.3% (Fig. 5). In total, 66.2% of fragility fractures were sustained by women in 2017. The total number of MOF was 1.4 million and expected to increase by 24%. For hip fracture (n=526 thousand) and clinical spine fracture (n=416 thousand), the increases projected were 28% and 23%, respectively.
[image: ]

 Fig. 5 Estimated number of fragility fractures by fracture category in 2017 and 2030. Numbers denote the percentage change for all fragility fractures, major osteoporotic fractures (MOF), hip and clinical spine fractures. 


[bookmark: _Hlk23845453]Variations in projections were seen between countries (Fig. 6). For example, the highest percentage increase in all osteoporotic fractures was noted in Spain (28.8%) and the lowest in Germany (18.5%), due to differences in projected populations over time up to 2030. Country-specific details for hip, vertebral fractures and MOFs are given in the appendix (3: Fracture projections). 
[image: ]
Fig. 6    Number of fragility fractures by country in the EU6 and the projected numbers in 2030
[bookmark: _Hlk515288345]


Imminent risk of fracture

[bookmark: _Hlk515288377][bookmark: _Hlk515288432]Individuals who have already suffered a fragility fracture are at a greater risk for further fractures both at the same site and elsewhere. This additional risk of refracture is highest immediately after a fracture [23]. Fig. 7 shows the risk per 100,000 women at the age of 75 years following a MOF.  The high subsequent fracture risk observed during the first two years following the fracture has been referred to as the period of imminent risk [23, 24]. The existence of an imminent risk period signals that there is an opportunity to optimize the benefits of fracture prevention treatments if patients could be identified and managed as soon as possible after fracture.
[image: ]
Fig. 7 Risk per 100 000 (95%CI) of a second MOF after a first MOF for a woman at the age of 75 years at her first fracture [23]. The dashed line represents the risk of first MOF in the age- and sex-matched population.

 Available evidence shows that similar patterns of imminent fracture risk are observed in all countries where this has been explored [25-31]. However, there is little information to assess whether there are differences in imminent fracture risk between countries. Findings from Sweden are given in the appendix (4: Imminent fracture risk).

The empirical 10-year probability of MOF was consistently higher in those with a sentinel clinical vertebral fracture within the past two years than the FRAX probability in the population of the same age with any previous fracture, but the relative risk (observed/expected probability) varied by age. For example, the relative risk at the age of 50 years for a woman with a clinical vertebral fracture within the previous 2 years was 2.5; for the age of 80 years, the ratio was 1.2 (Table 3).

[bookmark: _Ref14080705]Table 3. 10-year probability of a major osteoporotic fracture (MOF) for Icelandic women at different ages, categorized by previous fracture [32] 
	
	10-year probability of MOF
	

	Age
	Cohort with clinical vertebral fracture 0-2 years ago
	
	Cohort with any previous fracture in adult life
	Ratio

	50
	29.0
	
	11.7
	2.47

	60
	36.1
	
	19.4
	1.86

	70
	41.9
	
	27.6
	1.52

	80
	42.5
	
	34.2
	1.24

	90
	34.7
	
	33.3
	1.04



The impact of the adjustment in the EU6 countries is illustrated in Table 4 which shows the impact of a recent clinical vertebral fracture on conventional FRAX probabilities.

Table 4. 10-year probability of a major osteoporotic fracture (MOF) in women with a prior clinical vertebral fracture at an undetermined time and within the past two years according to country. Age set to 60 years, BMI 25kg/m2, no additional risk factors [32]. 
	
	Probability MOF (%)

	Country
	Undetermined time
	Within the past two years

	
	
	

	France
	9.4
	17

	Germany
	12
	22

	Italy
	12
	22

	Spain
	7.0
	13

	Sweden
	21
	39

	UK
	16
	30



Thus, 10-year FRAX probabilities can be adjusted in the presence of a recent vertebral fracture and are likely be useful in treatment decision-making. Similar adjustments for recent fractures at other sites are a requirement for the future.

[bookmark: _Toc5096518][bookmark: _Toc5112371][bookmark: _Toc5114233][bookmark: _Toc5182456][bookmark: _Ref402624729]Economic cost of fragility fractures
Fracture costs and length of hospital stay

Fragility fractures incur both short-term and long-term costs for the health care sector and for society. These costs differ between fracture sites, and to some extent reflect the severity of fracture, in particular the need for hospital admission. Hip fractures are the most severe fracture site, and almost always lead to hospitalization and high costs. The length-of-hospital-stay is an important cost component and, within country, has also been shown to have implications for how patients fare over their remaining life time [33]. 

In the EU6, the average length-of-hospital-stay for hip fracture ranged from 11.6 days in Sweden, to 20.5 days in the UK (Table 5). Methods are given in the appendix  (5: Length of hospital stay).

Table 5. Mean length of hospital stay (LOS) and standard deviation (SD) following a hip fracture
	Country
	LOS (days)
	Source

	
	Mean
	SD
	

	France
	12 
	8.0
	[34]

	Germany
	14.5 (2.6)
	2.6
	[35]

	Italy
	19.0 (25.3)
	25.3
	[36]

	Spain
	11.8 (7.9)
	7.9
	[37]

	Sweden
	11.6 (8.7)
	8.7
	[33]

	UK
	20.5 (20.0)
	21.6
	[38]  



The unit fracture costs differed substantially between countries and fracture sites (Table 6). Hip fractures were the costliest fracture type in all countries, whilst distal forearm fractures were the least costly. Fracture costs were generally high in Sweden and Germany, and the lowest in Spain. For more details, see the appendix (6: Fracture-related costs).

Table 6. Mean cost of fracture (€ 2017) in the year following fracture at the sites shown.
	Country
	Hip
	Vertebral
	Distal forearm

	France
	12,856
	3,205
	1,468

	Germany
	20,884
	11,080
	1,275

	Italy
	21,307
	4,713
	1,301

	Spain
	9,724
	1,928
	533

	Sweden
	16,406
	14,474
	4,028

	UK
	20,650
	4,028
	2,568




Annual fracture-related costs
If current trends in fracture prevention continue, as the general population grows and lives for longer, the hospital and societal cost of fragility fractures will continue to increase. 

The fracture related costs in the EU6 amounted to €37.5 billion in the year 2017. Hip fractures accounted for the majority of the total cost (57%) whereas they accounted for 20% of fragility fractures (Fig. 8).
[image: ]
[bookmark: _Ref14082340]Fig. 8  Number and cost of fragility fractures in the EU6 expressed as a percentage of the totals.
[bookmark: _Hlk7734221]Note: The estimates conservatively assume no long-term costs for ‘other fractures’. 

The direct cost of fractures in each EU6 country is given in Table 7.  Costs comprise the annual cost of fractures in 2017 (incident fractures), those arising from fractures before 2017 (prior fractures) and the cost of institutional care.
Table 7. The direct cost (million Euro) of fractures in 2017 (incident fractures), those arising from fractures before 2017 (prior fractures) and the cost of institutional care in each EU6 country.
	Country
	Incident fractures
	Prior fractures
	Institutional care
	Total

	France
	3,748
	219
	1,404
	5,371

	Germany
	8,176
	414
	2,680
	11,270

	Italy
	5,951
	299
	3,179
	9,429

	Spain
	2,150
	137
	1,915
	4,202

	United Kingdom
	2,955
	372
	1,919
	5,246

	Sweden
	1,199
	81
	690
	1,970




In 2010, fracture-related costs in the EU6 were estimated to total €29.6 billion [39]. Fracture-related costs for the EU6 in 2017 were now estimated to total €37.5 billion (an increase of 27% since 2010),  and are projected to increase to €47.4 billion in 2030 (an increase of 27% since 2017) (Fig. 9).
[image: ]
Fig. 9 Annual cost of fractures by site in the EU6 for 2017 and projected increase by 2030

As expected, costs will increase due to the increase in fracture cases. The fracture related costs in the EU6 are projected to increase by 27% from a total €37.5 billion in the year 2017 to €47.4 billion in 2030. Cost projections to 2030 are shown for each country by fracture site in Fig. 10. The dominant cost was for hip fracture. The fracture-related cost estimates provided are conservative, since costs from other fracture sites were not included in the estimation.
[image: ]
Fig. 10 Cost of fragility fractures in 2017 and that expected in 2030 by country and fracture site.

There were small variations in the percentage increase in cost by country. The greater increases were noted in Spain (+30.6%), the UK (+30.2), and Sweden (+29.4%) and lower increments in Germany (+23.2%), Italy (+26.2%) and France (+26.4%).

Cost for incident fractures in a given year and long-term cost (due to fractures that arose in previous years) as well as the cost of residing in nursing homes are detailed in the appendix (7: Annual cost of fractures). 




Patient burden
Quality-Adjusted Life-Years (QALYs)

The use of QALYs is a method of measuring the burden of a disease where a year of an individual’s life is weighted by the average Health-Related Quality of Life (HRQoL) that a person had during that year. For example, 1 QALY is equal to one year spent in perfect health; 0.5 QALYs can be thought of as either half a year spent in perfect health followed by death, or one year lived at 50% of perfect health. QALYs are regularly used in economic analyses because they provide decision makers with a method for quantifying and comparing burden across diseases.

QALYs lost due to fragility fractures were estimated from fracture-based HRQoL, fracture risks and death rates [40-42]. Methods are summarised in the appendix (8: Quality-Adjusted Life-Years). Estimates of the QALY loss were generated from 2017 up to year 2030, based on population projections, to show the expected change in QALY loss for the near future. 

The total health burden in 2017 due to fragility fractures in EU6 was at 1.02 million QALYs. 66% of the QALY loss was due to fractures occurring in women. The QALY loss in absolute numbers was highest in Germany due to the size of the population combined with comparatively high risk of fractures. The lowest QALY loss was observed in Sweden due to the small population size compared to the other countries. On a per capita basis, Sweden had the largest burden (4.22 lost QALYs per 1,000 people age 50 years and above) and France the lowest (2.11 lost QALYs per 1,000) (Fig. 11). The differences were driven, in large part, by differences in the risk of fractures and age distribution between countries. 
[image: ]
Fig. 11 Quality of life years (QALYs) lost in 2017 due to fragility fractures per 1000 of the population age 50 years or more in countries of the EU6.

The QALY burden is expected to increase by 25.6% in the year 2030 but varied by country (Fig. 12). 
[image: ]
Fig. 12 Quality of life years (QALYs) lost due to fragility fractures in countries of the EU6 in 2017 and 2030.

Disability-Adjusted Life-Years (DALYs)

The DALY (or Disability Adjusted Life Year) is the World Health Organization’s (WHO) standard method of measuring the burden of a disease. DALYs are the sum of years of life lost (YLL) and the years lost due to disability (YLD) [46]. A single DALY can be thought of as one year of “healthy life” lost. Summing the DALYs across an entire population provides the gap between the current health status of a population and an ideal disease-free population, i.e. the burden [43]. Including this measure of burden allows for comparison of the burden of different diseases, both within and between countries.

When using the WHO standard method, the total DALYs related to fragility fractures in year 2016 for the EU6 (ages of 50 to 100 years) were more than 2.6 million DALYs. Average YLDs per 1,000 people (15.1) far exceeded the YLLs per 1,000 (5.5), indicating that living with a disability due to fracture drives DALY loss in osteoporosis.

The DALY burden was less for hip fracture than for vertebral fracture which, in turn was less than for other fragility fractures (Fig. 13). This dominance of other fragility fractures over hip fractures arose from the combination of a high incidence at early ages, and the large number of years spent with disability from other fractures compared with hip fracture. 

[image: ]Fig. 13 Total DALY distribution by fracture site.
. 
The age distributions of YLLs and YLDs differed by fracture site.  In women with hip fractures (Fig. 14), the YLLs peaked at the age of 77 years, whilst the YLDs peaked at age 81 years, reflecting that most hip fractures occur around 77 years. The YLDs for non-hip, non-vertebral fractures in the female population (Fig. 15), peaked early and was sustained over age, with very low YLLs, indicating that prevalence of non-hip, non-vertebral (NHNV) fractures is high but with limited consequences for mortality when compared with to that following hip fracture.  The equivalent data for men are given in the appendix (9: Disability-Adjusted Life-Years).

[image: ]Fig. 14 Total DALYs by age for hip fractures in women
[bookmark: _Hlk8043056]
  

[image: ]Fig. 15 Total DALYs by age for non-hip, non-vertebral (NHNV) fractures in women

The total DALY for each country varied greatly due to differences in population demography and 
fracture risk (Fig. 16). The average DALY loss per 1,000 individuals was estimated to be 21 DALYs, 
with Sweden showing the highest rate (32 DALYs) and Spain showing the lowest (12 DALYs). 
[image: ]
Fig. 16 Total DALYs by country (left panel) and DALYs per 1000 individuals by country (right panel)

The DALYs related to fragility fractures can be compared to corresponding estimates for other diseases. In  Fig. 17, fragility fracture related DALYs are compared to 16 other common non-communicable diseases in the EU6 [44]. Among these, fragility fractures are placed as the fourth most burdensome, outranked only by ischemic heart disease, dementia and lung cancer. 
[image: ]
Fig. 17 DALYs by disease in EU6 in 17 selected non-communicable diseases

The DALY burden by disease category varied between countries due to differences in age distribution, risk of fracture and death. The DALY burden also varied by disease category. In Sweden, for example, the DALY burden of fractures was higher than that for dementia whereas in Spain the burden related to dementia, lung cancer and COPD surpassed that for fractures. For more details, see the appendix (9: Disability-Adjusted Life-Years and 11: DALY comparison across diseases). The metrics also provide details of the DALY distribution by fracture site.

From a national perspective, the DALY loss rate can be an important measure for motivating policy decisions and the prioritization of funds towards osteoporosis treatment. From an international perspective, the high values suggest a need for better treatment policy and practice.
 

[bookmark: _Toc516647742][bookmark: _Toc516647743]Loss of productivity

Most fragility fractures occur in older retired patients. If, however, individuals sustain a fracture while still employed they will likely need to take time off from work to recover from the fragility fracture. In Sweden, for example, about 20% of fractures occur at pre-retirement age [11]. Work absence both impacts the individual’s income and creates a societal cost due to the loss of productivity. 

To measure this loss of productivity, data collected in the International Costs and Utilities Related to Osteoporotic Fractures Study (ICUROS) [41, 45, 46] were used to estimate the number of sick days taken by non-retired individuals from the ages of 50 to 65 years in the year following an osteoporotic fracture. Since Germany was not included in the 11 countries that made up the ICUROS study, a combination of the other 5 countries as well as Austria and Estonia, termed ICUROS Europe, was used as a substitute measure for the EU6. Average sick days were combined with fracture projection data to estimate the total sick days taken due to fragility fractures in 2017, by non-retired individuals. Because there are no appropriate data on the proportion of the population that work beyond the age of 65 years, a retirement age was set at 65 years for all countries in the calculations. For more details, see appendix (11: Productivity loss).

Hip fractures resulted in the highest number of sick days taken in the first year after fracture (42 days), followed by vertebral fractures (20 days) and other MOFs (12 days). Sick days taken in 2017, by non-retired individuals in the EU6 totalled 7,615,719 days. The other MOFs (distal forearm and proximal humerus fracture) arose more often than hip or clinical vertebral fractures, and therefore resulted in the highest number of sick days. 

When sick days taken due to fragility fracture were expressed per 1,000 people age 50 to 65 years in all countries, Sweden had the highest estimate of the EU6 countries (Fig. 18). There were no significant differences between sick leave taken by men and women with hip fractures, nor between sick leave taken by hip fracture patients with or without previous fracture. 
[image: ]

Fig. 18 Average sick days taken after fragility fracture per 1000 individuals age 50-65 years, by country





Caregiver burden

Another significant burden associated with fragility fractures and other diseases is the burden imposed on informal caregivers such as family members. Continued care provided at home can put physical, emotional and financial strain on relatives who need to take care of osteoporotic fracture patients [15, 47]. To measure the average burden placed on informal caregivers per year, survey responses from the ICUROS [41, 45, 46] were also used to determine the caregiver burden due to osteoporotic fracture. It was measured in terms of hours of care per year provided by relatives of fracture cases in ICUROS Europe (a substitute measure for the EU6), as well as selected countries. For methods and estimates by fracture type, see the appendix (12: Caregiver burden).

Hip fractures were associated with the largest caregiver burden (370 hours per year), followed by vertebral fractures (263 hours per year) and other MOFs (130 hours per year). Hours of care provided by relatives varied greatly by country. In countries where cross-generational support is more established, the impact of fragility fractures on caregivers is generally higher [48]. Accordingly, Spain and Italy had the highest caregiver burden, with averages of 756 hours and 882 hours a year, per 1,000 individuals, spent caring for patients with osteoporotic hip fractures, respectively. France (138 hours) and Sweden (191 hours) had considerably lower averages (Fig. 19). There were no significant differences in care from relatives between men and women, nor between patients with or without a previous fracture. 
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[bookmark: _Ref513554198][bookmark: _Ref515359352]Fig. 19 Average annual hours of care by relatives after hip fracture by country.

