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Abstract

Objectives
To establish the clinical and cost-effectiveness of changes to the delivery of secondary fracture prevention services, and identify barriers and facilitators to changes.
Design
A service evaluation to identify each hospital’s current models of care and changes in service delivery. A qualitative study to identify barriers and facilitators to change. Health economics analysis to establish NHS costs and cost-effectiveness. A natural experimental study to determine clinical effectiveness of changes to a hospital’s model of care.
Setting
Eleven acute hospitals in a region of England.
Participants
Qualitative study:  43 health professionals working in fracture prevention services in secondary care.
Interventions
Changes made to secondary fracture prevention services at each hospital between 2003-2012.
Main outcome measures
The primary outcome is secondary hip fracture. Secondary outcomes include mortality, non-hip fragility fracture and the overall rate of hip fracture. 
Data sources
Clinical/cost-effectives analyses: primary hip fracture patients identified from (a) Hospital Episode Statistics (HES) (2003-2013, n=33,152)  (b) Clinical Practice Research Datalink (CPRD) (1999-2013, n=11,243).

Results
Service evaluation – There was significant variation in the organisation of secondary fracture prevention services, including staffing levels, type of service model (consultant vs. nurse-led), and underlying processes.

Qualitative – Fracture prevention co-ordinators gave multi-disciplinary health professionals capacity to work together, but communication with GPs was challenging. The intervention was easily integrated into practice but some participants felt implementation was undermined by under resourced services. Making business cases for a service was particularly challenging.

Natural experiment –The impact of introducing an orthogeriatrician (OG) on 30-day and 1-year mortality was hazard ratio (HR)=0.73 (95% CI: 0.65-0.82) and HR=0.81 (95% CI: 0.75-0.87) respectively. 30-day and 1-year mortality were likewise reduced following the introduction or expansion of a Fracture Liaison Service (FLS): HR 0.80 (95% CI: 0.71-0.91) and HR 0.84 (95% CI: 0.77-0.93) respectively. There was no significant impact on time to secondary hip fracture.

Health economics - The annual cost in the year of hip fracture was estimated at £10,964 (95% CI: £10,767-£11,161) higher than the previous year. The annual costs associated with all incident hip fractures in the UK amongst those aged 50+ (n=79,243) was estimated at £1,215 million. At a £30,000 per Quality of Life Year (QUALY) threshold, the most cost-effective model was introducing an OG. 

Conclusion
In hip fracture patients OG and nurse-led FLS models are associated with reductions in mortality rates and are cost-effective, the OG model being the most cost-effective. There was no evidence for a reduction in second hip fracture. Qualitative data suggests weaknesses lie in treatment adherence/monitoring, a possible reason for the lack of effectiveness. The effectiveness on non-hip fracture outcomes remains unanswered.

Future work
Reliable estimates of health state utility values for patients with hip and non-hip fractures are required to reduce uncertainty in health economic models. A clinical trial is needed to assess the clinical and cost-effectiveness of FLS for non-hip fracture patients.

Study registration
NIHR CRN, ID: 13977

Funding details
NIHR HS&DR Project 11/1023/01
Word count: 482
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Glossary
Charlson comorbities: an index of diseases which predicts ten year mortality for a patient with comorbid conditions. 
Clinical Commissioning Groups: MHS organisations which organise the delivery of NHS serives in England. 
Continuous Inpatient Spell: a continuous period of care within the NHS.
Health Resource Group: a grouping of events or procedures performed in the NHS which use a similar level on resources. 
ICD-10: a medical classification list containing codes for diseases, injuries, and symptoms for example, produced by the World Health Organisation. 
International Osteoporosis Foundation: a global alliance of patient societies, research organisations, healthcare professionals and international companies working to promote bone, muscle and joint health.
National Osteoporosis Society: A United Kingdom based osteoporosis charity
Normalisation Process Theory: a method to look at how the collective actions of agents drive the implementation of a new service
OPCS-4: a list of codes for operation, procedures and interventions performed.
Periprosthetic fracture: a fracture which occurs around the components of a total hip replacement.
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Scientific summary
[bookmark: _Toc308300689][bookmark: _Toc311366496]Background
Osteoporosis is a common bone disease affecting three million patients in the UK. Of all the types of osteoporotic fracture, hip fractures are the most costly and a major public health problem due to an ageing population. Hip fractures usually occur as a result of a low-impact fall in individuals with underlying bone fragility due to osteoporosis. About 87,000 hip fractures occur annually in the UK, with a cost (including medical and social care) amounting to about £2.3 billion a year. 
There are two principal stages of health care following hip fracture: state of the art care to ensure patients achieve optimal recovery and then effective secondary fracture prevention to ensure health is maintained. This second stage is needed as patients are at considerable risk for subsequent falls, osteoporotic fractures and premature death. Mortality during the first year after fracture ranges from 8.4% to 36% and the risk of second hip fracture ranges from 2.3% to 10.6%. Responding to the first fracture presents a golden opportunity to prevent further fractures. The risk of further fracture can be reduced by up to half with bone protection therapy. Effective management for these patients can significantly reduce this risk, which is why professional bodies have produced comprehensive guidance about the management of hip fracture and these recommend two types of complimentary services: 1) orthogeriatric services focusing on achieving optimal recovery, and 2) fracture liaison services (FLS) focusing on secondary fracture prevention.
Orthogeriatric services are designed to provide specialist geriatric care to the frail older trauma patient and are integral to multidisciplinary management following admission both pre-, peri- and post- operatively. The components include rapid optimisation of fitness for surgery, early identification of rehabilitation goals to facilitate return to pre-fracture residence and long-term wellbeing as appropriate and integrating with related services within the secondary care and community including secondary fracture prevention. A number of models of orthogeriatric care exist, including reactive consultations, regular liaison visits, post-operative transfer to the geriatric ward for rehabilitation and joint care on a dedicated orthogeriatric ward. 
Fracture prevention services should have four main components: case finding those at risk of further fractures; undertaking an evidence-based osteoporosis assessment; treatment initiation in accordance with guidelines for both bone health and falls risk reduction; and then strategies to monitor and improve adherence to recommended therapies. Since the provision of these services is multi-disciplinary, guidance recommends structuring services around a dedicated coordinator who provides a link between all the multi-disciplinary teams involved in fracture prevention, an approach known as a Fracture Liaison Service. Despite such guidelines being in place, there still exists significant variation in how fracture prevention services are structured between hospitals.
This report describes variation in the delivery of secondary fracture prevention services across hospitals in one region of England and how these have changed over the past decade. It assesses in detail the clinical and cost-effectiveness of these models of care, and describes the views of health professionals on what aspects of the service are most important to them and how to successfully implement a fracture prevention service.  
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1) To characterise the way hospitals in the region have provided models of care for the delivery of secondary fracture prevention services for hip fracture patients over the past decade
2) To identify the reasons why hospitals chose their specific model of service delivery and assess barriers to change
3) To evaluate the impact that changes to the delivery of secondary fracture prevention have had on health outcomes by altering trends in hip re-fracture rates, NHS costs and life expectancy 
4) To establish the NHS costs and cost-effectiveness of different hospital models for delivery of secondary fracture prevention 
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Objective 1: 
A service evaluation was conducted with the use of a questionnaire developed to capture information on changes to service delivery over the past decade. A health professional at each hospital included in the study was identified through a local network of health professionals involved in fracture prevention services. If they were not able to answer all of the questions, they recommended further health professionals to contact. 
Objective 2:
One-to-one semi-structured interviews were conducted with a range of healthcare professionals from all 11 hospitals who met the criteria of working in secondary care and with experience and knowledge of secondary fracture prevention after hip fracture. 43 health professionals were recruited. A qualitative researcher conducted face-to-face interviews using a topic guide to inform questions which was based on the four core elements of a fracture prevention service identified above and extended Normalisation Process Theory (NPT). Interviews were audio-recorded, transcribed, anonymised and imported into the qualitative data analysis software NVivo. An abductive analysis was conducted that involved assigning codes to the transcripts using an inductive approach along with codes that reflected the four main constructs of extended NPT. Data was then displayed on charts using the framework approach to data organisation.
Objective 3:
Data were obtained from the Hospital Episode Statistics (HES) database linked to Office for National Statistics (ONS) mortality records on 33,152 patients admitted for a primary hip fracture from 2003 to 2013 at 11 acute hospitals in a region of England. The interventions of interest were dates on which a hospital appointed an orthogeriatrician or setup/increased a FLS. Each hospital was analysed separately and acted as its own control in a before-after time series design. Confounding variables included age, gender, Charlson co-morbidity index, and area deprivation. The outcomes were all cause mortality at 30-days and 1-year and second hip fracture within 2-years. Cox regression modelling was used to describe the association between the intervention and time to death. For the outcome of second hip fracture, a competing risks survival model was used to account for the competing risk of death. Meta-analyses were used to pool estimates on each health outcome under study for similar interventions across hospitals in the region.
Data from the Clinical Practice Research Database (CPRD) linked to ONS mortality records were obtained on 11,243 primary hip fracture cases aged over 50 from 1999 to 2013. Five guidelines were evaluated: NICE clinical guideline 21 (Nov 2004), NICE technological appraisal 87 (Jan 2005), BOA blue book (Sep 2007), NICE technological appraisal 161 (Oct 2008) and Best Practice Tariff for inpatient hip fracture care (Apr 2010). Guidelines were evaluated using an interrupted time series analysis to assess the effect they have had on altering trends in re-fracture rates, life expectancy (30-day and 1-year) and proportion of patients taking bone strengthening drugs within 1-year after fracture. A segmented linear regression model was specified for each outcome.
Objective 4: 
For hospital costs, we used HES data and for primary costs we used the clinical practice research datalink (CPRD GOLD). We adopted the same incidence-based approach to identify hip fracture patients in both sets of data and estimate the costs of hip fracture. A Markov model was developed to simulate the costs and health-related quality of life (QoL) associated with the different OG and FLS models of secondary fracture prevention. A cost-effectiveness analysis was performed using outcome measures such as prevention of hip fractures, life expectancy and Quality-Adjusted Life Years (QALYs) gained. The Markov health states reflect the natural history of hip fractures (e.g. primary hip fracture, secondary hip fracture, death) and the impact of the different models of care (e.g. bone protection therapy, discharge method (home or care home)). Transition probabilities were informed by HES and mortality linked data and relate to a particular model of care. Relative effectiveness measures were applied to the transition probabilities to model the impact of the different models of care. NHS resource use associated with the treatment pathway of hip fracture patients was identified and valued using appropriate data sources. QoL data was derived from a literature search. Incremental cost-effectiveness ratios (ICERs) are estimated for the different models of care and depicted on the cost-effectiveness plane. Probabilistic sensitivity analysis is used to propagate parameter uncertainty and capture decision uncertainty by using cost-effectiveness acceptability curves and reporting credible intervals around the ICERs.
[bookmark: _Toc308300692][bookmark: _Toc311366499]Results 
Service evaluation – There was significant variation in the organisation and structure of secondary fracture prevention services, including staffing levels, the type of service model (consultant versus nurse led service), and the processes used to case find, assess for osteoporosis, initiate treatment and monitor adherence.
Qualitative (Implementation) – Dedicated fracture prevention co-ordinators gave multi-disciplinary health professionals capacity to work together and promoted a shared commitment to the service, but communication with GPs was challenging. The intervention was highly workable and easily integrated into practice. Nevertheless, some participants felt successful implementation was undermined by a lack of resources and capacity to administer scans. There were also concerns about understaffing and poor patient access for some demographic groups.
Qualitative (Business case) – Challenges included collecting all relevant data and negotiating compartmentalised budgets. Participants felt financial considerations were the most important factor in funding decisions, while improved quality of care was less influential. Effective strategies included ways of providing support, demonstrating potential cost effectiveness, and improved quality of care.
Natural experiment (Models of care) – One-year mortality rates declined from 33.1 to 26.0% from 2003/4 - 2011/12. In contrast, the proportion of second hip fractures remained stable throughout the study period. The impact of introducing an orthogeriatrician on 30-day and 1-year mortality was hazard ratio (HR)=0.73 (95% CI: 0.65-0.82) and HR=0.81 (95% CI: 0.75-0.87) respectively. 30-day and 1-year mortality were likewise reduced following the introduction or expansion of a FLS: HR 0.80 (95% CI: 0.71-0.91) and HR 0.84 (95% CI: 0.77-0.93) respectively. There was no significant impact on time to secondary hip fracture.
Natural experiment (Guidelines) – Publication of the BOA blue book (Oct 2007) and NICE technological appraisal 161 (Sept 2007) was associated with a reduction in: subsequent hip fracture of -0.95% (95% CI: -1.67 to -0.23); 30-day mortality of -2.81% (95% CI: -3.73 to -1.85). Introduction of the Best Practice Tariff in 2010 saw a reduction in 1-year mortality of -5.56% (95% CI: -7.59 to -3.52). Publication of the NICE clinical guideline 21 (Nov 2004) and the NICE technological appraisal 87 (Jan 2005) saw an increase in the proportion of patients receiving: a bone strengthening drug of 14.5% (95% CI: 11.1-17.8); and prescribed at least one bisphosphonate at 10-14 months of 8.71% (95% CI: 5.04-12.4).
Health economics (costs) - The annual cost in the year of the hip fracture was estimated to be £10,964 (95% CI: £10,797to £11,161) higher compared to the previous year. The primary care costs associated with primary hip fracture were £1,065 (median £660, SD 1798), of which medications and non-pharmaceuticals accounted for £614 (median £248, SD 1586) of the costs and GP contacts accounted for £358 (median £246, SD 409). The total annual costs associated with all incident hip fractures in the UK amongst those aged 50 (n=79,243) were estimated at £1,215 million.
Health economics (cost-effectiveness) - After combining costs and outcomes in an incremental cost-effectiveness analysis, and at a £30,000 per QALY threshold, the most cost-effective model of care was introducing an orthogeriatrician. The population EVPI over 5 years was estimated to be between £23 million and £73 million at the £30,000 per QALY gained threshold. This suggests that undertaking additional major commissioned research work to further reduce decision uncertainty is likely to be of significant benefit.
[bookmark: _Toc308300693][bookmark: _Toc311366500]Conclusion
The finding in relation to the beneficial effects of OG and FLS models of care on reducing 30-day and 1-year mortality is a very positive one. The health economics analysis shows that these models of care are cost-effective. Evidence of significant temporal associations with a number of national guidelines suggests a positive impact on clinical decision-making and patient outcomes.
We found that in hip fracture patients an FLS was not effective at reducing the risk of second hip fracture. Whilst this was initially a surprising finding, combining the data from both qualitative and quantitative components of the study, helped us to understand the reasons behind the lack of effect. The primary deficiencies in the models of FLS used by hospitals in this region lie in the component of monitoring and adherence to bisphosphonate therapy.
This study is in hip-fracture patients only. The effectiveness of a FLS for non-hip fracture patients remains unanswered. We were only able to look at second hip re-fracture as an outcome, as other non-hip fractures are not captured by the routine data used. So effectiveness of an FLS for hip fracture patients on non-hip fracture outcomes also remains unanswered.
To inform a decision on the value of undertaking further research in order to eliminate the uncertainty surrounding the decision of cost-effectiveness of FLS models of care, the Expected Value of Perfect Information (EVPI) over 5-years was estimated at £20 million at the £30,000 per QALY gained threshold. This suggests that undertaking additional major commissioned research work to further reduce decision uncertainty is likely to be of significant benefit.
Recommendations for research
1.	Further research is urgently needed to assess the clinical and cost-effectiveness of FLS models for non-hip fracture patients. This question cannot be answered using the natural experimental design of this study, as the routine data are not available. This question can only be answered through conducting a randomised controlled trial.
2.	For hip fracture patients, the clinical and cost-effectiveness of an FLS on non-hip re-fracture outcomes remains unanswered.
3.	For the cost-effectiveness analysis, although a great proportion of the data used was derived from healthcare records of patients with hip fracture; we had to obtain health state utility values from a review of the published literature. It was not possible to reliably estimate utility values for non-hip fractures or the additional impact these may have on the quality of life of individuals with a history of hip fracture.  To remove uncertainty in the decision model, high quality data on utility values is required.
4.	The qualitative study was focused solely on the perspectives of professionals working in secondary care. Further work could explore their experiences of engagement with fracture prevention services and service provision in primary care. This would offer a comprehensive, ‘system-wide’ perspective that would over arch the division between primary and secondary care.
5.	Further qualitative research should explore the experiences of hip fracture patients and their significant others of accessing these services to add a ‘patient centred’ context to the implementation of these services.
6.	The study focused on fracture prevention rather than falls prevention services. We acknowledge these are interrelated and this represents an area of further qualitative and quantitative study.
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[bookmark: _Toc308300694][bookmark: _Toc311366501]Plain English Summary

87,000 people have a hip fracture each year in the UK. A broken hip (fracture) happens when an older person falls. They may have osteoporosis. People who break a hip are at risk of another fracture or dying. The government recommends specialist fracture liaison services which aim to diagnose hip fracture patients who have osteoporosis and prescribe treatment. It is unclear how effective these services are in preventing further fractures and reducing mortality. 
We used data collected by hospitals and GP surgeries to look at changes in death rates and second fractures after a hospital starts a new service or changes an existing service. Dates when changes were made were identified by speaking with doctors and nurses working at each hospital studied. 
The appointment of a specialist doctor or nurse working in fracture prevention was associated with a reduction in death rates in patients following a hip fracture. Specialist doctors had a bigger effect than nurses. There was no effect on the chance of patients going on to have a second hip fracture.  After working out the costs of these services to the NHS, appointing a specialist doctor is more cost-effective than employing a specialist nurse. 
Interviews with doctors and nurses working in these services suggested that little is done to follow-up patients after they leave hospital. Many patients stop taking their medication and do not participate in exercise programs or other effective treatments. This may be a reason why services don’t reduce the chance of a second hip fracture.
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[bookmark: _Toc308300695][bookmark: _Toc311366502]Chapter 1 Introduction
[bookmark: _Toc308300696][bookmark: _Toc311366503]Background
There is a marked disparity in the delivery of secondary fracture prevention for hip fracture across England despite national guidelines, which is of concern for clinicians, patients, and commissioners. Given the substantial societal burden of hip fractures and the subsequent increased risk of fracture, understanding the causes and consequences of this disparity is a matter of urgent priority within the NHS.
Osteoporosis is a common bone disease affecting three million patients in the UK. The clinical and public health implications are substantial due to the mortality, morbidity and cost of medical care associated with osteoporotic fractures1. Of all the types of osteoporotic fracture, hip fractures are the most costly and a major public health problem due to an ageing population. Hip fractures usually occur as result of a low-impact falls in individuals with underlying bone fragility due to osteoporosis2 3. About 87,000 hip fractures occur annually in the UK, with a cost (including medical and social care) amounting to about £2.3 billion a year1 3. Length of stay accounts for the majority of overall hospital costs, and has been estimated to be between £5,600 and £12,000 per case1. After discharge from hospital, the cost of complex home and institutional care for people who make a poor recovery is very high, with average additional costs for health and social aftercare previously estimated to be £25,000 in the first two years1.
Importantly, patients experiencing hip fracture after low-impact trauma are at considerable risk of subsequent falls, osteoporotic fractures and premature death 4-6. The risk of second hip fracture ranges from 2.3% to 10.6%, where the majority of second hip fractures occurred within a few years of the first hip fracture7 8. It has been estimated that 55.6% of hip fracture patients had at least 1 fall within 12-months, 11.8% sustained a fall related fracture, and 5% a fall related hip fracture9. Mortality during the first year after fracture ranges from 8.4% to 36%4.
[bookmark: _Toc308300697][bookmark: _Toc311366504]Current guidelines in fracture prevention
The onset of osteoporosis is asymptomatic and it is often only recognised after an older person falls and sustains a fracture. There have been widespread calls to improve the identification and treatment of hip fracture patients to reduce the risk of further falls, fractures and mortality1 4 10. The risk of further fracture can be reduced by up to half with bone protection therapy1 11-13.  As most fractures result from a fall, interventions to reduce the risk of falls may be effective in preventing further such events, however direct evidence is lacking. Over the past decade guidance from a number of professional bodies has been published for the management of hip fracture patients (British Orthopaedic Association (BOA) Blue Book 1, SIGN14, NICE13 15). NICE technology appraisal guidelines TA160/16113 are related to the effectiveness of bone protection therapy and CG21 falls prevention15. In the UK, secondary prevention of fracture is underutilised and widely neglected1. As a consequence compliance with NICE publications TA16113 and CG2115  is low. Audits by the National Hip Fracture Database16 17 and the Royal College of Physicians Audit18 suggests the situation is improving, but still inadequate, such that prior to discharge only 66% of hip fracture patients were on bone protection medication and 81% received a falls assessment17.
As almost half of all hip fracture patients have had a prior fracture4, responding to the first fracture provides a golden opportunity to prevent the second. The BOA Blue Book1 provided guidance on secondary prevention of fragility fractures. A comprehensive service should consist of osteoporosis assessment including a dual energy X-ray absorptiometry (DXA) scan to measure bone density if appropriate, treatment with bone protection therapy in osteoporosis patients, falls risk assessment and systems to improve adherence and persistence with therapy. Organising such services is challenging due to the multidisciplinary care patients require3. The 2011 NICE Hip Fracture Clinical Guidelines make specific recommendations regarding the treatment and multidisciplinary management of patients including liaison and integration of services. A Fracture Liaison Service (FLS) is the recommended model proposed by the Department of Health to organise secondary fracture prevention services1 in a ‘one-stop shop’ setting delivered by a Nurse Specialist supported by a Lead Clinician (‘Champion’) in osteoporosis19. However, currently only 30% of hospitals in England have established a FLS17. A single model incorporating all components of secondary fracture prevention has not been mandated. Current practice is for various combinations of these components to be used within a hospital (and in some cases no components used).
[bookmark: _Toc308300698][bookmark: _Toc311366505]Current knowledge 
The clinical effectiveness of coordinator-based models of care has been demonstrated, in terms of improving the uptake of appropriate osteoporosis management such as measuring bone density and the use of anti-resorptive drug therapy4 10. There is growing evidence of cost-effectiveness20 21 and that they can provide cost-savings to the NHS4 10 22 23. Evidence is emerging on the ability of coordinator based systems to reduce the incidence of hip fractures. A review of the Glasgow Osteoporosis and Falls Strategy reported that hip fracture rates in the city had reduced by 7.3% over the decade compared to a 17% increase in fracture rates for the entire population of England over the same period19 24. These findings are consistent with observational data from the US by Dell and colleagues who reported a 37.2% reduction in hip fracture rates25. However, the strongest evidence on effectiveness has recently been provided by an Australian study that was designed as a prospective observational trial with a concurrent control group where, compared to standard care, targeted identification and management significantly reduced the risk of re-fracture by more than 80%26. 
Across the UK there is variation in the care pathway of the treatment and management of hip fracture patients and in the way secondary fracture prevention services are structured and organised. Even with a coordinator based system in place, the structure of services can vary between hospitals. For example, hospitals use different models of orthogeriatric care, where some hospitals now have specialised orthogeriatric wards, and in others patients are seen on the trauma ward. Some hospitals may only co-ordinate the care of hip-fracture patients whilst admitted as an inpatient, whilst others have ensured their osteoporosis service is integrated across primary care to monitor patient’s adherence to bone protection therapy.
[bookmark: _Toc308300699][bookmark: _Toc311366506]Aims
The aim of this study was to characterise the delivery of secondary fracture prevention services over the past decade across hospitals in the region. Using qualitative research methods we have identified the reasons why hospitals chose their specific model of service delivery and assessed barriers to change. Using a Natural Experimental design27 we have established the cost-effectiveness of different models of care and the impact that changes to the delivery of care have had on altering trends in re-fracture rates, NHS costs and life expectancy.

[bookmark: _Toc308300700][bookmark: _Toc311366507]Objectives
Objective 1: Characterising secondary prevention of hip fracture across hospitals in a region of England (Work Stream 1)
The first phase of this project was to comprehensively describe and explore the variation and disparity in secondary fracture prevention services offered to hip fracture patients across hospitals in a region of England, and to identify the dates of key changes made to service delivery over the past decade. 
Objective 2: Identify the reasons why hospitals chose their specific model of service delivery and assess barriers to change (Work Stream 2)
The aim of the qualitative study was to: a) ascertain the reasons why each hospital has adopted their current and most recent models of care; b) establish factors that facilitate or act as barriers to changes in service delivery; c) identify the elements of care of hip fracture patients that health professionals think are most effective.
Objective 3: Evaluate the impact that changes to the delivery of secondary fracture prevention have had on health outcomes by altering trends in hip re-fracture rates, NHS costs and life expectancy (Work Stream 4)
A Natural Experimental study design27 evaluates the impact that changes hospitals in the region have made to the way they deliver secondary fracture prevention services for hip fracture patients, have had on a range of health outcomes (mortality, second hip fracture, other fragility fractures).
Objective 4: Establish the cost-effectiveness of different hospital models for delivery of secondary fracture prevention (Work Stream 3)
The health economics work calculates the hospital and non-hospital costs associated with hip fracture in the year of fracture and subsequent years and evaluate the costs, (quality-adjusted) life expectancy and cost-effectiveness of the different hospital models of care. 

