The treatment gap after major osteoporotic fractures in Denmark 2005-2014: A combined analysis including both prescription-based and hospital-administered anti-osteoporosis medications
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Mini-abstract
This study demonstrates a substantial and persistent anti-osteoporosis treatment gap in men and women 50 years old who sustained major osteoporotic fracture(s) between 2005 and 2014 in Denmark. This was not substantially reduced by including hospital-administered anti-osteoporosis treatments. Strengthened post-fracture organization of care and secondary fracture prevention is highly needed.


Abstract
Purpose: To evaluate the Danish anti-osteoporosis treatment gap from 2005 to 2014 in patients sustaining a major osteoporotic fracture (MOF), and to assess the impact of including hospital-administered anti-osteoporosis medications (AOM) on the treatment gap among these patients.
Methods: In this retrospective, registry-based study, we included men and women aged 50 years or older and living in Denmark, who sustained at least one MOF between 2005 and 2014. We applied a repeated cross-sectional design to generate cohorts of patients sustaining a first MOF, hip, vertebral, humerus, or forearm fracture, respectively, within each calendar year. We evaluated the treatment gap as the proportion of patients within each cohort not receiving treatment with AOM within one year of the fracture. Hospital-administered AOM was identified by SKS-code. 
Results: The treatment gap among MOF patients decreased from 85% in 2005 to 79% in 2014. The gap was smaller among hip and vertebral fracture patients as compared to humerus and forearm fracture patients, and it was smaller in women than in men. The use of hospital-administered AOM was relatively uncommon, with a maximum of 0.9% of MOF patients initiating hospital-administered AOM (in 2012). We observed substantial variations in this proportion between fracture types and gender. Hospital-administered AOM was most commonly used among vertebral fracture patients. 
Conclusion: A significant treatment gap among patients sustaining a major osteoporotic fracture was present throughout our analysis, and including hospital-administered AOM did not significantly improve the treatment gap assessment. Improved secondary fracture prevention is urgently needed.

Introduction
Osteoporosis is a highly prevalent disease, particularly among the older population, and is characterized by low bone mineral density (BMD), impaired bone microarchitecture, and an increased risk of fractures[1, 2]. In Denmark, the incidence rates of fractures in men and women aged 50 years or older have been found to be 170 and 320 per 10,000 patient-years for all fractures, and 78 and 200 per 10,000 patient-years for major osteoporotic fractures (MOF, a composite of hip, vertebral, humerus, and forearm fractures), respectively[3].
Patients with a previous osteoporotic fracture face an increased risk of subsequent fractures[4], most excessively elevated in the first years after the index fracture[5, 6]. Non-surprisingly, it has been reported that up to 45% of all hip fracture patients have had a prior fracture, and a study in Danish hip fracture patients demonstrated that 28% had sustained a MOF within the past 10 years[7–9]. The potential of anti-osteoporosis medications (AOM) to disrupt this fracture cascade by reducing subsequent fracture risk has been demonstrated[10]. Hence, Danish guidelines – generally in accordance with international guidelines - recommend assessment for osteoporosis in patients with any fragility fracture, while recognizing vertebral and proximal hip fractures as highly suggestive of osteoporosis and thus mandating AOM therapy unless disqualifying circumstances prevail[11–16]. 
Despite these recommendations, the majority of fragility fracture patients are not initiated on AOM, as has been demonstrated consistently across settings and healthcare systems[17–26]. This post-fracture treatment gap seem to be more pronounced in men[24–26]. We have recently published a study of the changing treatment gap from 2005-15 across the United Kingdom, Catalonia, and Denmark, which confirmed the continuing existence of this treatment gap – with a persistent treatment gap of approximately 88-90% in Denmark – among patients with any first incident osteoporotic fracture[27]. We have only identified one treatment gap study attempting to identify the use of hospital-administered AOM[28], and only few studies reporting the use of AOM which in Denmark would be administered at a hospital - Zoledronic Acid and potentially Denosumab – in their treatment gap assessment[19, 29]. Not including hospital-administered AOM could inflate treatment gap estimates but capturing such infusions and injections at the individual patient level is surprisingly challenging in most healthcare systems. It is therefore unclear if substantial reductions in the treatment gap may in fact already have been achieved through increased use of hospital-administered AOM.
In this paper we therefore aim to evaluate the Danish anti-osteoporosis treatment gap from 2005-14 in annualized cohorts of patients sustaining a MOF, and to assess the impact of including hospital-administered AOM on the treatment gap among these patients.