Independent living
One major burden caused by fragility fractures is the long-term impact on independence. The fracture can result in a loss of mobility, the ability to take care of oneself, and may require the individual to move into long-term care (LTC) or care services [49]. The ICUROS provided survey responses for the percentage of individuals who needed to move into LTC as a direct result of an osteoporotic fracture. For methods, see the appendix (13: Independent living).

LTC use varied greatly, depending on the fragility fracture and the age of the individual. Hip fractures result in the largest proportion of people moving to LTC in ICUROS Europe (Fig. 20).
[image: ]

Fig. 20 Percentage of patients admitted to long term care (LTC) within 12 months after a fracture by fracture site (ICUROS Europe). Other refers to other fragility fractures

[bookmark: _Hlk514338178][bookmark: _Hlk20823456][image: ]The percentage of patients moving into LTC following a hip fracture increased significantly with age, from 2.1% at ages 50-60 years to 35.3% at ages 90-100 years (Fig. 21).
[bookmark: _Hlk20823366]Fig. 21 Percentage in long term care (LTC) at one year after hip fracture, by age group


Fracture prevention
Pharmacological treatment gap

The treatment gap (i.e. the number of women that are treated compared to the proportion of the population that could be considered eligible for treatment) in osteoporosis has been estimated for the European Union using international sales data on volume (standard units) and price (€) from IMS Health for year 2010 [15, 50]. Applying the same methodology, an update of the treatment gap was conducted using IMS sales data for year 2017. The analysis included data on sales related to all osteoporosis drugs (bisphosphonates, denosumab, parathyroid hormone and peptides, selective estrogen receptor modulators (SERMs) and strontium ranelate). Menopausal hormone treatment (MHT) was not included.

The treatment gap was estimated from the difference between the number of patients treated with an osteoporosis drug using IMS sales data and the number of patients in the population considered to be eligible for an osteoporosis treatment. Further details are given in the appendix (14: Pharmacological treatment gap). In line with European guidelines [51], patients eligible for treatment have a country- and age-specific MOF fracture probability equivalent to a woman with a prior fragility fracture based on the FRAX algorithm. The calculation of the treatment gap assumes that all treatments are given to patients above the intervention threshold. The approach does not take account of differences in treatment guidelines between countries.

The average treatment gap (percent eligible patients not treated) in EU6 in year 2017 was 73% for women and 63% for men (Fig. 22). The higher gap in women was the case in all countries with the exception of Germany which had the highest treatment gap. Only 20% of eligible men and 22% of women in Germany would receive a pharmacologic intervention. The treatment gap varied between countries. The highest treatment gap for women was in Germany, whereas the UK had the smallest treatment gap (64%) in women and in men (43%).
[image: ]
Fig. 22 Treatment gap in men and women by country in 2017

[bookmark: _Hlk7998783]Changes in the treatment gap between 2010 and 2017 are shown for men (Fig. 23) and women (Fig. 24). Compared to the analysis from year 2010 there was a marked increase in the treatment gap for the EU6 (17% and 16% points for women and men, respectively). This increase was mainly driven by large changes in France and Spain. The adverse changes in treatment gap were most marked in France (38 percentage points increase in men and 34 percentage points in women), and Spain (by 40 and 43 percentage points increase in men and women, respectively). The treatment gap increased to a lesser extent in Italy and was relatively stable in Germany, Sweden and the UK.
[image: ]
Fig. 23 The treatment gap (percent eligible patients not treated) in men from the EU6 in 2010 and 2017

[image: ]
Fig. 24 The treatment gap (percent eligible patients not treated) in women from the EU6 in 2010 and 2017


Post fracture treatment gap

An alternative approach for assessing the treatment gap is to estimate the proportion of patients starting a pharmacological treatment after a fracture. Available estimates were gathered from a mix of literature, public reports (France [52] and the UK [53]), data on file at UCB (Spain) and data on file at Quantify Research (Sweden). The percentage of women who did not receive osteoporosis-specific pharmacological treatment within a year of an osteoporotic fracture is shown in Fig. 25. The analytic methods vary between the estimates making direct comparisons difficult. However, the post-fracture treatment gap can be considered large irrespective of country. With the exception of the UK, no more than 30% of women receive a treatment following a fracture. In the UK, the treatment gap was markedly lower after hip fracture (49%). For more details, see the appendix (15: Fracture treatment gap).
[bookmark: _Ref513554390][bookmark: _Ref514753106][image: ]
[bookmark: _Hlk515287832]Fig. 25 Percentage (%) of women (50 years and above) not treated within a year of an osteoporotic fracture or a hip fracture.

[bookmark: _Hlk14867067]A more detailed analysis, using the Swedish National Patient Register (NPR) and the Swedish National Prescription Register, was conducted to explore differences in the treatment gap for different sub-populations. Patients were defined as treatment-naïve if they had not collected any prescriptions for anti-osteoporotic medications during the three years prior to the fracture.

At the time of fracture, most women (89%) and men (97%) were treatment naïve. Fig. 26 shows the pattern of treatment following a fracture by treatment exposure in women. Within the year following a hip fracture, a MOF or any fragility fracture, only 11% to 12% of treatment naïve women started treatment for osteoporosis. Following a vertebral fracture, 26% of treatment naïve women started treatment. A similar pattern was observed in the male population although treatment gaps were in general higher (Fig. 27). About 5% of treatment naïve men were treated following a hip fracture, or a MOF. Following a vertebral fracture, 11% of treatment naïve men started treatment. 
[image: ]
Fig. 26 Percentage of women untreated within one year of fracture by site of fracture and prior exposure to osteoporosis treatment in Sweden. N, treatment naïve; E, prior exposure.
[image: ]
Fig. 27 Percentage of men untreated within one year of fracture by site of fracture and prior exposure to osteoporosis treatment in Sweden. N, treatment naïve; E, prior exposure.

In men and women who had previously been exposed to therapies for osteoporosis, the treatment gap was substantially lower than in treatment naïve patients. These finding illustrate important issues in that a new treatment is rarely offered to (or taken up by) patients after fracture and, even in patients previously exposed to osteoporosis treatment, only about half receive a treatment within the next year.

A limitation of this analysis is that the Swedish National Patient Register (SNPR) does not cover drugs dispensed at the hospital (mainly intravenous and subcutaneous administered medications), which are estimated to comprise 4% of medicines sold [54].  This likely leads to a slight overestimation of the treatment gap. For more details, see the appendix (16: Treatment gap by fracture type).


Fracture risk assessment

Although osteoporosis is defined in terms of BMD, there are several other factors that are associated with an increased risk of fracture that are not captured by BMD. This has led to the development of risk models, which incorporate several risk factors to improve the identification of patients at high risk [55].

There are several existing models for risk assessment in Europe, however the most widely used is FRAX [56]. FRAX, released in 2008, is a computer-based algorithm that calculates the probability of fracture in individuals using age, body mass index, BMD (optionally) and risk factors such as whether the patient had a prior fragility fracture, their parental history of hip fracture, whether they smoke, drink, have rheumatoid arthritis and other factors that increase the risk for osteoporosis [57]. FRAX models are currently available for 68 countries and are publicly available on the official FRAX website [58]. There are also several other fracture risk assessment models available.
 
Table 8 provides a summary of the access to FRAX and other risk assessment models in the EU6. Country-specific FRAX models exist in all 6 countries. Alternative assessment models are also recommended for use in Germany, Italy and the UK. The German DVO model, developed in 2006, is a Germany-specific risk assessment model which requires the use of BMD measurements [59, 60]. DeFra is an Italy-specific extension of the FRAX model, which allows for comparison of the BMD in different fracture sites and the inclusion of more variables [61]. QFracture® in the UK was developed in 2009, and uses variables that are available through healthcare records in the UK; it does not include BMD [62]. For more details, see the appendix (18: Fracture risk assessment) 

Table 8. Risk models and guidelines available in the countries of interest
	Countries
	FRAX Model available
	Other Models
	National Guidance
	Comments
	Source

	France
	Yes
	-
	Yes 
	
	[63]

	Germany
	Yes
	DVO Model
	Yes
	
	[59]

	Italy
	Yes
	FRAHS, DeFra
	Yes
	FRAHS: FRAX-based
	[64-66] 

	Spain
	Yes
	-
	Yes
	
	[67]

	Sweden
	Yes
	-
	Yes
	
	[68]

	UK
	Yes
	QFracture
	Yes
	
	[69]



Specific guidelines for the use of FRAX and other risk models are noted on official national health service websites for all countries except for Italy. The Italian Ministry of health does not recommend specific risk models but suggests that risk models may be useful in assessing the probability of fragility fracture. Other organizations like the Italian Society for Orthopaedics and Traumatology recommended FRAX or DeFra.

[image: ]The uptake of FRAX in 2010 and 2017 is shown in Fig. 28 as the number of calculations/million persons in the general population. The UK and Sweden had the highest usage of FRAX, whereas the lowest uptakes were seen in Germany and Italy. Considering all countries in the EU6, the usage use of FRAX increased by almost 74% in 2017 compared to 2010. The highest increase was seen in the UK, France and Sweden (~100%), whereas in both Germany and Italy the usage of FRAX decreased was reduced in 2017 compared to 2010. In both Germany and Italy, the usage of FRAX decreased in 2017 compared to 2011. The decrease in the use of FRAX in both Italy and Germany may relate to the availability of other risk models such as the German specific DVO model and DeFra in Italy. For more details, see the appendix (18: Use of FRAX).
Fig. 28  FRAX calculations by URL source per million in the general population November 2010-2011 and April 2017-2018


[bookmark: _Ref513464239]Fracture liaison services

[bookmark: _Hlk515287957]A Fracture Liaison Service (FLS) is a multi-disciplinary health care delivery model for secondary fracture prevention. FLS aims to systemically identify, treat and refer all eligible patients within a local population who have suffered a fragility fracture with the aim of reducing their risk of subsequent fractures. The FLS concept was first introduced in teaching hospitals in Scotland and has grown in popularity around the world due to its effectiveness in preventing secondary fractures [70]. A growing body of published evidence suggests that FLSs are a cost-effective care delivery model that has the potential to reduce the risk of re-fracture, increase the number of high-risk patients being treated and improve adherence to treatment. [71-77].

A recently published systematic literature review and meta-analysis based on 159 scientific publications studied several important outcomes of fracture liaison services [78]. Albeit, with a variety of study designs used, all the studies attempted to estimate the impact of a FLS compared to the absence of such a program. The meta-analysis indicated that FLS improved the rate of fractured patients getting BMD tests, starting treatment and adhering to treatment by about 20% (Table 9).  The results also showed a significant reduction in the re-fracture rates. 

Table 9. Meta-analysis results for outcomes of FLS [78]
	Outcome measure
	Effect of FLS (absolute change)
	95% CI
	Duration of follow-up (months)
	Number of studies

	BMD Testing
	+24%
	(0.18 to 0.29)
	3-26
	37

	Treatment initiation
	+20%
	(0.16 to 0.25)
	3-72
	46

	Adherence
	+22%
	(0.13 to 0.31)
	3-48
	9

	Re-fracture
	-5%
	(-0.08 to -0.03)
	6-72
	11



Even though the meta-analysis showed an overall positive impact of FLSs it did not consider that there are different types of FLS models which is likely to be associated with different outcomes. For example, some FLS only identify patients and inform them without taking any further actions whereas other more complete FLS identify, investigate, treat and monitor the patient. In another recent study, the evidence of different FLS model types (A to D) on fracture risk, DXA referrals, and other patient outcomes were reviewed [77]. The most complete FLS model (type A) was associated with reduction in re-fracture risk (hazard ratio [HR] 0.18–0.67 over 2–4 years), increased assessment of BMD (relative risk [RR] 2–3), increased treatment initiation (RR 1.5–4.25) and adherence to treatment (65%–88% at 1 year). 

Along with the literature focusing on the impact of FLSs, several studies have analysed the cost-effectiveness and cost savings of providing FLSs. Estimates in Sweden and the UK for the economic impact of FLSs are shown in Table 10.  For more details, see the appendix (19: Fracture liaison service impact).

Table 10. Country-specific studies on the economic impact of FLS
	Country
	Type
	Estimate
	Source

	Sweden
	ICER (cost-eff)
	€ 14 029 (per QALY gained)
	[79]

	UK (Hip patients)
	ICER (cost-eff)
	€22 700-€26 600 (per QALY gained)
	[80]

	UK
	Cost Savings
	€23 800/lifetime/1,000 patients
	[74]



The large variation between different types of FLS and their evaluation complicates the assessment of the overall benefits of FLS and merits of a specific FLS model. Initiatives that promote standardised outcome frameworks for assessing FLS and increased collaboration between providers include the Capture the Fracture® and the UK FLS-Database Audit [81, 82].

Capture the Fracture®

One effort to encourage cooperation between FLS providers is Capture the Fracture® (CtF), a global initiative of IOF to “facilitate the implementation of coordinated, multi-disciplinary models of care for secondary fracture prevention” [73]. CtF has created a set of internationally endorsed standards and guides for best practice and has assembled the largest network of individual FLS providers in the world. CtF provides resources, tools and educational programmes to bridge the gap between FLS providers and helps in the creation of new FLS. 

This growing network of FLS providers is mapped on their website (https://www.capturethefracture.org/map-of-best-practice-page)spain and provides a rating of the existing service providers in a given area. To be included in the CtF network, the provider must undergo a standardised external audit to determine the quality of their services. Table 11 shows the star ratings for registered FLS providers in the countries of interest. A value of 4, 3 and 2 was applied to gold, silver and bronze, respectively and a 1 to providers currently under review. Spain and the UK lead in terms of the number of registered FLS, whereas Spain, the UK and Sweden score highly in the average score/FLS.

Table 11. Number of Capture the Fracture FLS Ratings by country and scores [73]
	Country
	Total
	Gold
	Silver
	Bronze
	Other
	Score
	Score/FLS

	France 
	20
	0
	3
	9
	8
	35
	1.75

	Germany
	2
	0
	1
	0
	1
	4
	2.0

	Italy
	13
	1
	3
	2
	7
	24
	1.8

	Spain
	65
	13
	13
	22
	17
	152
	2.3

	Sweden
	5
	0
	4
	1
	0
	14
	2.8

	UK
	25
	6
	11
	1
	7
	66
	2.6

	EU6
	130
	20
	35
	35
	40
	285
	2.2



There is currently no publicly available information on how many fragility fractures are referred to an FLS within the EU6 countries. A survey sent to a selected number of FLSs in the EU6, enrolled in IOF’s Capture the Fracture network, asked for the percentage of hospitals and general practitioners (GPs), on a national level, that have a system to refer fractured patients. The responses varied between an average of 2.8% in Italy, to 37.5% in Sweden for hospital referrals and 1-10% for GP referrals. In the UK, the National Osteoporosis Society has estimated that 55% of the UK population has access to a FLS. For more details, see the appendix (20: Capture the Fracture).


Closing the FLS gap

Given the available evidence showing the potential benefits of FLSs and the sub optimal coverage of such models in the EU6, it is as relevant to highlight the FLS treatment gap. When applying the information on fracture epidemiology, costs, current FLS coverage previously described in this report and evidence of FLS outcomes based on Wu et al [78] it is possible to assess the potential impact a complete coverage of FLS could have on the burden of fragility fractures.
 
[bookmark: _Ref514687727]It is estimated that, 19 262 number of subsequent fragility fractures could be avoided every year by extending the access to FLS for all citizens above 50 years of age in EU6. The reduction in the annual fracture related cost associated with these fractures are €285.4 million. Adding the additional cost related to increased FLS resources and drug administration the net impact is an increased cost of €39.7 million but at a gain of 8,858 quality adjusted life years (Table 12). The cost per QALY gained of an FLS extension would be €3,108, an estimate that can be considered cost-effective in all countries and probably underestimated because of conservative assumptions on the costs related to other osteoporotic fractures. The variation between countries is mainly driven by differences in fracture risk and cost of osteoporosis drugs. 