[bookmark: _Toc308300701][bookmark: _Toc311366508]Design and methodology
Characterising secondary prevention of hip fracture across hospitals in a region of England (Work Stream 1)
In order to collect information on models of care for secondary fracture prevention at each hospital, we conducted a service evaluation which comprised:
· Developing a questionnaire to collect information on staffing levels and new appointments over the past decade, procedures for case-finding, osteoporosis assessment (including location of DXA scanner), falls assessments, treatment initiation and follow-up, as well as integration across primary, secondary and community care. 
· Identifying health professionals at each hospital to complete the questionnaire through a regional network of clinicians working in osteoporosis management.  
Identify the reasons why hospitals chose their specific model of service delivery and assess barriers to change (Work Stream 2)
This qualitative research component involved the following stages:
· Identifying a local collaborator at each hospital through a regional network of clinicians and, with their input, identifying other healthcare professionals and service mangers working at the hospital in secondary fracture prevention.  
· Conducting qualitative interviews with 3-5 healthcare professionals or service managers at each hospital.
· Thematic analysis conducted using codes to identify themes and sub-themes.
Evaluate the impact that changes to the delivery of secondary fracture prevention have had on health outcomes by altering trends in hip re-fracture rates, NHS costs and life expectancy (Work Stream 3)
A natural experiment study design was used to assess the clinical effectiveness of changes in service delivery in terms of reducing mortality and secondary fracture rates using the following procedure: 
· Trends in rates of 30-day mortality, one year mortality and secondary hip fracture established from HES data for hospitals in the region. 
· Interventions, or changes in service delivery, and their corresponding dates were identified from the service evaluation conducted in work stream 1
· Interrupted time series analysis and Cox proportional hazards regression modelling used to analyse impact of each intervention on outcomes of interest
Establish the cost-effectiveness of different hospital models for delivery of secondary fracture prevention (Work Stream 4)
An economic analysis of the costs and cost-effectiveness of different services will be undertaken as described below. 
· Data from Hospital Episode Statistics (HES) and Clinical Practice Research Datalink (CPRD) used to identify the hospital and non-hospital costs of a hip fracture. 
· Development of a Markov model to evaluate costs and cost-effectiveness of each model of care (using a measure of clinical effectiveness from work stream 3) 
· Use utility scores (from literature search) to provide the weights required to calculate the Quality-adjusted Life Years (QALYs) of the different models of care under evaluation28.
[bookmark: _Toc308300702][bookmark: _Toc311366509]Chapter conclusion
This chapter has provided the relevant background information to introduce the health care need for this area of research. Each of the four work streams are outlined, along with the research methodology involved. These four work streams are described in detail in Chapters 2-8.

[bookmark: _Toc308300703][bookmark: _Toc311366510] 
Chapter 2 Characterisation of secondary fracture prevention services at hospitals across a region of England, and identification of key changes in service delivery over the past 10 years

[bookmark: _Toc308300704][bookmark: _Toc311366511]Introduction  
In this chapter, we present findings of a service evaluation to look at the organisation of orthogeriatric and FLS available to patients being treated for a hip fracture. This was carried out at eleven acute hospitals in one region of England. We also identify the dates of key changes to service delivery, such as the appointment of fracture liaison nurses and orthogeriatricians. This work package was designed to inform the natural experiment study design described in Chapter 5, in which we look at the effectiveness and cost-effectiveness of the interventions identified here. 
We will initially begin by describing the evident variations in the structure of orthogeriatric and FLS across the different hospitals. Exploring the similarities and differences between these services in more detail will help clinicians and commissioners in England to identify gaps in care and provide them with information about which services to develop if necessary, which may help to reduce unwarranted variation.
We will then present the key time points of interest we have identified when interventions occurred, and justify our reasons for these selections. 
[bookmark: _Toc308300705][bookmark: _Toc311366512]Current knowledge of variations in delivery of fracture prevention services 
Studies have shown a major variation in how hospitals organise their services for the treatment of hip fracture patients and management of secondary fracture prevention. The National Hip Fracture Database (NHFD) is a national audit from the Royal College of Physicians that includes information on the number of orthogeriatric sessions and specialist nurses per centre to deliver secondary fracture prevention17. While the number of orthogeriatric hours per week is modestly related to reported hip fracture numbers, there was a wide variation in FLS service delivery. Sixty two percent of hospitals reported that they had no fracture liaison nurse and 27% reported up to one whole time equivalent (WTE) post and 11% more than one WTE in 2013. Further, in those centres with a specialist nurse, there was no relationship between volume of fragility fractures and number of staff (Figure 1). 
These variations in services using even crude metrics such as staff resource are too great to be explained by local case-mix and volume of hip fracture patients across hospitals. Establishing the differences between service models and levels of care in more details will allow clinicians and commissioners to identify existing gaps in care, and could help reduce unwarranted variation across hospitals.


[bookmark: _Ref420047726][bookmark: _Toc424650314][bookmark: _Toc311366703]Figure 1 The relationship between reported number of WTE specialist nurses for secondary fracture prevention and estimated number of fragility fracture patients seen in that hospital per year.  Each data point represents a hospital that returned greater than 0 WTE of specialist nurse in the NHFD 2014 report. The number of fragility fractures per hospital was estimated using five times the number of proximal femoral fractures. The line shows a lowess plot with a bandwidth of 0.9. 
[bookmark: _Toc308300706][bookmark: _Toc311366513]Current guidelines
A number of professional bodies have provided national guidance for the care of hip fracture patients reflecting two key aspects. Firstly, optimising initial recovery after hip fracture and focuses around the provision of patient centred care 29 within three broad categories: 
i) Optimising surgical procedure – including early timing of surgery, pre-operative appropriate correction of co-morbidities and type of implant
ii) Early mobilisation
iii) Multidisciplinary management from admission to discharge. 
The second type of guideline relates to secondary fracture prevention and there are many more guidelines available including guidance from Canada22 30 31 America32 and the UK 1 14 15 33. The ‘Capture the Fracture’ initiative from the International Osteoporosis Foundation (IOF) provides additional international guidance 34. Guidelines describe a comprehensive fracture prevention service consisting of four main components: 
i) Case finding those at risk of further fractures
ii) Undertaking an evidence-based osteoporosis assessment, including a dual energy X-ray absorptiometry (DXA) scan to measure bone density if appropriate
iii) Treatment initiation in accordance with guidelines for both bone health and falls risk reduction
iv) Monitoring and improving adherence to recommended therapies

Such services require multidisciplinary care from orthogeriatrics, rheumatology, falls services and primary care 3. Running such a service can be challenging and, as a result, such services often require a dedicated coordinator to provide a link between the different multi-disciplinary teams involved in the care pathway.  This is known as a coordinator based system of care10. This coordinated, multi-disciplinary approach to patient care is known as a Fracture Liaison Service (FLS)19. Fracture liaison services have now been introduced internationally35 36. In the UK, the Department of Health has proposed a model of best practise which is delivered by a Nurse Specialist supported by a Lead Clinician (‘Champion’) in osteoporosis 1. Additionally, ‘the care of patients with fragility fracture’ published by the British Orthopaedic Association recommends that orthogeriatricians should be ‘fully integrated into the work of the fracture service’ in order to best meet the complex needs of hip fracture patients1.  
However, despite the guidance that is in place, there is no overall agreement on the best way to organise these services and a single model comprising all elements of a FLS has not been mandated. 
[bookmark: _Toc308300707][bookmark: _Toc311366514]Changes in hip fracture care over the past decade
Guidance from a number of professional bodies for the management of hip fracture patients (BOA Blue Book1, SIGN 14, NICE 33 29) has led to key changes in hip fracture care across the UK. The NHFD collects data on staffing levels as well as many other aspects of care, and has shown a significant increase in the number of consultant grade orthogeriatric hours per week since reporting began in 2009, and a particularly sharp upward trend in the number of FLN hours per week since 2012. 16 17 37 38
[bookmark: _Toc308300708][bookmark: _Toc311366515]Aim
The aim of this work package was to comprehensively describe the models of care for secondary fracture prevention for hip fracture patients across hospitals in one region of England, and describe the similarities and differences that exist across them.  
In addition, this work package will identify key changes in these services that have occurred at each hospital over the past ten years. This will form the basis of the ‘natural experiment’ described in Chapter 5 where the clinical effectiveness of changes to the care pathway established here will be evaluated. 
[bookmark: _Toc308300709][bookmark: _Toc311366516]Methods
The service evaluation was conducted in one regional area of England. There are 11 hospitals in this region which receive patients with acute hip fracture. The variation in size of these hospitals, in terms of catchment population and number of hip fracture patients seen each year was taken from the NHFD 2013 Report17. 
Data for the service evaluation was collected using a questionnaire designed to identify key changes to service delivery over the past ten years and characterise the level of service, closely based on the International Osteoporosis Foundation (IOF) Capture the Fracture Best Practise Framework34 which defines thirteen standards for an effective FLS. A copy of the questionnaire is included as Appendix 1, but briefly; data was collected on the following aspects of care: 
· Dates of employment of orthogeriatricians, fracture liaison nurses, falls nurses and clinical osteoporosis ‘champions’, their role in coordinating care and clinical contact, and changes they introduced when appointed
· Type of wards (trauma, geriatric orthopaedic rehabilitation unit, other rehabilitation ward) and date opened
· Presence of any service level agreement for delivery of secondary fracture prevention
· Coordination of multidisciplinary care and across inpatients, outpatients, and primary care
· Staff responsible for case finding
· DXA scanner location and referrals 
· Monitoring
· Falls assessments and other assessments

A regional network of clinicians who work in osteoporosis services helped to identify health care professionals at each hospital who would be best placed to complete the questionnaire, including fracture liaison nurses, orthogeriatricians, geriatricians, rheumatologists, GPs with a special interest in osteoporosis, trauma surgeons, anaesthetists, endocrinologists and trauma nurses. Initially, one person at each hospital was approached to complete the questionnaire, and further healthcare professionals were identified if additional information was needed. To allow for clarification, the questionnaire was completed by healthcare professional in the presence of one of the research team. This enabled participants to elaborate on any of the more complex details of each component of care. 
[bookmark: _Toc308300710][bookmark: _Toc311366517]Comparison of services across hospitals
To allow direct comparison of service levels between hospitals, staffing levels were calculated as whole time equivalents (WTEs) and as ratios in terms of the number of whole time equivalents per 1000 hip fracture patients, using data on the number of hip fractures reported in the 2013 NHFD report17. For simplicity, we grouped all nurses working in fracture prevention (e.g. trauma nurse, osteoporosis nurse specialist) together under the title ‘fracture liaison nurse’ (FLN). Additionally, we identified and described variations in how the four main elements of a fracture prevention service (identification, investigation, initiation and monitoring) are coordinated and conducted. 
[bookmark: _Toc308300711][bookmark: _Toc311366518]Identification of key changes in service delivery 
Information on changes in service delivery, such as appointment of a new member of staff, opening of a new ward, or changes in procedures for referring patients for DXA scans, was assembled and presented to the study team which included a number of clinicians. Together, the team identified the dates of the key changes to feed into the analysis in work stream 3. Once a list of changes was assembled for each hospital, the list was sent to a healthcare professional at that hospital to ensure that they agreed with the changes that had been identified. 
[bookmark: _Toc308300712][bookmark: _Toc311366519]
Results

[bookmark: _Toc308300713][bookmark: _Toc311366520]Current disparity in fracture prevention across hospitals 
[bookmark: _Toc311366521]Staffing levels across hospitals in 2013


[bookmark: _Toc311366662] Table 1 Specialist fracture prevention staffing levels at the 11 hospitals as of April 2013 expressed as whole time equivalents (WTEs) spent working in a fracture prevention role. Ratios of staffing levels per 1000 patients calculated using the annual numbers of hip fractures from 2013 NHFD report 17.
	Hospital
	Specialist staff (levels expressed as Whole Time Equivalents (WTE))

	
	Consultant orthogeriatrician (OG)
	Other orthogeriatric support
	Fracture liaison nurse (FLN)
	Orthopaedic/ specialist nurse
	Lead clinician

	1
	0
	0.5 WTE
2.3:1000 patients
	1 WTE
4.5:1000 patients
	0
	1 (rheumatologist)

	2
	1.0 WTE
2:1000 patients
	1 WTE
2:1000 patients
	0
	0
	1 (orthogeriatrician)

	3
	0.1 WTE
0.3:1000 patients
	1 WTE
3:1000 patients
	0
	0 
	0

	4
	0.5 WTE
1.3:1000 patient
	0.2 WTE
0.5:1000 patients
	0.5 WTE
1.3:1000 patients
	0
	1 (rheumatologist)

	5
	0.33 WTE
1.5:1000 patients
	0.6 WTE (trust grade orthogeriatrician)
3.7:1000 patients
	0
	0
	0

	6
	0.5 WTE
2.1:1000 people
	0
	0
	1 WTE
4:1000 patients
	1 (rheumatologist)

	7
	0.7 WTE
1:1000 patients
	0.75 WTE
1:1000 patients
	0
	1.8 WTE
2.6:1000 patients
	1 (rheumatologist)

	8
	1 WTE
(1.6:1000 patients)
	5 WTE
8:1000 patients
	0
	0
	1 (orthogeriatrician)

	9
	0
	0.25 WTE
1:1000 patents
	0
	2 WTE
8:1000 patients
	2 (specialist
nurse-outpatient, orthopaedic surgeon-inpatient)

	10
	0.9 WTE
2:1000 patients
	1 WTE
2:1000 patients
	1.6 WTE
3:1000 patients
	2.2 WTE
4.6:1000 patients
	1 (rheumatologist)

	11
	0.4 WTE
2.3:1000 patients
	1 WTE
5.7:1000 patients
	0.2 WTE
1:1000 patients
	0
	1 (orthogeriatrician)





Table 1 provides the WTEs and proportion of specialist staff per 1000 hip fracture patients at each hospital, including orthogeriatricians, fracture liaison nurses, falls nurses, lead clinicians or ‘osteoporosis champions’. This highlights the differences in staffing levels across hospitals. For example, two hospitals had no consultant level orthogeriatric support, while one hospital had a full time consultant orthogeriatrician in place supported by 5 WTE lower grade orthogeriatric staff.
Several hospitals still had no fracture liaison or specialist nurses in post as of April 2013, while one hospital had 3.8 WTE of specialist nurses. When considering the number of hip fracture patients seen at each hospital, the variation in staffing becomes even more pronounced, with overall orthogeriatric staff ranging from 1 WTE per 1000 patients to 9.6 WTE per 1000 patients, and overall nursing staff ranging from zero input to 7.6 WTE per 1000 patients. 

[bookmark: _Toc308300715][bookmark: _Toc311366522]Co-ordinator based models of care
Information was gathered on the role of orthogeriatricians and fracture liaison nurses in the fracture prevention service. It is clear that some hospitals operated a nurse led model, in which nurses were responsible for case-finding, osteoporosis assessment and making treatment recommendations. In other hospitals, such roles were performed by consultant orthogeriatricians. At some hospitals, specialist nurses such as orthopaedic nurses were essentially performing the role of a fracture liaison nurse despite no one officially being employed in that role. The majority of services were inpatient led only, with only a few services being integrated with outpatient care, and in some cases also community care. One hospital operated a service which was mainly outpatient led.  
The majority of hospitals followed NICE implementation guidelines, holding multidisciplinary team meetings on a regular basis to coordinate care between orthopaedics, rheumatology and any other departments involved in care. Some hospitals also used multidisciplinary paperwork, but only two hospitals reported conducting multidisciplinary ward rounds. Only one of the hospitals in the study demonstrated little coordination of care and a lack of agreed protocols and meetings with staff from other departments. 
[bookmark: _Toc308300716][bookmark: _Toc311366523]Case-finding
Fracture liaison nurses or orthogeriatricians were generally responsible for undertaking case-finding at most hospitals in an inpatient setting. When questioned about methods for case finding, most hospitals reported ward rounds and multidisciplinary team meetings as the most widely used methods. This interaction was often done informally by liaising with trauma and orthopaedic surgeons and other staff.  At one hospital, healthcare professionals attended joint trauma meetings which were followed by a joint trauma round that included an Orthogeriatrician, Orthopaedic Surgeon and a Registrar five days a week.  Computer systems were also important for logging trauma referrals and admissions, allowing staff to search the database for hip fracture patients. Nurses could then look at patient notes to distinguish low-impact, osteoporotic fractures from those caused by high-impact trauma using locally agreed criteria. Table 2 outlines some of the case-finding procedures used at the hospitals with varying methods. 
[bookmark: _Ref420048584][bookmark: _Toc308262397][bookmark: _Toc311366663]Table 2: Brief description of case finding procedures at hospitals using different methods. OG=Orthogeriatrician, FLN = fracture liaison nurse.
	Hospital
	Who?
	How?
	Patient groups

	8
	OG, orthopaedic surgeons, registrar
	Pre-operative joint trauma round, joint trauma meeting 
	All over 60 with a fragility fracture

	9
	Osteoporosis nurse specialist
	Referred for outpatient appointment
	All inpatient hip fractures

	10
	FLN in liaison with OG
	Computer system logs admissions and referrals
	All over 50 with a fragility fracture

	11
	FLN in liaison with OG
	Post-operative ward rounds
	All over 50 with a fragility fracture



[bookmark: _Toc308300717][bookmark: _Toc311366524]Osteoporosis assessment
Most hospitals performed an initial inpatient osteoporosis assessment approximately two days post-operatively. In several hospitals this assessment was performed pre-operatively and in some hospitals the timing of this may vary depending on the needs and condition of the patient, although other hospitals were less flexible. The assessments were performed by a fracture liaison nurse or by one of the orthogeriatric team. Protocols were in place at most hospitals for assessing the patient’s risk of further fractures and identifying other comorbidities which may influence treatment choice. When nurses conducted the assessment, they were often supported and advised by orthogeriatricians and rheumatologists in more complex cases. As shown in Table 3, two hospitals differed by undertaking the osteoporosis assessment in an outpatient setting, whereas the majority of other hospitals conducted theirs on the ward 2 days after surgery. 
[bookmark: _Ref420049567][bookmark: _Toc308262398][bookmark: _Toc311366664]Table 3: Description of osteoporosis assessments at 4 of the hospitals studied showing variations in timing, location and nature of the assessment. 
	Hospital
	Who?
	Where?
	When? 
	Assessment

	1
	Rheumatologist
	Outpatients appointment
	Post-op
	DXA report reviewed before deciding whether patient needs an assessment. 

	2
	OG
	On ward and often in a second outpatient appointment. 
	Pre-op/early post-op
	Proforma for integrated care, Frax used in patients under 75. 
Certain patients seen again by surgeons in outpatients. 

	8
	OG
	On ward
	2-3 days post-op
	Protocol in place, bloods often done in A&E

	9
	Osteoporosis nurse specialist
	Outpatients appointment
	Post-op
	15 min appointment using FRAX tool 



These outpatient assessments also varied in length and content; in one case a rheumatologist gave all patients a 30 minute assessment, in the second hospital the assessment was performed by an osteoporosis nurse specialist and lasted 15 minutes except in more complex cases where longer appointments may be given.
All hospitals reviewed in this study referred patients under 75 years of age for a DXA scan and initiated treatment without a scan in those over 75, in compliance with NICE guidelines.13 Patients were often referred for a scan by the same clinician who undertakes the osteoporosis assessment, although in two cases these referrals had to be approved separately by the Rheumatology department. In another case, a clinician made a recommendation for a DXA scan on patient’s notes and it was left to junior members of the team to follow-up on this. At one hospital, a proforma letter was sent to the patients GP which had to be signed by the GP for DXA referral. 
At most hospitals, DXA scanners were located off-site, either at different hospital or a community hospital, or in several cases DXA scanners were provided by private companies. Scans were performed at varying times post-discharge, ranging from 2-3 weeks to 8-12 weeks for an appointment. Only one hospital had a DXA scanner on-site and was able to scan patients as inpatients providing they were well enough. 
The DXA reports were usually sent to the clinician responsible for making treatment recommendations, including orthogeriatricians, rheumatologists, fracture liaison nurses and GPs. In most cases, results were communicated to GPs as well as hospital staff. 
[bookmark: _Toc308300718][bookmark: _Toc311366525]Falls assessments and prevention 
All hospitals provided a falls risk assessment alongside the initial osteoporosis assessment. Hospitals also had various other services available for more comprehensive multi-factorial risk assessments looking at cognitive, physical and environmental risk factors such as balance and gait and hazards around the home. If necessary, patients were referred to other speciality clinics if they suspected there was an underlying medical condition putting them at risk of falling. Some hospitals ran a falls clinic in their outpatient department, while one hospital undertook a full assessment while inpatients, which began on admission and was conducted by a multidisciplinary falls team. This hospital offered a very comprehensive service, with a specialist falls nurse and a falls champion on each ward. Table 4 shows how the nature, timing and location of the assessment varied across the hospitals studied. 
[bookmark: _Ref420049136][bookmark: _Toc308262399][bookmark: _Toc311366665]Table 4: Description of falls assessments provided at four of the hospitals studied
	Hospital
	Inpatient assessment
	Further assessments

	1
	
	Community falls prevention service in place but it is unclear if hip fracture patients are accessing this service

	2
	Assessed by OG, occupational therapist, physiotherapist 
	May be referred for outpatients appointment for physiotherapy or to community occupational therapists. 

	6
	Assessed by senior nurses, physiotherapists and occupational therapists 
	Geriatricians have a Falls Clinic in outpatients for more formal assessment, rarely needed as ward assessment is so comprehensive.  

	10
	20 min ward assessment by FLN
	If necessary, referred to one of several community hospitals around region for 1.5 hour assessment by a physio. May even be seen in own home.



[bookmark: _Toc308300719][bookmark: _Toc311366526]Treatment initiation
At eight out of the eleven hospitals, osteoporosis treatment was prescribed within inpatients for those aged over 75 in line with NICE guidelines.13 Orthogeriatricians were generally able to make treatment recommendations and prescriptions. Fracture liaison nurses were also able to make treatment recommendations in some cases, and these were written up in patient notes and later prescribed by doctors. At one hospital in which the fracture prevention service was mainly run in an outpatient setting, an osteoporosis nurse specialist made treatment recommendations and sent these to the patients GP who was left to initiate treatment.  
For those aged under 75 who had received a DXA scan, treatment was initiated in outpatient’s clinics or delegated to primary care pending the results of the DXA scan. This also applied to patients who were unable to commence treatment as inpatients for other reasons. Treatment recommendations were usually communicated to GPs via a discharge summary. 
[bookmark: _Toc308300720][bookmark: _Toc311366527]Monitoring and treatment adherence
Seven of the eleven hospitals reported undertaking monitoring of patients after discharge in a secondary care setting. Methods for monitoring included telephone calls and questionnaires to check how patients were getting on with their medication. One hospital offered a follow-up appointment 6 weeks post-discharge at a fracture clinic run by an orthogeriatrician to those patients who were discharged to their own home. However, most hospitals only referred patients to an outpatient’s clinic if there were more serious complications such as fractures while on treatment, or if the patient was severely osteoporotic. At the remaining hospitals, all monitoring was delegated to primary care. 
[bookmark: _Toc308300721][bookmark: _Toc311366528]Changes in service delivery at hospitals in the past decade
The changes in service delivery at each hospital are summarised in Table 5. These were identified through the service evaluation questionnaire, with additional information supplemented from the qualitative work. Members of the project working group agreed on the key changes that had occurred based on the data collection, with significant input from clinicians around what factored as a key change. 
[bookmark: _Ref420050140][bookmark: _Toc308262400][bookmark: _Toc311366666]Table 5: Key changes to service delivery at each hospital between 2003 and 2013 identified from the service evaluation. 
	Hospital
	Date
	Change

	1
	Nov 2012
	FLN appointed

	2

	May 2005
Aug 2007

	Orthogeriatrician appointed
Second orthogeriatrician appointed.  Metabolic bone clinic started conducting falls assessments.

	3

	June 2011
	Orthogeriatrician and matron for hip fracture unit appointed

	4
	2006
May 2009
2011
	Orthogeriatrician appointed
FLN appointed (began doing falls assessment in June)
Community rehabilitation introduced

	5

	Sept 2009
	Trust grade orthogeriatrician appointed

	6

	Nov 2005
2011
	Orthogeriatrician appointed 
Trauma speciality nurse appointed

	7

	July 2004
June 2007
Oct 2007
	Geriatrician appointed, hip fracture ward opened
A second trauma speciality nurse appointed
Specialty doctor in geriatrics appointed

	8

	March 2009
	Clinical lead orthogeriatrician appointed

	9

	Nov 2003
April 2005
2009
	Orthopaedic nurse specialist appointed
Osteoporosis nurse specialist appointed 
Staff grade orthogeriatrician


	10

	Dec 2004
May 2006
May 2008
Nov 2009
Nov 2011
	FLN appointed
FLNs and consultant lead appointed, Comprehensive trauma FLNs appointed 
Consultant orthogeriatrician appointed
New monitoring pathway and two geriatricians appointed

	11
	Feb 2011
Nov 2011
	Consultant geriatrician appointed
FLN appointed



Looking specifically at how WTE of specialist staff changed between 2003 and 2103 (Table 6), we see a general increase in the number of consultant orthogeriatricians and specialist nurses across most hospitals in the region, reflecting new guidelines for both optimal recovery after hip fracture and secondary fracture prevention introduced during this period. 