Methods
This is a post-hoc analysis of Danish data from the Multinational Observational Database Study on Imminent Osteoporotic Fracture Risk (the IFRISK study), which is a register-based study evaluating short-term fracture risk in patients at high risk of osteoporotic fractures[30]. In Denmark, the study was approved by the Danish Medicines Agency, the Danish Data Protection Agency, and Statistics Denmark (ref. number 706638). For this type of studies, ethical committee approval is not required.
In this retrospective analysis, we applied a repeated cross-sectional design to evaluate the post-fracture anti-osteoporosis treatment gap in consecutive annualized cohorts of patients sustaining an incident MOF from 2005 to 2014. Furthermore, we assessed – as part of this analysis - the impact of hospital-administered AOM on the treatment gap. The treatment gap was defined as the proportion of fracture patients not treated with AOM within 1 year of the index fracture. We performed the analyses separately for MOF and for each of the components of the composite MOF outcome, respectively. 
To better understand the AOM treatment initiation and treatment gap, we also evaluated if any baseline covariates where associated with an increased likelihood of initiating AOM treatment. In addition, we also evaluated treatment persistence, defined as the proportion of patients who remained on AOM treatment one year after the first AOM treatment administration following the index fracture.
Data sources
We utilized data from the Danish Health Registries. This included the National Patient Register, which contains information on all admissions to public Danish hospitals since 1977 and out-patient visits since 1995, including diagnosis codes and treatments; the National Cause of Death Register, giving date and cause of death from 1970 and onwards; and the National Prescription Database, which contains information on all filled prescriptions from 1995. These registries cover the entire Danish population until death or migration. 
Study population
Eligible for inclusion were men and women with incident hip, vertebral, humerus, and/or forearm fractures between 2005 and 2014, aged 50 years or older at the time of the fracture. Any first incident hip, vertebral, humerus, and forearm fracture in a given calendar year (= index fracture) qualified for inclusion in the respective annual cohort for that fracture type, while only the first of these fractures within a given calendar year would qualify for inclusion in the respective annual MOF cohort. If a fracture had been coded for the same anatomical location within the past 6 months, the new fracture code would be considered to be either a complication to or follow-up for the index fracture and thus not be a cause for inclusion in the respective fracture cohort. Hence, patients can contribute to the treatment gap analysis in several fracture cohorts, yet only once per fracture group (MOF, hip, vertebral, humerus, forearm) per calendar year, with the rationale being that the same patient can present a missed opportunity for anti-osteoporosis treatment in more than one calendar year and for more than one type of fracture. Patients were excluded if they had a history of breast or prostate cancer, bone metastasis, and/or Paget’s disease.
The diagnosis codes used to identify fractures are listed in supplementary table 1. 
Data extraction
For each participant in each cohort, the date of the index fracture was defined as baseline. The baseline period to identify demographic and clinical characteristics was defined as the year prior to the index fracture for use of pharmaceutical products, the last 5 years prior to the index fracture for Charlson Comorbidity index, and any time prior to baseline for other baseline covariates including medical history. 
Follow-up data included treatment with AOM from baseline until censored, defined by treatment with bisphosphonates (including zoledronic acid), raloxifene, teriparatide, denosumab, or strontium ranelate. Anti-osteoporosis medication therapy was identified as the filling of at least one prescription at a pharmacy, and/or by at least one procedure code (SKS code, which is a Danish healthcare classification system) for administration of zoledronic acid or denosumab. Users of AOM who filled prescriptions but also received hospital-administered AOM (by “SKS” code) were counted only in the hospital-administered AOM group. The ATC and SKS codes used to identify AOM are listed in supplementary table 1.  
Treatment with glucocorticoids (only oral glucocorticoids were included) and hormone replacement therapy was defined by the filling of at least one prescription at a pharmacy. 
Statistical analysis
Each annual fracture cohort was analyzed separately. As part of the repeated cross-sectional design, patients entered each cohort at the time of their first eligible incident fracture in the respective calendar year. Patients were censored at the time of death, migration, or 1 year after the index fracture, whichever occurred first. 
Treatment persistence was operationalized as either the filling of a receipt for an AOM within 120 days of the 1-year anniversary for the first AOM treatment administration following the index fracture (as a pack of alendronic acid lasts up to 84 days, and then adding a grace period of 25%) or as filled prescriptions (in Defined Daily Doses) accounting for at least one full year of AOM use (including a 25% grace period). Patients receiving zoledronic acid infusion were considered treatment persistent at 1-year.
To identify factors associated with AOM treatment initiation, we performed a logistic regression analysis for the 2014 MOF cohort, with all baseline covariates used as input into the model. 
Data were analyzed using Stata version 16.1. Categorical data were summarized by number and proportion of patients, while continuous variables were summarized by mean. All analyses were stratified according to the year and type of fracture. Outcomes analyses were performed on an overall level, and also stratified according to gender and age at index fracture (<75 vs ≥75 years). 