Table 12. Potential reduced burden by closing the FLS gap
	[bookmark: RANGE!C4]Country
	Fractures avoided (per year)
	Fractures avoided per 1,000 FLS patients
	Reduction in annual fracture related cost (million €)
	Net impact on annual burden (million €)
	Net impact per patient (€)
	Reduction in annual burden (QALYs)

	France
	2 665
	10.0
	-38.0
	20.0
	75.0
	1 036

	Germany
	5 423
	13.9
	-75.4
	8.2
	21.0
	2 335

	Italy
	2 868
	7.2
	-55.7
	-4.8
	-12.0
	1 602

	Spain
	1 249
	5.4
	-18.4
	20.0
	86.0
	584

	Sweden
	1 371
	22.7
	-22.4
	-2.3
	-38.0
	596

	UK
	5 686
	16.2
	-75.5
	-1.4
	-4.0
	2 705

	EU6
	19 262
	11.3
	-285.4
	39.7
	16.2
	8 858
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Appendix of metrics

This appendix contains the individual metrics which served as the background research and evidence for the above report. The metrics include details about the estimation and reporting methods as well as additional research and source material. 
[bookmark: _Toc20398513][bookmark: _Toc470040008]Metric Summary 
[bookmark: _Hlk14872753]A list of the metrics detailed in this appendix are given below, which served as the background research and evidence for the main report. Click on the metric title to jump to the specific metric.

	
	Metric Title
	Short description
	Outcome(s) units

	1.
	Prevalence of osteoporosis
	Calculated estimates for the current osteoporosis prevalence in the EU6 by gender and age
	No. people with osteoporosis, % of people age 50+ with osteoporosis

	2.
	Lifetime risk of fragility fractures
	Micro-simulation model estimates fracture risk for men and women aged 50+, by country and fracture type 
	% of people who will fracture in their lifetime

	3.
	Fracture projections
	Current and projected estimates for the number of fractures by country and fracture type from 2017 to 2030
	Number of fractures

	4.
	Imminent fracture risk
	Swedish register data shows where the risk of subsequent fracture is highest, by gender 
	Hazard ratio for the risk of subsequent fracture

	5.
	Length of hospital stay
	Swedish register data on the average lengths of hospital stay after a fragility fracture by gender and fracture type
	Number of days spent hospitalized after fracture

	6.
	Fracture-related costs
	Estimates from literature for average the cost of fractures and hospital stay lengths, by country, fracture type and gender
	No. days in hospital after fracture, cost of fracture (€)

	7.
	Annual cost of fractures
	Estimates from literature for the current and projected annual costs related to fragility fractures, from 2017 to 2030, by country and fracture type
	Annual total costs from fractures (€), % of costs by fracture type

	8.
	Quality-Adjusted Life-Years
	A burden model is used to estimate the QALY loss in each country by gender and fracture type
	Annual QALY’s lost due to fragility fractures

	9.
	Disability-Adjusted Life-Years
	The DALYs associated with osteoporosis were calculated by combining the years lost due to disability and the years of life lost, by country, fracture type and age
	Total DALYs associated with fragility fractures in 2016, DALYS per 1000 people in the general population

	10.
	DALY comparison across diseases
	DALYs due to osteoporosis were compared to DALYs from other diseases, taken from IHME data 
	Total DALYs in 2016, DALYS per 1000 people in the general population

	11.
	Productivity loss
	Estimates from observational study data (ICUROS) for the number of sick days taken after a fracture, by country and fracture type 
	Number of sick days taken per year after a fracture

	12.
	Caregiver burden
	Estimates from observational study data (ICUROS) for the average hours of informal care provided after a fracture, by country and fracture type 
	Hours of informal care provided per year after a fracture

	13.
	Independent living
	Estimates from observational study data (ICUROS) for the percentage of fracture patients in long-term care after a fracture, by country, fracture type, gender and age
	% of patients in long-term care by 12 months after fracture

	[bookmark: _Hlk15291005]14.
	Pharmacological treatment gap
	Using IMS sales data, estimates were derived for the % of eligible individuals who don’t receive treatment after fracture in the EU6 countries 
	% of fracture patients who do not receive treatment

	15.
	Fracture treatment gap
	A structured literature review provided estimates for the country-specific treatment gap for patients with hip fractures or any fragility fracture
	% of fracture patients who do not receive treatment

	16.
	Treatment gap by fracture type
	Swedish register data were used to estimate the treatment gap after a fracture, by fracture type and gender
	% of fracture patients who do not receive treatment

	17.
	Fracture risk assessment
	Discusses the availability of fracture risk assessment models such as FRAX in the EU6
	Indicator for risk-model availability

	18.
	Use of FRAX
	Estimates for the change in FRAX risk model usage in the EU6, from 2011 to 2017, based on the number of calculations per million in the general population
	Number of risk assessment calculations per million in the general population

	19.
	Fracture Liaison Service impact
	Estimates from literature for the impact of FLS on patient outcomes, and the cost effectiveness of FLS
	% change in procedures, re-fracture and mortality, duration of follow-up (months), cost (€) per QALY gained by using FLS

	20.
	Capture the Fracture
	Discusses the design of a network known as Capture the Fracture which catalogues and reviews fracture liaison service (FLS) providers
	Number of FLS, FLS rating score



[bookmark: _Toc536190934][bookmark: _Ref4578349][bookmark: _Ref4578357][bookmark: _Ref4578366][bookmark: _Ref5003706][bookmark: _Toc20398515][bookmark: _Hlk536451701]1: Prevalence of Osteoporosis
[bookmark: _Toc20398516]Background 
The operational definition of osteoporosis is based on the T-score for bone mineral density (BMD) in women [1] and is defined as a value for BMD 2.5 SD or more below the young female adult mean (T-score less than or equal to –2.5 SD). BMD is usually measured using dual-energy X-ray absorptiometry (DXA). The reference site for measurement is at the femoral neck [2]. The aim of this metric was to assess the prevalence of osteoporosis in France, Germany, Italy, Spain, Sweden and the UK, jointly referred to as EU6. 
[bookmark: _Toc20398517]Methods
Ideally, osteoporosis prevalence would be based on country-specific BMD data. In absence of such data in all relevant countries, it is assumed that the mean femoral neck BMD is similar across countries at the age of 50 years and so too is the rate of bone loss with age. [2, 3]. These assumptions have been used elsewhere [4-8]. The prevalence estimates were then applied to the population demography in each EU6 country, comprising approximately 131 million people aged 50 years or older [9].
[bookmark: _Toc503791459][bookmark: _Toc20398518]Results
In 2015, there were 20 million individuals with osteoporosis in the EU6 (Fig. A 1). Of those, 15.8 million were women and 4.2 million were men. Country-specific prevalence estimates for individuals aged 50 years and older in women ranged from 21.8% to 23.1%, with an EU6 mean of 22.5% (Table A 1). For men, the prevalence ranged from 6.7% to 7.0%, with an EU6 mean of 6.8%. The prevalence of osteoporosis was highest in Italy, for both men (7.0%) and women (23.1%). Table A 2 presents the number (in thousands) of men and women with osteoporosis in the EU6. 
[image: ]
[bookmark: _Ref20387909][bookmark: _Hlk517699253]Fig. A1 The prevalence of osteoporosis in the EU6  [2, 3, 9].


[bookmark: _Ref20395565][bookmark: _Ref20395558]Table A 1 Prevalence (%) of osteoporosis for men and women age 50 years and older per country
	Country
	Women (%)
	Men (%)

	France
	22.7
	6.9

	UK
	21.8
	6.8

	Germany
	22.5
	6.7

	Italy
	23.1
	7.0

	Spain
	22.5
	6.8

	Sweden
	22.5
	6.9

	EU6
	22.5
	6.8


[bookmark: _Ref503950060]
[bookmark: _Ref20396056]
Table A 2 Number (in thousands) of men and women (M=men, W=women) with osteoporosis according to age in the EU6 using female-derived reference ranges at the femoral neck 
	
	France
	UK
	Germany
	Italy
	Spain
	Sweden
	EU6

	Age
	W
	M
	W
	M
	W
	M
	W
	M
	W
	M
	W
	M
	W
	M

	50-54
	137
	54
	147
	57
	215
	88
	150
	58
	112
	44
	19
	8
	780
	308

	55-59
	201
	69
	194
	69
	289
	105
	200
	70
	152
	54
	28
	10
	1,064
	377

	60-64
	291
	110
	257
	100
	374
	143
	275
	104
	190
	73
	39
	16
	1,426
	546

	65-69
	396
	134
	380
	132
	439
	151
	386
	128
	251
	83
	62
	22
	1,913
	650

	70-74
	349
	90
	405
	103
	624
	155
	441
	105
	299
	71
	68
	18
	2,187
	544

	75-79
	450
	100
	442
	104
	877
	191
	578
	125
	343
	72
	66
	16
	2,756
	607

	80-84
	529
	125
	437
	117
	694
	165
	572
	137
	417
	96
	66
	17
	2,714
	657

	85+
	639
	105
	490
	93
	711
	108
	623
	103
	421
	75
	80
	15
	2,964
	497

	50+
	2,991
	787
	2,752
	775
	4,224
	1,105
	3,224
	830
	2,186
	567
	428
	122
	15,804
	4,186


[bookmark: _Toc536190935][bookmark: _Ref4578483][bookmark: _Ref5003715][bookmark: _Toc20398519]
2: Lifetime risk of fragility fractures
[bookmark: _Toc20398520]Background
The number of elderly individuals is expected to increase across the European Union [10]. A larger elderly population will result in an increasing number of osteoporotic fractures, and thus greater need for improvements in treatment efficiency and effectiveness.
[bookmark: _Toc20398521]Methods
A micro-simulation model was used to estimate the life-time risk of fracture from the age of 50 years. This simulation required data on fracture incidence and mortality for each country. National data on hip incidence was available for all six countries [11-18], but information on other fractures was incomplete. Where relevant, the incidence of vertebral and other osteoporotic fractures was only available for Sweden except for UK where estimates for incidence of wrist fractures was available. The incidence of these types of fractures in the biggest 5 EU countries was imputed from the ratio of vertebral and other osteoporotic fractures to hip observed in Sweden [14]. The relative risk increase in mortality after fractures were derived from Swedish data and were applied on population mortality rates in the other countries [19-24]. 
[bookmark: _Toc20398522]Results
The remaining lifetime risk for women of sustaining a hip fracture at the age of 50 years vary between 9.8% in Spain to 22.8% in Sweden (Fig. A 2). Corresponding risk range for men is 6.1% (France) to 13.7% (Sweden). The highest remaining lifetime risk of a MOF is in Sweden with a 46.3 % risk for women and a 28.7 % risk for men. 
The lifetime risk of hip fracture at age 50 is on the same level as the lifetime risk of a stroke for both women (20%) and men (14%) [25]. Lifetime risk of major osteoporotic fracture is comparable to that of cardiovascular disease (CVD), which affects 39% of women and 52% of men [26]. Table A 3 presents the number of estimated fractures by year and type.

[image: ]
[bookmark: _Ref20389071]Fig. A 2 Lifetime risk of fragility fracture from the age of 50, by country, and the equivalent risk for stroke and CVD. Source: National fracture incidences and own calculations 
[bookmark: _Toc20398523]Comments
The lifetime risk of fracture varies between countries but is comparable to corresponding risk of CVD and Stroke. 



[bookmark: _Toc20398524] Supporting Data

[bookmark: _Ref20396371]Table A 3 Number of estimated fractures by year and type
	 
	Women
	 
	 
	 
	Men
	 
	 
	 

	 
	2017
	2020
	2025
	2030
	
	2017
	2020
	2025
	2030

	France
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Hip fractures
	58,020
	61,081
	65,269
	72,325
	 
	19,208
	20,689
	23,254
	26,444

	Vertebral fractures
	37,861
	39,823
	42,820
	46,539
	 
	20,140
	21,553
	23,773
	25,960

	MOFs
	130,317
	137,063
	146,887
	160,952
	 
	63,077
	67,442
	74,345
	82,260

	    Osteoporotic fractures
	257,964
	271,088
	289,113
	314,854
	 
	123,602
	131,903
	144,508
	159,722

	Germany
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Hip fractures
	106,190
	111,480
	118,952
	125,421
	 
	39,682
	43,526
	48,854
	53,231

	Vertebral fractures
	76,398
	79,059
	82,847
	86,625
	 
	43,744
	46,859
	51,533
	55,244

	MOFs
	250,982
	261,616
	275,902
	289,252
	 
	135,432
	146,299
	160,884
	171,860

	    Osteoporotic fractures
	501,240
	522,800
	550,047
	571,973
	 
	263,732
	286,035
	315,700
	334,795

	Italy
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Hip fractures
	82,060
	86,007
	91,891
	98,539
	 
	28,875
	31,493
	35,602
	39,473

	Vertebral fractures
	59,137
	61,651
	65,434
	69,364
	 
	28,813
	31,049
	34,631
	37,658

	MOFs
	194,132
	202,938
	216,078
	230,120
	 
	90,767
	98,085
	109,371
	119,582

	    Osteoporotic fractures
	387,764
	405,731
	431,502
	457,765
	 
	175,624
	190,111
	212,199
	231,999

	Spain
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Hip fractures
	47,294
	50,447
	54,642
	59,589
	 
	23,394
	25,275
	28,431
	31,883

	Vertebral fractures
	28,687
	30,385
	32,962
	36,076
	 
	21,094
	22,593
	25,124
	28,080

	MOFs
	101,897
	108,349
	117,529
	128,314
	
	68,573
	73,499
	82,057
	91,798

	    Osteoporotic fractures
	197,513
	210,149
	227,798
	248,483
	 
	130,082
	139,285
	155,083
	173,333

	United Kingdom 
	
	
	
	
	
	
	
	
	

	Hip fractures
	71,712
	75,313
	82,144
	91,445
	 
	27,098
	29,400
	33,344
	38,268

	Vertebral fractures
	52,977
	55,789
	59,808
	65,026
	 
	27,817
	29,975
	33,001
	36,768

	MOFs
	171,568
	180,314
	194,784
	213,838
	 
	88,340
	95,085
	105,259
	171,568

	    Osteoporotic fractures
	348,472
	365,768
	393,955
	429,948
	 
	170,504
	183,335
	202,363
	226,824

	Sweden
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Hip fractures
	16,456
	17,020
	18,680
	20,856
	 
	6,481
	7,011
	8,196
	9,344

	Vertebral fractures
	12,134
	12,644
	13,604
	14,612
	 
	6,883
	7,372
	8,207
	9,028

	MOFs
	39,236
	40,709
	44,201
	48,287
	 
	21,658
	23,163
	26,152
	29,041

	    Osteoporotic fractures
	78,023
	80,816
	87,347
	95,140
	 
	41,700
	44,399
	50,111
	55,912


MOFs = Major Osteoporotic Fracture (hip, spine, distal forearm and proximal humerus). Osteoporotic fractures include hip and vertebral fractures and other osteoporotic fractures. 



[bookmark: _Toc536190938][bookmark: _Ref4580825][bookmark: _Ref5003739][bookmark: _Toc20398535][bookmark: _Toc536190937][bookmark: _Ref4580927][bookmark: _Ref5003730][bookmark: _Ref5095860][bookmark: _Toc20398530]3: Fracture projections
[bookmark: _Toc506151612][bookmark: _Toc20398536]Background
[bookmark: _Toc506151613]The number of elderly individuals is expected to increase across the European Union [10]. A larger elderly population will result in an increasing number of osteoporotic fractures, and thus greater need for improvements in treatment efficiency and effectiveness.      
[bookmark: _Toc20398537]Methods
[bookmark: _Toc506151614]National data on fracture incidence by type and gender were combined with demographic projections over time to estimate the annual number of new fractures between 2017 and 2030. National data on hip incidence was available for all six countries [11-18] . Incidence of vertebral and other osteoporotic fractures were only available for Sweden with the exception of UK where an estimate for the incidence of wrist fractures was available. The incidence of these type of fractures in France, Germany, Italy and the UK was imputed from the ratio of vertebral and other osteoporotic fractures to hip observed in Sweden [14].
[bookmark: _Toc20398538]Results
The number of new fractures in EU6 in 2017 was estimated at 2.68 million. Of these, the majority (1 734 065 or 64.8%) were other osteoporotic fractures followed by hip (526 470 or 19.7%) and clinical vertebral fractures (415 685 or 15.5%). 
Of all fractures, 50.7% were major osteoporotic fractures (MOFs) and 66.2% were sustained by women. The number of elderly individuals in all six countries is estimated to increase by 17.6 million (13.0%) between 2017 and 2030. The relative change of elderly individuals between 2017 and 2030 is highest in Spain (24.0%) and lowest in Germany (6.4%). By 2030, the total number of fractures in EU6 was estimated at 3.3 million, an increase of 23.3%. The largest percentage increase was observed in Spain (28.8%) and the lowest in Germany (18.5%). Fig. A 3 shows the estimated numbers of fractures by site in 2017 and 2030 and the percentage change, including estimates for the number of major osteoporotic fractures (MOFs). The figure also shows that Germany has the highest total of fragility fractures, due to its population size. Table A 3 presents the number of estimated fractures by year and type.
[bookmark: _Toc506151615][bookmark: _Toc20398539]Comments
[bookmark: _Hlk506901694]The number of elderly individuals is expected to increase in the EU6. Given current rates of incidence of hip, vertebral and other osteoporotic fractures, the burden of osteoporosis will continue to increase in all the countries studied. Across the six countries, the increase in incident fractures is greater than the increase in elderly individuals, indicating that the average age of elderly individuals will increase over time. Note that these projections take no account of possible changes in age- and sex-specific fracture rates with time.
[image: ]

[bookmark: _Ref21358525]Fig. A 3 Estimated number of fractures by site and country in 2017 and 2030 and percentage change
  


4: Imminent fracture risk
[bookmark: _Toc20398531]Background 
Individuals who have already suffered a fragility fracture are at a greater risk for additional fractures both at the same bone site and at other sites. This additional risk of refracture, which is commonly termed imminent risk, is highest immediately after a fracture [28]. In this analysis, the imminent risk is illustrated by estimating the hazard ratio (HR) of a subsequent MOF and estimating the number of individuals exposed to the imminent risk of a recurrent fracture. 
[bookmark: _Toc20398532]Methods
To show the number of patients exposed to an imminent risk of refracture in Sweden, patients age 50 years or older with an osteoporotic fracture of any type between 2006 and 2013 (Inclusion period) were identified from the Swedish National Patient Register (NPR). The date of first fracture during the inclusion period is set as the index date. Separate analysis was conducted for each fracture type, implying that one patient could have more than one index date. Fracture types were based on ICD-10 codes, which can be found in Table A 4. The 2-year risk of a subsequent fracture from index date was estimated using competing risk analysis. Death was considered the competing risk. Death dates were extracted from the Swedish Cause of Death Register. The 2-year risk of subsequent fracture was then estimated for each fracture type. Patients with a diagnosis of Paget’s disease or malignancies were excluded from the analysis. Vertebral fractures were limited to clinically vertebral fractures diagnosed within specialized inpatient or outpatient care.
In a separate analysis, the Hazard Ratio (HR) of a subsequent MOF in women with an index fracture at any site was estimated using a separate sample population who had not yet experienced a fragility fracture (fracture-naïve) as a reference case.