	[bookmark: _Ref420052376]Hospital
	
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	1
	OG
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	FLN
	0
	0
	0
	0
	0
	0
	0
	0
	0
	4.5

	
	
	
	
	
	
	
	
	
	
	
	

	2
	OG
	0
	0
	0.6
	0.6
	0.6
	2
	2
	2
	2
	2

	
	FLN
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	
	
	

	3
	OG
	0
	0
	0
	0
	0
	0
	0
	0
	0.3
	0.3

	
	FLN
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	
	
	

	4
	OG
	0
	0
	0
	1.3
	1.3
	1.3
	1.3
	1.3
	1.3
	1.3

	
	FLN
	0
	0
	0
	0
	0
	0
	1.3
	1.3
	1.3
	1.3

	
	
	
	
	
	
	
	
	
	
	
	

	5
	OG
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	4.5*
	4.5
	4.5

	
	FLN
	8.8
	8.8
	8.8
	8.8
	8.8
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	
	
	

	6
	OG
	0
	0
	2.1
	2.1
	2.1
	2.1
	2.1
	2.1
	2.1
	2.1

	
	FLN
	0
	0
	0
	0
	0
	0
	0
	0
	4
	4

	
	
	
	
	
	
	
	
	
	
	
	

	7
	OG
	0
	1.3
	1.3
	1.3
	1.3
	1.3
	1.3
	1.3
	1.3
	1.3

	
	FLN
	1.3
	1.3
	1.3
	1.3
	2.6
	2.6
	2.6
	2.6
	2.6
	2.6

	
	
	
	
	
	
	
	
	
	
	
	

	8
	OG
	1
	1
	1
	1
	1
	1
	1.6
	1.6
	1.6
	1.6

	
	FLN
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	
	
	

	9
	OG
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	FLN
	0
	4
	8
	8
	8
	8
	8
	8
	8
	8

	
	
	
	
	
	
	
	
	
	
	
	

	10
	OG
	0
	0
	0
	0
	0
	0
	0
	2
	2
	2

	
	FLN
	3
	3
	1.9
	3
	3
	3ⱡ
	3
	3
	3
	7.6

	
	
	
	
	
	
	
	
	
	
	
	

	11
	OG
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2.3

	
	FLN
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1


[bookmark: _Toc308262401][bookmark: _Toc311366667]Table 6 Proportion of consultant orthogeriatricians (OGs) (non-consultant grade orthogeriatricians who still made a significant change to the service are indicated with a *) and specialist fracture nurses (under the ‘umbrella’ term FLN, but including osteoporosis nurse specialists performing the role of a Fracture Liaison Nurse) WTEs (whole time equivalents) per 1000 hip fracture patients between 2003 and 2012 at each hospital in a region of England. 
ⱡ Between Jan 2008 and May 2008 this value was 1, rising to 3 following the appointment of 2 nurses in May 2008. 

[bookmark: _Toc308300722][bookmark: _Toc311366529]Discussion
[bookmark: _Toc308300723][bookmark: _Toc311366530]Description of current services 
In conducting a service evaluation designed to look at changes in service delivery at a set of hospitals over the past 10 years a number of observations were noted. While there has been an overall increase in service provision in terms of both orthogeriatric and FLN appointments, a considerable variation in how fracture prevention services at 11 NHS hospitals in one region of England are organised remains.  The largest disparities were in how the service was run (an inpatient service vs. an outpatient service) and in the levels of staffing provided for the FLS service. Some hospitals had only a consultant-led service in order to improve peri-operative care of fracture patients, whereas other hospitals had a nurse-led service to tackle fracture prevention. Few hospitals have both a fracture liaison and orthogeriatric service, as recommended by clinical guidelines.1 13 15 39 
Details on staffing levels across hospitals was already provided by the NHFD, however, this evaluation showed that the role of certain staff members such as orthogeriatricians also varied between hospitals in terms of their role in case finding, osteoporosis assessment, treatment initiation and monitoring. In some cases, these roles were actually performed by more junior members of staff. While some hospitals reported having an orthogeriatrician in post, their role in fracture prevention may be extremely limited.
[bookmark: _Toc308300724][bookmark: _Toc311366531]Changes in service models

The previous decade has demonstrated marked increases in the provision of both orthogeriatric and/or FLS nurse staff in each of the hospitals. Only in one hospital was a service discontinued. However the increase in service provision is variable with little relationship to number of hip fracture patients. By the end of the period of observation, the number of orthogeriatric staff per 1000 hip fracture patients varied from 0 to 4.3. The equivalent number of FLS nurses to numbers of hip fractures varied from 0 to 9.3. This variability is greater than one would expect for local differences in NHS structure or patient case-mix and again demonstrates the need to relate service investment with clinical effectiveness in order to demonstrate the relative value of such services. 

[bookmark: _Toc308300725][bookmark: _Toc311366532]Strengths and Limitations
A major strength of this evaluation is the heterogeneity of NHS hospitals examined from smaller district general hospitals to large tertiary major trauma centres, adding the generalisability of the report’s findings. A limitation is the reliance on clinicians’ recall and understandings of events over the last decade. While human resources departments can confirm the appointment of new staff, changes may often come about by alterations in the role and responsibilities of existing staff members. 

[bookmark: _Toc308300726][bookmark: _Toc311366533]Summary
While this work stream initially set out to look at changes in fracture prevention services at hospitals in the past 10 years, an important outcome of this work was the detailed description of where similarities and differences in care pathways between different hospitals lay. In addition, this work also highlights where gaps have existed within the care provided at one hospital compared to others in the region. 
The work so far provided an overview of the variations in models of care provided by hospitals in one region of England. There is more variability in service provision than can be accounted for by local variations, highlighting the need to link investment in these specialist posts with patient outcomes and effectiveness.  
[bookmark: _Toc308300727][bookmark: _Toc311366534]
Chapter 3: Identify the reasons why hospitals chose their specific model of service delivery and assess barriers to change

[bookmark: _Toc308300728][bookmark: _Toc311366535]Introduction

In this chapter, we present findings from the qualitative component of the study. This had three initial aims: 1) to find out how and why hospitals adopted their models of care, 2) to identify how secondary fracture prevention services can be successfully implemented, with a focus on barriers and enablers to change; 3) to identify the elements of care that healthcare professionals think are most effective.  These three aims were addressed using concepts from extended NPT to provide a theoretical basis. In addition, because the process of business case development was a key issue in fracture service planning and delivery, we also aimed to describe the experiences of clinicians and service managers of making business cases for fracture liaison services. 

This chapter provides a brief background to the qualitative study, describes the methods used and presents our findings. Our findings and discussion will be presented in two parts. Part 1 presents findings relating to the first three aims about how and why secondary fracture prevention services can be successfully implemented in secondary care, and we discuss the place of these findings in relation to current knowledge. Part 2 then describes findings relating to the fourth aim, focusing more specifically on the experiences of clinicians and service managers of making business cases for a fracture liaison service and discusses these in relation to the current literature. After the two findings and discussion sections we present the study’s strengths and limitations and a concluding section.

[bookmark: _Toc308300729][bookmark: _Toc311366536]Background

Chapter 1 has demonstrated that there is considerable variation in how fracture prevention services are organised and delivered in the region40. Despite findings from a number of national and international studies that demonstrate the efficacy of FLS36, only 40% of Hospitals in the UK deliver this service41. To date, no study has explored how best to implement these services or make effective business cases to obtain funding.

Implementation of complex interventions

The implementation of complex interventions is increasingly being studied using implementation theory42. Implementation research comprises a number of approaches and theoretical stances in order to help understand something of the complexity of change within health services. One such theory—Extended NPT43 which builds on two previous theoretical models: the Normalisation Process Model44 and NPT45 describes how the collective actions of agents drives the implementation of new services. This provides a counterpoint to network perspectives whereby the implementation of innovations is viewed as a process of transmission and stabilisation through networks46 47, and psychological perspectives that prioritise the role of individuals in instigating change48 49. The theory builds on previous iterations of the theory by combining the notion of implementation as a social process with psychological and network approaches to increase our understanding of the phenomena.

Extended Normalisation Process Theory
According to the theory, the successful implementation of an intervention is based on the ability of agents to fulfil four criteria, described using constructs43. These are outlined in Table 7.

[bookmark: _Ref423089406][bookmark: _Toc308262402][bookmark: _Toc311366668]Table 7 The four constructs of extended Normalisation Process Theory
	Construct
	Description

	‘Capacity’
	Implementing an intervention depends on participants’ capacity to co-operate and co-ordinate their actions

	‘Potential’
	Translating capacity into action depends on participants’ commitment to operationalise the intervention 

	‘Capability’
	The capability of participants to enact the intervention depends on its workability and integration into everyday practice

	‘Contribution’
	The implementation of an intervention over time depends on participants’ contributions to enacting it by investing in meaning, commitment, effort, and appraisal



Making business cases for a fracture liaison service

A potential barrier to the implementation of fracture liaison services (FLS) is the challenge of making effective cases to obtain funding32. Funding for the commissioning of new services is obtained by writing business cases and presenting them to managerial bodies in the Trust. These may be developed by a range of professionals. Central to this process are the clinicians and service managers working within the Department. Finance managers are also involved in costing developments and calculating their potential income generation. Clinicians and service managers from other departments may also have a role along with patient representatives. If it is supported, these may be referred to local Clinical Commissioning Groups (CCGs) for final funding approval, especially in the case of larger-scale service developments.

Commissioning (purchasing) processes within the NHS are complex. In April 2013, responsibility for commissioning services changed from the Department of Health and local PCTs led by managers, to NHS England, a new organisation overseeing 211 GP led local CCGs. These currently control 65% of the NHS budget and operate within defined geographical regions.  The rationale of this re-structure is that GPs are best placed to understand the clinical needs of the local population and are therefore able to utilise resources most effectively50. The introduction of CCGs has coincided with a rise in the number of Foundation Trusts within England. Foundation Trusts are independent organisations responsible for providing over half of NHS hospital, mental health and ambulance services operating in local regions. They are contracted to deliver services that have been commissioned by local CCGs and NHS England and regulated by an independent body called Monitor. A Board of Directors is responsible for setting budgets for the financial year, establishing targets and healthcare priorities51. 

Commissioning has been targeted by the Department of Health as a means of raising standards in the NHS and ensuring resources are evenly distributed1. The NHS Commissioning Board states funding decisions should be systematic and transparent and that considerations should include cost-effectiveness, improvements in care quality and the strategic plans of NHS Trusts52. Core public health priorities, prioritising the distribution of resources in key disease areas, have also been identified53. 

There is some support available for clinicians and service managers on how to develop business cases for a FLS. This includes written guidance32 54 training courses55 and business case templates56. According to this, business cases should describe the health profile of the population, including the numbers of fractures, outline service design with reference to established fracture prevention guidelines, outline costs, particularly how the service will generate savings56 and utilise a number of different stakeholder groups32. More general guidance on the processes of designing services and making business cases also exists and some CCGs have developed business case templates to assist in this process57. 

Several studies have explored the experiences of commissioners of making purchasing decisions in the UK, including those operating under the now abolished PCTs58 59 and the CCGs60 61. These have examined relational aspects of commissioning 58 62 63 and identified factors that impact on decision-making59 64. Recent research has also explored the new roles of GPs in the commissioning process65 66.  However, only one study has explored the experiences of providers in acute care of making business cases67.

[bookmark: _Toc308300730][bookmark: _Toc311366537]Aims

This study enabled us to understand how secondary fracture prevention services can be effectively organised and successfully implemented in secondary care to help inform the implementation and integration of these services into practice. It also provided information about experiences of business case development for FLS and suggestions for effective strategies for healthcare professionals and service managers about how best to develop business cases for FLS in the future.

[bookmark: _Toc308300731][bookmark: _Toc311366538]Methods

[bookmark: _Toc308300732][bookmark: _Toc311366539]Sample

The sample included 43 professionals from all 11 hospitals in one region in England who were involved in the delivery or organisation of secondary fracture prevention after hip fracture. These included Orthogeriatricians, Fracture Prevention Nurses, Trauma Nurses, Hospital Practitioners in Osteoporosis, Surgeons and Service Managers. Participants were purposively sampled to include a range of characteristics such as profession, years in role and to ensure they were adequately drawn from each of the 11 hospitals68.

Potential participants were identified by the Clinical Lead/ Champion in Osteoporosis and an Operational Service Manager in Trauma. In three waves of recruitment, the study team approached potential participants by email to provide them with a brief overview of the study, including a Participant Information Booklet for further information. If no response was received within two weeks, this was followed up with a telephone call. snowball sampling69 was used such that participants recommended other professionals involved in fracture prevention. In total, 82 healthcare professionals were contacted to take part in the study, of whom 43 agreed to take part. The remainder either declined or were unavailable. Rather than aiming to achieve saturation70, criterion sampling was applied to ensure an adequate range of professionals to enable us to address the issues under study71.  

[bookmark: _Toc308300733][bookmark: _Toc311366540]Ethical Approval

Ethical approval was provided by the University of Oxford’s Central University Research Ethics Committee (CUREC) in 2012, reference number MSD-IDREC-C1-2012-147. Each NHS Trust involved provided R&D approval. Participants all provided their written consent prior to interview. This consent process emphasised the aims of the research and that participation was voluntary. Participants were also asked to provide their consent to audio-recording and to inclusion of anonymous quotations in study publications. 

[bookmark: _Toc308300734][bookmark: _Toc311366541]Interview procedure

A qualitative researcher (SD) undertook interviews in 2013. All except one interview were conducted face-to-face at the participants’ workplaces; one interview took place by telephone. Interviews were between 30 and 50 minutes long. A topic guide (Appendix 2) was used to help ensure that similar questions were asked of all participants. The topic guide was structured into three areas. The first topic area was based on the four core elements of a fracture prevention service outlined by the International Osteoporosis Foundation (IOF) as part of the ‘Capture the Fracture’ initiative 34. This helped the researcher to explore participants’ views on the best models of care for the secondary fracture across the four main components of a fracture prevention service and co-ordination of care. The second area covered in interviews was structured around the four constructs of extended NPT  to enable exploration of participants’ experiences of implementing fracture prevention services. The third area explored in interview was participants’ experiences of making business cases for a FLS, factors that they felt informed the decision of commissioners to approve the new service and what they considered to be the best strategies for making them. The interviewer used standard qualitative interview methods such as ‘probing’ to help achieve depth in the interviews72. After the first four interviews we revisited the topic guide and made amendments to it to ensure it enabled us to successfully explore the issues under study. The topic guide shown in this report is the final topic guide used in the study. All interviews, including the first four pilot interviews, are included in the final dataset.  

[bookmark: _Toc308300735][bookmark: _Toc311366542]Data analysis

Interviews were audio-recorded, transcribed, anonymised and imported into the qualitative data analysis software NVivo.  Analysis took place in two parts. Part 1 used coding and an abductive approach to address how and why secondary fracture prevention services can be successfully implemented in secondary care using extended NPT to provide theoretical basis to the analysis. Part 2 was an inductive thematic analysis, albeit that it was focused on exploring participants’ experiences of making business cases for a FLS, factors that they felt informed the decision of commissioners to approve the new service and what they considered to be the best strategies for making them.

Part 1: How and why secondary fracture prevention services can be successfully implemented in secondary care using extended Normalisation Process Theory

Analysis was undertaken using an abductive approach73. This involved initial thematic analysis, which comprised inductive coding of data to identify themes and subthemes in the responses74. Coded data were then transposed onto the four constructs of extended NPT. In order to compare and contrast participants’ responses, data was then displayed on charts using the framework approach to data organisation75. 

Part 2: Exploring participants’ experiences of making business cases for a FLS

Data was analysed using a thematic approach to identify themes and subthemes in the responses74. A framework approach to data organisation was also applied here to facilitate cross-comparison of responses75. 

In both parts of the analysis, 20% of the interview transcripts were independently coded by another member of the team (RG-H) and codes compared and discussed to arrive at a single code list which was refined as the analysis progressed76. Descriptive accounts of the data were then generated and discussed.

[bookmark: _Toc308300736][bookmark: _Toc311366543]Results

The sample included 38 health professionals and five service managers eight Fracture Prevention Nurses, four Orthogeriatricians, four Geriatricians, two GP Osteoporosis Specialists, five Consultant Trauma Orthopaedic Surgeons, eight Rheumatology Consultants, two Orthopaedic Nurses, one Trauma Matron, one Matron for the Hip Fracture Unit, one Falls Co-ordinator, one Falls Nurse, one Bone Densitometry Specialist and five Service Managers.  Between three to seven participants from each hospital took part in the study. The range of time spent in their current roles ranged from less than one year to 32 years. Time spent working at the hospital ranged from less than one year to 27 years. Of the 43 participants, 33 had experience of making business cases for a FLS and only these have been included in the second part of the analysis.  Participants’ key characteristics are displayed in Table 8, but we present summarised information only in order to avoid the potential for identification of participants.

[bookmark: _Ref423089679][bookmark: _Toc308262403][bookmark: _Toc311366669]Table 8 Participant characteristics (aggregated to ensure anonymity)
	Professional group
	Number of participants
	Years spent working in current roles (range)
	Years spent working at the hospital (range)

	Number of these participants who had experience of making business cases for a FLS

	Fracture Prevention Nurses
	8
	1-15
	1-27
	5

	Orthogeriatricians
	4
	4-13
	4-16
	4

	Geriatricians
	4
	3-21
	2-6
	4

	GP Osteoporosis Specialists
	2
	10-43
	10-20
	2

	Consultant Trauma Orthopaedic Surgeons
	5
	<1-32
	2-19
	3

	Rheumatology Consultants
	8
	5-25
	5-25
	6

	Additional nursing staff (Orthopaedic Nurses, Trauma Matrons, Matrons for Hip Fracture Units)
	4
	3-14
	3-25
	3

	Falls Co-ordinators
	1
	1
	20
	0

	Falls Nurses
	1
	23
	23
	0

	Bone Densitometry Specialists
	1
	11
	12
	1

	Service Managers
	5
	2-6
	<1-5
	5



Findings and subsequent discussions from the two parts of the study are presented below.

[bookmark: _Toc308300737][bookmark: _Toc311366544]Part 1: Using extended Normalisation Process Theory to understand how and why secondary fracture prevention services can be successfully implemented , barriers and enablers to change and elements of care seen as most effective

Findings 

A summary of the themes identified and their relation to the four main constructs of extended NPT are outlined in Table 9.


[bookmark: _Ref423090172][bookmark: _Toc308262404][bookmark: _Toc311366670]Table 9 Themes identified and their relation to the four main constructs of extended Normalisation Process Theory
	

	‘Capacity’
	‘Potential’
	‘Capability’
	‘Contribution’

	
Role of dedicated fracture prevention coordinator 
	
High levels of support for introducing service
	
Fracture prevention coordinators ‘freeing up’ professionals previously engaged in care
	
Multi-disciplinary team meetings

	Multi-disciplinary paperwork: protocols and proforma records
	Lack of support for introducing service from some professionals
	Lack of time to deliver intervention
	Clinical databases

	Multi-disciplinary team-work: multi-disciplinary team meetings, joint ward rounds
	Relationships between different professional groups
	Lack of capacity to administer DXA scans
	Internal monitoring systems

	Positive working relationships
	Multi-disciplinary team working
	Challenges faced by service users in accessing services
	External monitoring systems linked to funding

	Location of professionals close to the service and each other 
	Role of fracture prevention coordinator
	
	

	Challenge of securing co-operation and communication with GPs
	Varying commitment from practitioners in primary care
	
	

	High workload in primary care impacting on time spent implementing intervention
	
	
	

	Written communication with GPs, especially discharge summaries and DXA reports
	
	
	

	Potential role of fracture prevention coordinators in primary care
	
	
	




Healthcare professionals’ views about issues that affect the implementation of services using the four constructs of extended NPT are presented in more detail below.

Capacity: Implementing the service depends on participants’ capacity to co-operate and co-ordinate their actions.
Participants’ capacity to co-operate and co-ordinate their actions was achieved by using dedicated fracture prevention coordinators who organised important processes of care and oversaw the delivery of the service. The presence of co-ordinators was seen as a key element in effective interventions because they managed the relationships between different professional groups to ensure they were aligned with the aims and objectives of the service. Co-ordination was achieved using ‘multi-disciplinary paperwork’ such as protocols and proformas that meant information was accessible and shared between participants. Multi-disciplinary working such as multi-disciplinary team meetings also facilitated communication, enabling the team to discuss patients and jointly develop policy.  As a result of these factors, co-operation between participants in secondary care was high.

The physical location of professionals in relation to the centre of the service influenced the levels of communication and enthusiasm for the intervention. Participants’ capacity to co-operate and co-ordinate with GPs was therefore viewed as challenging. Additional factors that were seen to impact on GPs’ investment in the intervention included the lack of reimbursement for delivering fracture prevention services in relation to other conditions, and high workloads. To facilitate communication, participants suggested improving written communications such as discharge summaries and DXA reports. However, participants also recognised the limitations of these strategies. Introducing fracture liaison nurses into the community was suggested as a means of providing advice and guidance to GPs and overseeing the implementation of services in primary care. Quotations from participants supporting these findings are included below. 

[As the fracture prevention co-ordinator] I’m the key link in it all to be honest; it’s very much me who kind of sits in the middle really. I will link out to anybody any service that the patient needs. [Participant ID: 002]

[The fracture prevention team] have a separate Monday morning meeting as well to discuss every patient individually. So I think because of that there is a lot of communication both verbally and written as well, so I don’t think we have any issues there at all. [Participant ID: 003 C]

The meetings that we attend [are useful as] you kind of gain a mutual professional respect. [Participant ID: 004]

There’s not been a huge amount of engagement with primary care… they seem to be very – two separate camps: there’s what actually happens in trauma and then there’s what happens in primary care, and the communication is difficult [Participant ID: 009]

GPs get probably 400 or 500 letters a day, do they read everything? Hopefully they do. [Participant ID: 035]

GPs are fantastic, but how can they be experts and know everything… and that’s why I think we have a duty to them and to our patients to inform appropriately. [Participant ID: 042]

Potential: Translating capacity into action depends on participants’ commitment to operationalise the fracture prevention service. 
Professionals were enthusiastic about the introduction of services, and such enthusiasm enabled services to be started and to continue to deliver effective care. Participants described having considered services to be necessary before they were implemented and identified the importance of a ‘strong lead’ in the introduction of a new service. Counter to this, they often characterised less supportive professionals as ‘difficult’ and ‘obstructive’ potential barriers to implementation. It was clear that in some cases, opposition of colleagues to the introduction of a new service was founded on the complex, hierarchical relationships between different professional groups. However, since these individuals were a minority their presence was not seen as presenting an insuperable barrier to implementation. 

In addition, continued commitment of the multi-disciplinary team to enacting the intervention was enabled and facilitated by the fracture prevention co-ordinators who managed different professional cultures within the multi-disciplinary team, and ensured that their aims and objectives were aligned. One of the main challenges encountered was the sense that GPs were not as committed to enactment of the intervention. Quotations from participants supporting these findings are included below.

I mean we were so desperate for it that we bent over backwards to make it work. I mean it was never a problem in the sense that if it’s a service you’ve been asking for a very long time, if someone finally provides it you’re going to make sure it works and give that individual as much support as they need to come into the system. [Participant ID: 001] 

So there’s some people who historically are the ones that are resistant to change are just dissatisfied, disgruntled, have lost enthusiasm, just mistrust, have become jaded with the system… Sometimes it can be very obstructive [Participant ID: 006]

I think those particular individuals probably looked down on geriatricians and so they didn’t like it that a geriatrician was coming and saying… this is when you operate and they didn’t like being told what to do [Participant ID: 005]

It’s just about encouraging people to know that they all have a role, we all have a responsibility to deliver the quality care and all of us are important in making that so. You know each of you can’t do it without the other and it’s actually about ownership and responsibility [Participant ID: 026]

It needs a strong lead, it needs a me or equivalent of me really… In terms of the Orthopaedic Team, you know you’re working with Orthopaedic Nurses so it’s a different culture set… So you need to sort of pull in the ethos [Participant ID: 026]

I think the amount of interest from General Practice is variable and I think the variability to be honest on the whole is average if you’re lucky. And I think there isn’t an engagement I don’t feel, in the majority of Primary Care, and ownership of secondary prevention fracture. [Participant ID: 027]

Capability: The capability of users to enact the components of a fracture prevention service depends on their potential for workability and integration in their everyday practice.

Participants saw the workability and integration of services into everyday practice as high when fracture liaison services provided a new layer of service provision. Their presence freed up the capacity of other professionals previously responsible for undertaking this role and otherwise did not change the content of their work. However, there were also considerable barriers to implementation. Participants viewed some services as under-resourced and under-staffed, which limited the time they were able to dedicate to effective patient care. Administrative and communications work was described as particularly time-consuming. Participants also felt that clinicians lacked equipment to deliver certain aspects of patient care, and this sometimes included poor access to DXA scanners. Finally, the organisation and delivery of these services presented patient barriers to access. For instance, participants felt that some patients struggled to reach services because of difficulties with public transport; this was particularly problematic for patients living long distances away. Transport costs were also seen as a barrier for patients with limited financial resources. Quotations from participants supporting these findings are included below.

[The introduction of the service was not that difficult because] the model is that [the fracture prevention co-ordinators] just come in and do everything.  So we’re not asking other people to do much else for hip fracture…. We’re not even asking the trauma team to identify the hip fractures because the fracture liaison service is basically doing everything. [Participant ID: 007]

I think there are obviously different demands on people’s time which sometimes means care is delayed [Participant ID: 018]

There is one Orthogeriatrician who does all that work but of course she can’t be here 24 hours a day, seven days a week so there have been some patients who will occasionally come through and slip through the net. [Participant ID: 001] 

We do at least 3,500 scans a year with one scanner and two people… We have to meet the Government targets, the six week diagnostic targets and we are just about making those targets with difficulty. [Participant ID: 025]

Our biggest barrier is obviously the fact that we have to drag our patients from [another town] down to [the city]…  So I guess it’s a demographics and the location in relation of distance travelled, that means sometimes people are reluctant [to attend]. [Participant ID: 004]

Contribution: Participants’ contributions to enacting a fracture prevention service depend on them investing in meaning, commitment, effort, and appraisal 
Fracture prevention co-ordinators did not change the clinical work that was undertaken. Rather, their introduction changed the way the work was organised and delivered. Multi-disciplinary meetings were used to sustain the potential and capacity of professionals involved in service delivery. 