· 

Results
Demographics of the fracture populations
For the MOF cohorts, a total of 249,897 fracture events met the criteria for evaluation for the study. Following exclusion of patients with a diagnosis code for breast cancer (n=10,133), prostate cancer (n=3,192), or bone metastasis or Paget’s disease (n=392), a total of 236,180 fracture events were included in the MOF cohorts (table 1). For the hip, vertebral, humerus, and forearm fracture cohorts, a total of 81,498, 18,343, 46,303, and 98,602 fracture events were included, respectively (supplementary tables 2 to 5). The number of hip fractures decreased over the years, while the number of vertebral fractures increased. 
The mean age of the MOF cohorts were 72.6-73.9 years and 24.3-26.6% were men (table 2). A major osteoporotic fracture had previously been sustained in 24-29% of the MOF patients, while 33-40% had previously sustained any fracture. Less than 10% had been treated with corticosteroids in the previous year. 
Compared to the MOF cohorts, the hip fracture cohorts (supplementary table 6) were older at baseline (mean age around 80 years), and more were men (28-31%). A larger proportion had previously sustained a major osteoporotic fracture (30-35%) or any fracture (39-45%), and 12-13% had previously sustained a hip fracture. The vertebral, humerus, and forearm fracture cohorts (supplementary tables 7 to 9) were overall comparable to the MOF cohorts, except that the vertebral fracture cohorts had higher proportions of men (40-44%), while the forearm fracture cohorts were younger (mean age around 70 years) and had lower proportions of men (18-19%).
Treatment gap
The post-fracture treatment gap in the 2005 MOF cohort was approximately 85%, decreasing to 79% in 2014 (figure 1). The narrowing treatment gap was mainly due to more patients already on anti-osteoporosis therapy at the time of fracture, increasing from 8% in 2005 to 12% in 2014, although demonstrating a decreasing trend from 2012 to 2014. The proportion of fracture patients initiating treatment within 1 year of their fracture increased from 7% to 9%. While most treatment initiations were prescription-based, an increasing proportion of fracture patients were initiated on hospital-administered AOM. In 2014, however, this was still as little as 0.6% of all patients in the MOF cohort. 
Treatment persistence, defined as patients receiving AOM within 1 year of the index fracture and still receiving AOM after an additional year, was found to be 81% across the annualized fracture cohorts. 
Treatment gap according to fracture location
Stratifying the treatment gap analysis according to fracture location (figure 2), we found that the treatment gaps for hip (panel 2A) and forearm (panel 2D) fracture patients decreased over the time span of our analysis, from a starting point in 2005 at 82% and 88%, respectively, to 74% and 82% in 2014. This was driven by an increase in the proportion of patients already on AOM-therapy at the time of the fracture and remaining on therapy post-fracture, and – primarily – for hip fracture patients also by an increase in the proportion of patients being initiated on AOM-therapy after the fracture. 
In comparison, the treatment gaps for patients with vertebral (panel 2B) and humerus (panel 2C) fractures were relatively stable from 2005 to 2014. Patients with vertebral fractures were significantly more likely to receive AOM-treatment within 1 year of the index fracture (treatment gap of 63 to 66%), driven both by more patients already on treatment at the time of the fracture and by more patients initiating treatment after the fracture. The treatment gap in humerus fracture patients varied between 83 and 88%.