[bookmark: _Ref508789815]Table A 4 Fracture codes by hip, vertebral, non-hip-non-vertebral, MOF and non-MOF
	Fracture site
	ICD-10 
	Hip
	Vertebral
	Non-hip-non-vertebral
	MOF
	Non-MOF
	Comment

	Neck
	S12.x
	
	S12.0x-S12.2x, S12.7x
	
	S12.0x-S12.2x, S12.7x
	
	

	Rib, sternum, thoracic spine
	S22.x
	
	S22.0x-S22.1x
	S22.2x-S22.5x
	S22.0x-S22.1x
	S22.2x-S22.5x
	

	Lumbar spine, pelvis
	S32.x
	
	S32.0x
	S32.1x- S32.8x
	S32.0x, S32.7x, S32.8x
	S32.1x-S32.6x
	

	Shoulder, upper arm
	S42.x
	
	
	S42.0x-S42.4x, S42.7x-S42.9x
	S42.2x - S42.3x
	S42.0x, S42.1x S42.4x-S42.9x
	

	Forearm
	S52.x
	
	
	S52.x
	S52.5x-S52.7x
	S52.0x-S52.4x, S52.8x, S52.9x
	

	Wrist, Hand
	S62.0x, S62.8x
	
	
	
	
	
	Not included in analyses

	Femur (including hip)
	S72.x
	S72.0x-S72.2x
	
	S72.3x-S72.9x
	S72.ox- S72.2x
	S72.3x-S72.9x
	

	Lower leg (including ankle*)
	S82.x
	
	
	S82.1x S82.4x
	
	S82.1x, S82.2x, S82.3x, S82.4x
	Women only

	Collapsed vertebra, not elsewhere specified
	M48.5x
	
	M48.5x
	
	M48.5x
	
	

	Osteoporosis with pathological fracture
	M80.A, M80.B, M80.F, M80.J, M80.K
	M80.F
	M80.0A, M80.0J, M80.K
	M80.B
	
	M80.A, M80.B, M80.F, M80.J,
	




[bookmark: _Toc20398533]Results
A total of 357,948 individuals with osteoporotic fractures were identified during the inclusion period. Most of these individuals (71%) were women. Available evidence suggest that these individuals face an increased risk of subsequent fractures within the following two years. 
The separate analysis shows that the estimated HR is highest within the first six months after fracture. Furthermore, individuals with a previous fracture continue to have an excess risk of a subsequent fracture up until five years after fracture compared to a fracture-naïve population (Fig. A 4). Table A 5 shows the two-year cumulative subsequent fracture incidence by fracture type in Sweden, all ages.
[bookmark: _Toc20398534]Comments
This analysis finds a similar pattern as other studies in which the risk of a recurrent fracture is highest in the immediate aftermath of a fracture. This should be seen as an opportunity to improve fracture prevention care. Given the size of the osteoporotic population in Sweden, this can have a significant impact on the total burden of osteoporosis.
[image: ]
[bookmark: _Ref21358538][bookmark: _Ref20389219][bookmark: _Ref5088990][bookmark: _Ref515886461]Fig. A 4 Hazard ratio of a subsequent MOF in women with index fracture at any site versus non-fracture controls [28]
      

[bookmark: _Ref515876817]Table A 5 Two-year cumulative subsequent fracture incidence by fracture type in Sweden, all ages
	Fracture site by gender
	No at risk at t=0
	Cumulative incidence (%) at 1 year
	Cumulative incidence (%) at 2 years

	Women
	
	
	

	Hip fractures
	74,066
	1.42
	3.98

	Vertebral fractures
	23,794
	1.46
	3.27

	MOF
	195,533
	4.57
	8.28

	Osteoporotic fractures
	253,637
	6.15
	10.48

	Men
	
	
	

	Hip fractures
	30,289
	1.08
	2.88

	Vertebral fractures
	11,187
	1.39
	2.45

	MOF
	64,255
	3.38
	5.96

	Osteoporotic fractures
	104,311
	4.69
	7.50






[bookmark: _Toc20398541][bookmark: _Toc536190939][bookmark: _Ref5003747][bookmark: _Ref5095955]5: Length of hospital stay 
[bookmark: _Toc20398542]Background 
Fragility fractures incur increased costs to the health care sector and society. The costs to the health care sector are known to peak the year following fracture and the length of hospital stay is an important cost-component [29-31]. It is therefore of interest to study the length of hospital stay the following year after fracture. 
[bookmark: _Toc20398543]Methods
Patients age 50 years or older with an incident fragility fracture that required inpatient care between 2010 and 2014 were identified from the Swedish National Patient Register (NPR). The total number of days of inpatient care during the following year after fracture was determined. The number of days admitted was categorized as “fracture-related” if the main diagnosis code for the admission was fracture related. The ICD-10 codes used to define an admission as fracture-related is listed in (see Table A 4). The analysis was conducted by fracture site. Patients with a diagnosis of Paget’s disease or malignancy anytime during the study period (2010-2015) were excluded from the analysis.
[bookmark: _Toc20398544]Results
Table A 6 shows the descriptive statistics of length of hospital stay for all fracture sites that required inpatient care in Sweden between 2010 and 2014. On average, a patient was hospitalized between 6- and 8-days following fracture. Table A 7 shows the descriptive statistics of the number of fracture related days hospitalized in the year following fracture, for all fractures sites that required inpatient care in Sweden between 2010 and 2014. This estimate is comprised of two components; the length-of-hospital stay in relation to the incident fracture (shown in Table A6) and readmissions. On average, a patient was hospitalized between 10 to 12 days due to fracture related causes including the fracture event (Table A 7). Hip fractures were associated with a higher number of days (12) compared to clinical vertebral fractures (10-11 days). Osteoporotic fractures required between 10 and 11 days of hospitalization. The number of days hospitalized was similar between the two genders. 
Table A 8 shows the descriptive statistics of total days hospitalized following fracture. This analysis shows that on average, a patient with an incident fracture that requires inpatient care is in total hospitalized the following year between 15 to 20 days. Vertebral fractures are associated with a higher number of hospitalization days (20 days) compared to hip fractures (18-19 days) and osteoporotic fractures (17 days). 
[bookmark: _Toc20398545]Comments
A substantial proportion (65-71%) of the fracture related hospitalization days the year after fracture was directly related to the length of stay in connection with the fracture. Moreover, of the total hospitalization days the year following fracture, a majority (53-69%) was fracture related. 
[bookmark: _Toc20398546][bookmark: _Ref512260365]Supporting data

[bookmark: _Ref536520983]Table A 6 Number of days hospitalized in direct relation with incident fracture between 2010 and 2014 in Sweden
	Fracture site by gender
	N
	Mean
	SD
	Q1
	Median
	Q3

	Women
	 
	 
	 
	 
	 
	 

	Hip fractures
	49,572
	8.24
	5.71
	4
	7
	11

	Vertebral fractures
	10,367
	7.69
	5.91
	3
	7
	10

	MOF
	75,333
	7.87
	5.84
	4
	7
	11

	Osteoporotic fractures
	99,303
	7.72
	5.90
	4
	7
	10

	Men
	 
	
	
	
	
	

	Hip fractures
	20,486
	8.30
	7.49
	4
	7
	11

	Vertebral fractures
	5,090
	6.70
	6.23
	2
	5
	9

	MOF
	29,464
	7.73
	7.16
	3
	6
	10

	Osteoporotic fractures
	42,367
	7.21
	6.93
	3
	6
	10




[bookmark: _Ref518900474]Table A 7 Number of fracture-related days hospitalized the year following fracture between 2010 and 2014 in Sweden
	
	N
	Mean
	SD
	Q1
	Median
	Q3

	Women
	 
	 
	 
	 
	 
	 

	Hip fractures
	49,572
	12.38
	9.46
	6
	10
	16

	Vertebral fractures
	10,367
	11.35
	10.15
	5
	9
	15

	MOF
	75,333
	11.56
	9.49
	5
	9
	15

	Osteoporotic fractures
	99,303
	11.26
	9.54
	5
	9
	14

	Men
	
	
	
	
	
	

	Hip fractures
	20,486
	12.30
	10.34
	6
	10
	16

	Vertebral fractures
	5,090
	10.35
	10.98
	3
	7
	13

	MOF
	29,464
	11.49
	10.42
	5
	9
	15

	Osteoporotic fractures
	42,367
	10.58
	10.29
	4
	8
	14




[bookmark: _Ref518900501]Table A 8 Number of days hospitalized (all-causes) the year following fracture between 2010 and 2014 in Sweden
	
	N
	Mean
	SD
	Q1
	Median
	Q3

	Women
	 
	 
	 
	 
	 
	 

	Hip fractures
	49,572
	17.84
	17.02
	7
	13
	22

	Vertebral fractures
	10,367
	19.86
	20.12
	7
	13
	26

	MOF
	75,333
	17.25
	17.29
	7
	12
	22

	Osteoporotic fractures
	99,303
	16.84
	17.24
	6
	12
	21

	Men
	
	
	
	
	
	

	Hip fractures
	20,486
	19.31
	19.55
	7
	13
	24

	Vertebral fractures
	5,090
	19.67
	23.78
	5
	12
	25

	MOF
	29,464
	18.78
	20.40
	6
	12
	24

	Osteoporotic fractures
	42,367
	17.38
	19.89
	5
	11
	22





[bookmark: _Toc20398547][bookmark: _Toc536190940][bookmark: _Ref4586151][bookmark: _Ref5003757][bookmark: _Ref5095960]6: Fracture-related costs 
[bookmark: _Toc20398548]Background 
Fragility fractures incur long-term consequences both in terms of costs and morbidity. However, the costs related to fracture is at its peak the period immediately following a fracture. The fracture costs in the first year following a fracture differ between fracture types, and to some extent reflect the severity of fracture. Hip fractures are the most severe fracture type, and almost always lead to hospitalization. The length of hospital stay is an important cost driver, and has also been shown to have implications on patient outcomes [30].
[bookmark: _Toc20398549]Methods
The mean length of stay following hip fracture, and fracture costs in the year after the fracture (reported in € 2017) (hip, vert and wrist) were retrieved from the scientific literature. All inputs are country specific. Age and gender specific data (where available) are shown in Table A 9.  A literature search was undertaken utilizing PubMed as well as an ad-hoc google search. 
[bookmark: _Toc20398550]Results
The mean length of stay following a hip fracture (Table A 10) was the highest in the UK (20.5 days), followed by Italy (19.0 days). Sweden had the shortest mean length of stay, 11.6 days, which was very similar to Spain where the corresponding was 11.8 days. As there were no large gender differences, the results are presented in total for both genders. The standard deviations were notably high in all countries except Germany, implying that there are considerable individual variations in length of hospital stay.

The fracture costs differed substantially over countries and fractures (Table A 11). Cost estimates for other fracture types than hip, vertebral and wrist fracture is very scarce and therefore not included. Hip fractures are the costliest fracture type in all countries, while wrist fractures are the least costly. Fracture costs are generally higher in Sweden and Germany, and the lowest in Spain. Table A 12 presents the sources for the average cost of fracture.

[bookmark: _Ref20396901]





Table A 9 Age and gender-specific costs (€ 2017)
	 
	
	 
	France
	Germany
	Italy
	Spain
	Sweden
	UK

	 
	
	Age
	Male
	Female
	Male
	Female
	Male
	Female
	Male
	Female
	Male
	Female
	Male
	Female

	 Hip 
	
	50-64
	12,856
	20,884
	21,307
	 9,197
	 9,881
	15,426
	11,628
	21,620
	20,324

	
	
	65-74
	
	
	
	
	
	14,070
	13,553
	
	

	
	
	75-84
	
	
	
	
	
	19,059
	14,408
	
	

	
	
	85+
	
	
	
	
	
	13,196
	21,414
	
	

	
	Vertebral
	3,205
	  11,824
	  11,803
	4,713
	1,928
	  14,474
	 4,028

	
	Wrist
	1,468
	1,275
	1,301
	533
	 2,477
	 2,568




[bookmark: _Ref508618250]Table A 10 Length of hospital stay following hip fracture, days, mean (SD)
	Country
	Mean
	SD
	Source

	France
	12.0 
	8.0
	[32]

	Germany
	14.5 
	2.6
	[33]

	Italy
	19.0
	25.3
	[34]

	Spain
	11.8
	7.9
	[35]

	Sweden
	11.6 
	8.7
	[30]

	UK
	20.5 
	20.0
	[36]



[bookmark: _Ref508702484]Table A 11 Mean cost of fracture (€ 2017), during year after fracture occurrence
	Fracture
	France
	Germany
	Italy
	Spain
	Sweden
	UK

	Hip
	12,856
	20,884
	21,307
	  9,724
	16,409
	20,650

	Vertebral
	  3,205
	11,805
	  4,713
	  1,928
	14,474
	  4,028

	Wrist
	  1,468
	  1,275
	  1,301
	533
	  2,477
	  2,568



[bookmark: _Ref20396900]Table A 12 Sources for the average cost of fracture
	
	France
	Germany
	Italy
	Spain
	Sweden
	UK

	Hip
	Adapted from, [37]; original sources: [38, 39]
	[40]
	[41]
	[35]
	[42]
	[36]

	Vertebral
	
	[43]
	
	[44]
	
	[45]

	Wrist
	
	[40]
	
	
	
	







[bookmark: _Toc536190941][bookmark: _Ref4586231][bookmark: _Ref5003765][bookmark: _Toc20398551]7: Annual cost of fractures
[bookmark: _Toc20398552]Background 
The societal burden of a disease can be divided into the economic burden and the health burden. The economic burden comprises the monetary costs to society related to the presence of the disease. The cost of illness can play an important role in understanding the implications of a disease and aid decisions concerning allocation of societal resources. 
[bookmark: _Toc20398553]Methods
Fracture related costs, risks and mortality with fracture in each country were retrieved from the literature [37, 42, 45-49]. The projected annual costs related to osteoporotic fractures between years 2017-2030 were estimated accounting for both the short-term and long-term costs (due to fractures that arose in previous years) of fractures as well as the costs of residing in nursing homes. A model previously used to estimate the burden of osteoporosis in Sweden [50] was adapted to the countries included in the present study [50].The costs incurred by patients with a history of more than one fracture (subsequent fractures) was calculated from the differences between the risk of fracture (including those with a prior fracture) and risk of first fracture [14]. 
[bookmark: _Toc20398554]Results
The total monetary cost was €37.5 billion in 2017. Hip fracture represented 56% of the total fracture related costs across EU6 whilst other osteoporotic fractures and vertebral fractures accounted for 35 and 8%, respectively. Whereas hip fractures accounted for 20% of all fragility fractures, they accounted for 56 % of costs (Fig. A 5).
[image: ]
Fig. A 5 Fracture related costs (panel A, % and billion €) and number of fractures (panel B, n and %) in 2017 by fracture type, EU6.