Clinical databases also enabled providers to deliver services over time since databases helped to define individual roles and ensured that work was not duplicated. Poor data quality presented difficulties, making it challenging for providers to identify consistently patients with hip fracture and to deliver clinical practice. Such data also presented obstacles to monitoring outcomes and this was seen as playing a vital role in ensuring that work was carried out to high standards over time. Monitoring operated in two ways. First, it enabled clinicians within the service to assess levels of adherence to bone protection therapies and evaluate service delivery, allowing them to reconfigure services if necessary. Second, it was a means of linking activity to funding mechanisms such as the Best Practice Tariff and Quality Outcomes Framework in primary care which potentially provided an important impetus for sustaining and developing high quality services. The respective influence of these funding mechanisms was described as variable. Although participants saw the Best Practice Tariff as useful to provide financial benefit, they saw the Quality Outcomes Framework as less valuable because it did not. Quotations from participants supporting these findings are included below.

I can modify [the guidelines for assessment] how I want to. You know because it doesn’t work perfectly at the beginning and things change and you know the hospital and the Government introduce new requirements so you have to modify your form [Participant ID: 017]

It depends which doctors have been on the night before as to how much has been put onto [the computer system]…  some of it turns out to be rubbish [Participant ID: 010]

[Auditing] it would be helpful because if you know what your compliance rate is you know whether or not you’re having an impact. So if you’ve got a service whereby you’re suggesting that they have a treatment and then it turns out that no one actually takes these, well then why are you wasting your resources on trying to you know. [Participant ID: 024]

We have a score card so we can get all the compartments of the Best Practice Tariff… so we keep a track of what things are, which things are going well, which things we are not performing very well and obviously look for the reasons for any shortcomings [Participant ID: 012]. 

Discussion 

The study used extended NPT43 to understand how and why hospitals adopted their models of care for the prevention of secondary fractures after hip fracture, identify how secondary fracture prevention services can be successfully implemented, with a focus on barriers and enablers to change and the elements of care that healthcare professionals think are most effective.  With regard to successful implementation, professionals’ capacity or levels of communication and cooperation, was influenced by their distance in relation to the centre of the service. As a result, communication with GPs was viewed as challenging. Potential or enthusiasm for enacting the intervention was generally high although participants identified exceptions. Shared commitments were facilitated by multi-disciplinary team working. However, GPs were seen to be less committed to delivering fracture prevention. 
	
Introduction of fracture prevention co-ordinators was advocated because their inclusion enhanced professionals’ capability to deliver the service, ‘freeing up’ other members of the team who had been previously responsible for this role. As a result the service could be easily integrated with existing services and the involvement of co-ordinators was seen as central to effective services. In addition, enthusiasm and leadership of professionals enabled services to be implemented and was a key reason for the introduction of new services. However, a lack of time, equipment and the challenges of accessing the services for some patients hindered implementation and had the potential to reduce the effectiveness of services for patients. Participants identified strategies to facilitate the delivery of the service over time, and they saw good delivery seen key elements of effective care. Strategies included multi-disciplinary team meetings, clinical databases recording aspects of patient care and monitoring to enable professionals to adapt and change the service where necessary. 

Relationship to current literature

This study contributes to existing work on the delivery of fracture prevention by describing aspects of successful implementation, including barriers and enablers. Implementation of good services was seen as key to delivery of effective care for patients. Findings reflect those from previous studies that have advocated the use of fracture prevention co-ordinators in organising care10 32 34-36. The British Orthopaedic Association also recommends enhancing co-ordination between primary and secondary care by developing comprehensive discharge summaries and introducing fracture prevention co-ordinators into the community1.  Undertaking service audits and introducing cost saving incentives has also been recognised as a means of ensuring the service develops over time32. An additional finding from this study is the role of potential or the commitments of professionals to enact the intervention and the role of fracture prevention co-ordinators in mobilising collective commitments within the multi-disciplinary team. 

Findings on the challenges of implementing these services can be placed in the context of recent work conducted on service delivery for other conditions. A lack of co-operation and co-ordination within secondary care and between primary and secondary care has been recognised across the NHS77-79. Furthermore, a lack of time to deliver care, lack of access to equipment and the inability of some socio-demographic groups to access services has also been identified80.

Further research

It was clear in our qualitative work that communication with primary care was sometimes challenging, and research could further explore reasons for this in order to inform the design of possible improvements. Primary care clinicians have key roles in initiation of medication and ongoing monitoring of patients and further research could complement the findings presented here. Future research should also consider patients’ experiences to ensure that future service developments fully meet their needs and preferences81.  Falls prevention is also critical in the prevention of further fractures1 81 and a future study exploring the experiences of delivering these services would contribute to a ‘system wide’ understanding of the challenges of undertaking fracture prevention.
[bookmark: _Toc308300738][bookmark: _Toc311366545]Part 2: Exploring the experiences of clinicians and service managers of developing and making business cases for a Fracture Liaison Service (FLS)

In the second part of the qualitative research we explored the experience of business case development an FLS. This was addressed through the latter part of the interviews, as described in the methods section above. Of the 43 participants in the study as a whole, 33 had experience of making cases (Table 10), and we analysed the material from these interviews in relation to this topic. In the findings presented here, we describe healthcare professionals’ views and experiences of making business cases for a FLS; identify factors they think impact on the decision of managerial bodies to approve the service; and explore what they feel are the most successful strategies for making an effective case.

[bookmark: _Toc308262405][bookmark: _Toc311366671]Table 10 Participant characteristics for those who had experience of making business cases for a FLS (aggregated to ensure anonymity)
	Professional group
	Number of participants
	Years spent working in current role (range)
	Years spent working at the hospital (range)


	Fracture Prevention Nurses
	5
	2 - 11
	2 - 11

	Orthogeriatricians
	4
	4 - 13
	4 - 16

	Geriatricians
	4
	3 - 21
	2 – 6

	GP Osteoporosis Specialists
	2
	10 - 43
	10 – 20

	Consultant Trauma Orthopaedic Surgeons
	3
	<1 – 32
	4 - 19

	Rheumatology Consultants
	6
	5 - 25
	5 – 25

	Additional nursing staff (Orthopaedic Nurses, Trauma Matrons, Matrons for Hip Fracture Units)
	3
	3 - 14
	3 - 14

	Bone Densitometry Specialists
	1
	11
	12

	Service Managers
	5
	2 - 6
	<1 - 5





Experiences of making business cases for a FLS 
Participants felt that constructing business cases was challenging and at times frustrating. It was seen to be time consuming, a problem made more difficult by their conflicting clinical commitments. Processes of approving the cases were viewed as ‘tedious’ and ‘incredibly cumbersome’. They felt that the propensity of operational and senior managers to remain in their posts for short periods of time exacerbated this problem as it meant any progress for developing the case was lost when they left. Having multiple tiers of management to approve the service was also viewed as a hindrance. 

Clinicians had varying levels of confidence in their ability to make effective business cases and in their understanding of the approval processes. Some felt that it was unsuited to their skillset, others that they lacked sufficient training. Collection of relevant data was viewed as a challenge since the quality of data available was seen to be limited. Others were unsure how to demonstrate improvements in care quality.

Funding structures within the hospital were also viewed as an impediment to service development. The compartmentalisation of budgets meant there were disagreements about which departments should be responsible for funding the service.  These challenges were seen to arise from the necessary inter-disciplinary working required to deliver the service, both within secondary care and between primary and secondary care1. 

The importance of effective communication and co-operation between stakeholders was emphasised. However, experiences of this were variable. Although some identified examples of successful co-working, others felt some of their colleagues were more ‘resistant to change’. Participants also thought that relationships between clinicians and operational service managers were varied. Although some provided examples of effective working relationships, some service managers felt they needed more support from clinicians in developing business cases and this was view was reciprocated by a number of participating clinicians. In general, participants thought that increasing the level of co-operation between commissioners and providers (including Trust Managers) would be beneficial. Quotations from participants supporting these findings are included below.

[Making business cases is a] total and utter brick wall… and after a while you do lose the will to live. [Participant ID: 029]

I will never be able to write a good business case, because I can’t.  I don’t like doing them, I get bored, it’s not where my skills are so don’t ask me to do it. [Participant ID: 009]

You constantly find you’ve got to go digging around for statistics.  You’re trying to find numbers from data that isn’t collected… [it’s] all done on percentages and sort of guesswork. [Participant ID: 008]

If you start getting into areas of complexity, so frailty complexity, where you get different services crossing: whose budget is it?  It’s harder to cost them… just things like this don’t fit into categories. [Participant ID: 007]

[The service manager's] priorities are dependent on their interests. [Participant ID: 030]

We felt that we were setting up and driving towards an improved Hip Fracture Service… but we were doing it without the support of our management. [Participant ID: 038]

 Views about FLS approval 

Participants identified factors they thought impacted on the decision of managerial bodies to approve the service. Financial considerations were viewed as the most important factor and they felt under pressure to demonstrate the potential for short-term cost savings. This was seen to be difficult when making business cases for FLS since fracture prevention tends to generate savings in the longer term.

The majority of clinicians thought that quality of care was given a low priority by funders, a view that was not shared by service managers. Political priorities such as dementia as well as national guidelines were seen as factors. This presented a further problem since participants felt that osteoporosis was viewed as a low national priority and that as a result, commissioners were less likely to approve the service. In addition, they thought approval was hindered by a perception that osteoporosis should be managed in primary care and linked this to the increasing concentration of funds in the community82. 

Clinicians thought that services were more likely to receive funding if their audit results and clinical outcomes data suggested they were ‘failing’. This was a source of frustration for participants at one hospital who felt they had had to wait for their service to ‘deteriorate’ before their business case was approved.

Participants thought that the personality and persistence of the ‘local champions’, the clinicians leading the case32, influenced funding decisions along with the clinical interests of GP commissioners. Both of these factors suggest participants felt commissioners did not always make funding decisions based on the principles of evidence based healthcare. Quotes supporting factors seen to determine whether an FLS is approved are shown below. 

The powers that be don’t want to put the money into it because you’re not going to see an instant result. [Participant ID: 015]

It has kind of lost the quality of care a little bit… quality doesn’t pay the bills unfortunately [Participant ID: 023]

What tends to happen in healthcare is that you get certain things that become a certain flavour of the month. So lets look at this, this and this disease. Right what are we going to do in hospitals, whose doing that, right we think this is a priority would you like to do something in this area. [Participant ID: 026] 

I think it often comes down to the individual people who are doing it… you’ve got [a local champion in another hospital] sort of waving his little flag and everybody listens. Well if you hadn’t have had a him you may not have had that service. [Participant ID: 023]

He who shouts loudest gets most [Participant ID: 001] 

We have this problem with commissioning the local General Practitioners, if you have a clinical lead who has a strong interest in dementia services then there will be lots of money put into dementia services. [Participant ID: 001]

If the chairman of a CCG had had a mother with a hip fracture (laughs) that CCG, I can tell you, someone would push it through. [Participant ID: 008]

Best ways of making a business case for an FLS 

Participants identified a number of strategies for developing effective business cases. To help develop the skills of clinicians in making business cases, participants thought it was important that training courses, templates and toolkits were made more widely available. They also felt that capitalising on the skills and knowledge of clinicians and service managers in other hospitals would be useful and advocated the introduction of mentorship schemes or support networks.

The importance of using a range of different types of evidence was highlighted. Empirical sources of evidence included clinical guidelines and academic research. A number of participants referred here to research conducted on the Glasgow FLS that showed the service contributed to a significant reduction in hip fractures within the city compared to substantial rise across England19. To address the perception of osteoporosis as a low national priority, two clinicians thought it would be useful to try to align the aims of the service with national priorities such as dementia53. Quotes on the best ways of making a business case for a FLS are given below. 

You can use other [services as] comparators and the USA seems to be quite a good thing to beat doctors with at the moment so if you look at outcome in the best centres compared to the average centres, which is quite a good… we do this but [another Trust] do this, what’s the difference? Well they’ve got 15 Fracture Liaison Nurses and everyone doing this…  [the Trust] tend to benchmark things across local groups but if you’ve got national comparators those are quite good. [Participant ID: 021]

I think patients’ voice can have more power, especially if we are looking at situations where we feel that patients may be at risk and I think that obviously helps to drive the changes as well. [Participant ID: 012]

You also need to get allies on side who will help you and support you… people who are key, for example, [a GP], she wasn’t involved in commissioning or anything but she is very well respected in her field [Participant ID: 004]

I think the managers are too separate and it should be more embedded and integrated so that we work together and we come up with clinical designs and models, they tell us we’re stupid and spending too much money, and then we work it out and come up with a compromise for it. [Participant ID: 009]

It’s through no fault of anyone’s but these are human organisations and you’ve got to engage with these things on a human level… It’s much easier to say no to someone who you’ve been saying no repeatedly to for the last five years and where you’re not regularly seeing them. [Participant ID: 024]

Other more practical sources of data included the use of outcomes data, such as Hospital Episode Statistics83, to make cost effectiveness calculations. Using outcomes data to benchmark the service against local and national comparators was seen as a means of demonstrating the need for service improvement. Involving patient representatives or using feedback questionnaires was viewed as a way of responding to the increasing need to involve patients in service design84.  

Promoting effective communication and cooperation between stakeholders was perceived to be a priority. Within the hospital, participants thought it was important to canvass the support of service providers early on in the process as a way of galvanising support, anticipating and mitigating objections and ensuring that input was received from a range of stakeholders. Service managers thought that the ‘local champions’ leading the case54 had an important role in securing the support of their colleagues. Obtaining support from ‘prominent clinicians’ was seen as a way of gaining the ‘respect’ of commissioners. 

Participants felt that working more closely with purchasers would facilitate the process of making business cases. Strategies to achieve this were approaching commissioners early on in the process so they could provide feedback and liaising with them informally.

Discussion 

This component of the study has explored the experiences of clinicians of making a business case for an FLS; identified factors that are seen to inform the decisions of managerial bodies to approve the service; and identified what they consider to be the best ways of making a business case for a FLS. Participants felt that constructing business cases was challenging. Frustrations included the longevity of the process, a perceived lack of time and skills amongst clinicians for making the cases and a lack of available evidence for demonstrating potential improvements in quality of care. In addition, the compartmentalisation of hospital budgets meant it was sometimes unclear which department was responsible for funding the service. The relationship between stakeholders involved in making the cases was seen to be variable and the levels of cooperation between purchasers and providers generally low. 

Participants identified a number of factors they felt impacted on the decisions of managers to approve the service. Financial considerations were perceived to be the most important factor and clinicians felt that quality of care was afforded a low priority, a view not shared by service managers. Approval was seen to be hindered by the perception of osteoporosis as a low national priority. Participants thought that the personality and persistence of the clinical champion leading the case was important, along with the clinical interests of commissioners. Both of these factors suggest participants did not think that commissioners consistently adhered to the principle of evidence-based healthcare. Strategies for making effective cases included the provision of training courses, templates, toolkits and mentorship schemes for stakeholders. Using different types of evidence to demonstrate the potential for care improvements was advocated and included national guidelines, academic research, outcomes data to demonstrate the cost effectiveness of the proposed service and audit data. Strategies were suggested for developing effective working relationships between stakeholders when making business cases and improving the relationship between commissioners and providers. 

Findings in this study support those from previous work that have explored providers’ experiences of commissioning. These studies showed that clinicians found the processes to be time consuming67 and the collection of data challenging on account of the often low quality of data available67 85. Challenges of managing the relational aspects of commissioning have also been highlighted62 63 67. Research has found varying level of communication and cooperation between purchasers and providers. Whilst one study found that the roles of purchasers and providers were well integrated67, others including ours suggest that this is not the case62 63. Previous work exploring the processes of commissioning has been largely focussed on the experiences of providers working under the old Primary Care Trusts (PCTs). Ours succeeds in demonstrating that these challenges remain under the new commissioning bodies. It also highlights additional problems such as the lack of confidence clinicians feel in developing business cases and the difficulty of navigating the funding structures in the NHS.

A number of the factors participants felt impacted on funding decisions were in accordance with guidelines issues by the NHS Commissioning Board53. These included quality of care, cost-effectiveness and the use of national guidelines. However, clinicians felt commissioners placed a greater emphasis on financial considerations than these other factors. A belief that the clinical interests of GP commissioners impacted on decision-making reflects findings of previous studies85 86. Although the objective of introducing the CCGs was to ensure that the views of clinicians were represented in commissioning decisions52, this suggests that the views of commissioners and providers may not always be in accord. 

This study identified strategies to develop effective business cases that support existing recommendations. Guidance recommends using multiple sources of evidence to construct cases including outcomes data to demonstrate potential cost savings, academic research and national guidelines54 67 87. Existing recommendations have also highlighted the importance of developing effective cooperation and communication between the stakeholders involved. Developing a multi-disciplinary working group led by a Clinical Lead has been advocated as a means of achieving this54 55.  

Findings echo previous research that has suggested clinicians support more integrated working between healthcare purchasers and providers67. As with this research, existing guidance suggests contacting commissioners early in the process to establish a funding remit for the service55. Another suggested strategy has been the introduction of commissioners into the multi-disciplinary working group tasked with developing the case54. To enable the clinical lead to work effectively, guidance also recommends introducing protected time for the Clinical Lead and operational service manager to work on the case54. Doing so would address the lack of time participants identified as a barrier to developing the service. 

[bookmark: _Toc308300739][bookmark: _Toc311366546]Strength and limitations for the complete qualitative study

Qualitative research methods were an appropriate means of exploring the views of healthcare professionals and managers on implementing fracture prevention service, identifying effective models of care and making business cases for FLS. Using robust strategies to analyse the data, such as independent double-coding by two researchers, provide confidence that the analysis presented here reflects these views. As stated, the study did not aim to achieve data saturation but used criterion sampling71 to explore a diverse range of views and this was successfully achieved. However, the time constraints of service managers meant that we were only able to recruit five participants from this group. Their lack of representation made it difficult to fully examine how their opinions on making business cases differed from other participants. In exploring the implementation of fracture prevention services and experiences of making business cases, participants were asked to recall their experiences and this may have resulted in bias. In addition, the study was limited to one region in England and this could limit the transferability of findings to other areas88. However, the variation in service delivery in the region and the homogeneity of views suggest that it is unlikely that this presents a limitation.

Undertaking an abductive analysis73 to enable us to use extended NPT43 is potentially challenging as data must be coded into constructs whilst ensuring that they are not ‘forced’ into pre-defined categories. We avoided this problem by performing an initial inductive analysis74 to identify factors that may impact on the implementation of services and then transposing them onto the theory. Doing so meant that any factors that did not ‘fit’ within the theory would have been identified. However, we found that the theory was able to account for all the issues relating to service implementation.

[bookmark: _Toc308300740][bookmark: _Toc311366547]Conclusions

The study has successfully used extended NPT43 to understand implementation of services for secondary fractures after hip fracture, with a focus on barriers and enablers. Clinicians and service managers described these in some detail, and saw good provision as central to effective care. Drawing on their own experiences, participants identified enthusiasm, leadership, communication and the presence of co-ordinators as key to the introduction and delivery of effective services. Furthermore, given the importance of business case construction for provision of services, we also explored and have described views and experiences of making business cases for FLS. We have highlighted the challenges of business case development and some ways in which these can be addressed. It is hoped that these findings may be used by clinicians and service managers to develop effective fracture prevention services in the future and to make successful business cases for funding of services.
 
[bookmark: _Toc308300741][bookmark: _Toc311366548]
Chapter 4: Data sources
[bookmark: _Toc308300742][bookmark: _Toc311366549]Introduction: the use of routinely collected data for research
Routinely collected health data is widely used by regulators (Medicines and Healthcare products Regulatory Agency (MHRA), European Medicines Agency (EMA)) and policy makers (such as NICE) to inform disease epidemiology/burden, healthcare resource use, drug or device safety, and real-world use of existing technologies in actual NHS settings.
There is a breadth of computerised health records data available for research, both in the UK and Europe-wide. Potential sources of such information include drug utilisation databases, primary care records, secondary care outpatient data, hospital admission/s episodes, drug registries (e.g. the British Society for Rheumatology Biologics Register) registry of anti-rheumatic biologic therapies), device registries (e.g. the National Joint Registry), and even patient-centered outcomes as collected during routine clinical practice (the Patient Reported Outcomes database) (see Figure 2).

[bookmark: _Ref423005459][bookmark: _Toc424650315][bookmark: _Toc311366704]Figure 2 Examples of existing sources of routinely collected data in the UK and Europe-wide.
[bookmark: _Toc308300743][bookmark: _Toc311366550]The Clinical Practice Research Datalink (CPRD)
[bookmark: _Toc308300744][bookmark: _Toc311366551]General practitioners and the NHS: why is CPRD a valuable source of data?
Primary care health services play an essential role in the UK NHS. GPs working in NHS primary care play the role of gatekeepers to the system: access to secondary care is only possible after referral from a GP practice, with the exception of urgent attention in hospital Emergency Departments.
In addition, GPs are a key part of NHS healthcare continuity: they receive clinical letters from secondary care (consultants and other health professionals) to inform or suggest shared therapeutic plans, and they are responsible for most repeat prescriptions for long-term conditions. As part of this, they also receive hospital discharge letters regarding all patients registered with them; the information contained –including inpatient treatments and diagnoses amongst others is then used by GPs to coordinate outpatient care (Figure 3). All this adds value to the information gathered in primary care medical records. 
The CPRD gathers information from computerised primary care records, which can be enriched with other digital linked data from a number of datasets, providing a unique source of information for epidemiological research.

[bookmark: _Ref423005551][bookmark: _Toc424650316][bookmark: _Toc311366705]Figure 3 The role of General Practitioners (GPs) in the NHS, and the flow of information into primary care GP records.
[bookmark: _Toc308300745][bookmark: _Toc311366552]The Clinical Practice Research Datalink (CPRD)
Jointly funded by the National Institute for Health Research (NIHR) and the MHRA, the CPRD (formerly General Practice Research Datalink, GPRD) is a unique data source, used extensively by researchers worldwide for observational and interventional research. Such studies have resulted in >900 published articles, and a huge number of conference presentations.
The core CPRD GOLD version of the database was used as the source from which patient-level bespoke datasets were extracted. It comprises anonymised clinical records for a representative >10 million people living in the UK. For this sample, the dataset contains information on any diagnoses (primary and secondary care based) recorded by GPs in primary care records using READ/OXMIS codes, clinical measurements taken in primary care (including body mass index, smoking, alcohol drinking, and others), routine laboratory results, referrals, GP prescriptions (identified using British National Formulary codes), and administrative information (date of registration in the primary care practice, date of death, etc). Encoding of patient identifiers ensures anonymisation of the data. A full list of medical codes used to identify hip fractures can be found in Appendix 3. 
This variety of data was provided in a number of text files, which have been checked, imported and linked in a database management system (MySQL) using programming (Python). The required variables have then been extracted from the database in the right format to be analysed using conventional statistical packages.
[bookmark: _Toc308300746][bookmark: _Toc311366553]Linked hospital and mortality data
About 60% of the primary care practices contributing to CPRD have agreed to linkage to the Hospital Episode Statistics (HES) and Office of National Statistics (ONS) data. These data sources provide information on hospital admission episodes in NHS hospitals and mortality (date and cause of death) respectively.
HES and ONS information was also combined with the core CPRD GOLD dataset to improve the completeness and accuracy (of diagnoses, inpatient procedures, and mortality) of the data analysed.