Initiation of hospital-administered AOM increased for all fracture types from 2005-2014, yet were more frequently initiated in patients with vertebral (0.8 to 2.2%) and hip (0.1 to 1.3%) fractures, as compared to patients with humerus (0 to 0.6%) and forearm (0 to 0.4%) fractures. For all fracture types, initiation of hospital-administered AOM seemed to stagnate or even decrease from 2012 and onwards.
Treatment gap according to gender
The treatment gap was significantly smaller in women than in men, irrespective of index fracture cohort and index year (figure 3 and supplementary figures 1-4). In men, the treatment gap in the MOF and hip fracture cohorts decreased from 2005 to 2014, while it was stable in the vertebral, humerus, and forearm fracture cohorts. In women, the treatment gap decreased from 2005 to 2014, irrespective of fracture cohort.
Treatment gap according to age at index fracture
The treatment gap was consistently smaller in older (age ≥75 years at index fracture) than in younger (<75 years) patients, except for hip fracture patients in whom the treatment gap was similar regardless of the age stratification (supplementary figures 5-9). In the MOF, humerus, and forearm fracture cohorts the differences between the younger vs the older age group was generally below 10%, whereas in the vertebral fracture cohort the differences between the groups fluctuated around 15%. During the time span of our analysis, the treatment gap demonstrated a decreasing trend in both age groups across the fracture cohorts, except for vertebral fracture patients in whom it was relatively stable. 
Proportion of AOM not captured in prescription registers
The amount of hospital-administered AOM out of the total uptake of osteoporosis medications was relatively small over the period studied. Specifically, the use of hospital-administered AOM as a proportion of total AOM-use within 1 year after a major osteoporotic fracture increased initially, yet appear to decrease towards the end of our analysis (figure 4). During our analysis, an average of 3.9% of the AOM-treated MOF patients where using hospital-administered AOM. The general trend was that hospital-administered AOM were relatively more often used in men, and use of hospital-administered AOM varied significantly between fracture cohorts and index fracture year, ranging from 0 to 18% (supplementary table 10). 
Factors associated with AOM treatment
In the 2014 MOF cohort, age (odds ratio [OR] 1.01; 95% confidence interval [CI] 1.00-1.01), treatment with corticosteroids (OR 2.32; 95% CI 2.10-2.59), and hormone replacement therapy (OR 1.22; 95% CI 1.11-1.35) were associated with an increased likelihood of receiving AOM treatment. Male gender was associated with a reduced likelihood of treatment (OR 0.37; 95% CI 0.34-0.40). Patients with a prior MOF (OR 1.38; 95% CI 1.22-1.54) or any prior fracture (OR 1.32; 95% CI 1.19-1.48) where more likely to receive treatment.
As compared to patients with an index forearm fracture, patients with an index vertebral fracture (OR 3.00; 95% CI 2.69-3.35) or an index hip fracture (OR 1.60; 95% CI 1.48-1.73) were more likely to receive AOM treatment, whereas index humerus fractures where associated with a reduced likelihood of treatment (OR 0.84; 95% CI 0.76-0.94).
Using a CCI score of 0 as the reference, a CCI of 1 was associated with an increased likelihood of receiving AOM treatment (OR 1.22; 95% CI 1.09-1.36), a CCI of 2 was not different from the reference at a statistically significant level (OR 1.11; 95% CI 0.94-1.30), and a CCI of 3 or above was associated with a reduced likelihood of receiving AOM treatment (OR 0.79; 95% CI 0.64-0.96).