Fig. A 6 shows the cost incurred by patients with a history of more than one fracture and the cost incurred by patients with only one fracture in 2017 in all six countries by fracture type. Of the total fracture related cost, on average 15.7% (13.1 to 8.5% depending on fracture type) is accounted for patients with more than one fracture.
[image: ]
Fig. A 6 Total fracture cost by fracture history in 2017, EU6

[image: ]The fracture related costs in EU6 are projected to increase from €37.5 billion in year 2017 to €47.4 billion in year 2030, an increase of 26.6% (Fig. A 7). Mainly due to different population sizes, the burden is the highest in Germany and lowest in Sweden. On a per capita basis, Sweden ranked first and UK last. However, when fracture costs are considered in relation to health care spending, Italy could be interpreted as the country with the highest economic fracture burden (Fig. A 8) whereas France and the UK appear to have the lowest fracture burden. Table A 13 presents the fracture related costs in 2017. The fracture-related costs in terms of health care spending and population are presented in Table A 14. Table A 15 presents the annual fracture-related cost projections.
[bookmark: _Ref20389813]Fig. A 7 Estimated annual fracture related costs (billion euro) by type and country in 2017 and 2030 and percentage change

[image: ]
[bookmark: _Ref20389818]Fig. A 8 Fracture cost per capita and health care spending related to fractures
[bookmark: _Ref506898256]
[bookmark: _Toc20398555]Comments
The number of elderly individuals is expected to increase in the EU6. Given current rates of incidence of hip vertebral and other osteoporotic fractures, the monetary burden of osteoporosis will increase in all countries studied. The relative change in monetary burden between 2017 and 2030 is similar to the burden in terms of QALYs. 

[bookmark: _Toc20398556] Supporting data 

[bookmark: _Ref506892992]Table A 13	 Fracture related costs in 2017 (million euro)
	Country
	Incident fractures
	Prevalent fractures
	Institutional care
	Total

	France
	3,748
	219
	1,404
	5,371

	Germany
	8,176
	414
	2,680
	11,270

	Italy
	5,951
	299
	3,179
	9,429

	Spain
	2,150
	137
	1,915
	4,202

	United Kingdom
	2,955
	372
	1,919
	5,246

	Sweden
	1,199
	81
	690
	1,970




[bookmark: _Ref506897526]
Table A 14 Fracture related costs in terms of health care spending and population
	Country
	% of health care spending on fractures
	Burden per capita (€)

	France
	2.2%
	83

	Germany
	3.3%
	137

	Italy
	6.4%
	159

	Spain
	4.3%
	91

	United Kingdom
	2.1%
	79

	Sweden
	4.0%
	199


*Estimates from 2015 [51]

[bookmark: _Ref507053106]

Table A 15 Fracture related costs by year, million euro
	
	2017
	2020
	2025
	2030

	France
	
	
	
	

	Incident costs
	3,748
	3,965
	4,259
	4,675

	Prevalent costs
	219
	228
	251
	281

	Institutional care costs
	1,404
	1,467
	1,620
	1,832

	Total
	5,371
	5,660
	6,130
	6,788

	Germany
	
	
	
	

	Incident costs
	8,176
	8,672
	9,340
	9,847

	Prevalent costs
	414
	430
	468
	519

	Institutional care costs
	2,680
	2,802
	3,101
	3,519

	Total
	11,270
	11,904
	12,909
	13,885

	Italy
	
	
	
	

	Incident costs
	5,951
	6,309
	6,840
	7,367

	Prevalent costs
	299
	311
	339
	377

	Institutional care costs
	3,179
	3,322
	3,671
	4,158

	Total
	9,429
	9,942
	10,850
	11,902

	Spain
	
	
	
	

	Incident costs
	2,150
	2,296
	2,518
	2,776

	Prevalent costs
	137
	144
	158
	179

	Institutional care costs
	1,915
	2,004
	2,224
	2,532

	Total
	4,202
	4,444
	4,900
	5,487

	United Kingdom
	
	
	

	Incident costs
	2,955
	3,140
	3,437
	3,822

	Prevalent costs
	372
	388
	427
	481

	Institutional care costs
	1,919
	2,007
	2,225
	2,529

	Total
	5,246
	5,535
	6,088
	6,832

	Sweden
	
	
	
	

	Incident costs
	1,199
	1,255
	1,385
	1,538

	Prevalent costs
	81
	85
	93
	104

	Institutional care costs
	690
	721
	799
	907

	Total
	1,970
	2,061
	2,276
	2,549





[bookmark: _Toc536190945][bookmark: _Ref4587018][bookmark: _Ref5003797][bookmark: _Toc20398572][bookmark: _Toc20398557][bookmark: _Toc536190942][bookmark: _Ref4587388][bookmark: _Ref5003773]8: Quality-Adjusted Life-Years
[bookmark: _Toc503791463][bookmark: _Toc20398573]Background
[bookmark: _Toc503791464]The societal burden of a disease can be differentiated into the economic burden and the health burden. The economic burden concerns the actual costs inflicted on society related to the presence of the disease. The health burden concerns the impact that the disease has on the patient in terms of quality of life (QoL) and reduced survival. The most common approach to estimate the health burden is to use the Quality-Adjusted Life-Years (QALYs) [52]. 
[bookmark: _Toc20398574]Methods
Quality of life values for the general normal population was combined with fracture related disutility multipliers to estimate the total QALY loss in each country [53, 54]. All QoL data used in the calculations was based the EQ-5D questionnaire [54]. Increased risk of mortality after fractures was derived from the literature [55]. The health burden, e.g. QALYs lost, associated with fragility fractures was estimated from year 2017 up to year 2030 based on projected demographic changes during this period.    
[bookmark: _Toc503791465][bookmark: _Toc20398575]Results
The total health burden in 2017 due to fragility fractures in the six countries is estimated at 1.02 million QALYs. 66% of the QALY loss is related to fractures occurring in women. The total health burden is expected to increase by 26% by 2030 (Fig. A 9).  The QALY loss in absolute numbers was highest in Germany due to the size of the population combined with comparatively high risk of fractures. The lowest QALY loss was observed in Sweden due to the small population size compared to the other countries. However, on a per capita basis, Sweden was associated with the largest burden (4.22 lost QALYs per 1,000 population) and France the lowest (2.11 lost QALYs per 1,000 capita). The differences are driven, in large part, by the differences in the risk of fractures between the countries (Fig. A 10) and the age-distribution among elderly individuals. Table A 16 -Table A 20 present the supporting data for the burden of fragility fractures.
[image: ]
[bookmark: _Ref21358586]Fig. A 9 Total annual loss of QALYs by country in 2017 and 2030 and percentage change


[image: ]

[bookmark: _Ref21358593]Fig. A 10 QALYs lost due to fragility fractures per 1,000 in 2017 by gender and country
[bookmark: _Toc503791466][bookmark: _Toc20398576][bookmark: _Toc503791467]
Comments
Because of the increasingly elderly population the health burden (in terms of lost QALYs) related to fractures will continue to rise over the next decade. Even though there are some variation between countries due to demographic differences this pattern is apparent in all countries.   


[bookmark: _Toc20398577]Supporting data 
[bookmark: _Ref506459294]Table A 16 Estimated loss of QALYs per 1,000 population in 2017, both sexes
	 
	France
	Germany
	    Italy
	Spain
	United Kingdom
	Sweden

	QALY loss due to morbidity
	
	
	
	
	
	

	Incident hip fractures
	0.297
	0.500
	0.529
	0.401
	0.366
	0.562

	Incident vertebral fractures
	0.180
	0.329
	0.336
	0.229
	0.239
	0.380

	Incident MOFs
	0.488
	0.880
	0.885
	0.605
	0.645
	0.989

	Prevalent hip fractures
	0.408
	0.664
	0.731
	0.471
	0.477
	0.745

	Prevalent vertebral fractures
	0.500
	0.873
	0.934
	0.564
	0.608
	1.023

	Prevalent MOFs
	0.119
	0.224
	0.217
	0.132
	0.250
	0.242

	Total QALY loss due to morbidity
	1.993
	3.471
	3.632
	2.401
	2.585
	3.941

	QALY loss due to mortality
	 
	 
	 
	 
	 
	 

	Mortality hip fractures
	0.051
	0.114
	0.098
	0.071
	0.077
	0.113

	Mortality vertebral fractures
	0.067
	0.162
	0.126
	0.083
	0.104
	0.160

	Mortality MOFs
	0.003
	0.006
	0.006
	0.004
	0.004
	0.006

	Total QALY loss due to mortality
	0.121
	0.282
	0.230
	0.158
	0.186
	0.279

	Total QALY loss due to 
osteoporotic fractures
	2.114
	3.753
	3.862
	2.560
	2.770
	4.220



[bookmark: _Ref506462834]Table A 17 Estimated total QALY loss of fractures in 2017, female population
	 
	France
	Germany
	Italy
	Spain
	United Kingdom
	Sweden

	QALY loss due to morbidity
	
	
	
	
	
	

	Incident hip fractures
	14,225
	29,425
	22,871
	11,819
	17,399
	3,844

	Incident vertebral fractures
	7,476
	16,975
	13,194
	5,798
	10,360
	2,316

	Incident MOFs
	20,199
	45,071
	34,758
	15,422
	27,853
	5,958

	Prevalent hip fractures
	18,996
	38,238
	31,667
	13,340
	22,217
	4,724

	Prevalent vertebral fractures
	21,935
	47,545
	39,066
	14,670
	27,519
	6,283

	Prevalent MOFs
	4,853
	11,303
	8,668
	3,139
	9,643
	1,422

	Total QALY loss due to morbidity
	87,683
	188,557
	150,223
	64,188
	114,991
	24,546

	QALY loss due to mortality
	 
	 
	 
	 
	 
	 

	Mortality hip fractures
	2,020
	5,701
	3,669
	1,681
	3,264
	666

	Mortality vertebral fractures
	2,031
	6,629
	4,171
	1,401
	3,899
	805

	Mortality MOFs
	169
	411
	286
	147
	228
	50

	Total QALY loss due to mortality
	4,221
	12,741
	8,125
	3,229
	7,391
	1,521

	Total QALY loss due to 
osteoporotic fractures
	91,904
	201,298
	158,349
	67,418
	122,382
	26,067




[bookmark: _Ref506462836]Table A 18 Estimated burden of fractures in 2017, male population
	 
	France
	Germany
	Italy
	Spain
	United Kingdom
	Sweden

	QALY loss due to morbidity
	
	
	
	
	
	

	Incident hip fractures
	5,064
	11,615
	8,535
	6,776
	6,804
	1,722

	Incident vertebral fractures
	4,237
	10,056
	6,735
	4,823
	5,480
	1,445

	Incident MOFs
	11,492
	27,113
	17,797
	12,661
	14,803
	3,842

	Prevalent hip fractures
	7,529
	16,273
	11,693
	8,537
	9,352
	2,659

	Prevalent vertebral fractures
	10,570
	24,076
	16,353
	11,513
	12,724
	3,851

	Prevalent MOFs
	2,887
	7,067
	4,221
	2,970
	6,877
	975

	Total QALY loss due to morbidity
	41,778
	96,199
	65,335
	47,280
	56,040
	14,493

	QALY loss due to mortality
	 
	 
	 
	 
	 
	 

	Mortality hip fractures
	1,301
	3,665
	2,141
	1,633
	1,855
	453

	Mortality vertebral fractures
	2,324
	6,656
	3,319
	2,452
	2,988
	778

	Mortality MOFs
	39
	91
	64
	42
	46
	11

	Total QALY loss due to mortality
	3,663
	10,412
	5,524
	4,127
	4,889
	1,242

	Total QALY loss due to 
osteoporotic fractures
	45,442
	106,611
	70,859
	51,408
	60,929
	15,735



Table A 19 Estimated burden of fractures in 2030, female population
	 
	France
	Germany
	Italy
	Spain
	United Kingdom
	Sweden

	QALY loss due to morbidity
	
	
	
	
	
	

	Incident hip fractures
	17,692
	34,711
	27,425
	14,899
	22,121
	4,833

	Incident vertebral fractures
	9,134
	19,206
	15,447
	7,300
	12,651
	2,757

	Incident MOFs
	24,255
	50,674
	40,731
	19,390
	33,846
	7,116

	Prevalent hip fractures
	24,056
	47,584
	39,659
	17,273
	28,338
	5,903

	Prevalent vertebral fractures
	27,641
	57,881
	48,115
	18,771
	34,801
	7,794

	Prevalent MOFs
	6,116
	13,744
	10,664
	4,007
	12,182
	1,773

	Total QALY loss due to morbidity
	108,894
	223,798
	182,041
	81,640
	143,938
	30,177

	QALY loss due to mortality
	 
	 
	 
	 
	 
	 

	Mortality hip fractures
	2,549
	6,762
	4,442
	2,117
	4,201
	855

	Mortality vertebral fractures
	2,550
	7,671
	4,950
	1,738
	4,899
	1,003

	Mortality MOFs
	211
	508
	359
	191
	290
	63

	Total QALY loss due to mortality
	5,310
	14,941
	9,750
	4,046
	9,391
	1,921

	Total QALY loss due to 
osteoporotic fractures
	114,204
	238,739
	191,791
	85,686
	153,329
	32,098




[bookmark: _Ref506468144]Table A 20 Estimated burden of fractures in 2030, male population
	 
	France
	Germany
	Italy
	Spain
	United Kingdom
	Sweden

	QALY loss due to morbidity
	
	
	
	
	
	

	Incident hip fractures
	6,908
	15,525
	11,623
	9,234
	9,574
	2,453

	Incident vertebral fractures
	5,408
	12,674
	8,777
	6,422
	7,225
	1,875

	Incident MOFs
	14,476
	33,884
	23,263
	16,767
	19,361
	5,038

	Prevalent hip fractures
	10,170
	22,280
	15,989
	11,472
	12,883
	3,652

	Prevalent vertebral fractures
	13,884
	31,559
	21,584
	15,287
	17,049
	5,076

	Prevalent MOFs
	3,810
	9,217
	5,556
	3,929
	9,105
	1,297

	Total QALY loss due to morbidity
	54,656
	125,139
	86,792
	63,112
	75,197
	19,392

	QALY loss due to mortality
	 
	 
	 
	 
	 
	 

	Mortality hip fractures
	1,774
	4,787
	2,875
	2,193
	2,580
	649

	Mortality vertebral fractures
	2,947
	8,199
	4,167
	3,221
	3,869
	1,008

	Mortality MOFs
	55
	141
	98
	58
	68
	17

	Total QALY loss due to mortality
	4,776
	13,127
	7,140
	5,471
	6,517
	1,673

	Total QALY loss due to 
osteoporotic fractures
	59,432
	138,266
	93,932
	68,583
	81,714
	21,065





[bookmark: _Toc536190946][bookmark: _Ref4587111][bookmark: _Ref5003804][bookmark: _Toc20398578]9: Disability-Adjusted Life-Years (DALYs)
[bookmark: _Toc20398579]Background 
The DALY (or Disability Adjusted Life Year) is a method of measuring the burden of a disease, which allows for comparison across diseases. A single DALY can be thought of as one lost year of “healthy life” and summing the DALYs across an entire population provides the gap between the current health status of a population and an ideal disease-free population, i.e. the burden [56].  Including this measure of burden allows for both comparison of the burden between populations, and comparison with other diseases.
[bookmark: _Toc20398580]Methods
Calculation of DALYs for fragility fractures follows the current method used and provided by the WHO. DALYs are the sum of years of life lost (YLL) and the years lost due to disability (YLD) [56]. YLL was calculated by multiplying the total incidence by age and sex for each fracture by the change in life expectancy due to that fracture. YLD was calculated by multiplying the number of fractures with the remaining life years for a person with an osteoporotic fracture at a given age and gender, and a disability weight for living with that osteoporotic fracture. 
Data were assembled for the largest 5 EU countries as well as Sweden (total population: 128,699,382), to calculate the per capita and total DALYs in men and women from the age of 50 to 100 years, for hip fractures, vertebral fractures and a weighted average of other fractures associated with osteoporosis (rib, sternum, pelvis, shoulder, forearm, wrist, and other femoral fractures [57, 58]), which are referred to as Non-hip and non-vertebral fractures (NHNV). Estimates for fracture incidence rates were from Svedbom et al 2013 [6] and relative fracture mortality rates from Jönsson et al 2011 [47]. Population by age and sex, as well as normal mortality rates, were obtained through the statistics bureaus of each country [59-64], and WHO standardized fracture disutility weights were used in the calculation [65]. 
Based on Kanis et al 2003 and Kanis 2004 [66, 67], it was assumed that 30% of the excess mortality associated with hip and vertebral fractures can be causally related to the fracture itself. This proportion was also applied to the NHNV fractures [58]. In accord with current WHO standards, age weighting was not used in the estimation [68].
[bookmark: _Toc20398581]Results
[bookmark: _Toc503791289][bookmark: _Toc503791472]The total DALYs estimated in year 2016 for people in all six countries combined from the ages of 50 to 100 years shows that more than 2.6 million life years are lost due to fragility fracture. The DALY totals for each country vary greatly due to differences in population (Fig. A 11). The average DALY loss per 1000 individuals was estimated to be 21 DALYs, with Sweden showing the highest rate (32 DALYs) and Spain showing the lowest (12 DALYs), as seen in Fig. A 12. Average YLD’s per 1000 people (15.1) far exceeded the YLL’s per 1000 (5.5), indicating that living with a disability due to fracture drives DALY loss in osteoporosis. DALYs rate varied by country, age, gender and fracture type. In all countries, women had higher DALY burden than men, with averages of 23.8 and 17.0 DALYs, respectively. The fracture category with the highest total DALY loss was “NHNV fractures” (Fig. A 13). This dominance can be explained by the combination of a high incidence at early ages, and the large number of years spent with disability due the less life-threatening nature of NHNV fractures. This is shown in Fig. A 14 and Fig. A 15, where the age distribution of YLLs and YLDs by gender for two fracture types are shown. 