[bookmark: _Toc308300747][bookmark: _Toc311366554]Hospital Episode Statistics (HES)
[bookmark: _Toc308300748][bookmark: _Toc311366555]Introduction
The HES database gathers clinical information on the records for hospital admission episodes in England, including both NHS hospitals and those in the independent sector that are commissioned by the NHS. Data on such episodes have been recorded from 1987, and only a sample (around 10%) of the episodes were included before that time. 
Inpatient data are available from 1989-90 onwards, and have been delivered initially every financial year, but more recently on a monthly basis. From 2006 data collection and preparation have been undertaken by the Secondary Uses Service, which is part of the Health and Social Care Information Centre (HSCIC).
The data collected in HES are submitted by participating hospitals in all NHS trusts in England for reimbursement purposes. Although it is primarily an administrative database, HES is designed to allow also for secondary use for research.
[bookmark: _Toc308300749][bookmark: _Toc311366556]Data available in HES
For all NHS hospital admission episodes, outpatient and Accident and Emergency (A&E) appointments in England, each HES record contains the following information: 
· Hospital diagnoses and procedures
· Administrative data: date of admission/discharge, etc.
Hospital inpatient data are available from 1989 onwards, outpatient appointments from 2003, and A&E information is recorded since 2007.
A bespoke anonymous patient ID (called gen HESid) is created for each individual, and used to track patients through the dataset whilst preserving confidentiality. The patid (allocated to each patient from his/her practice) is used to enable linkage of HES data to other relevant datasets, such as ONS (Office for National Statistics) mortality and CPRD data.
[bookmark: _Toc308300750][bookmark: _Toc311366557]Hospital admissions in HES
Of the different types of information available within the HES database, this study used a dataset including hospital admission episodes. Such records contain information on a primary hospital diagnosis (reason for admission), a number of secondary/concomitant diagnoses (co-morbidity), and a number of in-hospital procedures. 
In addition, information on patient complexity used for reimbursement is also available in the form of Healthcare Resource Group (HRGs), which can be used to calculate the cost of each hospital admission episode to the NHS. 
[bookmark: _Toc308300751][bookmark: _Toc311366558]
 Chapter 5 Clinical effectiveness of service models of care following hip fracture: natural experimental study
[bookmark: _Toc308300752][bookmark: _Toc311366559]Introduction: 
The clinical effectiveness of orthogeriatric and FLS have been previously demonstrated with varying study designs. Two trials from Scotland randomised patients admitted with a hip fracture to either stay on the orthopaedic ward or be transferred to a rehabilitation ward. The rehabilitation ward was characterised by a weekly case conference and ward rounds by both geriatric and orthopaedic staff, the orthogeriatric model89 90. One trial demonstrated a significant reduction in discharge to institutional care and length of stay89, while the other demonstrated an increased number of co-morbidities diagnosed and treated90. A retrospective obesrvational study comparing 30 day mortality between 37 Australian centres with and without any type of orthogeriatric service demonstrated that 30 day mortality was lower in those sites with an orthogeriatric service91. While Charlson co-morbidities were recorded a number of key potential confounders such as pre-fracture health status and deprivation were not recorded in addition the presence/ absence of an orthogeriatric service did not affect mortality in major trauma centres. 
In terms of secondary fracture prevention, the current literature has confirmed that well-meaning patient and/or physician education strategies are ineffective92. The current consensus supports more intensive service models of specialist nurse led services10 32: 
1. Observed differences in hip fracture rates before and after introduction of a fracture prevention service: South California S Permanente, USA, has demonstrated a 37% reduction in hip fracture rates with an associated x2-6 increase in DXA rates and prescribing rates93. However, there was no contemporary control arm and only 3 pre-intervention data points to accurately model an exponential fracture rate trajectory. Importantly, the Kaiser secondary fracture prevention model requires an integrated information system linking hospital admissions, primary care physician visits, bone density scanning and pharmacy dispensing to case find, assess, initiate and detect discontinuation, which, while an aspiration, is not available within the NHS at present.

2. Using osteoporosis drug therapy rates: 
i. The Glasgow Fracture Liaison Service, UK, used 8 year audit data to inform an Markov model of secondary fracture prevention20. Using this model they were able to demonstrate only a 7% reduction in fractures at 5 years. However, the prescribing rate in the control group was estimated from national audit data; all patients were assumed to remain on treatment for 5 years despite no active monitoring programme; the effect of treatment on fracture rate reductions was estimated using published trials; the benefit for 5 more years as an off-treatment effect was assumed but remains unproven in clinical studies. In addition those unable to take oral bisphosphonates were not switched to injectable therapies that are now available but kept on oral calcium and vitamin D supplements; this resulted in a disappointing 54% initiation rate. 
ii. Alberta, Canada, alternated the presence of a fracture liaison nurse between 2 emergency centres every month for patients presenting with a wrist fracture. They demonstrated significant improvements in prescribing of bone agents 34/55 [62%] vs. 8/47 [17%]. However the trial was stopped prematurely because of the clear benefit in treatment initiation before effects on bone density or fracture rates could be assessed94. Patients with cognitive impairment or patient admitted to hospital were excluded and no health economic data were collected. 
iii. Toronto have published cost effectiveness results on treatment initiation and one-year adherence rates in coordinator vs. non-coordinator settings and demonstrated significant cost savings95. Again this study did not directly measure re-fracture rates, estimated treatment initiation and adherence in the non-coordinator setting and used fracture reduction rates based on clinical trials. 

3. Using observed fracture rates from patients who did or did not attend a specialist service: the CONCORD study, Australia, demonstrated an 80% reduction in fractures over 5 years26. However using patients who did not attend the specialist clinic as the ‘comparator’ group resulted in significant immortal time bias and selection bias in those who attended were more likely to be healthier and have fewer co-morbidities. Finally, only 20% of all fragility fracture patients attend the specialist service, as those with cognitive impairment and other serious comorbidities were excluded, this is an important limit to generalisability of the service in terms of extension to all fragility fracture patients. 

The wide variation in effect size from 7 to 80% from the published literature illustrates the magnitude of potential biases but also the lack of consistency between service models. No study has used robust outcomes such as re-fracture rates as highlighted by recent systematic reviews92 96. A recent meta-analysis, demonstrated a trend towards improved bone mineral density (BMD) testing rates and treatment initiation10 36.
However, data on key clinical outcomes are scarce97, especially in the context of actual practice conditions in an NHS setting. It has been demonstrated elsewhere that lower mortality is associated with both an orthogeriatric service91 and the introduction of a dedicated fracture nurse98. Recent studies have also reported co-ordinator-based programmes can significantly reduce the rate of total hip fracture admissions 93 and re-fracture rate after a non-vertebral fracture26 98. Despite these data, a recent audit in the UK found only 37% of local health services provide any kind of FLS41. Importantly for both orthogeriatric and FLS services, significant variation exists in how such services are structured3 40 .
Two recent systematic reviews have confirmed that patient/physician education strategies are ineffective26 36 92 and identified major deficiencies in current literature: using treatment initiation as the primary outcome94, a poor surrogate given the low adherence to therapy; non-contemporary or estimated control data20 25; effect sizes based on randomised controlled trials for the drug20 95; attendee vs. non-attendee designs -subject to significant selection bias, left censoring 26 99. The reported range of fracture reduction from an FLS from 7% to 80% evidences the magnitude of effect of these biases. This is unhelpful when using the potential benefits to guide prioritisation for commissioners and policy makers. In this chapter we will summarise the key findings from using the variability of timing of orthogeriatric and FLS services to infer estimates of effectiveness. 
[bookmark: _Toc308300753][bookmark: _Toc311366560]Aims
To evaluate the impact that changes to the delivery of secondary fracture prevention have had on health outcomes by altering trends in: 
1. hip re-fracture rates, 
2. life expectancy – 30 day and 1 year
[bookmark: _Toc308300754][bookmark: _Toc311366561]Methods
[bookmark: _Toc308300755][bookmark: _Toc311366562]Data sources
A cohort of hip fracture patients treated at hospitals in the South Central region using English National HES data was linked to the national mortality data from 1999 to 2011. The data came from a linked dataset of English national hospital episode statistics and data from death certification built by the team that developed and manages the Oxford record linkage study. The HES dataset includes records of all inpatient episodes undertaken in NHS trusts in England, including acute hospitals. Information about deaths comes from death certificates held by ONS, which includes information on the date of death. A cohort of hip fracture patients (4260 patients per year in South Central) was identified through OPCS4 operation codes and ICD diagnostic codes. The hospital provider code allowed identification of the 11 hospitals in the region.
Information on hip fracture hospital admissions was obtained from the hospital episode statistics (HES) database. Each record relates to a ‘finished consultant episode’ - the period of time an individual spends under the care of one NHS consultant. Private procedures are excluded from HES as there is no requirement for private hospitals to provide routine data. Mortality data from the office for national statistics (ONS) was linked and extracted using an encrypted patient identifier. 

[bookmark: _Toc308300756][bookmark: _Toc311366563]Patients
All patient episodes containing an ICD10-code indicating hip fracture (S72.0, S72.1, S72.2, S72.9) as the primary diagnosis and with a start date occurring within the study period (1st April 2003 – 31st March 2013) were identified (Figure 4). Hip fracture episodes were excluded if they indicated the patient was under 60 years of age, admitted as a day-case, admitted as a non-emergency or admitted due to trauma such as a transport accident (external cause ICD-10 codes: V01-V99). Hip fracture episodes were excluded if it was indicated the patient had been admitted for any previous hip fracture (regardless of eligibility criteria) anytime between 1st April 1999 and 31st March 2013. Provider codes and treatment site codes were used to identify episodes occurring within the 11 hospitals in the region of interest. 

[bookmark: _Ref423010145][bookmark: _Toc424650317][bookmark: _Toc311366706]Figure 4 Population flow diagram
It is important to establish the laterality of the second vs index hip fracture to avoid double counting the index fracture. Given the ICD-10 codes do not indicate laterality, we used the OPCS Codes from NICE CMG46 201257: W191, W241, Z762+W192, Z762+W193, Z762+W242, Z763+W192, Z763+W193, Z763+W242, W371, W381, W391, W461, W462, W482, W471, W472, W481, W931, W941, W951. Eighty six percent of primary fractures and 79% of second hip fractures had relevant procedure codes.
[bookmark: _Toc308300757][bookmark: _Toc311366564]Outcomes
The primary outcome of interest was time to second hip fracture within 2 years of a primary hip fracture. To ensure this was a separate fracture and not the first fracture recoded we counted second hip fractures only if admitted in a separate ‘continuous inpatient spell’ (CIPS) and at least 30 days after admission for the primary fracture. Secondary outcomes of interest were time to death: i) within 30-days and ii) within 1-year following a primary hip fracture admission, iii) non-hip fractures. 


[bookmark: _Ref423527271][bookmark: _Toc308262406][bookmark: _Toc311366672]Table 11 Regional summary of primary hip fracture admissions, clinical outcomes and time points of change to post-hip fracture care model during the study period (financial years 2003/4 to 2012/13)
	Hospital
	Primary
 Hip Fractures (N)
	Age (years) (mean (SD))
	Gender
 (% female)
	2-year Secondary Hip Fractures
	2-year Major Non-hip Fractures
	30-day Mortality
	1-year Mortality
	Timepoints of change to post-hip fracture model of care

	
	
	
	
	N
	Proportion(%)ⱡ
	N
	Proportion(%)ⱡ
	N
	Proportion(%)ⱡ
	N
	Proportion(%)ⱡ
	Nurse-led FLS
	Orthogeriatrian

	1
	3115
	82.9 (8.3)
	74.8
	146
	5.0
	79
	2.5
	309
	10.6
	949
	31.3
	-
	-

	2
	3943
	82.9 (8.2)
	74.2
	161
	4.4
	59
	1.5
	378
	9.9
	1176
	30.3
	-
	May 2005, Aug 2007

	3
	1858
	82.6 (8.1)
	73.6
	80
	4.2
	50
	2.7
	178
	9.7
	586
	31.2
	-
	-

	4
	2819
	82.9 (8.3)
	75.8
	99
	4.1
	57
	2.0
	242
	9.3
	753
	28.5
	May 2009
	Oct 2006

	5
	1837
	82.8 (8.1)
	73.9
	56
	3.4
	41
	2.2
	154
	8.7
	528
	29.7
	-
	Sept 2009^ §

	6
	1030
	82.7 (8.1)
	73.8
	41
	4.1
	28
	2.7
	60
	5.5
	238
	22.6
	-
	Nov 2005±

	7
	5895
	82.8 (8.2)
	76.6
	206
	3.7
	173
	2.9
	489
	8.8
	1687
	29.2
	June 2007§
	July 2004

	8
	4937
	83.0 (8.1)
	74.3
	191
	4.0
	150
	3.0
	481
	9.7
	1549
	31.7
	-
	March 2009

	9
	1994
	83.1 (8.1)
	75.0
	76
	4.2
	46
	2.3
	194
	9.7
	562
	28.5
	April 2005
	-

	10
	4218
	82.9 (8.3)
	74.1
	154
	4.1
	118
	2.8
	417
	9.9
	1213
	28.9
	May 2006,May 2008
	Nov 2009^ §

	11
	1506
	82.7 (8.2)
	73.9
	78
	5.2
	44
	2.9
	131
	9
	421
	29.1
	-
	-

	Whole
 Region
	33,152
	82.9 (8.2)
	74.8
	1288
	4.2
	845
	2.6
	3033
	9.5
	9662
	29.8
	 
	 


ⱡ Average annual proportion of primary hip fracture patients identified as experiencing outcome of interest within the specified time period calculated using financial years 2003/4-2011/12 (mortality) and 2003/4-2010/11 (secondary hip fracture). Each annual proportion was directly standardised using the age and sex structure of the total primary hip fracture population within each hospital (for hospital specific proportions) and the region as a whole (for whole region proportion). 
^Impact of intervention on hip fracture rate not evaluated due to insufficient post-/pre- intervention data (either owing to another change in service delivery occurring too close to the intervention or the end of study period (given a 1-year lag would need to be used following an intervention to allow it to take effect)).
± Impact of intervention on health outcomes not evaluated within hospital 6 (smallest hospital in the region treating hip fractures) due to high variation in annual primary hip fracture admissions during the study period.
§ Impact of intervention on 1-year mortality rate not evaluated due to significant pre-intervention trend in 1-year mortality rate


[bookmark: _Toc308300758][bookmark: _Toc311366565]Interventions
The primary exposure (‘intervention’) was the implementation within individual hospitals of specific change to the model of post-hip fracture care. Information on the nature and timing of such changes had been obtained through a detailed evaluation of hip fracture services within the 11 hospitals of interest over the last decade, and was carried out prior to data being obtained40. Dates for the introduction or expansion of either an orthogeriatric or FLS model of post-hip fracture care occurring throughout the study period were identified a-priori (Table 11 and Appendix 4).
[bookmark: _Toc308300759][bookmark: _Toc311366566]Confounders
Confounding factors controlled for were age, sex, index of multiple deprivation (IMD) score and Charlson-comorbidity index (none, mild, moderate and severe).
[bookmark: _Toc308300760][bookmark: _Toc311366567]Sample size calculation
1. Interrupted time-series (ITS) analysis. The required sample size is dependent upon: (a) the number of data points available for analysis and (b) the number of observations within each data point. There is no gold standard, but it is generally agreed that the more data points and observations available the better100. A general recommendation is for at least 10 pre and post-intervention data points (Ramsey CR, 2003), but there is a lack of consensus within the literature. The Cochrane Effective Practice and Organisation of Care Review Group (EPOC) review suggest three or more data-points within each section of the time-series, but this would be dependant on the number of observations available101. A minimum of 100 observations at each point of the time series is considered desirable, to achieve an acceptable level of variability of the estimate at each time point102. However this will also depend on the prevalence of outcome being estimated. Hence for rare outcomes such as second hip fracture, numbers required at each time point will be higher than for the more common mortality endpoints.
2. Survival regression models. We used a 2-sided log rank test for equality of survival curves, with 80% power at a 5% level of significance (alpha). In the pre-intervention (control group) we assumed a 1-year mortality rate of 30%, 30-day mortality of 10% and a 2-year second hip fracture rate of 6%. For the mortality outcomes there is no loss to follow up as information on date of death is obtained through linked ONS mortality data, whilst for second hip fracture we allow for 30% loss to follow up due to mortality. The required sample sizes for each outcome were as follows:

a) To detect a 5% absolute difference in 1-year mortality (30% pre-intervention versus 25% post-intervention), equivalent to a hazard ratio of 0.81, the total sample size required is 1214 patients in each group (2428 in total with 683 expected events) assuming equal size groups where the intervention is in the middle of the time series. For an intervention occurring towards the end of the time series, allowing for unequal size groups in a ratio of 4:1, we require 3068 patients in the time period before the intervention, and 1023 in the post-intervention period, with 1186 expected events.
b) To detect a 3% absolute difference in 30-day mortality (10% versus 7%), a hazard ratio of 0.69, assuming equal size groups requires 1356 in each group (a total 2712 patients and 231 events). With unequal size groups in the ratio of 4:1, this is 3514 pre- and 1171 post-intervention (4685 total with 441 events).
c) To detect a 3% absolute difference in second hip fracture (6% versus 3%), a hazard ratio of 0.49, requires 890 in each for equal size groups (1780 total with 68 events). For a 4:1 ratio, 2504 pre-intervention and 835 post-intervention are required (3338 total with 152 events).

[bookmark: _Toc308300761][bookmark: _Toc311366568]Statistical analysis
1. Interrupted time-series. Data were aggregated in the form of age and sex standardised quarterly proportions of each outcome of interest. A segmented linear regression model was specified for each outcome, which divides the time series of biannual proportions into pre- and post- intervention segments whilst controlling for baseline trend: Yt=β0 + β1*timet + β2*interventiont + β3*post_int_timet + et. Here, Yt is the proportion of outcome within timepoint (i.e. 3 monthly period) t. β0 estimates the baseline level of the outcome at the beginning of the timeseries. β1 estimates the pre-intervention trend, β2 the change in level immediately following the intervention and β3 the change in post-intervention trend. A full model was specified which included regression terms for all interventions to be analysed and a final parsimonious model was derived by way of removing non-significant regression terms (P≥0.1) in a process of backward elimination. The presence of autocorrelation was tested using the Durban-Watson test.
As described in the sample size calculation, for the ITS models, there is a balance to be had between the number of pre and post intervention data points, and number of observations available at each time point. Upon initial explorative analyses it was apparent that there statistical power would be limited to conduct segmented linear regression using aggregated quarterly proportions at a hospital level. This was due to the number of observations available at each time point, and being able to estimate this accurately, particularly for rare outcomes like second hip fracture. Also, given that the pre-analysis service evaluation identified multiple interventions for several hospitals, with most occurring toward the end of the time-series, this limited the number of data points available, pre and post intervention. It was decided a before-after impact analysis using time to event data would be more suitable for the primary analysis, as used elsewhere to evaluate the implementation of osteoporosis guidelines98. Furthermore, this allowed adjustment to be made for confounding factors such as sex, age and comorbidities. The results of the time-series analyses are therefore presented as a secondary analysis.
2. Survival regression models Time to second hip fracture was estimated for the time period after each intervention relative to the time period before. Each hospital was analysed separately. Patients were censored on date of the outcome of interest, date of death, date of loss to follow up, or end of study period. Given that a high mortality rate could significantly overestimate the incidence and effect sizes103, the competing risk of death was accounted for using Fine&Gray regression modelling 104.  This specifies a model for the hazard of the sub-distribution, which generates failure events whilst keeping subjects who experience a competing event at risk so they can be included as not having a chance of failing. In the presence of competing risk we focus on the cumulative incidence of an event occurring, and this can be estimated by modelling the subhazard distribution. The regression model produces subhazard ratios (SHR) where a SHR of 1 implies no association, a SHR > 1 an increased cumulative incidence of outcome, and SHR < 1 decreased cumulative incidence. Hence the interpretation is similar to that of the more familiar Cox regression model. The index date for these models was the end date for the primary hip fracture CIPS or 30 days after primary hip fracture admission if the CIPS finished before this time, as defined above. Confounding factors relating to case-mix were adjusted for. It was decided a-priori to exclude primary hip fracture episodes admitted 12 months after an intervention in order to account for any lag in the effect of an orthogeriatrician or FLS appointment on secondary fracture prevention and the fact that bone therapy takes at least 6 months to influence fracture rates. Primary hip fracture episodes starting after 31st March 2011 were not included due to insufficient (i.e less than 2-years) follow-up before the end of the study period. In addition, assessment of linear trend over time was carried out using a piecewise Cox proportional hazards model in which linear splines were fitted to quarterly time points in separate sections of the time series corresponding to before and after intervention dates. The proportional hazards assumption was checked using Schoenfeld residuals.
Fine&Gray survival models were likewise used to evaluate intervention impact on major non-hip fracture (proximal humerus, rib, pelvis, forearm/wrist and spine) within the 2 years following primary hip fracture. Major non-hip fractures were included any time after the date of primary hip fracture.
Evaluation of impact on post-fracture mortality was carried out using a similar approach to above with the use of Cox proportional hazards regression modelling. A lag period of 3 months after each intervention date was used during which primary hip fracture admissions were excluded from analyses as it was expected that interventions may require less time to impact mortality rates than required for establishing better methods for secondary fracture prevention. Primary hip fracture episodes were removed from analyses of 30-day and 1-year mortality if admitted after 31st December 2012 or 31st March 2012 respectively so as to allow for sufficient follow-up before the end of the study period.

A fixed-effects meta-analysis was used to pool estimates of impact on each health outcome under study for orthogeriatric and FLS interventions across hospitals of interest in the region. Estimated impact of interventions with a pre-existing linear trend (P<0.05) for any of the health outcomes under study were not included in the corresponding meta-analysis of that health outcome in order to address the potential bias of secular trend. 

[bookmark: _Toc308300762][bookmark: _Toc311366569]Results
[bookmark: _Toc308300763][bookmark: _Toc311366570]Survival analysis
A total of 33,152 hospital episodes were identified as pertaining to a primary hip fracture. The total number over the study period per hospital of interest ranged from 1030 to 5895. The proportion of female admissions significantly changed over time, decreasing from 78.2% (2003/4) to 72.0% (2012/13). Mean age increased slightly over the study period from 82.7 years (2003/4) to 83.1 years (2012/13). 
Two of the thirteen interventions could not be analysed in relation to time to second hip fracture owing to insufficient pre- or post-intervention follow-up time once a 12-month lag period was introduced. Interventions that were preceded by a significant pre-intervention trend in health outcome were not evaluated in relation to that particular health outcome due to the bias of a pre-existing secular trend likely to be incorporated in such estimates of intervention impact. For this reason two interventions were not evaluated in relation to 1-year post-fracture mortality.

Second Hip fracture
There were 1288 patients identified as sustaining a second hip fracture, at an average annual directly age and sex-standardised proportion of 4.2%. This proportion remained stable throughout the study period (p-trend=0.11), with no significant change in annual rate within any year of follow up. Of the patients identified as having sustained a second hip fracture, 883 (69%) had both procedure and laterality codes for both index and second fracture. For 96% of this subset of patients with known procedure and laterality, the second fracture occurred at the contralateral side to the index fracture, i.e. only 4.4% of these patients sustained a second hip fracture on the same side as the index fracture. 
The sub-hazard ratios (SHRs) from the survival models showed no evidence for an impact on time to second hip fracture (Figure 5) following any of the interventions when analysed separately or when pooled by type of intervention: orthogeriatrician (SHR=0.95 (95% CI: 0.79-1.15) or FLS (SHR=1.03 (95% CI: 0.85-1.26). Analyses of intervention impact on time to second hip fracture remained unchanged when stratified by gender, age (<75 or >=75) or Charlson score (0 or >=1).
Thirty day and one year mortality
The average annualised age and sex-standardised proportion for 30-day and 1-year mortality was 9.5% (n=3033) and 29.8% (n=9663) respectively. Overall, age and sex standardised 30-day mortality declined from 11.8% in 2003/4 to 7.1% in 2011/12 (P-trend<0.001), (Figure 6). When compared to the year 2003, 30-day mortality remained stable until 2005/6 but significantly decreased thereafter. Similarly the age and sex standardised 1-year mortality of 33.1% in 2003/4 remained stable until 2006/7 and thereafter decreased markedly to 26.0% in 2011/12 (overall P-trend<0.001).


[bookmark: _Ref423011609][bookmark: _Toc424650318][bookmark: _Toc311366707]Figure 5 Forest plot of Sub-Hazard Ratios for 2-year second hip fracture, by type of change in service delivery

[bookmark: _Ref423011032][bookmark: _Toc424650319][bookmark: _Toc311366708]Figure 6 - Annual and quarterly regional trends in mortality (30-day and 1-year) and second hip fracture (2-year) after primary hip fracture during the study period

[bookmark: _Ref423011166][bookmark: _Toc424650320][bookmark: _Toc311366709]Figure 7 Forest plot of Hazard Ratios for30-day mortality, by type of change in service delivery

[bookmark: _Ref423011323][bookmark: _Toc424650321][bookmark: _Toc311366710]Figure 8 Forest plot of Hazard Ratios for 1-year mortality, by type of change in service delivery

The pooled estimated impact of introducing an orthogeriatrician on 30-day and 1-year mortality was hazard ratio (HR)=0.73 (95% CI: 0.65-0.82) and HR=0.81 (95% CI: 0.75-0.87) respectively (Figure 7,Figure 8 ). 30-day and 1-year mortality were likewise reduced following the introduction of a FLS: HR=0.80 (95% CI: 0.71-0.91) and HR=0.84 (95% CI: 0.77-0.93) respectively. 
The reductions in mortality were seen whether introducing an orthogeriatric or FLS model of care for the first time or as part of an expansion of an existing service. For example, 1-year mortality was reduced following the appointment of a second orthogeriatrician within hospital 2 in Aug 2007 compared to service delivery during the time with one orthogeriatrician already in post (HR=0.78 (95% CI: 0.67-0.91)). Likewise, adding two extra nurses and a consultant ‘Champion’ for osteoporosis to the FLS model of care in hospital 10 in May 2008 was associated with a further reduction in 1-year mortality (HR=0.76 (95% CI: 0.63-0.92)) compared to the relatively less intensive FLS in place before this intervention (Figure 7).
Non-hip fractures
Overall, 2.8% of index hip fracture patients went on within 2 years to have a major non-hip fragility fracture requiring hospital admission. At a regional level, the rate of subsequent major non-hip fracture after primary hip fracture increased from 1.9% in 2003 to 2.5% in 2009 (p-trend = 0.03) (figure 6). Pooled SHRs indicated no significant impact of either orthogeriatrician or FLS (Figure 9).