Discussion
Our findings demonstrate a critical gap in post-fracture care with large and persistent anti-osteoporosis treatment gaps in men and women sustaining a MOF. For the hip and forearm fracture cohorts, the treatment gap - based on the filling of at least one prescription or receiving at least one parenteral osteoporosis drug dose - decreased marginally from 2005 to 2014, yet in the 2014 cohorts, 3 out 4 hip fracture patients and 4 out of 5 forearm fracture patients were still not treated with AOM within 1 year of the index fracture. The treatment gaps for vertebral and humerus fracture patients were generally stable at around 65% and 85%, respectively, across the 2005 to 2014 time period. The treatment gap was more pronounced in men than in women, and in younger than in older patients (<75 vs ≥75 years). It should be noted that not all fragility fracture patients are candidates for AOM treatment[31], as contraindications, patient preferences, and other individual or local factors may speak against treatment initiation. Furthermore, Danish treatment guidelines recommend that AOM treatment decisions in patients with non-hip non-vertebral fragility fractures should be based also on further evaluations to estimate the risk of subsequent fractures[11, 12], which may be reflected in the treatment gap among humerus and forearm fracture patients identified in this study. However, in order to benchmark the performance of the Danish hospital services against international metrics we use the term treatment gap in the internationally accepted sense. Also, it is worth noting that FRAX based guidelines largely set the intervention threshold at the equivalence point of a postmenopausal woman with a prior fragility fracture[32]. Our findings demonstrate that the use of AOM in secondary fracture prevention is currently insufficient, which is in line with what has been demonstrated in previous studies. In MOF patients not treated with AOM at the time of the fracture, Leslie et al (2012) found a persistent treatment gap above 85% in Canada between 1996 and 2008, with the gap being larger in men[25]. Also including patients treated with AOM at the time of the fracture, Wilk et al (2014) demonstrated a 1 year post-fracture treatment gap around 75% in women with hip fractures in the United States[21], consistent with a treatment gap around 73% in men and women with hip fractures in Hawaii as demonstrated by Nguyen et al (2018)[26]. Other studies have demonstrated similar findings[17, 19], indicating that the lack of post-fracture anti-osteoporosis medical therapy seems to be a universal problem. Barton and colleagues (2019) demonstrated decreasing treatment rates in AOM naïve patients sustaining an incident vertebral fracture, suggesting that this may be due to fear of rare bisphosphonate side effects such as osteonecrosis of the jaw and atypical femur fractures[33]. However, while some time trend analyses indicate that the problem may be getting worse in recent years[19, 25, 29], our analysis suggests a stable or slightly improving treatment gap from 2005 to 2014 in Denmark. 

The post-fracture treatment gap in Denmark was evaluated recently – conjointly with the United Kingdom and Catalonia - using comparable data sources linked to the IFRISK study, demonstrating large and persistent treatment gaps in Denmark[27]. This current paper was conceptualized to evaluate if inclusion of hospital-administered AOM would reduce this treatment gap. Further, we here evaluate the treatment gap after any MOF allowing each individual to contribute to several fracture cohorts representing additional missed opportunities for AOM treatment initiation, whereas the first paper evaluated the treatment gap after any first incident fragility fracture. Reassuringly, this current paper demonstrates smaller – yet still very large - treatment gaps in Denmark in patients with a major osteoporotic fracture as compared to any osteoporotic fracture as was reported previously. For hip, vertebral, and forearm fractures (MOF and humerus fractures were not independently evaluated in the former paper) the treatment gaps are generally smaller in this current analysis, probably owing to the differences in study design and the inclusion of hospital-administered AOM[27]. 