For hip fractures in women, the YLLs peaked at the age of 77 years, whilst the YLDs peaked at age 81 years, reflecting that most hip fractures occur around 77 years. For “NHNV fractures” in the male population, the peak is early, with very low YLLs, indicating that prevalence of NHNV fractures is fairly high. Table A 21 and Table A 22 present the supporting data for DALYs and DALYs per 1000.
[image: ]
[bookmark: _Ref21358603][bookmark: _Ref507496879]Fig. A 11 Total DALYs by Country

[bookmark: _Ref21358610][bookmark: _Ref507496891][image: ]

Fig. A 12 DALYs per 1000 individuals by country

[bookmark: _Ref21358617][bookmark: _Ref20391577]
[image: ]
Fig. A 13 Total DALY Distribution by fracture site
[image: ]

[bookmark: _Ref21358623][bookmark: _Ref507496956]
Fig. A 14 Total DALYs by age for hip fractures

[bookmark: _Ref21358629][bookmark: _Ref507496969][image: ]

Fig. A 15 Total DALYs by age for non-hip non-vertebral fractures

[bookmark: _Toc20398582]Comments
From a national perspective, the DALY loss rate can be an important measure for motivating policy decisions and the prioritization of funds towards osteoporosis treatment. From an international perspective, the high values suggest a need for better treatment policy and practice. The assumption that 30% of deaths are causally linked to all fracture types in this study comes with the caveat that NHNV fractures, and vertebral fractures to a lesser degree, have a much lower relative mortality, which compensates for the constant percentage applied to causally related deaths.


[bookmark: _Toc20398583]Supporting data 

[bookmark: _Ref20397273]Table A 21 YLLs and YLDs lost, by fracture type, country and gender
	[bookmark: _Hlk517795723]
	Total DALYS
	

	
	Hip Fractures
	Vert Fractures
	NHNV Fractures
	

	
	YLL
	YLD
	YLL
	YLD
	YLL
	YLD
	

	
	Women
	Men
	Women
	Men
	Women
	Men
	Women
	Men
	Women
	Men
	Women
	Men
	Totals

	Sweden
	6,343
	4,265
	11,907
	5,046
	12,326
	10,180
	15,183
	8,013
	796
	602
	26,342
	21,931
	122933

	UK
	20,803
	18,710
	34,656
	19,941
	52,142
	46,287
	56,713
	31,250
	4,989
	3,757
	159,474
	131,002
	579722

	Germany
	47,632
	29,744
	89,173
	28,077
	70,777
	68,765
	84,973
	41,353
	6,449
	3,957
	209,247
	133,910
	814059

	France
	23,824
	13,561
	45,969
	15,590
	43,716
	32,867
	49,858
	22,903
	3,637
	2,178
	93,449
	69,035
	416588

	Italy
	26,996
	15,375
	61,660
	19,814
	49,010
	34,823
	74,017
	28,901
	4,035
	2,681
	127,618
	80,405
	525336

	Spain
	9,678
	6,233
	24,994
	7,439
	16,296
	13,781
	28,271
	10,412
	1,706
	1,127
	48,038
	30,698
	198673

	Total
	135,277
	87,888
	268,358
	95,906
	244,267
	206,703
	309,015
	142,831
	21,614
	14,302
	664,169
	466,981
	2,657,311





[bookmark: _Ref20397275]Table A 22 YLLs and YLDs per 1000 people, by fracture type, country and gender
	
	DALYs per 1000
	

	
	Hip Fractures
	Vert Fractures
	NHNV Fractures
	

	
	YLL
	YLD
	YLL
	YLD
	YLL
	YLD
	

	
	Women
	Men
	Women
	Men
	Women
	Men
	Women
	Men
	Women
	Men
	Women
	Men
	Average

	Sweden
	3.23277
	2.33641
	6.0684
	2.76432
	6.28184
	5.57727
	7.73806
	4.38979
	0.40592
	0.32963
	13.42551
	12.01514
	32.45845

	UK
	1.64171
	1.64467
	2.73491
	1.75287
	4.11485
	4.06876
	4.4756
	2.74697
	0.39375
	0.33022
	12.58515
	11.51552
	24.10719

	Germany
	2.66006
	1.91983
	4.97992
	1.81227
	3.95261
	4.43852
	4.7454
	2.66914
	0.36017
	0.25543
	11.68555
	8.64335
	24.3735

	France
	1.77705
	1.2037
	3.42891
	1.3838
	3.26085
	2.91743
	3.71898
	2.03299
	0.27132
	0.19334
	6.97052
	6.12776
	16.88489

	Italy
	1.89768
	1.27527
	4.33432
	1.64341
	3.44514
	2.88833
	5.20297
	2.39716
	0.28362
	0.22239
	8.9708
	6.6691
	19.98818

	Spain
	1.08678
	0.81962
	2.80667
	0.97817
	1.82995
	1.81198
	3.17465
	1.36899
	0.19161
	0.14816
	5.39446
	4.03648
	12.03322

	Average
	1.95833
	1.47409
	3.88488
	1.60858
	3.53613
	3.46691
	4.47345
	2.39562
	0.31289
	0.23988
	9.61482
	7.8324
	20.64743





[bookmark: _Hlk515954825][bookmark: _Toc536190947][bookmark: _Ref4587116][bookmark: _Ref5003810][bookmark: _Toc20398584]10: DALY Comparison across diseases
[bookmark: _Toc20398585]Background 
Disability Adjusted Life Years (DALYs) are a measure of disease burden which allows for comparison between diseases. Comparing the burden of osteoporosis (fragility fractures) to the burden of other diseases gives policy makers the knowledge to allocate resources appropriately with regards to treatment and prevention. 
[bookmark: _Toc20398586]Methods
The osteoporosis DALY estimates from section 1p were combined with corresponding 2016 estimates from the Institute for Health Metrics and Evaluation (IHME) for 16 selected diseases by country and sex [69]. 
[bookmark: _Toc20398587]Results
The osteoporosis estimates place the burden between that of lung cancer and chronic obstructive pulmonary disease (COPD), which are two of the most burdensome diseases in these European countries (Fig. A 16). Germany makes up the greatest portion of DALY burden in each of the disease categories, followed by Italy, though total DALYs correlate strongly with population size. 
Converting the total DALYs by disease into DALYs per 1,000 individuals is shown in Fig. A 17. The DALYs lost per 1 000 individuals due to fragility fractures were estimated at 20.7 years, with Sweden showing the highest rate (32 DALYS) and Spain showing the lowest (12 DALYS). In this case, osteoporosis is estimated to fall between lung cancer and COPD. The DALY burden varies between countries due to differences in age distributions, risk of fracture and death. In Sweden, for example, the DALY burden of fractures is higher than that for dementia whereas in Spain the burden related to dementia, lung cancer and COPD surpasses that for fractures. Table A 23 and Table A 24 present the supporting data for DALY comparison. 
[bookmark: _Ref21358648][bookmark: _Ref518304541][image: ]
Fig. A 16 Country Contribution to Total DALYs by Disease

[bookmark: _Ref21358657][bookmark: _Ref518304548][image: ]

Fig. A 17 Country Comparison - DALYs per 1000 People by Disease
[bookmark: _Toc20398588]
Comments
These results are in line with the previous DALY comparison estimates from Johnell et al 2006 [70], and show that the osteoporosis burden has grown significantly over the past 10 years. The data for the figures shown is provided below.
[bookmark: _Toc20398589]Supporting data 

[bookmark: _Ref20397404]Table A 23 Total DALYs – Both Genders
	Disease
	France
	Germany
	Italy
	Spain
	Sweden
	UK
	Total

	Multiple sclerosis
	19,127
	35,331
	17,886
	8,890
	5,362
	38,181
	124,777

	Peptic ulcer disease
	14,873
	41,260
	16,372
	9,428
	4,951
	40,704
	127,589

	Melanoma and other skin cancers
	33,195
	50,218
	32,244
	16,391
	10,031
	44,900
	186,979

	Rheumatoid arthritis
	60,201
	75,209
	60,483
	41,305
	9,299
	77,425
	323,921

	Parkinson disease
	69,177
	87,849
	82,511
	49,744
	12,017
	70,112
	371,409

	Asthma
	77,558
	94,331
	56,518
	50,177
	13,327
	91,344
	383,255

	Hypertensive heart disease
	59,759
	225,050
	215,324
	46,498
	9,695
	56,834
	613,160

	Osteoarthritis
	142,405
	212,026
	152,026
	105,817
	21,262
	153,251
	786,788

	Migraine
	173,153
	212,722
	191,854
	121,083
	21,054
	157,503
	877,369

	Cirrhosis of the Liver
	204,023
	340,499
	197,945
	120,945
	19,454
	175,447
	1,058,313

	Ischemic Stroke
	280,063
	508,748
	318,263
	172,317
	59,861
	341,093
	1,680,345

	COPD
	181,832
	554,887
	325,924
	269,982
	63,712
	548,267
	1,944,604

	Fragility Fractures
	416,588
	814,059
	525,336
	198,670
	122,933
	579,722
	2,657,308

	Lung Cancer
	612,608
	787,281
	597,633
	342,673
	65,612
	646,353
	3,052,161

	Dementia
	604,054
	751,188
	897,210
	520,414
	96,455
	606,875
	3,476,197

	Ischemic heart disease
	841,046
	2,172,490
	1,249,338
	618,672
	234,596
	1,195,073
	6,311,215

	All Causes
	11,134,742
	16,761,088
	12,189,447
	7,164,753
	1,823,641
	11,869,537
	60,943,207




[bookmark: _Ref20397405]Table A 24 DALYs per 100,000 – Both Genders
	Diseases
	France
	Germany
	Italy
	Spain
	Sweden
	UK
	EU6

	All Causes
	451
	502
	464
	434
	482
	494
	474

	Fragility Fractures
	17
	24
	20
	12
	32
	24
	21

	Melanoma and other skin cancers
	1
	2
	1
	1
	3
	2
	1

	Dementia
	24
	22
	34
	32
	25
	25
	27

	Parkinson disease
	3
	3
	3
	3
	3
	3
	3

	Ischemic Stroke
	11
	15
	12
	10
	16
	14
	13

	Multiple sclerosis
	1
	1
	1
	1
	1
	2
	1

	Migraine
	7
	6
	7
	7
	6
	7
	7

	Hypertensive heart disease
	2
	7
	8
	3
	3
	2
	5

	Ischemic heart disease
	34
	65
	48
	37
	62
	50
	49

	Lung Cancer
	25
	24
	23
	21
	17
	27
	24

	COPD
	7
	17
	12
	16
	17
	23
	15

	Asthma
	3
	3
	2
	3
	4
	4
	3

	Peptic ulcer disease
	1
	1
	1
	1
	1
	2
	1

	Cirrhosis of the liver
	8
	10
	8
	7
	5
	7
	8

	Rheumatoid arthritis
	2
	2
	2
	3
	2
	3
	3

	Osteoarthritis
	6
	6
	6
	6
	6
	6
	6





11: Productivity loss 
[bookmark: _Toc20398558]Background 
Most fractures occur in elderly retired patients. However, in Sweden about 20% of fractures occur in pre-retirement ages [14]. If a fracture patient is still employed he/she most likely would be on sick leave during the recovery phase. Work absence both impacts the individual’s income and creates a societal cost due to the loss in productivity. This metric uses survey responses from the International Costs and Utilities Related to Osteoporotic Fractures Study (ICUROS) to estimate the number of sick days in the year after an osteoporotic fracture. 
[bookmark: _Toc20398559]Methods
The ICUROS collected data on fracture consequences over 18 months after fracture. The study enrolled 5,869 patients in 11 countries [53, 71, 72]. About 19% of the study population indicated they were employed before their fracture. The same study design as ICUROS was used in a Swedish study that enrolled 635 patients [42]. In these studies, patients were asked how many days of sick leave they had taken at 4, 12 and 18 months as a consequence of the fracture. For the purpose of this analysis, the results are presented as total days of sick leave the year after hip, vertebral or other (humeral or wrist) fracture. The within-country sample size is modest and only a minority of the patients were at working ages (below 66 years). Therefore, country-specific estimates were not included. Cross country estimates were calculated using data from six of the European ICUROS countries (Austria, Estonia, France, Italy, Sweden, and the UK) and dubbed ICUROS Europe. Russia and Lithuania were excluded from the European estimate because of the low hospitalization rate in relation to fracture which cannot be considered representative for a general European setting. For consistency, Lithuania and Russia were also excluded from the other metrics which used ICUROS data. Spain was dropped from this metric due to lack of data. Fracture rates for the EU6 in 2017 was derived from the burden model and multiplied with average sick days by fracture site, in order to estimate the average number of sick days taken due to fragility fracture, per 1000 people.
[bookmark: _Toc20398560]Results
Estimates of the annual sick leave by fracture type for ICUROS Europe are shown in Fig. A 18. Hip fractures account for the largest number of sick leave days (42 days) followed by vertebral fracture (20 days). Fig. A 19 shows the number of days taken due to fragility fracture, per 1000 people in each of the EU6 countries. Sick days taken in 2017, by non-retired individuals in the EU6 totalled 7,615,719 days. “Other” major osteoporotic fractures (MOFs) occur significantly more often than hip or clinical vertebral fractures, and therefore resulted in the highest estimated number of sick days taken due to fragility fracture, per 1000 people in all countries, with Sweden showing the highest estimate overall in the EU6. There were no significant differences between sick leave taken by men and women with hip fractures, nor between sick leave taken by hip fracture patients with or without previous fracture.
[image: ]


[bookmark: _Ref21359211][bookmark: _Ref518036264]Fig. A 18 Annual sick leave (days) by fracture type (ICUROS Europe)
*ICUROS Europe= Austria, Estonia, France, Italy, Sweden, and the UK 

[image: ]

[bookmark: _Ref21359218][bookmark: _Ref518036269]Fig. A 19 Total sick days taken in the EU6 due to fragility fracture, in 2017


[bookmark: _Toc20398561]Comments
The data included only individuals who indicated they were employed at the time of fracture. As the age limit for retirement rises, it is likely that average productivity loss per capita will increase as people are able to live and work for longer. 


[bookmark: _Ref5003779][bookmark: _Toc20398562]12: Caregiver burden
[bookmark: _Toc20398563]Background 
A significant social cost associated with chronic diseases such as osteoporosis is the burden imposed on informal caregivers such as family members. Continued care provided at home can put physical, emotional and financial strain on relatives who need to take care of osteoporotic fracture patients [37, 73]. This metric uses data collected in the International Costs and Utilities Related to Osteoporotic Fractures Study (ICUROS) [53, 71, 72] to determine the caregiver burden due to osteoporotic fracture, in terms of hours of care provided by relatives.
[bookmark: _Toc20398564]Methods
[bookmark: _Hlk508102333][bookmark: _Hlk508007378][bookmark: _Hlk506908028]The ICUROS collected data on fracture consequences over 18 months after fracture. The study enrolled 5,869 patients in 11 countries [53, 71]. The same study design as ICUROS was used in a Swedish study that enrolled 635 patients [42]. In these studies, patients were asked how many hours per week they received care from relatives after their fracture. This question was asked at 4, 12 and 18 months. For the purpose of this analysis, the results are presented as total hours of care for the year given by relatives after an individual’s hip, vertebral or other (humeral or wrist) fracture. Cross country estimates were calculated using data from seven of the European countries from the studies (Austria, Estonia, France, Italy, Spain, Sweden, and the UK) and dubbed ICUROS Europe. To be consistent with the estimation methods across these metrics, Lithuania and Russia were dropped. 
[bookmark: _Toc20398565]Results
Estimates for the total hours of care provided by relatives, per individual per year after a given fracture, are shown in Fig. A 20. These estimates represent the combined average of ICUROS Europe. The results indicate that hip fractures are associated with the largest caregiver burden (370 hours per year) among major osteoporotic fractures, followed by vertebral fractures (263 hours per year). Care from relatives for hip fractures varies greatly by country. In Fig. A 21, estimates are shown for the hours of care provided by relatives for hip fracture patients in ICUROS Europe, as well as five of the countries of interest. Within the five countries of interest, Spain and Italy have the highest caregiver burden, with averages of 744 hours and 652 hours per year spent caring for individuals with osteoporotic hip fractures, respectively. The UK (227 hours) and Sweden (115 hours) have considerably lower averages. There were no significant differences in care from relatives between men and women, nor between patients with or without a previous fracture. Fig. A 22 shows the annual hours of care provided after hip fractures per 1000 individuals. Since Italy and Spain have the highest average hours of care per individual hip fracture, this trend is also present in the hours of care provided per 1000 individuals, with 882 and 756 hours per 1000 people per year, respectively. Sweden was estimated to have more hours of care provided (191 hours per 1000 people per year) than France (138 hours per 1000 people per year), which is driven by fracture incidence and population.