[bookmark: _Ref423011869][bookmark: _Toc424650322][bookmark: _Toc311366711]Figure 9 Forest plot of Sub-Hazard Ratios for 2-year major non-hip fracture, by type of change in service delivery 

[bookmark: _Toc308300764][bookmark: _Toc311366571]Interrupted time series analysis
The results of the interrupted time series analysis are presented for the 5 biggest hospitals in the region only due to the limited number of observations available at each time point. Figures 10 and 11 present a visual representation of the quarterly trends in rates of mortality and second hip fracture at each of these individual hospitals. Using a segmented linear regression approach, no interventions were associated with either a step or slope change in 2-year secondary hip fracture (Table 12). For 30-day and 1-year mortality large effect sizes were observed for the estimated step changes, but none reached conventional levels of statistical significance due to limited statistical power.


[bookmark: _Toc311366712]Figure 10 Quarterly regional trends in second hip fracture (2-year) after primary hip fracture during the study period, by hospital

[bookmark: _Toc308262407][bookmark: _Toc311366673]Table 12 Results of segmented linear regression models for second hip fracture outcome for each hospital
	 
	Baseline Trend
	Step change
	Slope change
	Step change
	Slope change
	Step change
	Slope change

	 
	β1
	P-value
	β2
	P-value
	β3
	P-value
	β4
	P-value
	β5
	P-value
	β6
	P-value
	β7
	P-value

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Hospital 10
	 
	
	 
	 
	 
	
	
	 

	a. Full  model
	-0.23
	0.25
	2.12
	0.430
	2.89
	0.590
	-2.61
	0.470
	0.35
	0.530
	 
	
	
	 

	b. Parsimonious model
	<0.01
	0.96
	 
	
	
	 
	 
	
	
	 
	 
	 
	 
	 

	Hospital 8
	 
	 
	 
	 
	
	
	
	

	a. Full  model
	0.04
	0.67
	-0.53
	0.81
	0.16
	0.78
	 
	
	
	 
	
	
	
	

	b. Final model
	0.04
	0.27
	 
	
	
	 
	 
	
	
	 
	
	
	
	

	Hospital 2
	 
	 
	 
	 
	
	
	
	

	a. Full  model
	-0.71
	0.81
	2.99
	0.39
	-0.45
	0.55
	2.08
	0.63
	0.5
	0.47
	
	
	
	

	b. Parsimonious model
	-0.02
	0.69
	 
	
	
	 
	 
	
	
	 
	
	
	
	

	Hospital 7
	 
	 
	 
	 
	
	
	
	

	a. Full  model
	0.11
	0.8
	0.20
	0.95
	-0.37
	0.47
	1.77
	0.39
	0.24
	0.38
	
	
	
	

	b. Parsimonious model
	<0.01
	0.89
	 
	
	
	 
	 
	
	
	 
	
	
	
	

	Hospital 4
	 
	 
	 
	 
	
	
	
	

	a. Full  model
	-0.33
	0.51
	-2.56
	0.57
	0.44
	0.49
	-2.53
	0.51
	0.68
	0.5
	
	
	
	

	b. Parsimonious model
	-0.02
	0.75
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	









[bookmark: _Toc311366713]Figure 11 Quarterly regional trends in mortality (30-day and 1-year) after primary hip fracture during the study period, by hospital

[bookmark: _Toc308262408][bookmark: _Toc311366674]Table 13 Results of segmented linear regression models for 30-day mortality for each hospital
	 
	Baseline
	Intervention 1
	Intervention 2
	Intervention 3

	 
	Baseline Trend
	Step change
	Slope change
	Step change
	Slope change
	Step change
	Slope change

	 
	β1
	P-value
	β2
	P-value
	β3
	P-value
	β4
	P-value
	β5
	P-value
	β6
	P-value
	β7
	P-value

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Hospital 10
	 
	 
	 
	 
	 

	a. Full  model
	0.00
	1.00
	-3.93
	0.23
	0.42
	0.55
	-0.67
	0.89
	-1.52
	0.28
	3.11
	0.54
	1.21
	0.36

	b. Parsimonious model
	-0.14
	<0.001
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Hospital 8
	 
	 
	 
	 
	 

	a. Full  model
	<0.01
	0.98
	-3.75
	0.088
	<0.01
	0.99
	 
	 
	 
	 
	 
	 
	 
	 

	b. Parsimonious model
	<0.01
	0.96
	-3.75
	0.073
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Hospital 2
	 
	 
	 
	 
	 

	a. Full  model
	0.40
	0.42
	-4.84
	0.24
	-0.09
	0.91
	-2.79
	0.45
	-0.49
	0.44
	 
	 
	 
	 

	b. Parsimonious model
	-0.16
	0.001
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Hospital 7
	 
	 
	 
	 
	 

	a. Full  model
	0.7
	0.45
	-4.1
	0.28
	-0.73
	0.45
	2.28
	0.35
	-0.33
	0.34
	 
	 
	 
	 

	b. Parsimonious model
	-0.18
	<0.001
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Hospital 4
	 
	 
	 
	 
	 

	a. Full  model
	-0.49
	0.56
	-1.57
	0.74
	0.73
	0.45
	-4.51
	0.25
	-0.11
	0.86
	 
	 
	 
	 

	b. Parsimonious model
	-0.19
	0.011
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



[bookmark: _Toc308262409][bookmark: _Toc311366675]Table 14 Results of segmented linear regression models for 1-year mortality for each hospital
	 
	Baseline
	Intervention 1
	Intervention 2
	Intervention 3

	 
	Baseline Trend
	Step change
	Slope change
	Step change
	Slope change
	Step change
	Slope change

	 
	β1
	P-value
	β2
	P-value
	β3
	P-value
	β4
	P-value
	β5
	P-value
	β6
	P-value
	β7
	P-value

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Hospital 10
	 
	
	 
	 
	 

	a. Full  model
	0.43
	0.22
	-8.07
	0.10
	0.61
	0.56
	-4.89
	0.48
	-2.76
	0.19
	6.89
	0.36
	2.08
	0.29

	b. Parsimonious model
	-0.13
	0.063
	 
	 
	
	
	
	
	 
	 
	 
	 
	 
	 

	Hospital 8
	 
	 
	 
	 
	

	a. Full  model
	-0.08
	0.72
	-1.64
	0.66
	-0.44
	0.36
	 
	
	
	 
	
	
	
	

	b. Parsimonious model
	-0.31
	0.003
	
	
	
	
	 
	
	
	 
	
	
	
	

	Hospital 2
	 
	 
	 
	 
	

	a. Full  model
	0.74
	0.33
	-6.99
	0.26
	-0.55
	0.65
	-3.05
	0.58
	-0.43
	0.65
	
	
	
	

	b. Parsimonious model
	-0.26
	0.001
	 
	
	
	 
	 
	
	
	 
	
	
	
	

	Hospital 7
	 
	 
	 
	 
	

	a. Full  model
	-0.29
	0.8
	-1.51
	0.75
	0.12
	0.92
	-1.51
	0.62
	-0.06
	0.89
	
	
	
	

	b. Parsimonious model
	-0.32
	<0.001
	 
	
	
	 
	 
	
	
	 
	
	
	
	

	Hospital 4
	 
	 
	 
	 
	

	a. Full  model
	-0.36
	0.79
	-3.02
	0.7
	0.22
	0.89
	2.01
	0.74
	-0.25
	0.79
	
	
	
	

	b. Parsimonious model
	-0.3
	0.01
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	





[bookmark: _Toc308300765][bookmark: _Toc311366572]Discussion
[bookmark: _Toc308300766][bookmark: _Toc311366573]Main findings
Within this study we observed an overall decline in mortality after primary hip fracture across the region as a whole from financial years 2003-2011. Despite this increased survivorship following primary hip fracture, rates of second hip fracture remained relatively stable across the region. It was demonstrated from pooling estimates by intervention type that the introduction and/or expansion of orthogeriatric and FLS models of care was significantly associated with reduced post-hip fracture mortality. An alternative way of expressing this beneficial impact is using the number needed to treat105, which is the number of hip fracture patients needing to be treated following an intervention in order to prevent one excess death compared to service delivery as it was before the intervention. Assuming a pre-intervention survival of 90% at 30-days and using the pooled estimates of intervention impact, the number of patients needed to treat to avoid 1 excess death at 30-days after a service model intervention is 12 and 17 for orthogeriatric and FLS type interventions respectively. However, neither orthogeriatric nor FLS interventions here evaluated, either individually or pooled by type had any significant impact on time to second hip fracture. 

[bookmark: _Toc308300767][bookmark: _Toc311366574]Mortality
We found the average annual proportion of primary hip fracture patients dying within 30-days and 1-year to be 9.5% and 29.8% respectively, which is consistent to previous reports in a similar population106 107. The overall downward trend in mortality after hip fracture here identified between 2003-2011 is also consistent with previous findings108.

The beneficial impact on mortality following the introduction and/or expansion of an orthogeriatric model of care, as found here, is a plausible finding given our knowledge of specific details of changes to models of care identified from the pre-analysis service evaluation. For example, it was reported in hospital 8 that the appointment of an orthogeriatric clinical lead for hip fracture care meant 90% of patients were seen pre-operatively for optimisation for surgery. Likewise the service evaluation identified that the appointment of a second orthogeriatrician in hospital 2 was reported to have led to hip fracture patients being taken to theatre quicker and in better condition. These are likely to be important factors given previous evidence that trauma related complications play a key role in post-hip fracture mortality109, and that earlier surgery is associated with lower risk of death110. A recent study similarly reported that hospitals with orthogeriatric services were found to have significantly lower mortality after hip fracture compared to hospitals without such services91, and findings from randomised controlled trials (RCTs) also demonstrate the benefits of geriatric hip fracture care on delirium111 and mortality112. It should also be noted that later on in Chapter 6 of this report, using national level data from the CPRD database, there was a reduction in 30-day mortality (but not 1-year mortality) between Oct 2007 and Sept 2008 (publication of the BOA blue book and NICE technological appraisal 161). There are hospitals (4, 5, 8 and 10) where interventions occur at around the time of, or after publication of these guidelines. It is possible that in these hospitals, some of the changes made to the service models may be a reflection of the guidance and adherence to them. Our findings are in keeping with the UK NICE clinical guidelines, which recommend orthogeriatric assessment and continued review of patients admitted with hip fracture3 and the British Orthopaedic Association’s publication ‘the care of patients with fragility fracture’ which states that “senior medical input - from a consultant orthogeriatrician… …is now essential in the good care of fragility fracture patients”1.

The reasons for a significant decrease in mortality following the introduction and/or expansion of a FLS model of care are not as clear as for the orthogeriatric model. An environment of better co-ordination of multi-disciplinary care with better communication between staff following the introduction and/or expansion of an FLS is likely to play a role. Also, the comprehensive assessment and inspection of routine bloods and medical history that an osteoporosis nurse specialist carries out may contribute to the identification of secondary diseases and comorbidities. Furthermore, patients receiving Zoledronic acid have previously been shown to be at a reduced risk of death113 , with a much greater reduction than could be solely attributed to lower fracture incidence on treatment114. The mechanisms that mediate the remainder of the drugs effect on mortality are not known114 . Given that treatment recommendation is within the remit of the FLS it may be that this is a contributory factor in the process in reduced long-term mortality. It is also likely that introducing or expanding an FLS entails wider underlying changes to service delivery that could also contribute to the reduction in morality following the implementation of change. Similar to our findings here, implementation of osteoporosis guidelines by a fracture nurse has previously been shown to be associated with a 33%98 115 reduction in post fracture mortality following any index fragility fracture, there prompting the conclusion that measures to prevent fractures also reduce mortality98. 

[bookmark: _Toc308300768][bookmark: _Toc311366575]Second hip fracture
We report here an average annual direct age and sex standardised proportion of 4.2% for second hip fracture within 2 years from a primary hip fracture. This is in accord with previous studies116 117 118, although direct comparisons are difficult due to different lengths of follow-up time used. We found the regional incidence of re-fracture remained stable during the study period (Figure 6), consistent with a recent analysis of trend in second hip fracture in Olmsted County, Minnesota8.

Within this context, the BOA’s publication ‘the care of patients with fragility fracture’ states that the most effective healthcare solution for fracture patients is the FLS, routinely delivered by a Nurse Specialist supported by a lead clinician in osteoporosis1. In a review of coordinator-based systems for secondary fracture prevention, Marsh et al. reported that such systems appeared to be able to overcome barriers to osteoporosis intervention and treatment in fragility fracture patients10. It is surprising therefore to find a null effect on hip re-fracture risk following the introduction or expansion of an orthogeriatric or FLS model of care. One reason may be because of patient’s inadequate adherence to prescribed therapies. During the period of the study, the FLSs analysed focused on identification, investigation and initiation of bone therapy leaving monitoring to primary care services. However, the adherence of patients within the NHS primary care services is poor, at less than 40% by 12 months119. This highlights the importance of incorporating monitoring within the FLS scope to reliably close the secondary prevention care gap. Compounding this issue is that the earliest demonstrated time to anti-osteoporosis treatment efficacy in terms of hip fracture risk reduction is 6-36 months120. Specifically, Zoledronic acid has been shown to reduce clinical fracture risk after hip fracture only after 12 months113. In the present analysis, 35% and 63% of second hip fractures within 2-years occurred within the first 6 and 12 months respectively. This is consistent with the clinical audit of the FLS programme at Glasgow121, and an extraordinarily high risk of early second hip fracture in a large Danish study122. The high rate of early re-fracture combined with the delayed onset of fracture risk reduction associated with therapies recommended or dispensed within the orthogeriatric and FLS models of care here studied may have contributed to our finding of no impact on re-fracture risk. In order to detect whether the interventions had an impact on longer term re-fracture risk, we carried out a post-hoc analysis of second hip fracture risk, where extended follow up was used (where possible) and a time-varying hazards model to focus only on risk in the second and third years after a primary hip fracture. However, no significant changes in pooled estimates were found. Data on treatment initiation and adherence was not available in the HES dataset and therefore this issue could not be further investigated here.
It has been noted that risk of subsequent fracture after hip fracture can be offset by increased post-fracture mortality123, which has elsewhere been used to explain increasing re-fracture trends during 2000-2010124. It is possible this dependency of fracture risk on mortality may be a contributory factor to the lack of beneficial impact on second fracture rate here observed. Given the overall ensuing improvement in survival after the introduction and/or expansion of orthogeriatric and FLS models of care, re-fracture risk would be expected to increase over the period of time from which excess mortality was reduced.
To our knowledge this is the first study to evaluate orthogeriatric or FLS models of care in terms of impact on hip re-fracture rate after hip fracture. Our finding of no impact may seem surprising given the positive results from the Kaiser Southern California Healthy Bones Program (Kaiser SCAL) study93. Kaiser SCAL reported an overall 37% reduction in hip fracture rate associated with the introduction of intensive champion-led multi-disciplinary osteoporosis disease management programmes across 11 medical centres. Key differences in study design between the Kaiser SCAL study and our own may account for the dissimilar findings, notably their consideration of all hip fractures rather than only re-fracture and that the authors estimated the exponential rise in hip fractures for 2006 from observed rates in 1997-9. Furthermore, the Kaiser SCAL programme took place in a highly integrated setting where members received >95% of all medical care at the centres involved in the programme.
Implementation of osteoporosis and fall prevention guidelines has also been reported to be associated with a significant reduction in subsequent fracture risk after a non-vertebral index fragility fracture98. Similarly, fracture patients receiving care within the intervention programme at Concord Repatriation General Hospital (Sydney, Australia) were found to be at 80% reduced risk of subsequent fracture compared to patients electing standard care 26. It is likely however that a proportion of the difference reported reflects selection bias with worse co-morbidities in those who did not attend and better health-seeking behaviour in those that did (95% remained on initial treatment throughout the study period). It is also important to note that these previous analyses considered re-fracture after any index fragility non-vertebral fracture as opposed to our focus on hip fracture.
[bookmark: _Toc308300769][bookmark: _Toc311366576]Strengths and limitations
A major strength of the present analysis is the use of a natural experimental design where each hospital acted as its own control in a before-after impact analysis. The comprehensive nature of the HES database allowed for case mix adjustment to estimates of intervention impact and thereby aiding transparency of such comparisons over the time course through the controlling for age, sex and Charlson comorbidities index. Clinical audit findings provided detailed descriptions of all major changes to service delivery of post-hip fracture care and secondary fracture prevention during the study period in each relevant hospital, enabling the timing and nature of each intervention to be described a-priori. Our definition of primary hip fracture was robust and addressed the possibility of erroneously identifying re-admissions as second hip fractures by only counting second hip fractures sustained in a separate CIPS and after 30 days after the primary admission. 

A main limitation of our analysis is that confounding events coinciding with the interventions of interest here evaluated cannot be ruled out.  We consider this is unlikely given the estimated impact on each health outcome was consistent across hospitals and for interventions that occurred at different time points over the study period. Secular trend may also have introduced bias into impact estimates, however this issue was addressed by excluding from analyses those estimates of impact for interventions that were preceded by a significant trend in the respective health outcome (two estimates of impact on 1-year mortality were hence excluded). While we have pooled service model interventions according to a broad definition of either orthogeriatric or FLS models of care, further aspects of these interventions were subject to variation and were not able to be included, such as processes used to case find, DXA scanning and the undertaking of falls prevention. While such details were not controlled for in analyses, details of each intervention are provided (Appendices 5-8). We were also unable to compare at the patient level, rates of diagnostic testing and medication use. It also needs to be noted that given our concentration on health outcomes after hip fracture in this evaluation, our findings may not reflect the effectiveness of models of care among patients having sustained a non-hip fragility fracture. A limitation is that routine hospital admissions data is collected for administrative rather than research purposes and concerns have been raised over the completeness and accuracy of such data. Lastly, HES data underestimates the total number of admissions by excluding a minority of privately funded procedures, but this unlikely to bias the observed results.  

[bookmark: _Toc308300770][bookmark: _Toc311366577]Conclusions
In conclusion, this study provides evidence that the introduction and/or expansion of orthogeriatric and FLS models of care are associated with a large beneficial effect on subsequent mortality after hip fracture. There was no evidence for a reduction in second hip fracture rate, but the effect on non-hip fracture remains unanswered, as these outcomes cannot be ascertained within the secondary care setting of this study.
[bookmark: _Toc308300771][bookmark: _Toc311366578]Chapter 6 Effect of national guidelines on rates of hip fracture, non-hip fracture and life expectancy using national datasets

[bookmark: _Toc418859302][bookmark: _Toc308300772][bookmark: _Toc311366579]Introduction
[bookmark: _Toc418859304]For patients admitted with a fragility fracture of the hip, there remains wide variation in clinical outcomes including mortality between sites even after case mix adjustment17. The purpose of clinical guidelines is to inform decision making to deliver high value health care across the health care system and minimise deleterious variations. Guidelines are based on evidence and then take into account feasibility, equity and politics to develop policy and national guidance125. In the UK, secondary prevention of fracture is underutilised and widely neglected1. One of the metrics for the success of a guideline is its effect on important clinical outcomes. 
Over the past decade guidance from a number of professional bodies has been published for the management of hip fracture patients (BOA Blue Book1, SIGN14, NICE13 15). NICE technology appraisal guidelines TA160/16113 are related to the effectiveness of bone protection therapy and CG21 falls prevention15. Audits by the National Hip Fracture Database38 and the Royal College of Physicians Audit18 suggests the situation is improving, but still inadequate, such that prior to discharge only 66% of hip fracture patients were on bone protection medication and 81% received a falls assessment38.
[bookmark: _Toc308300773][bookmark: _Toc311366580]Aim 
Using an interrupted time series approach we will examine the effect national guidelines have had on altering trends in re-fracture rates, life expectancy (30-day and 1-year) and proportion of patients taking bone strengthening drugs within 1-year after fracture

[bookmark: _Toc418859305][bookmark: _Toc308300774][bookmark: _Toc311366581]Methods
[bookmark: _Toc308300775][bookmark: _Toc311366582]Data sources
The dataset used for this analysis was extracted from the Clinical Practice Research Database (CPRD), which constitutes computerised medical records for over 8% of the UK population chosen to be representative of the wider UK population. We used linked Office for National Statistics data to obtain information on mortality.
[bookmark: _Toc308300776][bookmark: _Toc311366583]Patients
From the CPRD we identified index hip fracture cases occurring between 1st April 1999 and 31st March 2013 - as defined as patients with no previous hip fracture in the preceding three years. Patients with less than three years from registration into a participating GP practice were therefore not included. A list of the READ codes used is included as Appendix 3. Patients below 50 years of age were excluded, as were patients registered in a GP practice outside England or Wales as we only had ONS data for these countries and the NICE guidelines here evaluated were not implemented in Scotland or Northern Ireland.
[bookmark: _Toc308300777][bookmark: _Toc311366584]Selection of controls:
Each hip fracture case was matched to two control patients without a READ code for a hip fracture on age (within 1 year), sex and GP practice and who were registered at the practice at the index date of the matched patient with hip fracture.
[bookmark: _Toc308300778][bookmark: _Toc311366585]Interventions
The interventions here analysed were key national guidelines published within the study period and were identified prior to statistical analysis. Five specific guidelines were evaluated: NICE clinical guideline 21 (Nov 2004)15, NICE technological appraisal 87 (Jan 2005)33, BOA blue book (Sep 2007)1, NICE technological appraisal 161 (Oct 2008)13 and Best Practice Tariff for inpatient hip fracture care (Apr 2010). The time points of these interventions are displayed in Figure 12.
 (
Figure 
12
 Time points of interest over study period
)

The interventions can be divided into two broad groups, those with a sole pharmacological content and those with service delivery/falls interventions. 
NICE CG 21 focused on assessment and prevention of falls in older people including after fragility fractures of the hip. A number of interventions were recommended including: individualised multifactorial interventions including: strength and balance training, home hazard assessment and intervention; vision assessment and referral and medication review with modifications/ withdrawal in addition to specific interventions when appropriate such as cardiac pacing, education and information giving. NICE TA 87 focused on the clinical thresholds for the use of different pharmacological agents in post –menopausal women who have sustained a clinically apparent osteoporotic fracture. The BOA blue book in 2007 outlined the key standards for the care of hip fracture patients in the acute setting as well as secondary fracture prevention from both the bone health and falls perspectives. NICE TA 161 updated the guidance for TA 87 and included strontium ranelate. The Best Practice Tariff formalised the standards from the Blue Book care during the acute phase and then linked them to changes in reimbursement for Trusts at the patient level. 
[bookmark: _Toc308300779][bookmark: _Toc311366586]Outcomes
Re-fracture
The primary outcome of interest was the proportion of index hip fracture patients sustaining a second hip fracture within 2-years. To reduce the likelihood of identifying a recoding of the primary fracture event, only second hip fracture events occurring after a washout period of 6 months were considered using the same method in chapter 5. A secondary outcome measures was the proportion of index hip fracture patients sustaining a subsequent non-hip major fracture (including fractures of the pelvis, proximal-humerus, rib, spine and wrist/forearm) within 2-years
Mortality
Evaluation was also made on the impact of guidelines on the proportion of index hip fracture patients dying within i) 30-days and ii) within 1-year. The mortality data was linked to the English National Hospital Episode Statistics (HES) data using the national mortality data from 1999 to 2011. Mortality was also modelled as the difference in mortality between index hip fracture patients and matched controls 
Bone strengthening drugs
The proportion of index hip fracture patients initiating bone strengthening drugs within 1-year was modelled among treatment naïve patients (defined as no drug strengthening prescription within the preceding 6 months from index hip fracture date), as was the proportion initiating the same medications within 4 months post-index hip fracture. Bone strengthening drugs included were bisphosphonates, strontium ranelate, teraparatide, denosumab and selective oestrogen receptor modulators. Incident anti-osteoporosis medication use within 1-year was also analysed separately for males and females given the paucity of guidelines for men reflecting the differences in evidence base. As a sensitivity analysis we considered separately the proportion of bisphosphonate naïve index hip fracture patients who received 1 or more bisphosphonate prescription within the time period of i) 2-6 months and ii) 10-14 months post-index hip fracture date.
[bookmark: _Toc308300780][bookmark: _Toc311366587]Statistical analysis
Data were aggregated, separately for cases and controls, in the form of age and sex standardised biannual proportions of each outcome of interest. The national guidelines were evaluated using an interrupted time series analysis102. A segmented linear regression model was specified for each outcome. A full model was specified which included regression terms for all interventions to be analysed and a final parsimonious model was derived by way of removing non-significant regression terms (P≥0.1) in a process of backward elimination. The presence of autocorrelation was tested using the Durban-Watson test. All Durban-Watson statistics were close to the value of 2 and above the lower bound, therefore we accepted the null hypothesis of no autocorrelation.
Owing to insufficient data points between the NICE clinical guideline 21 (Nov 2004) and NICE technological appraisal (Jan 2005), these two interventions were evaluated as one, as were the BOA blue book (Sep 2007) and NICE technological appraisal 161 (Oct 2008) (Figure 12). Aggregated data points between interventions to be evaluated as one were therefore excluded from analyses. In order to minimise the number of data points removed from the time-series, interventions occurring within the first or last month of a six-month period were considered to have occurred at either the beginning or end respectively. Aggregated data-points were not included in analyses of a particular outcome if follow up time before the end of the study period was insufficient.
[bookmark: _Ref423346124]Results
Within the participating GP practices contributing data to the CPRD within England and Wales, we identified 11,243 eligible patients as having sustained an index hip fracture within the study period and 21, 606 controls. Baseline characteristics for these patient groups are reported in Appendicies 5 and 6. Over the 13 years, for both cases and controls there was an increase in the proportion of men with hip fracture and in addition patients became older, with more severe rated co-morbidities and prior bisphosphonate use both ever and in the last 6 months. With the matching, there was little difference in gender and age stratification between cases and controls. However, there was a slightly higher rate of severe level of Charlson co-morbidities and prior bisphosphonates use in the cases vs. the controls. 
Table 15 reports the different outcomes during the study period by calendar year. Among case patients between April 1999 and Sept 2011, 238 (2.3%) suffered a subsequent hip fracture between six months and two years post-index hip fracture. Similarly, 231 (2.3%) of index hip fracture patients sustained a major non-hip fracture within the first full 2 years after the primary event. The averaged proportion of index hip fracture patients initiating bone strengthening therapy within 1-year was 25.7%, with post-index hip fracture mortality was 6.3% at 30-days and 22.6% at 1-year. 
The number of index hip fractures recorded per annum fell from 861 in 1999 to 676 in 2012 (Table 15). When the years 1999-2000 were compared to 2010-2011, the proportion of post-index hip fracture patients who sustained a second hip fracture declined from 2.5 to 1.7%, p=0.17. For the same study years, the proportion of patients sustaining a major non-hip fracture remained the same at 2.3%, p=0.95.
 Post-index hip fracture mortality declined over the course of the study period (1999-2000 compared to 2011-2012), both at 30-days and 1-year, from 7.4 to 4.7% (p=0.002) and from 24.5 to 18.8% (p=0.001) respectively.
As with the trends in prior anti-osteoporosis medication use, amongst treatment naïve index hip fracture patients at baseline the initiation of anti-osteoporosis medication within 12 months increased markedly during the study period (1999-2000 compared to 2011-2012) from 8.1 to 53.9% (p<0.001). It is worth noting the gap between men and women in initiating anti-osteoporosis treatment with relatively fewer men starting any anti-osteoporosis medication by 12 months compared with women, and that this gap increased over time (Figure 13). Although the overall trend was for an increase in incident use of anti-osteoporosis medication post-hip fracture, when analysed in age bands those less than 75 years had the highest proportion at the beginning of the period of observation but by 2012 had the lowest proportion, with those aged 75-84 having the highest proportion (Figure 14).  The overall increase was mainly driven by bisphosphonate prescriptions (Figure 15) – an average of 24.1% of hip fracture cases initiated a bisphosphonate prescription within 12 months of an index hip fracture as opposed to 2.0% initiating a non-bisphosphonate bone-strengthening drug. Indeed, the only other increase in medication use apart from bisphosphonates was seen in Strontium (Figure 15). This increase in bisphosphonate use was itself mainly driven by use of Alendronate (Figure 16). Of interest is that not only did bisphosphonate initiation increase markedly, but amongst treatment naïve hip fracture cases at baseline the prevalence of bisphosphonate use at 10-14 months post-index hip fracture also increased over the study period from less than 5% to over 30% (Figure 17).
[bookmark: _Ref424565179][bookmark: _Toc308262410][bookmark: _Toc311366676]Table 15 Outcomes of interest among cases (primary hip fracture cases)
	Year*
	Index hip fracture
	2nd Hip Fracture
 (2-year)
	Major Non-hip Fracture (2-year)
	Mortality
 (30-day)
	Mortality
 (1-year)
	Incident any anti-OP medication use (1-year)
	Incident non-BP anti-OP medication use (1-year)
	Incident BP use (1 year)
	BP prevalence** (10-14 months)