The cause of the treatment gap could plausibly, at least in part, be attributed to insufficient coordination of care. Several structural models to improve post-fracture care have been developed, and a review evaluating 10 such interventions reported all of them demonstrating improvements in post-fracture initiation of AOM therapy[34]. Among these care models, the fracture liaison service (FLS) has, in particular, been demonstrated to effectively improve treatment initiation rates and treatment compliance in a cost-effective manner[35, 36]. However, while the use of FLS units is being employed across the globe and a best practice framework has been defined, no accredited FLS units were in place in Denmark during the time span of our analysis, and today only four Danish hospitals run an internationally accredited FLS (www.capturethefracture.org)[36]. The lack of a coordinated effort to initiate evaluation and treatment in fracture patients almost certainly contributed to the high rates of untreated MOF patients seen in our analysis. Another reason for the treatment gap may include a lack of knowledge in patients and healthcare providers about the risks and benefits of AOM, as suggested elsewhere[29, 37].

In this analysis, we also found that inclusion of hospital-administered AOM in the treatment gap assessment did not materially reduce the treatment gap after a MOF in Denmark. Hence, an average of only 3.9% of AOM-treated patients in the MOF cohorts were using hospital-administered AOM (zoledronic acid or denosumab) within 1 year of their index fracture. This demonstrated substantial variation between genders and index fracture types, with proportionately more men than women using hospital-administered AOM, and with hospital-administered AOM being used more often in vertebral fracture patients (supplementary table 10). Hospital-administered AOM was initiated more often in vertebral and hip fracture patients than in humerus and forearm fracture patients (figure 2). 

In a recent study, Axelsson et al (2020) attempted to identify the use of hospital-administered AOM by combining a diagnosis code for osteoporosis with codes for intravenous or subcutaneous drug administration, using Swedish health registers. While the validity of this approach is uncertain, they found an increasing proportion of fracture patients meeting these criteria for parenteral AOM-administration following implementation of an FLS unit (going from 11.8% to 18.9%)[28]. Cheung et al (2018) reported in an analysis of the Hong Kong AOM treatment gap, that of all patients on AOM, 4% where on zoledronic acid and 1% on Denosumab[19]. Solomon et al (2014) reported that 0.3% of AOM-treated patients were using denosumab within 1 year of the index fracture, yet did not provide distinct figures on the use of zoledronic acid[29]. Including hospital-administered AOM in the treatment gap assessment does not seem to materially alter the treatment rate in Denmark, yet this may differ significantly between countries. In this regard, it is important to note that zoledronic acid was first granted marketing authorisation for use in osteoporosis by the European Medicines Agency in 2005, and denosumab in 2010. Thus, the years covered in this study reflects the early use of both drugs, which may partially explain our findings. Hence, future treatment gap evaluations should preferably include hospital-administered AOM. 

The reason for vertebral and hip fractures more commonly being a cause for initiating hospital-administered AOM than humerus and forearm fractures, could be that Danish osteoporosis guidelines recognize the former as diagnostic for osteoporosis[11, 12] in line with these fractures carrying a very high risk of subsequent fractures[38]. This could potentially instill a greater willingness among the treating physicians to use hospital resources to ensure AOM treatment insofar contraindications or side effects to oral therapies exist. The significant reduction in mortality in hip fracture patients treated with zoledronic acid, as demonstrated in the HORIZON Recurrent Fracture Trial, may also have contributed to this group more frequently being prescribed a hospital-administered AOM[39].
The notion of a higher proportion of men than women being treated with hospital-administered AOM may reflect the possibility that side effects and/or contraindications to oral AOM could occur more frequently in men. Further, hospital administration of AOM may be less prone to primary non-compliance, hence the finding may reflect a higher proportion of men than women being prescribed a hospital-administered therapy due to a perceived risk of primary non-compliance at the time of AOM-prescription. 