[image: ]
[bookmark: _Ref21359228][bookmark: _Ref518037534]Fig. A 20 Average Annual Hours of Care by Relatives by Fracture Type in seven EU countries (ICUROS Europe)
[image: ]

[bookmark: _Ref21359234][bookmark: _Ref507497331]Fig. A 21 Average Annual Hours of Care by Relatives after Hip Fracture by Country
ICUROS Europe= Austria, Estonia, Spain, France, Italy, Sweden, and the UK

[bookmark: _Ref21359247][bookmark: _Ref518037566]

[image: ]Fig. A 22 Annual hours of care provided in the year after hip fracture per 1000 people, by country

[bookmark: _Toc20398566]Comments
Care provided informally by relatives represents a significant investment of time and energy. Measuring this burden gives individual countries a better understanding of the indirect costs associated with osteoporosis. 


[bookmark: _Hlk515954432][bookmark: _Toc536190944][bookmark: _Ref4588134][bookmark: _Ref5003787][bookmark: _Toc20398567]13: Independent living 
[bookmark: _Toc20398568]Background 
[bookmark: _Hlk506452835]One major potential consequence of a fragility fracture is the long-term impact on independence. The fracture can result in a loss of mobility, the ability to take care of oneself, and may require the individual to move into long-term care (LTC) or elderly care services. This metric uses data from the International Costs and Utilities Related to Osteoporotic Fractures Study (ICUROS) to estimate the proportion of patients that move to a long-term care facility after a fracture. 
[bookmark: _Toc20398569]Methods
The ICUROS collected data on fracture consequences over 18 months after fracture. The study enrolled 5,869 patients in 11 countries [53, 71]. The same study design as ICUROS was used in a Swedish study that enrolled 635 patients [42]. In these studies, patients were asked if they had moved to LTC as a consequence of the fracture. The answers were used to estimate the proportion of patients that had moved from living at home to LTC at 12 months after hip, vertebral or other (humeral or wrist) fracture. Individuals who were living in LTC before their fracture were excluded. Cross country estimates were calculated using data from six of the European countries in these studies (Austria, Estonia, France, Italy, Spain and Sweden) and dubbed ICUROS Europe. To be consistent with the estimation methods across the metrics which used ICUROS, Lithuania and Russia were dropped. Due to lack of data, the UK was excluded.
[bookmark: _Toc20398570]Results
Fig. A 23 shows the proportion of patients residing in an LTC facility at 12 months after fracture by fracture type. LTC use varies greatly, depending on the fragility fracture and the age of the individual. Hip fractures correspond with the largest proportion of people moving to LTC in all six countries. Comparing LTC use after a hip fracture for different countries (Fig. A 24) shows that Italy has a large percentage (24.9) of hip fracture patients who enter long term care by 12 months, while the average for ICUROS Europe is lower (9.1%). Fig. A 25 shows that female hip fracture patients had a higher probability (12.0%) of moving to LTC compared to male patients (2.3%). There was no significant difference in the use of LTC between fracture patients with or without a previous fracture. Fig. A 26 shows the percentage of individuals in LTC following a hip fracture, based on 10-year age groups. The percentage in LTC 12 months after a hip fracture increases significantly by age group.
[image: ]
[bookmark: _Ref21359259][bookmark: _Ref518304143]
Fig. A 23 Percentage (%) in long term care (LTC) at 12 months by fracture site in 6 EU countries (ICUROS Europe)
[image: ]

[bookmark: _Ref21359266][bookmark: _Ref518304159]Fig. A 24 Percentage (%) in long term care (LTC) with hip fracture at 12 months by country (ICUROS Europe = Austria, Estonia, Spain, France, Italy, Sweden)
[image: ]

[bookmark: _Ref21359270][bookmark: _Ref518304172]Fig. A 25 Percentage (%) in long term care (LTC) at 12 months following a hip fracture by sex in five ICUROS countries (Austria, Estonia, Spain, France, Italy).

[bookmark: _Ref21359280][bookmark: _Ref514338973]


[image: ]Fig. A 26 Percentage in LTC 1 year after hip fracture, by age group

[bookmark: _Toc20398571]Comments
Long-term care represents a large direct non-medical cost for a social health care system. Furthermore, each country provides these services at varying levels. Being able to measure the impact that osteoporotic fractures have on the budget for long term or elderly care can help policy makers in their decision making. 


[bookmark: _Toc536190950][bookmark: _Ref4588528][bookmark: _Ref5003827][bookmark: _Toc20398600]14: Pharmacological treatment gap
[bookmark: _Toc20398601]Background 
The treatment gap in osteoporosis has been estimated previously for the EU6 using IMS Health drug sales data up to the year 2010 [37]. This metric provides an update of the treatment gap in 2017. 
[bookmark: _Toc20398602]Methods
National data on number of patients treated are currently not readily available in many European countries. In the absence of more granular data an alternate approach using international sales data on volume (standard units) and price (€) from IMS Health have previously been used to estimate the treatment gap in osteoporosis [8, 37]. 
The same method was applied for this analysis. In brief, the method includes the following steps to estimate treatment gap. 
1. Using IMS sales data to estimate how many treatment years the sales volume, by year, cover.
2. Adjusting for low adherence, i.e., the average time on treatment per patient over a year is less than 365 days. The corrective factor was derived from Swedish register data and was 77%. After this correction the number of patients potentially treated during a year is obtained. 
3. The proportion of the population eligible for treatment was determined using an intervention threshold based on data from FRAX of the 10-year probability of a major osteoporotic fracture of women in the EU6 countries.
4. The intervention threshold set was a 10-year probability of a major osteoporotic fracture equivalent to an age-matched female with a fragility fracture [74]
5. The treatment gap is obtained by dividing the patients potentially treated with the number of individuals considered to be eligible for treatment. 

Also, because the IMS sales data do not differentiate by sex or age, it was assumed that 85% of sales were given to women (based on Swedish data) and all osteoporotic drugs were only given to patients age 50 years or older. 
The analysis included data on sales related to osteoporosis drugs for the year 2017. These included: bisphosphonates, denosumab, parathyroid hormones (PTHs), selective oestrogen receptor modulators (SERMs) and strontium ranelate. Note that hormone replacement therapy was not included. 
IMS sales data is the best source of comparative data on sales of pharmaceuticals at an international level that allows this type of analysis. However, it is also associated with some shortcomings. For example, previously it was shown that compared to Swedish prescription data the sales data seem to yield a 20% higher treatment uptake implying an underestimation of the treatment gap. [8].
[bookmark: _Toc20398603]Results
Fig. A 27 shows the number of patients that could be treated in 2017 and 2010 based on IMS sales data, compared to the remaining number of persons eligible for treatment. The average treatment gap (Table A 25 and Table A 26) in EU6 in year 2017 is estimated to be 73% for women and 63% for men. Compared to the analysis from year 2010 this is marked increase (17% and 16% points) in the treatment gap. 
The treatment gap varies between countries and the highest treatment gap for women can be found in Germany where less than 20% of the population eligible for treatment receives an osteoporotic drug. Germany also shows the highest treatment gap for men. UK has the smallest treatment gap (64%) in women and men (43%). 

[image: ][image: ]
[bookmark: _Ref21359291]


Fig. A 27 The treatment gap in women (upper panel) and men (lower panel) based on potential number of patients treated relative to eligible number of individuals above the intervention threshold.
Note: There was an error in the 2010 estimate for men in the UK [37], which is corrected in the figure above

[bookmark: _Ref514336582]Table A 25 Number of women eligible for treatment, treated and treatment gap in 2017
	 Country
	Number potentially treated (1000s)
	Number exceeding fracture risk threshold (1000s)
	Difference (1000s)
	Treatment gap (%)
	Treatment gap, 2010 (%) [37]

	France
	635
	2,758
	2,123
	77
	43

	Germany
	692
	3,542
	2,849
	80
	77

	Italy
	784
	2,944
	2,160
	73
	59

	Spain
	647
	2,013
	1,366
	68
	25

	UK
	971
	2,690
	1,720
	64
	54

	Sweden
	95
	392
	296
	76
	72

	EU6
	3,825
	14,340
	10,515
	73
	57




[bookmark: _Ref514336584]Table A 26 Number of men eligible for treatment, treated and treatment gap in 2017 
	 Country
	Number potentially treated (1000s)
	Number exceeding fracture risk threshold (1000s)
	Difference (1000s)
	Treatment gap (%)
	Treatment gap, 2010 (%) [37]

	France
	112
	312
	200
	64
	26

	Germany
	122
	619
	497
	80
	80

	Italy
	138
	265
	127
	48
	30

	Spain
	114
	289
	175
	60
	20

	UK
	171
	301
	130
	43
	  38*

	Sweden
	17
	45
	28
	62
	63

	EU6
	675
	1,669
	994
	60
	49


* Note: There was an error in the 2010 estimate for men in the UK leading to a negative estimate. This is corrected in the table above

[bookmark: _Toc20398604]Comments
This analysis shows that treatment of osteoporosis is poor in the EU6 countries and less than 30% of women and 40% of men receives the treatment that they need. Lack of osteoporosis treatment could lead to increased risk of fracture, increased morbidity and increased costs to society. Note that this analysis assumes that interventions are directed only to individuals at high risk which is unlikely to be invariable. Thus, the estimate of the treatment gap is conservative.  


[bookmark: _Toc536190951][bookmark: _Ref4595452][bookmark: _Ref5003853][bookmark: _Toc20398605][bookmark: _Toc20398590]15: Fracture treatment gap
[bookmark: _Toc20398606]Background
An alternative approach to assessing the treatment gap with fragility fractures is to estimate the proportion of patients starting a pharmacological treatment after a fracture. National estimates can vary greatly, and to conduct such analysis, real world data on fractures and drug use is required for each country. There is a small but growing body of literature that focuses on the post-fracture treatment gap.
[bookmark: _Toc20398607]Methods
A structured review of published literature was conducted to find country-specific estimates for the gap in treatment following an osteoporotic fracture. Estimates for both hip and all osteoporotic fractures were found for select countries from multiple sources. Available estimates were gathered from a mix of literature, public reports (France [75] and the UK [76]), data on file at UCB (Spain) and data on file at Quantify Research (Sweden). No estimate which met the criteria could be found for Italy or Germany.
[bookmark: _Toc20398608]Results
The percentage of women starting an osteoporosis-specific pharmacological treatment within a year of an osteoporotic fracture or a hip fragility fracture is shown in Fig. A 28. The analytic methods vary between the estimates making direct comparisons difficult. However, the post-fracture treatment gap can be considered large irrespective of country. In the category of “all osteoporotic fractures,” France has the highest gap in treatment, with 85% of individuals not receiving osteoporosis medications after an osteoporotic fracture. Spain has the lowest treatment gap overall, with 72% of patients not receiving treatment. Hip fractures in Sweden are met with the highest gap in treatment (84%) while in the UK, only 49% of hip fracture victims do not receive treatment after their fracture. The treatment gap is also likely to vary between gender, fracture types and treatment history. Such detailed information is not currently available for all the EU6 countries. Table A 27 presents the treatment gaps after hip or any osteoporotic fracture, by country.
[image: ]


[bookmark: _Ref21359304][bookmark: _Ref518304703]Fig. A 28 Treatment gaps after hip fracture or any osteoporotic fracture, by country


[bookmark: _Ref20398055]Table A 27 Treatment gaps after hip or any osteoporotic fracture, by country
	Country
	type
	gap
	uptake
	year

	UK
	hip
	49%
	51%
	2015

	Sweden
	
	84%
	16%
	2013/2014

	Spain
	
	89%
	11%
	2015

	
	any
	
	
	

	Spain
	
	95%
	5%
	2015

	France 
	
	85%
	15%
	2016

	Sweden
	
	84%
	16%
	2013/2014



[bookmark: _Toc20398609]Comments
The estimates provided include only the literature/data, which met the definition of receiving treatment up to one year after fracture. Other literature sources which did not meet the criteria of the question were excluded.


[bookmark: _Toc536190952][bookmark: _Ref4595616][bookmark: _Ref5003860][bookmark: _Toc20398611]16: Treatment gap by fracture type
[bookmark: _Toc20398612]Background
Pharmacological intervention is an important approach to prevent fragility fractures. Yet, this is another area within osteoporosis where a significant gap (patients receiving treatment compared to those eligible for treatment) exists [77]. Previous studies have however relied on sales data rather than drawing on national claims and prescription data.
[bookmark: _Toc20398613]Methods
Patients with a fracture in 2013 and 2014 were identified from the Swedish National Patient Register (NPR). Their treatment history was extracted from the Swedish Prescribed Drug Register. Patients were defined as treatment-experienced if they had filled at least one prescription for any osteoporosis drug (including HRT) during the three years prior to the fracture. See Table A 28 for a list of products and corresponding ATC codes which defined treatment exposure. If no prescription had been filled, the patient was defined as treatment naïve. The number of patients who were treated (at least one prescription for any osteoporosis drug excluding HRT) the following year after fracture was reported together with the number of deaths. See Table A 29 for a list of products and corresponding ATC codes which defined patients as treated following fracture. Patients with a diagnosis of Paget’s disease or malignancies anytime during the study period (2010-2015) were excluded from the analysis.

[bookmark: _Ref5714043]Table A 28 Treatments and ATC codes that defined treatment exposure
	Treatment
	ATC codes
	Products

	Alendronate
	M05BA04
	All

	Alendronate + cholecalciferol
	M05BB03
	All

	Denosumab
	M05BX04
	Prolia only

	Ibandronate
	M05BA06
	Bonviva only

	Risedronate
	M05BA07
	All

	Risedronate + calcium
	M05BB02
	All (no longer on the market)

	Risedronate + calcium + cholecalciferol
	M05BB04
	All (no longer on the market)

	Zoledronate
	M05BA08
	Aclasta only (prescriptions only)

	Etidronate
	M05BA01
	All (no longer on the market)

	Etidronate + calcium
	M05BB01
	All (no longer on the market)

	Strontium ranelate
	M05BX03
	All (no longer on the market)

	Raloxifene
	G03XC01
	All

	Bazedoxifene
	G03XC02
	All 

	Teriparatide
	H05AA02
	All

	Parathyroid hormone 1-84
	H05AA03
	All (no longer on the market)

	Hormone replacement therapy
	G03CA03, G03CA04, G03FA01, G03FA12, G03FA17, G03FB05, G03FB06
	Systemic HRT with indication for osteoporosis only, i.e.: Progynon; Femanest; Estradot 50/75/100 µg/h; Evopad 50/75/100µg/h; Evorel 50/75/100µg/h; Livial; Tibolon Orifarm; Activelle; Kliogest; Cliovelle; Femanor; Estalis; Duova; Indivina; Angemin; Novofem; Trisekvens; Femasekvens; Sequidot; Divina Plus; Trivina, 




[bookmark: _Ref5715393][bookmark: _Toc20398614]Table A 29 Treatments and ATC codes that defined post-fracture patients as treated
	Treatment
	ATC codes
	Products

	Alendronate
	M05BA04
	All

	Alendronate + cholecalciferol
	M05BB03
	All

	Ibandronate
	M05BA06
	Bonviva only

	Risedronate
	M05BA07
	All

	Risedronate + calcium
	M05BB02
	All (no longer on the market)

	Risedronate + calcium + cholecalciferol
	M05BB04
	All (no longer on the market)

	Etidronate
	M05BA01
	All (no longer on the market)

	Etidronate + calcium
	M05BB01
	All (no longer on the market)

	Zoledronate
	M05BA08
	Aclasta only (prescriptions only)

	Denosumab
	M05BX04
	Prolia only

	Strontium Ranelate
	M05BX03
	All (i.e. Protelos)

	Raloxifene
	G03XC01
	All

	Teriparatide
	H05AA02
	All (i.e. Forsteo)




Results
At the time of fracture, a majority of women (75-88%) and men (95-98%) were treatment naïve. Fig. A 29 and Fig. A 30 show the treatment gap following fracture by treatment experience in women and men, respectively. The treatment gap in treatment naïve women within a year following a hip, a MOF or any osteoporotic fracture was around 90%. The treatment gap following a vertebral fracture was 74%. A similar pattern was observed in the male population although treatment gaps were in general higher. Treatment gap in treatment naïve men following a hip, MOF or any osteoporotic fracture was around 95%. The corresponding treatment gap following vertebral fracture was 89%. Fig. A 31 shows the treatment gap following fracture independent of treatment history. In women, the treatment gap was around 84% within one year following fracture with the exception of vertebral fractures (67%). A similar pattern was observed in the male population. Complete results can be found in Table A 30.
 