	
	 
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%

	1999
	861
	19
	2.2
	18
	2.1
	69
	8
	218
	25.3
	47
	5.7
	1
	0.1
	46
	5.5
	30
	3.6

	2000
	859
	24
	2.8
	22
	2.6
	58
	6.8
	203
	23.6
	42
	5.2
	0
	0
	42
	5.2
	30
	3.7

	2001
	834
	20
	2.4
	16
	1.9
	51
	6.1
	170
	20.4
	65
	8.3
	1
	0.1
	64
	8.2
	50
	6.4

	2002
	862
	23
	2.7
	23
	2.7
	70
	8.1
	222
	25.8
	84
	10.5
	1
	0.1
	83
	10.4
	78
	9.8

	2003
	882
	24
	2.7
	18
	2
	64
	7.3
	206
	23.4
	112
	14
	2
	0.3
	112
	13.9
	89
	11.1

	2004
	818
	27
	3.3
	24
	2.9
	56
	6.9
	182
	22.3
	126
	17.1
	3
	0.4
	126
	17.1
	94
	12.7

	2005
	847
	18
	2.1
	17
	2
	69
	8.2
	203
	24
	225
	29.7
	13
	1.7
	213
	28.1
	168
	22.1

	2006
	829
	20
	2.4
	18
	2.2
	54
	6.5
	194
	23.4
	267
	36.9
	19
	2.6
	253
	34.8
	187
	25.7

	2007
	820
	18
	2.2
	15
	1.8
	51
	6.2
	197
	24
	256
	36.4
	17
	2.4
	243
	34.2
	164
	23.1

	2008
	803
	18
	2.2
	20
	2.5
	42
	5.2
	172
	21.4
	290
	42.2
	44
	6.4
	252
	36.4
	177
	25.6

	2009
	758
	9
	1.2
	16
	2.1
	40
	5.3
	180
	23.8
	278
	43.3
	28
	4.4
	254
	39.5
	168
	26.1

	2010
	725
	14
	1.9
	16
	2.2
	26
	3.6
	132
	18.2
	283
	45.9
	25
	4.1
	262
	41.9
	174
	27.8

	2011
	669
	4∧
	1.2∧
	8∧
	2.5∧
	27
	4
	122
	18.2
	292
	50.7
	21
	3.6
	275
	47.3
	190
	32.7

	2012
	676
	 
	 
	 
	 
	36
	5.3
	68∧
	19.8∧
	145∧
	49.2∧
	16∧
	5.4∧
	134∧
	44.8∧
	 
	 

	Overall
	11,243
	238
	2.3
	231
	2.3
	713
	6.3
	2,469
	22.6
	2,513
	25.7
	191
	2.0
	2,359
	24.1
	1,682
	17.2


* financial years; **among treatment naïve patients at baseline; ∧Based on months April-Sept. BP=Bisphosphonate


[bookmark: _Ref424565416][bookmark: _Toc424650324][bookmark: _Toc311366714]Figure 13 Incident anti-osteoporosis medication use stratified by gender


[bookmark: _Ref424565642][bookmark: _Toc424650325][bookmark: _Toc311366715]Figure 14 Incident anti-osteoporosis medication use stratified by age group

[bookmark: _Ref424565656][bookmark: _Toc424650326][bookmark: _Toc311366716]Figure 15 Incident anti-osteoporosis medication use stratified by medication type


[bookmark: _Ref424566095][bookmark: _Toc424650327][bookmark: _Toc311366717]Figure 16 Bisphosphonate use among treatment naïve hip fracture cases at baseline within 12 months, stratified by bisphosphonate type

[bookmark: _Ref424566100][bookmark: _Toc424650328][bookmark: _Toc311366718]Figure 17 Bisphosphonate use among treatment naïve hip fracture cases at baseline, period prevalence between 2-6 and 10-14 months
[bookmark: _Toc308300781][bookmark: _Toc311366588]Segmented linear regression results
For simplicity, the figures referred to below are from the final parsimonious segmented linear regression analyses, with the coefficients reported in Appendix 7. Results are expressed for each intervention in terms of immediate ‘step’ and/or ‘trend’ change in each aggregated outcome measure under study. Estimates from full models with forced inclusion of each intervention are also reported in Appendix 8.
[bookmark: _Toc308300782][bookmark: _Toc311366589]Index hip fracture and re-fracture
The number of primary hip fractures occurring per 6 months between 1999 and 2013 are shown in Figure 18a. When the time series was compared with publication of the guidelines under evaluation, there was a significant trend-change in the number of index hip fractures occurring following the Oct 2004 – Mar 2005 period wherein the NICE guideline 21 and NICE TA 87 were published. Prior to this period the biannual proportions were stable, whereas a post intervention trend of -7.17 (95% CI: -8.75 to -5.6; p<0.001) index hip fractures per six months was detected (Figure 18a). This association was unchanged for aggregated proportions of overall hip fractures (Figure 18b).
Considering re-fracture, an initial stable rate of 2.49% (95% CI: 2.12 – 2.87) was estimated for subsequent hip fracture, although a step-change reduction of -0.95% (95% CI: -1.67 to -0.23; p=0.012) between Oct 2007 and Sept 2008 (publication of the BOA blue book and NICE technological appraisal 161) was found (Figure 19a). This reduction in re-fracture at the hip was not observed for subsequent major non-hip fracture (Figure 19b). There was no evidence associated with any of the other guidelines evaluated for a change in level or trend in biannual proportions (Figure 19a-b).
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18
 
Number (1999/2000
-2012/13
) of a) primary hip fractures and b) overall number of primary and secondary hip fractures
)
Segmented linear regression results
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Figure 
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 a. Post-index date second hip fracture: cases (black) b.Post-index date major non-hip fracture: cases (black) and controls (grey)
)

[bookmark: _Toc308300783][bookmark: _Toc311366590]Mortality
In relation to the guidelines here evaluated, a significant step-change reduction in 30-day mortality occurred of -2.81% (95% CI: -3.73 to -1.85; p=<0.001) between Oct 2007 and Sept 2008 (publication of the BOA blue book and NICE technological appraisal 161) (Figure 20a). Although this step change was not reflected in 1-year mortality following the same publications, a significant reduction in 1-year mortality of -5.56% (95% CI: -7.59 to -3.52; p<0.001) was seen immediately following the introduction of the Best Practice Tariff in April 2010 (Figure 21a). No other step change or trends were found in 30-day or 1-year mortality. When a ‘difference in differences’ analysis was carried out for mortality between cases and controls, the significant reduction in 30-day mortality remained (Figure 20b), as it did for 1-year mortality (Figure 21b), however for the difference in 1-year mortality between cases and controls, there was a trend increase following the Oct 2007 to Sept 2008 period (publication of BOA Blue Book and NICE TA 161) of 0.98% (95% CI: 0.16-1.8; p=0.022) in biannual proportions – that persisted throughout the rest of the study period (Figure 21b).
 (
Figure 
20
:a 
Post index date mortality within 30 days among cases (black) and controls (grey) b) post index date 30 day mortality: difference in differences (black) between cases and controls
)

 (
Figure 
21
: a)  Post index date mortality within 1 year among cases (black) and controls (grey) b) post index date 1 year mortality: difference in differences (black) between cases and controls
)

Bone strengthening drugs
The time series of biannual proportions of treatment naïve index hip fracture patients receiving an incident prescription for a bone strengthening drug in the first year following hip fracture is presented in Figure 20b. This shows an initial upward trend in the proportion receiving such a prescription of 1.1% per six months, with a marked step change of 14.5% (95% CI: 11.1-17.8; p=<0.001) taking place between pre-publication of the NICE clinical guideline 21 (Nov 2004) and post-publication of the NICE technological appraisal 87 (Jan 2005). These publications were also associated with a small increase (0.49% (95% CI: -0.05-1.03; p=0.073)) in the prior upward trend (Figure 20b). Similar estimates in both a trend and step change following these publications were also found in the time series of anti-osteoporosis medication initiation in the first four months after index hip fracture date (Figure 22a).
In analyses of the biannual proportions of patients with at least one bisphosphonate prescription at 10-14 months following index hip fracture, an overall trend increase of 0.96% (95% CI: 0.62-1.27; p<0.001) per six months was detected. Additionally, a step change increase of 8.71% (95% CI: 5.04-12.4; p<0.001) was observed between the pre-publication of the NICE clinical guideline 21 (Nov 2004) and post-publication of the NICE technological appraisal (Jan 2005) (Figure 23). However, a modest step change decrease of -3.79 (95% CI: -7.4- -0.17; p=0.041) was found to occur between Oct 2007 and Sept 2007 (publication of the BOA blue book and NICE technological appraisal 161 (Figure 23). 
When analyses of any anti-osteoporosis medication within 1-year were stratified by sex, the step change increase associated with the time period Oct 2004-Mar 2005 was seen among both males (9.07% (95% CI: 3.68 to 14.5)) and females (15.2% (95% CI: 11.1 to 19.3)) (Appendix 9). Among males however, this time period was also associated with a trend increase of 1.74% (95% CI: 0.94 to 2.53; p<0.001) per six months that was then followed by a step decrease of -7.52% (95% CI: -14.1 to -0.95; p=0.027) following the Oct 2007 to Sept 2008 time period (Appendix 9). Coefficients from full models stratified by sex are also reported in Appendix 10.
A summary of the associations between the guidelines and changes in outcomes from the interrupted time series models is shown in Table 16
[bookmark: _Ref424569010][bookmark: _Toc308262411][bookmark: _Toc311366677]Table 16 Summary of estimated impact of interventions
	Guideline
	Index hip fracture
	Hip re-
fracture
	Non-hip 
re-fracture
	30 day 
mortality
	1 year
mortality
	Prescribing

	 
	 
	 
	 
	 
	 
	 

	NICE 21/ TA 87
	++
	 
	 
	 
	 
	++

	 
	 
	 
	 
	 
	 
	 

	BOA blue book
 / TA 161
	 
	++
	 
	++
	 
	 

	 
	 
	 
	 
	 
	 
	 

	BPT 
	 
	 
	 
	 
	++
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Any anti-
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 medication post-index date among cases (black) and controls (grey) within a) 4 months and b) 12 months
)
Discussion


[bookmark: _Ref424568542][bookmark: _Toc424650334][bookmark: _Toc311366719]Figure 23 Bisphosphonate prescription 10-14 months post-index date for among treatment naïve individuals at baseline among cases (black) and controls (grey)
[bookmark: _Toc308300784][bookmark: _Toc311366591]Discussion
In this analysis, we have been able to demonstrate significant temporal associations with a number of national guidelines suggesting these guidelines have positively impacted on clinical decision-making and then patient outcomes. Of the health outcomes studied, only non-hip re-fractures were not associated with the introduction of guidelines. The guidelines focused on medication choices, standards of inpatient care and falls assessment. 
It was of interest that each outcome was only affected by one guideline. It is unclear how the BOA blue book only affected 30-day mortality while the BPT only affected the 1-year mortality. 
The strengths of this analysis include the use of national data representative of England and Wales, and the use of an interrupted time series approach that controls for baseline level and trend in estimating the intervention impact on each outcome of interest102.
One limitation of the analysis were the fewer than eight data points before or after some interventions as has been suggested elsewhere as a reasonable number for an interrupted time series analysis126. We did however have three or more data-points within each section of the time-series, as is stated as the minimum required for inclusion of an interrupted time series analysis in a Cochrane Effective Practice and Organisation of Care Review Group (EPOC) review101. A major limitation was the need to link a number of interventions that were introduced within a short interval, e.g. NICE CG 21 and TA 87. However, given the scope of NICE CG 21 is focus on falls, it is more likely that the association with prescribing was through NICE TA 87. In addition, during the time of TA 87, the first line anti-osteoporosis medication alendronate became available as a generic medicine and is likely to have contributed significantly to the observed associations with prescribing (Figure 16). While we were able to measure the association of guidelines on the average changes in outcomes, it would be of interest to examine if the timing of the guidelines was also associated with a reduction in variability of outcomes between sites. The use of routinely collected data with no individual validation of fracture events recorded is another limitation of the analysis, however validation of hip and vertebral fracture coding has been carried out previously and been shown to be accurate127.


[bookmark: _Toc308300785][bookmark: _Toc311366592]
Chapter 7 Primary care and hospital care costs for hip fracture patients

[bookmark: _Toc308300786][bookmark: _Toc311366593]Introduction
In this chapter, we report the costs associated with the use of primary and hospital care resources resulting from a hip fracture. The current evidence on the economic burden of hip fracture on the UK health services is limited and outdated. However, it is important to have robust and up-to-date evidence of the economic impact of hip fracture and its main drivers. Such data are essential to inform decisions about changes in health service delivery aimed at achieving greater efficiency and better patient care. Furthermore, such information is key to investment and disinvestment decisions regarding new osteoporosis and hip fracture prevention interventions as these are driven by cost-effectiveness analysis29, where a key input is the long-term cost of hip fracture. Hence, our aim is to use large primary and secondary care administrative datasets to determine primary care and hospital care costs in the year of the hip fracture and following year. 

[bookmark: _Toc308300787][bookmark: _Toc311366594]Aims
Hip fractures are a major public health problem in terms of patient morbidity, mortality and costs to health and social care services. The incidence of hip fracture increases steeply with age due to higher rates of osteoporosis and falls in the ageing population. Hip fractures account for the majority of osteoporotic fragility fractures and for over 40% of the estimated burden of osteoporosis worldwide128. In 2010, there were an estimated 600,000 incident hip fractures in the European Union, costing an estimated €20 billion and accounting for 54% of the total costs of osteoporosis129. In the UK, the annual number of hip fractures is expected to increase from 79,000 to 104,000 by 2025129. Existing estimates of the health and social care costs of hip fractures in the UK range from £2 billion to £3 billion129 130, but UK estimates on hip fracture costs are limited and outdated. Hence, the primary aim of this chapter is to estimate the primary care and hospital care costs of hip fracture up to two years post event for both index fracture and subsequent fracture, using large patient level datasets representative of the UK hip fracture population. Secondly, we compare costs before and after the event to explore the impact of significant co-morbidities in individuals with hip fracture. Finally, we report the main predictors of long-term costs following hip fracture.  

[bookmark: _Toc308300788][bookmark: _Toc311366595]Existing research
We undertook a literature review to identify UK-specific costing studies of hip fracture patients published from 1990 to 1st December 2013. The following databases were searched:  EMBASE, MEDLINE, Global Health, CAB Abstracts, ECONLIT, NHS EED & HTA and Web of Science. Search terms related to hip fracture and costs were used to identify papers of interest in the databases and are available on request from the authors. We subsequently performed a search of the database using terms relating to the UK (UK, United Kingdom, Britain, England, Wales, Scotland, Ireland, NHS and National Health Service). 65 papers were identified, of which 13 presented costs based on patient level data and 52 presented costs citing results from other studies or from national databases of costs (see Figure 24). We focused on the studies reporting costs based on patient level data. Data were extracted from each study using a predefined pro-forma.
We identified four studies published between 2010 and 2013, seven studies published in 2000-2009 and two studies published before 2000. We also found considerable heterogeneity across the studies in terms of study populations (e.g. all hip fractures, hip fractures over 50/60/65/70 years, women only, admitted from care homes), setting (e.g. single hospital, administrative datasets for a region), sample sizes (10 to 2427 patients), types of resource use included (e.g. inpatient care, outpatient care, primary care, community hospital, care home) , time horizon (period over which costs were included) and methods to estimate the costs (e.g. micro-costing, valuing health resource groups (HRGs)). These help explain the significant variability in the reported costs, for example, the reported costs for acute inpatient admission with hip fracture varied from £4,202 to £16,452 (2012/13 prices). 
Focusing on the four more recent studies, Gutierrez et al. (2011)131 reported costs based on 2,427 women aged over 50 years identified in a primary care research database. The time horizon of the analysis was 12 months post hip fracture. The authors reported the costs to be £6,176 in the first year after hip fracture and £5,083 during the acute admission (2012/13 prices).  Sahota et al.(2012)132 estimated costs based on a sample of 100 hip fracture patients admitted from nursing or residential home. The time horizon of analysis was from hospital admission to discharge. Using HRGs to inform the unit costs, these authors reported the acute inpatient stay to cost £7,468 (2012/13 prices). Thakar et al. (2010)133 reported a prospective study that included all hip fractures admitted into a single hospital over a five year period. These authors then compared 144 cases with complications requiring surgery against 288 controls. The time horizon of the costs was from acute admission to hospital discharge including rehabilitation and patients with complications were reported to cost £12,137 compared to £4,202 for patients without complications (2012/13 prices). Finally, Kazi et al. (2011)134 estimate the costs of acute inpatient stay post hip fracture to be £8,654 based on 11 hip fracture admissions to a single hospital (2012/13 prices).
Existent UK data on primary care and hospital care costs associated with hip fractures have several limitations. Hence, there is significant scope to improve the evidence base  by using large primary care and secondary care administrative datasets to estimate short- and long-term costs and resource use using samples that are representative of the hip fracture population and that are large enough to explore in detail potential drivers of costs. 


[bookmark: _Ref423075368][bookmark: _Toc424650335][bookmark: _Toc311366720]Figure 24 PRISMA flow diagram for literature search of patient-level UK costing studies

[bookmark: _Toc308300789][bookmark: _Toc311366596]Methods
[bookmark: _Toc308300790][bookmark: _Toc311366597]Setting and data sources
We used two sets of data sources to estimate the costs associated with a hip fracture. For hospital costs, we used the HES database and for primary costs we used CPRD GOLD (see Chapter 4 for description of data sources). We adopted the same incidence-based approach to identify hip fracture patients in both sets of data and estimate the costs of hip fracture.
HES dataset
Data were obtained from the HES database for a representative region of the UK covering a population of around 4 million people and with 11 NHS hospitals treating fragility fractures. This database captures all hospital NHS patient care, as well as private patients treated in NHS hospitals and care delivered by treatment centres (including private providers) funded by the NHS. It contains anonymised patient administrative information (such as date of admission and discharge, admission method, age, gender, and length of stay), diagnosis (ICD-10) and procedures codes (OPCS-4). We extracted inpatient care data from April 1999 to March 2013, hospital outpatient activity from April 2003 and accident and emergency attendances from April 2007. Deaths were obtained from the linked HES and Office of National Statistics (ONS) mortality database, which captures deaths occurring in and out of hospital. 
CPRD dataset
The CPRD GOLD database contains data on patient consultations entered by the GP, medical history, referrals data, tests and all pharmaceutical prescriptions on the GP system.  The data extracted consisted of patients with a first ever clinical or referral record of hip fracture occurring from 01/01/1999 onwards and with at least three years of GP registration prior to the index date. Hip fracture was identified using pre-defined READ codes (see Appendix 3). The CPRD GOLD dataset was linked to HES and ONS (mortality) records. About 60% of the primary care practices contributing to CPRD have agreed to linkage to the HES and ONS data. When HES data could be linked to CPRD, records consisted of inpatient care data from April 1999 to March 2012.
[bookmark: _Toc308300791][bookmark: _Toc311366598]Study participants
To be consistent, we used the same approach to identify patients with a hip fracture in the HES and CPRD datasets. We searched the hospital finished consultant episodes for patients over 60 years of age who had had an emergency hospital admission with a primary ICD-10 diagnosis code for hip fracture (S72.0-S72.2 S72.9) between April 2003 and March 2013 (HES dataset) and April 2003 and March 2012 (CPRD dataset). We extracted all primary (CPRD) and hospital (HES) records before and after that admission. A number of exclusion criteria were applied to minimise misclassification: 1) day cases were excluded by imposing a condition that patients had to stay at least one night in hospital, unless death occurred in the first 24 hours of admission; 2) individuals who had had a previous hip fracture between April 1999 and March 2003 were excluded to reduce duplicate coding of hip fractures that occurred before the period of analysis but led to repeat hospital admissions due to complications or unresolved sequelae,; 3) patients were also excluded if they had had a hip fracture due to trauma, such as transport accidents identified using ICD-10 codes (V01-V99). 
When estimating hospital costs in the year before and after fracture we included only patients with an index admission after 1 April 2008, to ensure that outpatient and emergency attendances costs would be included. We refer to this set of results as ‘total hospital’ costs and contacts. Conversely, we used the whole HES dataset (April 2003 to April 2013) to report costs due to hospitalisation, critical care and day cases, and benefit from the increased statistical power. We refer to these results as ‘hospitalisation’ costs. When estimating primary care costs, we included only patients that were registered with a GP at the time of index hip fracture admission. 
Second hip fractures were identified using the same approach as for the index fracture. To ensure they were separate fractures and not hospital re-admissions due to adverse effects of the index fracture we counted second hip fractures only if admitted in a separate ‘continuous inpatient spell’ (CIPS) from index admission and at least 30 days after admission for the primary fracture. A CIPS is made up by one or more hospital spells (i.e. time patient stays in one hospital) and is defined as a continuous period of care within the NHS, regardless of any transfers to another hospital. A hospital spell starts with the index admission, involves treatment by one or more consultants (i.e. finished consultant episodes (FCE) and ends when the patient dies or is discharged from hospital.