Based on the logistic regression analysis for patients sustaining a MOF (in 2014), we reassuringly found that patients with an index vertebral or hip fracture were more likely to receive AOM treatment, which is in line with the Danish treatment guidelines recognizing these fractures as diagnostic for osteoporosis[11, 12]. We also found an apparent association between common fracture risk factors (including age, prior fractures and corticosteroid treatment) and AOM treatment, indicating that patients who would seem to be at higher risk of subsequent fractures are indeed more likely to receive AOM treatment. Treatment was less likely in subjects with a low comorbidity score (Charlson index of zero) but also in patients with substantial comorbidity (Charlson index of 3 or higher), the latter likely results from a combination of contraindications against bisphosphonates or a clinical decision based on expected short remaining lifespan. We also confirmed that male gender was associated with a markedly reduced propensity to receive AOM treatment, indicating that male osteoporosis is still neglected in clinical practice. These findings could be used to tailor future secondary fracture prevention strategies.

The strengths of this study include the use of validated health registries and prescription databases, and the large number of patients and fractures accrued over a substantial time period without data breaks.  Further, to our knowledge this is the first study using Danish data to include hospital-administered AOM therapy in the evaluation of the post-fracture AOM treatment gap. 

Limitations do exist, including the small risk of diagnosis miscoding which is an inherent part of registry-based research. Further, prescription data originates at pharmacy level, thus reflecting filled prescriptions. Hence, we are not able to ascertain the number of patients actually prescribed an AOM. Further, we cannot assess from our data if patients filling their prescriptions actually ingest their AOM. This, coupled with the fact that our study did not require patients to remain on AOM throughout the full year post fracture, likely resulted in an underestimation of the true treatment gap. To this end, we found a 1-year treatment persistence around 81%.
An additional limitation pertains to the use of zoledronic acid. From the data, we cannot ascertain if it has been administered due to osteoporosis or in the oncology-setting (e.g. tumor-induced hypercalcaemia). Hence, in this study the indication for using zoledronic acid following an index fracture may be biased, yet even so, fracture patients receiving zoledronic acid – regardless of indication – does not contribute to the treatment gap, why this would merely serve to deflate the treatment gap and thus does not affect the conclusions of our study. 
Another aspect is the completeness of our data in terms of hospital administration of zoledronic acid and denosumab by the use of procedure codes. While this has not been formally validated, there is a sizeable yet redeemable cost to the department for such hospital administration, hence we are confident that the vast majority of administrations were indeed captured. 

In conclusion, this analysis has demonstrated that a major gap in post-fracture AOM treatment was evident in patients sustaining a major osteoporotic fracture in Denmark from 2005 to 2014. Regrettably, the magnitude of this gap was not materially altered by the inclusion of hospital-administered AOM. While our results echo the call for strengthening post-fracture care, this study also highlights the continued need for a systematic, proactive, nationwide approach to the organization of secondary fracture prevention. 
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	Year
	Evaluated
	Excluded
	Included

	
	
	History of breast cancer
	History of prostate cancer
	History of bone metastasis or Paget's disease
	

	2005
	25,279
	800
	276
	34
	24,169

	2006
	25,184
	892
	244
	25
	24,023

	2007
	24,158
	896
	259
	34
	22,969

	2008
	24,163
	872
	282
	60
	22,949

	2009
	24,196
	921
	292
	41
	22,942

	2010
	27,499
	1,132
	362
	42
	25,963

	2011
	26,154
	1,106
	376
	40
	24,632

	2012
	24,110
	1,153
	357
	42
	22,558

	2013
	24,674
	1,190
	364
	35
	23,085

	2014
	24,480
	1,171
	380
	39
	22,890

	Total
	249,897
	10,133
	3,192
	392
	236,180


Table 1: Flow table for patients sustaining a first incident major osteoporotic fracture in a given year. History of bone metastasis and history of Paget’s disease has been pooled due to small n.