[image: ]
[bookmark: _Ref21359316][bookmark: _Ref511054217]
[bookmark: _Ref511054220]Fig. A 29 Treatment gap in women within one year from fracture in Sweden, by fracture site and treatment history

[image: ]

[bookmark: _Ref21359322][bookmark: _Ref20392584]Fig. A 30 Treatment gap in men within one year from fracture in Sweden, by fracture site and treatment history






[bookmark: _Ref21359329][bookmark: _Ref20392596]




[image: ]
Fig. A 31 Treatment gap (independent of treatment history) within one year from fracture in Sweden, by fracture site and gender

Table A 30 Number of patients treated following fracture (by type) independent of treatment history, in 2013 and 2014, in Sweden
	[bookmark: _Toc20398616]Category
	N
	No treated within a year
	%
	No of deaths within a year
	No (and %) that started treatment and died within a year

	Women
	 
	 
	 
	 
	 

	Hip fractures
	19,550
	3,086
	15.8%
	4,164
	200, 4.8%

	Vertebral fractures
	6,702
	2,239
	33.4%
	775
	120, 15.5%

	MOF
	56,609
	9,701
	17.1%
	6,573
	416, 6.3%

	Osteoporotic fractures
	76,974
	12,426
	16.1%
	8,193
	147, 7.4%

	Men
	 
	 
	 
	 
	

	Hip fractures
	8,100
	534
	6.6%
	2,296
	45, 2.0%

	Vertebral fractures
	3,470
	460
	13.3%
	480
	44, 9.2%

	MOF
	18,734
	1,260
	6.7%
	3,302
	530, 6.5%

	Osteoporotic fractures
	32,027
	1,661
	5.2%
	4,183
	122, 2.9%



[bookmark: _Toc20398615]
Comments
This analysis shows that the post fracture treatment gap in Sweden is large. That is, few patients with a fragility fracture is prescribed a drug for reducing the risk of further fractures. Treatment initiation is more common following a vertebral fracture compared to other fracture types (hip, NHNS and MOF) in both women and men.

[bookmark: _Ref5716107]






17: Fracture risk assessment
[bookmark: _Toc20398591]Background 
In order to identify individuals for treatment who have the highest risk of fragility fracture, some form of fracture risk assessment is required. With the introduction of Bone Mineral Density (BMD) measurements, the first methods of assessing bone fragility in the elderly became available to medical professionals. However, there are a number of factors that are associated with an increased risk of fracture over and above that provided by BMD. This has led to the development of risk models, which incorporate several risk factors in order to improve the identification of patients at high risk of fracture in primary care and elsewhere [78]. This metric examines the availability of risk models in the six countries of interest, and whether official national guidelines are present for the use of fragility fracture risk assessments.
There are several existing models for risk assessment in Europe, however the most prominently used is FRAX. FRAX is a computer-based algorithm, developed in 2008, that calculates the probability of fracture in individuals using age, body mass index, BMD and dichotomized risk factors such as prior fragility fracture, parental history of hip fracture, tobacco usage, alcohol usage, rheumatoid arthritis and other causes of secondary osteoporosis [74]. The use of BMD measurements in the FRAX model is recommended but optional [79].
[bookmark: _Toc20398592]Methods
FRAX models are currently available for 64 countries. Country-specific FRAX models can be found on the official FRAX website [79] and are a software option for densitometers and other devices. Other risk assessment models, and guidelines for the use of risk models in each of the countries of interest were obtained from their respective health departments’ websites (sources listed in Table A 31). 
[bookmark: _Toc20398593]Results
Table A 31 provides a summary of the access to FRAX and other risk assessment models and their guidelines in the EU6. Country-specific FRAX models exist in all 6 countries. Alternative assessment models are also recommended in Germany, Italy and the UK. The German DVO model, developed in 2006, is a Germany-specific risk assessment model which requires the use of BMD measurements [80, 81]. DeFra is an Italy-specific extension of the FRAX model, which allows for comparison of the BMD in different fracture sites and the inclusion of more data [82]. QFracture in the UK was developed in 2009 and uses variables which are readily available through healthcare records in the UK. It also utilizes a younger age range than FRAX [83].
Specific guidelines for the use of FRAX and other risk models were found on official national health service websites for all countries except for Italy. The Italian Ministry of Health did not recommend specific risk models but suggested that risk models could be useful in assessing the probability of fragility fracture. Other organizations like the Italian Society for Orthopedics and Traumatology recommended FRAX or DeFra specifically.

[bookmark: _Ref508183123]Table A 31 Risk models & guidelines available in the countries of interest
	Countries
	FRAX Model available
	Other Models
	National Guidance
	Comments
	Source

	France
	
	-
	
	
	[84]

	Germany
	
	DVO Model
	
	
	[80]

	Italy
	
	FRAHS, DeFra
	
	FRAHS: FRAX-based
	[85-87] 

	Spain
	
	-
	
	
	[88]

	Sweden
	
	-
	
	
	[89]

	UK
	
	QFracture
	
	
	[90]



[bookmark: _Toc20398594]Comments
Fracture risk assessment models and guidelines for their use are readily available for the 5 EU countries and Sweden. Risk assessment models based on the FRAX model are available for 23 of the 28 EU member states, and 64 countries worldwide. 


[bookmark: _Toc536190953][bookmark: _Ref4596349][bookmark: _Ref4597819][bookmark: _Ref5003868][bookmark: _Toc20398617]18: Use of FRAX
[bookmark: _Toc20398618]Background  
FRAX was launched in 2008 in all EU6 countries. In 2011, Hernlund et al. [37] summarized the use of FRAX in the European Union and this report provides an update of FRAX use in 2017.  
[bookmark: _Toc20398619]Methods
Number of calculations per year was retrieved from the FRAX website and was thereafter combined with population statistics to determine the number of calculations per million in the general population per year. The statistics is based on all usage since the data do not provide the reason for use (e.g. patient assessment, education or research). 
[bookmark: _Toc20398620]Results
The web-based usage of FRAX is shown in Fig. A 32. The UK and Sweden had the highest usage of FRAX, whereas the lowest uptake was seen in Germany. Considering all countries in the EU6 the usage of FRAX increased by almost 75% in 2017 compared to 2011. The highest increase was seen in the UK, France and Sweden (~100%), whereas in both Germany and Italy the usage of FRAX decreased in 2017 compared to 2011. Table A 32 presents the FRAX calculations by country of origin in the EU6.
[image: ]
[bookmark: _Ref21359342][bookmark: _Ref20392761]
Fig. A 32 FRAX calculations by URL source per million in the general population Nov 2010-2011 and April 2017-2018

[bookmark: _Toc20398621]Comments
The webpage usage of FRAX has increased in the EU6 in 2017 compared to 2011. That the usage of FRAX has decreased in both Italy and Germany may relate to the availability of other risk models such as the German specific DVO model and DeFra in Italy.
Note that these data do not take account of FRAX calculations made by densitometers, iPhones and hand-held calculators. 
[bookmark: _Toc20398622]Supporting data 
[bookmark: _Ref20398253]Table A 32 FRAX calculations by country of origin in the EU6 
	Country
	Calculations/year
	Population (000)
	Calculations/million/yr (2017)
	Calculations/million/yr (2011) [37]
	Difference (%)

	France
	42,727
	67,059
	637
	318
	100

	Germany
	6,454
	84,312
	77
	82
	-7

	Italy
	27,537
	61,420
	448
	535
	-16

	Spain
	57,985
	47,876
	1,211
	1,034
	17

	UK
	315,051
	67,842
	4,644
	2,337
	99

	Sweden
	45,588
	10,167
	4,484
	2,052
	119

	EU6
	495,342
	338,677
	1,463
	838
	74





[bookmark: _Toc536190954][bookmark: _Ref4596458][bookmark: _Ref4596977][bookmark: _Ref5003874][bookmark: _Toc20398623]19: Fracture Liaison Service impact
[bookmark: _Toc20398624]Background 
[bookmark: _Hlk512841399]Fracture Liaison Services (FLS) function as a first line of defence against repeat osteoporotic fractures by identifying at-risk patients and referring them to specialists for assessment and preventative treatment. The FLS model was first introduced in teaching hospitals in Scotland and has grown in popularity around the world due to its effectiveness in preventing secondary fractures, and the lower need for doctors in the administration of post-fracture preventative services [91]. A growing body of evidence suggests that FLS is a cost-effective organizational form that reduces the risk of fracture, mortality and increases adherence to treatment [92-98]. This metric summarizes current evidence of FLS patient identification and evaluation, treatment use, adherence, fracture risk, and mortality as well as economic impact. 
[bookmark: _Toc20398625]Methods
[bookmark: _Hlk512852427]The evidence summary was based on published systematic literature reviews evaluating FLS programs. A pragmatic search identified three recent relevant large-scale systematic literature reviews. Wu et al conducted a meta-analysis including 159 publications to estimate the impact of FLS on select patient outcomes: the rate of BMD testing, treatment initiation, adherence to treatment, re-fracture and mortality [99]. Another study by Wu et al focused on the economic impact of FLS [100]. A study by Walters et al reviewed the evidence of different model types (A to D) of FLS on fracture risk, DXA referrals, and other patient outcomes [98]. 
[bookmark: _Toc20398626]Results
The main results of the first study by Wu et al 2018 are shown in Table A 33. In the meta-analysis, introduction of FLS was associated with greater than 20% improvements, on average, in the rate of individuals getting BMD tests, starting treatment and adhering to treatment. There was also a small but significant average reduction in the re-fracture and mortality rates.
Estimates from Sweden and the UK for the economic impact of FLS are shown in Table A 34. The Swedish study focused on a hypothetical cohort of 1000 elderly women over 10 years and found that the FLS treatment group saved 19 QALYs or 40 life years in total, resulting in an incremental cost effectiveness ratio (the cost per QALY gained) of €14,029 per QALY gained. In the UK, a study involving an NHS hospital found that FLS were cost effective for both male and female patients, with ICERs of £19,955 (about €22,700) per QALY and £20,421 (about €26,600) per QALY gained, respectively. Another UK study looked at the cost savings of introducing an FLS in an area with 1000 hypothetical patients and found that the FLS saved £21,000 (about €23,800) in total over their lifetimes, with 18 subsequent fractures estimated to be prevented, using the least favourable efficiency data.

Even though the meta-analysis showed an overall positive impact of FLSs, it did not consider that there are several types of FLS models which are likely to be associated with different outcomes. For example, some FLS only identify patients and inform them without taking any further actions whereas other more complete FLS identify, investigate, treat and monitor the patient. There has been no direct quantitative comparison between the different models made, but an analysis by Walters et al 2017 [98] indicated that the FLS models which take full responsibility for investigation and treatment of fragility fractures achieved the best outcomes in terms of cost effectiveness. The re-fracture risk (hazard ratio [HR] 0.18–0.67 over 2–4 years), reduced mortality (HR 0.65 over 2 years), increased assessment of BMD (relative risk [RR] 2–3), increased treatment initiation (RR 1.5–4.25) and adherence to treatment (65%–88% at 1 year).
[bookmark: _Toc20398627]Comments
Because of the large scale of these review studies, and the lack of country-specific impact estimates for all patient outcomes, this metric focuses mostly on literature which estimates the impact of introducing FLS. The large variation between different types of FLSs and their evaluation complicates the assessment of the overall benefits of FLS and merits of a specific FLS model. Initiatives that promote standardised outcome frameworks for assessing FLS and increased collaboration between providers include the Capture the Fracture® and the UK FLS-Database Audit.

	Outcome measure
	Effect of FLS (absolute change)
	95% CI
	Duration of follow-up (months)
	# studies
	Source

	BMD Testing
	+24%
	(0.18 to 0.29)
	3-26
	37
	[99]

	Treatment initiation
	+20%
	(0.16 to 0.25)
	3-72
	46
	

	Adherence
	+22%
	(0.13 to 0.31)
	3-48
	9
	

	Re-fracture
	-5%
	(-0.08 to -0.03)
	6-72
	11
	

	Mortality
	-3%
	(-0.05 to -0.01)
	6-72
	15
	


[bookmark: _Ref513202078]Table A 33 Meta-analysis results for patient outcomes


[bookmark: _Ref513457098]Table A 34 Country-specific studies on the economic impact of FLS
	Country
	Type
	Estimate
	Source

	Sweden
	ICER (cost-eff)
	€ 14,029 (per QALY gained)
	[101]

	UK (Hip patients)
	ICER (cost-eff)
	€22,700-€26,600 (per QALY gained)
	[102]

	UK
	Cost Savings
	€23,800/lifetime/1,000 patients
	[95]





[bookmark: _Toc536190949][bookmark: _Ref4596590][bookmark: _Ref5003821][bookmark: _Toc20398595]20: Capture the Fracture (Fracture Liaison Services)
[bookmark: _Toc20398596]Background
Fracture Liaison Services (FLS) function as the first line of defence against repeat fragility fractures by identifying at-risk patients and referring them to specialists for assessment and preventative treatment. FLS have been shown to reduce the risk of fracture, mortality and increase adherence to treatment, which raises their quality of life and reduces societal costs[92, 94, 96-98].
However, there are currently no official international standards for, nor much collaboration between FLS providers in different countries. This gives rise to varying standards and practices on a national and sometimes local basis. One endeavour to encourage cooperation between FLS providers is Capture the Fracture, a global initiative to “facilitate the implementation of coordinated, multi-disciplinary models of care for secondary fracture prevention” [94]. 
[bookmark: _Toc20398597]Methods
Capture the Fracture (CtF) has created a set of internationally endorsed standards and guides for best practice and has assembled the largest network of individual FLS providers in the world. The program is organized by a steering committee of medical and academic professionals from a variety of backgrounds. 
CtF provides resources, tools and educational programmes to bridge the gap between FLS providers and aids in the establishment of new FLS. They connect experienced FLS professionals with prospective providers to offer auditing, consulting and can then guide the assembly of a team to oversee FLS in the interested party’s area. This ensures that the new FLS will also match the guidelines CtF promotes. 
[bookmark: _Toc20398598]Results
This growing network of FLS providers is mapped (Fig. A 33) on their website and provides a rating of the existing service providers in a given area. To be included in this network, the provider must undergo CtF’s audit in order to determine the quality of their services. 
[bookmark: _Hlk518561242]A gold, silver or bronze is awarded to the FLS provider according to the average rating of each of the services they provide. Green stars represent providers currently under review and blue stars are providers that are just getting started. Table A 35 shows the star ratings for registered FLS providers in the countries of interest. A value of 4, 3 and 2 was applied to gold, silver and bronze, respectively and a 1 to providers currently under review or just getting started. However, because the CtF does not include all FLS it is difficult to draw any conclusion regarding the quality of FLS provision on a national level.
To date, Spain has by far the most registered FLS and gold rated providers, and Sweden has the highest average overall FLS rating. One crucial factor to note is the relatively low numbers of registered FLS providers in Sweden and Germany. As discussed in other metrics, both these countries have higher than average incidence of fragility fractures, and have, therefore, a greater need for FLS providers. 
[bookmark: _Toc20398599]Comments
[image: ]This a survey of the responsiveness of countries to the IOF Capture the Fracture initiative, and not a survey of the FLS themselves. Capture the Fracture not only helps to standardize Fracture Liaison Services but encourages cooperation between FLS providers. This in turn can allow for improved sharing of best practices and data that will promote a more efficient delivery of FLS.

[bookmark: _Ref21359412][bookmark: _Ref518304652][bookmark: _Ref507501251]Fig. A 33 Capture the Fracture's map of best practice




Table A 35 FLS ratings by country.
	[bookmark: _Ref504476718]Country
	Total
	Gold
	Silver
	Bronze
	Green
	Blue
	Score

	France 
	20
	0
	3
	9
	1
	7
	35

	Germany
	2
	0
	1
	0
	1
	0
	4

	Italy
	13
	1
	3
	2
	3
	4
	24

	Spain
	65
	13
	13
	22
	9
	8
	152

	Sweden
	5
	0
	4
	1
	0
	0
	14

	UK
	25
	6
	11
	1
	7
	0
	66

	All
	130
	20
	35
	35
	2
	19
	295
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