	
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014

	N
	24,169
	24,023
	22,969
	22,949
	22,942
	25,963
	24,632
	22,558
	23,085
	22,890

	Age, years (mean)
	73.8
	73.5
	73.9
	73.8
	73.5
	72.6
	72.9
	73.3
	73.3
	73.4

	Sex, male
	24.4%
	24.6%
	25.1%
	24.9%
	25.2%
	24.3%
	25.8%
	26.1%
	25.9%
	26.6%

	Index fracture
   Vertebral
   Humerus
   Hip
   Forearm
	
6.5%
18.2%
36.2%
39.0%
	
6.6%
18.0%
35.1%
40.3%
	
6.7%
18.5%
36.5%
38.3%
	
7.1%
19.0%
36.0%
37.9%
	
7.1%
19.3%
34.7%
38.9%
	
6.7%
18.0%
31.3%
44.0%
	
7.6%
18.3%
31.2%
42.8%
	
8.8%
19.0%
32.7%
39.5%
	
8.9%
19.1%
31.8%
40.2%
	
9.9%
18.8%
31.9%
39.4%

	Previous fracture
   MOF
   Any
	
24.0%
32.7%
	
24.8%
33.8%
	
25.6%
35.1%
	
26.4%
36.0%
	
26.4%
36.4%
	
25.6%
35.7%
	
26.2%
36.6%
	
28.2%
39.3%
	
28.0%
39.2%
	
28.8%
40.2%

	Medical therapy1
   Corticosteroids
   HRT
	
9.4%
8.7%
	
8.9%
9.4%
	
9.4%
9.5%
	
8.9%
9.5%
	
8.9%
9.5%
	
8.5%
10.2%
	
8.9%
9.6%
	
8.6%
10.4%
	
8.7%
10.6%
	
8.7%
11.0%

	   AOM
	8.0%
	9.2%
	9.6%
	10.4%
	10.7%
	11.1%
	11.8%
	12.6%
	12.2%
	12.0%

	Charlson comorbidity index score2
   = 0
   = 1
   = 2
   ≥ 3
	

83.2%
10.0%
4.1%
2.8%
	

83.2%
9.9%
4.1%
2.9%
	

82.8%
9.9%
4.6%
2.8%
	

83.1%
9.5%
4.4%
3.0%
	

82.3%
10.0%
4.6%
3.0%
	

84.1%
9.2%
4.0%
2.7%
	

83.9%
9.0%
4.3%
2.8%
	

83.2%
9.5%
4.3%
2.9%
	

83.2%
9.3%
4.3%
3.2%
	

83.2%
9.2%
4.4%
3.3%


Table 2: Baseline characteristics of patients sustaining a first incident major osteoporotic fracture in a given year. 
AOM, anti-osteoporosis medication; HRT, hormone replacement therapy; MOF, major osteoporotic fracture.
1Within one year prior to the index fracture
2Within five years prior to the index fracture



Figure captions
Fig. 1 Treatment rate and treatment gap for patients sustaining a first incident major osteoporotic fracture within any given year (2005-2014). The numbers above the bars indicate the proportion of patients initiating hospital-administered treatment (zoledronic acid or denosumab)
Fig. 2 Treatment rate and treatment gap for patients sustaining a first incident hip (panel 2A), vertebral (2B), humerus (2C), or forearm (2D) fracture within any given year (2005-2014). The numbers above the bars indicate the proportion of patients initiating hospital-administered treatment (zoledronic acid or denosumab); no number listed if too few observations
Fig. 3 Treatment rate and treatment gap for patients sustaining a first incident major osteoporotic fracture within any given year (2005-2014), stratified according to gender. The numbers above the bars indicate the proportion of patients initiating hospital-administered treatment (zoledronic acid or denosumab). Treatment gap lines are trend lines
Fig. 4 Use of hospital-administered AOM in patients sustaining a first incident major osteoporotic fracture in any given year (2015-2014). The figure shows the proportion of all AOM-treated MOF-patients treated with hospital-administered AOM (zoledronic acid or denosumab), stratified according to gender. Index year has been grouped for smoothening. AOM, anti-osteoporosis medication; MOF, major osteoporotic fracture
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