[bookmark: _Toc308300792][bookmark: _Toc311366599]Primary care costs
Primary care contacts included GP consultations in clinic/surgery, telephone contacts, and out-of-office visits. It also included nurse face-to-face and non-face-to-face contacts and contacts with other community healthcare professionals (e.g. health visitor, physiotherapist). GP and nurse consultations excluded repeat prescriptions where the patient was not seen, notes and reports and laboratory/radiology requests and results. Following previous research135,GPs were identified using the following codes: Senior Partner; Partner;  Associate; Non-commercial local rota of less than 10 GPs; Commercial Deputising service; GP Registrar; Sole Practitioner; and GP Retainer. ]. Nurses were identified using: Practice Nurses; Community based Nurses; Hospital Nurse; School Nurse; and Other Nursing & Midwifery. CPRD records listing administrative staff, such as secretaries, IT staff, practice and fund managers, and receptionists were not counted as a clinical direct contact with the patient and were, therefore, excluded from the costs. Following a previous study136, we only counted one consultation per day if more than was recorded per patient. Primary care contacts and tests were costed using unit costs from national cost databases (see Table 17)137. We excluded from our costs tests that are routinely performed as part of a primary care consultation, such as blood pressure measurement, to avoid double counting. Pharmaceuticals were costed by matching each prescribed medication to a BNF code, moving from the most detailed level (Subparagraph) to the top level (Chapter) until a match was found138.  The number of medications per patient stratified by BNF code were then multiplied by the respective unit costs. The unit costs for each BNF code concerned the net ingredient cost per item prescribed reported in Prescription Cost Analysis139. These were estimated using the average for each BNF level (from Subparagraph to Chapter) using the number of items prescribed as weights. Primary care costs were computed by multiplying the number of contacts/test/prescribed items by their unit costs. Costs per patient were then summed across these different resource categories and aggregated into monthly and annual amounts for the purposes of the analysis.
[bookmark: _Ref423075446][bookmark: _Toc308262412][bookmark: _Toc311366678]Table 17 Primary care unit costs
	
	Unit cost
	Source

	Consultations/contacts:
	
	

	  GP consultation at clinic
	£60
	PSSRU 2013

	  GP consultation in surgery
	£41
	PSSRU 2013

	  GP consultation by telephone
	£25
	PSSRU 2013

	  GP consultation out of office
	£104
	PSSRU 2013

	  Nurse face-to-face consultation
	£38
	Ref Costs 2012-13

	  Nurse non-face to face consultation
	£23
	Ref Costs 2012-13

	  Health visitor/Social worker
	£50
	Ref Costs 2012-13

	  Chiropodist/chiropractor/osteopath
	£42
	Ref Costs 2012-13

	  Physiotherapist
	£50
	Ref Costs 2012-13

	  Dentist
	£115
	Ref Costs 2012-13

	  Dietitian
	£71
	Ref Costs 2012-13

	  Speech therapist
	£89
	Ref Costs 2012-13

	  Other
	£34
	Ref Costs 2012-13

	Tests*:
	
	

	  Haematology
	£3
	Ref Costs 2012-13

	  Clinical biochemistry
	£1
	Ref Costs 2012-13

	  Microbiology
	£7
	Ref Costs 2012-13

	  Cytology
	£17
	Ref Costs 2012-13

	  Immunology
	£5
	Ref Costs 2012-13


* Listing only categories amounting to at least 1% of all recorded tests in the CPRD sample.
[bookmark: _Toc308300793][bookmark: _Toc311366600]Hospital costs
Each FCE in a hospital spell was assigned into a 2012/13 Healthcare Resource Groups (HRG) using standard software140. HRGs consist of standard groups of clinically similar treatments that consume a common set of healthcare resources. All resource use was valued using 2012-13 prices that were obtained from the schedule of reference costs for NHS trusts141. Total costs per patient were aggregated into monthly and annual amounts for the purposes of the analysis.

[bookmark: _Toc308300794][bookmark: _Toc311366601]Statistical analysis
We determined the marginal costs attributable to a hip fracture by comparing costs in the year before and after the index hip fracture. The national total annual primary and hospital costs of hip fracture were determined by multiplying the incidence of hip fracture in the UK (79,243 in 2010) by the estimated costs per hip fracture129. 
The HES database was censored in March 31, 2013, and complete follow up was not available for all cases. Hence, we report total hospital costs for those patients with complete follow-up data at years 1 and 2 following hip fracture and for the whole sample after adjusting for censoring using the methodology developed by Lin et al.142. Costs are reported as means together with their 95% confidence intervals (CIs), obtained from 1000 bootstrap estimates.
Predictors of primary care and hospitalisation costs of hip fracture were estimated using a generalised linear model (GLM). After reviewing the literature, we examined the following predictors of costs in the year of the hip fracture: age at fracture; type of fracture (head and neck: S72.0; pertrochanteric: S72.1; subtrochanteric: S72.2; unspecified: S72.9); gender; Charlson co-morbidity score (complications at fracture and occurring up to 3 years before fracture)143; place of residence pre- and post-fracture (own home or care home: residential or nursing home); occurrence of second hip fracture; history of other osteoporatic major fragility fractures requiring hospitalisation pre- and post hip fracture (spine, wrist, pelvis, rib, humerus and other identified with ICD-10 diagnosis codes: S22, S32, S42, S52.0-S52.3, S22.5 and S22.6); primary hip replacement and revision144; complications of internal orthopaedic devices (ICD-10 code: T84) and infection or haemorrhage following procedure (T81.0 and T81.4); dislocation (M24.3 and M24.4); malunion and non-union of fracture (M84.0-M84.2); periprosthetic fracture (M96.6); other/unspecified postprocedural musculoskeletal disorders (M96.8, M96.9);  sequelae of fractures of the femur (T93.1); hip luxations (S73.0); ethnicity (white and non-white); year of hip fracture; and income deprivation measured by the index of multiple deprivation. We assumed that once a patient moved to a care home they would remain there for the rest of their lives. We only included covariates that had a frequency of at least 100 patients in the samples available. Selection of covariates for the final model included the type of hip fracture and other covariates from the list specified above that were found to be significant and met the inclusion criteria. For hospitalisation costs, a variable was deemed to be statistically significant if p<0.01 to account for the large sample size and 95%CI were reported for easy of comparison with other studies. For primary care costs, a variable was deemed to be statistically significant if p<0.05. The choice of the GLM model family and link functions was informed by the modified Park test and the Box-Cox test, respectively.  Model fit was assessed using Pregibon’s Link test and different family and link functions were compared using Akaike’s information criterion. Univariate analyses in continuous variables were performed using Student t-tests. All analyses were performed using STATA version 12 (StataCorp, College Station, Texas).
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Hospital care dataset
Between April 1, 2003, and March 31, 2013, 33,152 patients were identified as having had a hip fracture. Mean age of the sample was 83 years (SD 8.2) and 75% were female. The majority of the population was of white ethnicity. Baseline characteristics of the study participants are shown in Table 18. Women were older than men (+2.0 years) and less likely to have a history of complications (CCI score of 1.1 vs. 1.7 in men) at index hip fracture.

[bookmark: _Ref423075551][bookmark: _Toc308262413][bookmark: _Toc311366679]Table 18 Baseline characteristics of patient sample informing hospital care costs
	Age, mean  (SD)
	82.7 
	(8.2)

	Type of hip fracture, n (%)
	 
	 

	   Fracture of head and neck of femur
	25,335
	(76.4%)

	   Pertrochanteric fracture
	6,590
	(19.9%)

	   Subtrochanteric fracture
	913
	(2.8%)

	   Unspecified fracture of femur
	315
	(1.0%)

	Males, n (%)
	8,355 
	(25.2%)

	White ethnicity
	31,287
	(98.9%)

	Charlson co-morbidity index, mean (SD)
	1.26
	(1.57)

	History of co-morbidities recorded in previous hospitalisations, n (%) 
	 
	 

	  Dementia
	6,101
	(18.4%)

	  Pulmonary disease
	4,594
	(13.9%)

	  Diabetes
	3,841
	(11.6%)

	Source of admission at index fracture, n (%)
	 
	 

	  Own home
	27,985
	(84.4%)

	  Care home or temporary accommodation
	3,681
	(11.1%)

	  Another hospital
	1,415
	(4.4%)

	  Unknown
	35
	(0.1%)



Primary care dataset
Between April 1, 2003, and March 31, 2012, 4,433 patients were identified as having had a hip fracture in England and in a primary care practice with linkage to the HES and ONS data. These represent 62% of all hip fracture patients identified using the READ codes (see Chapter 6) within the participating GP practices contributing data to the CPRD within England and Wales (n=7155), between April 2003 and March 2012. The majority of the population was of white ethnicity, 82% of the sample were female and the average age was 82.7 years (SD 8.0). Baseline characteristics of the study participants are shown in Table 19. Compared to the patient sample in the hospital care dataset, the proportion of patients with dementia was smaller in the primary care dataset and a higher proportion of patients were admitted from their own home at index fracture.
[bookmark: _Ref423075637][bookmark: _Toc308262414][bookmark: _Toc311366680]Table 19 Baseline characteristics of patient sample informing primary care costs
	Age, mean  (SD)
	82.7 
	(8.0)

	Type of hip fracture, n (%)
	 
	 

	   Fracture of head and neck of femur
	3,197
	(72.1%)

	   Pertrochanteric fracture
	1,081
	(24.4%)

	   Subtrochanteric fracture
	123
	(2.8%)

	   Unspecified fracture of femur
	32
	(0.7%)

	Males, n (%)
	988 
	(22.3%)

	White ethnicity
	3,888
	(87.7%)

	Charlson co-morbidity index, mean (SD)
	1.20
	(1.51)

	History of co-morbidities recorded in previous hospitalisations, n (%) 
	 
	 

	  Dementia
	608
	(13.7%)

	  Pulmonary disease
	649
	(14.6%)

	  Diabetes
	497
	(11.2%)

	Source of admission at index fracture, n (%)
	 
	 

	  Own home
	3,895
	(87.9%)

	  Care home or temporary accommodation
	421
	(9.5%)

	  Another hospital
	114
	(2.8%)

	  Unknown
	3
	(0.1%)



[bookmark: _Toc308300797][bookmark: _Toc311366604]Patient outcomes and hospitalisation costs (HES dataset)
The average follow up of the cohort was 2.6 years (median 1.8 years; SD 2.5) from index hip fracture, during which time 6.6% of patients suffered a second hip fracture (Table 20). Mortality at 30 days and one year was estimated to be 9.4% and 31.2% respectively. After index fracture, the majority of patients were recorded as being discharged to their own home (49%), or transferred to another hospital (23%) or to a care home (18%). 10% of patients died in-hospital during the index admission. The number of patients in a care home increased to 24% after one year of complete follow up. In contrast, after a second hip fracture, 32% of patients were discharged to a care home after hospital discharge, which increased to 40% amongst patients with at least one year of follow up. Hospital re-admissions for any reason with inpatient stay in the year following the index hip fracture totalled 0.9 (median 0, SD 1.4, IQR 0-19) per patient or 1.8 (median 1, SD 1.6, IQR 1-19) per patient re-admitted. Of these re-admissions 57% were emergency admissions and accounted for 18.1 (median 0, SD 35.9, IQR 0-22) additional days in hospital per patient or 37.2 (median 23, SD 43.9, IQR 8-50) additional days per patient re-admitted. About 50% of diagnosis codes in non-emergency inpatient admissions following index admission were hip fracture related.
The hospitalisation costs associated with index admission for primary hip fracture were £8,663 (median £8,049, SD 4605) compared to £8,544 (median £8,049, SD 4112) for the second hip fracture. Length of stay in the index admission was 20.5 (median 14, SD 20.0, IQR 9-307) and 20.8 (median 15, SD 18.8, IQR 9-139) days for primary and second hip fracture, respectively. For patients suffering a subsequent hip fracture (6.6%), the hospital admission following the second hip fracture resulted in significantly higher length of stay (2.0 days, p<0.001, 18.8 vs. 20.8 days) and costs (£406, p<0.001, £8,138 vs. £8,544) relative to the index fracture. Within the first year following primary hip fracture, the total hospitalisation costs were estimated to be £13,826 (median £10,425, SD 11016), of which 75% were due to hip fracture-related admissions (£10,375, median £8,050). The distribution of hospitalisation costs was skewed (see Figure 25) with a small proportion of cases staying in hospital for a whole year incurring very high costs (36 patients had hospitalisation costs above £100,000). Hospitalisation costs and length of stay were highly correlated (Spearman correlation coefficient: 0.82, p<0.001).
Figure 26 reports the hospitalisation costs in the months before and after primary hip fracture. The annual cost in the year of the fracture was estimated to be £10,860 (95% CI: £10,710 to £11,011) higher compared to the previous year. The highest costs occur in the first six months post hip fracture dropping sharply afterwards to pre-fracture levels of expenditure and remaining fairly constant throughout the second year post fracture. The 2-year survivors show a similar pattern of costs relative to all patients. However, while the costs in the second year after hip fracture remain numerically higher than in the year pre-fracture (£112, 95% CI: -£29 to £274) this was not statistically significant.
[bookmark: _Ref423075730][bookmark: _Toc308262415][bookmark: _Toc311366681]Table 20 Patient outcomes and hospitalisation costs after index hip fracture
	Follow up time in years, mean (SD)
	2.6 
	(2.5) 

	Second hip fracture, n (%)
	2,206
	(6.6%)

	   Time to second hip fracture in years, mean (SD)
	2.2 
	(2.0)

	Surgery or implant-related complications1, n (%) 
	
	

	   Within index fracture hospital
	1,015
	(3.1%)

	   Within 1 year of fracture2
	1,942
	(6.4%)

	Hip replacement surgery3, n (%)
	
	

	   Within index fracture hospitalisation
	1,522
	(5.0%)

	   Within 1 year of fracture2
	1,781
	(5.9%)

	Hip revision surgery3, n (%)
	
	

	   Within index fracture admission
	247
	(0.7%)

	   Within 1 year of fracture2
	463
	(1.5%)

	Mortality, n (%)
	
	

	  Within 30 days4 
	3,101
	(9.4%)

	  Within 1 year2 
	9,492
	(31.2%)

	Discharge destination following index fracture admission, n (%)
	 
	 

	  Own home
	16,126
	 (48.6%)

	  Care home or temporary accommodation
	5,957
	 (18.0%)

	  NHS hospital
	7,453
	 (22.5%)

	  Unknown
	371
	 (1.1%)

	  Dead
	3,245
	 (9.8%)

	Care home within 1 year of index fracture2
	7,409
	 (24.4%)

	Total Length of hospital stay within 1 year of fracture2, mean (SD)
	
	

	  Initial hospitalisation 
	20.5
	(20.0)

	  Emergency hospitalisations after discharge
	6.9
	(19.0)

	  Non-emergency hospitalisations after discharge
	11.3
	(28.6)

	  Total 
	38.6
	(41.2)

	Hospital inpatient re-admissions within 1 year of fracture2
	
	

	  Emergency, mean (SD)
	0.5
	(0.9)

	  Non-emergency, mean (SD)
	0.4
	(0.9)

	  Total, mean (SD)
	0.9
	(1.4)

	Initial hospitalisation costs (index admission to discharge)
	
	

	  Primary hip fracture, mean (SD)
	£8,663
	(4605)

	  Second hip fracture, mean (SD)
	£8,544
	(4178)

	Hospitalisation costs within 1 year of fracture2
	
	

	  Emergency-related costs, mean (SD)
	£10,854
	(7268)

	  Non-emergency-related costs , mean (SD)
	£2,972
	(7896)

	  Total, mean (SD)
	£13,826
	11016

	Hip fracture related hospitalisation costs within 1 year of admission2, mean (SD)
	£10,375
	(6962)


1ICD-10 codes T81.0, T81.4 and T84; 2 Cases with complete follow up, including those who died in that year (n=30,430); 3 Using OPCS codes defined by the National Joint Registry [13]; 4 Cases with complete follow up during the 30 days (n=32,989).

[bookmark: _Ref424551547][bookmark: _Toc424650336][bookmark: _Toc311366721]Figure 25 Distribution of hospitalisation costs in the year after primary hip fracture


[bookmark: _Ref423075842][bookmark: _Toc424650337][bookmark: _Toc311366722]Figure 26 Hospitalisation costs in the months before and after primary hip fracture
[bookmark: _Toc308300798][bookmark: _Toc311366605]Patient outcomes and primary care costs (CPRD dataset)
The average follow up of the cohort was 2.5 years (median 1.9; SD 2.3) from index hip fracture, during which time 7.2% of patients suffered a second hip fracture (Table 21). Mortality at 30 days and one year was estimated to be 5.7% and 26.3%, respectively; these were lower than the mortality rates found in the hospital care dataset. After index fracture, the majority of patients were recorded as being discharged to their own home (55%), or transferred to another hospital (19%) or to a care home (19%). The number of patients in a care home increased to 23% after one year of complete follow up. GP contacts in the year of the hip fracture amounted to 8.3 (median 6, SD 9.3) per person, of which 77% were clinic or surgery appointments and the rest were telephone contacts and out-of-office visits. In the same year, 67 (median 43, SD 86.6) medications were prescribed per patient including non-medication items (e.g.  wound management bandages). Excluding non-pharmaceutical items, the most common type of medications were for the cardiovascular system (British National Formulary (BNF) Chapter 2)138 accounting for 33% of all medications, central nervous system (BNF Chapter 4) accounting for 19%, followed by gastro-intestinal (BNF Chapter 1) and nutrition and blood systems (BNF Chapter 9) accounting for 12% each, and endocrine system (BNF Chapter 6) with 10%. 
The primary care costs associated with primary hip fracture were £1,065 (median £660, SD 1798), of which medications and non-pharmaceuticals accounted for £614 (median £248, SD 1586) of the costs and GP contacts accounted for £358 (median £246, SD 409).
Figure 27 reports the primary care costs in the months before and after primary hip fracture. Similar to hospital care, there is an increase in costs before hip fracture with the highest costs occurring in the first six months post hip fracture. Nonetheless, while the costs for all patients in the first year after hip fracture were numerically lower compared to the year pre-fracture (£26, 95% CI: -£102 to £50) this was not statistically significant. However, when we considered only the 2-year survivors we found the costs in the first and second year post hip fracture to be significantly higher than the costs in the year prior to hip fracture. Compared to the year prior to the hip fracture, primary care costs , in patients who were alive 2 years post hip fracture, were £256 (95% CI: £160 to £352) and £273 (95% CI: £167 to £380) higher in the first and second year following hip fracture, respectively. This was mostly led by a significant increase in GP contacts and in the costs of medications and non-pharmaceuticals. 
[bookmark: _Ref423076146][bookmark: _Toc308262416][bookmark: _Toc311366682]Table 21 Patient outcomes and primary care costs after index hip fracture
	
	
	

	Follow up time in years, mean (SD)
	2.5 
	(2.3) 

	Second hip fracture, n (%)
	320
	(7.2%)

	   Time to second hip fracture in years, mean (SD)
	2.0 
	(1.9)

	Mortality, n (%)
	
	

	  Within 30 days 
	252
	(5.7%)

	  Within 1 year
	1,028
	(26.3%)

	Discharge destination following index fracture admission, n (%)
	 
	 

	  Own home
	2,436
	 (55.0%)

	  Care home or temporary accommodation
	855
	 (19.3%)

	  NHS hospital
	835
	 (18.8%)

	  Unknown
	41
	 (0.9%)

	  Dead
	266
	 (6.0%)

	Care home within 1 year of index fracture
	706
	 (22.5%)

	Primary care contacts within 1 year of fracture, mean (SD)
	 
	 

	  GP consultation at clinic/surgery 
	6.5
	(7.2)

	  GP consultation out of office
	0.8
	(2.0)

	  GP telephone contact
	1.1
	(2.5)

	  Nurse contacts (surgery/out of office/telephone)
	0.2
	(0.8)

	  Other healthcare professionals contacts (surgery/out of office/telephone)
	0.6
	(2.1)

	  Medications and non-pharmaceuticals prescribed
	66.8
	(86.6)

	Primary costs within 1 year of fracture1, mean (SD)
	
	

	  GP contacts
	£358
	(409)

	  Contacts with nurse and other healthcare professionals
	£76
	(365)

	  Medications and non-pharmaceuticals
	£614
	(1586)

	  Tests taken
	£111
	(144)

	  Total costs
	£1065
	(1798)


1 Cases with complete follow up, including those who died in that year (n=3910)

[bookmark: _Ref423076198][bookmark: _Toc424650338][bookmark: _Toc311366723]Figure 27 Primary care costs in the months before and after primary hip fracture. 2 year-survivors concerns patients who did not die within 2 years post hip fracture and follow up data were available for this period.
[bookmark: _Toc308300799][bookmark: _Toc311366606]Total hospital costs before and after index fracture
Patients who had a primary hip fracture after 1 April 2008 and complete 1-year follow up (44%, n=14,552) were used to compare hospital resource use and total costs in the years before and after the fracture (Table 22).  In the year of the hip fracture, patients had 1.03 additional hospital admissions (i.e. inpatient stay, day cases and regular day/night attenders) (p<0.001), 27.9 additional hospital inpatient days (p<0.001), 0.54 additional accident and emergency contacts (p<0.001) and 0.01 additional outpatient visits (p<0.001) compared with the previous year. 
Including both outpatient and emergency contacts, the total costs were estimated at £14,264 (95% CI: £14,092-£14,436) in the year of the fracture, of which 96% (£13,635) was due to inpatient stay and critical care. Unadjusted for other covariates, men had significantly higher total hospital costs compared to women (£1,188, p<0.001). Having a hip fracture resulted in additional costs of £10,964 (95% CI: £10,767 to £11,161) compared to the year prior to hip fracture. Adjusting for censoring, the 1-year costs were similar to the complete-case analysis at £14,163 (95% CI: £14,008 to £14,317). The costs in the first two years following hip fracture (2-year) adjusted for censoring were £16,302 (95% CI: £16,097 to £16,515) compared to £16,270 using only the complete cases (n=12,155). 

[bookmark: _Ref423076303][bookmark: _Toc308262417][bookmark: _Toc311366683]Table 22 Resource use and costs in the year prior and after hip fracture (April 2008-May 2013)
	Resource use, annual
	Sample
	Total
	A&E 
	Out-patient care
	Inpatient care
	Length of stay

	Before index fracture
	14,552
	-
	0.71
	3.10
	1.20
	8.29

	
	
	
	
	
	
	

	After, complete cases*
	14,552
	-
	1.26
	3.13
	2.23
	36.14

	
	
	
	
	
	
	

	Difference 
	
	-
	0.54**
	0.03**
	1.03**
	27.85**

	
	
	
	
	
	
	

	Before index fracture
	14,552
	£3,299
	£105
	£295
	£2,899
	-

	
	
	
	
	
	
	

	After, complete cases*
	14,552
	£14,264
	£202
	£297
	£13,765
	-

	
	
	
	
	
	
	

	Difference
	
	£10,964**
(10767 to 11161)
	£96** 
(93 to 101)
	£2
(-9 to 12)
	£10,865** 
(10671 to 11060)
	-

	
	
	
	
	
	
	

	After, censor-adjusted
	17,274
	£14,163
(14008 to 14317)
	£207
(204 to 210)
	£303
(293-313)
	£13,653
(13501 to 13812)
	-


* Complete cases including those who died in given year **P<0.001

[bookmark: _Toc308300800][bookmark: _Toc311366607]Primary care and hospital care costs 1-year and 2-years post index fracture
The primary care and hospital care costs in the first year and second year (conditional on surviving the first year) post hip fracture per sex and age group are reported in Table 23.  The total primary care and hospital care costs in the year of the hip fracture were £15,329, of which £14,264 was due to hospital care and £1,065 were due to primary care. Conditional on surviving the first year, the total primary care and hospital care costs in the second year after the hip fracture were £4,242, of which £3,072 were due to hospital care and £1,170 were due to primary care.
[bookmark: _Ref424553384][bookmark: _Toc308262418][bookmark: _Toc311366684]Table 23 Primary care and hospital care costs 1- and 2-years after hip fracture by gender and age group (complete cases including those who died in given year).
	Resource use, annual
	Primary care costs in year 1
	Hospital costs in year 1
	
	Primary care costs in year 2
	Hospital costs in year 2

	Men
	
	
	
	
	

	All ages
	£1,051
(1708)
	£15,131**
(11349)
	
	£1,252
(1879)
	£3,614**
(7302)

	Age 60-69 years
	£882*
(954)
	£14,659**
(13623)
	
	£821
(1322)
	£3,042
(7022)

	Age 70-79 years
	£1,161
(2085)
	£15,278**
(12628)
	
	£1,279
(1913)
	£3,471
(7248)

	Age 80-89 years
	£1,085
(1765)
	£15,485**
(10637)
	
	£1,420*
(2196)
	£4,058
(7738)

	Age 90 years and over
	£874
(1087)
	£14,210
(9590)
	
	£1,037
(1089)
	£2,848
(5575)


	Women
	
	
	
	
	

	All ages
	£1,069
(1823)
	£13,943
(10311)
	
	£1,149
(2111)
	£2,908
(6905)

	Age 60-69 years
	£1,338
(1730)
	£12,212
(11118)
	
	£1,322
(2062)
	£2,906
(8135)

	Age 70-79 years
	£1,278
(2197)
	£13,830
(10981)
	
	£1,353
(2679)
	£3,032
(6488)

	Age 80-89 years
	£1,065
(1777)
	£14,430
(10294)
	
	£1,101
(2008)
	£2,993
(7325)

	Age 90 years and over
	£830
(1518)
	£13,538
(9389)
	
	£950
(1405)
	£2,519
(5478)


*P<0.05 for men vs women; **P<0.001 for men vs women.
[bookmark: _Ref423076342][bookmark: _Toc308262419][bookmark: _Toc311366685]Table 24 Total primary and hospital care costs in the year of hip fracture in the UK
	
	Total

	Annual incident hip fractures in the UK
	 79,243 

	Annual primary care costs, absolute
	£1,065

	Annual inpatient care costs, absolute
	£13,765

	Annual accident and emergency costs, absolute
	£202

	Annual outpatient care costs, absolute
	£297

	Annual cost per incident hip fracture, absolute
	£15,329

	Total cost, absolute (£ million)
	£1,215



Annual costs of hip fractures in the UK
The total annual costs associated with all incident hip fractures (in the year of hip fracture) in the UK amongst those aged 50 and over (n=79,243) were estimated at £1,215 million (Table 24). 
[bookmark: _Toc308300801][bookmark: _Toc311366608]Predictors of primary care costs in first year following hip fracture
The predictors of hospitalisation costs are shown in Table 25. A Generalised Linear Model (GLM) model with gamma family and identify link function had the best fit. Adjusting for all covariates, there was no statistically significant differences in primary care costs between the types of hip fractures. Costs were inversely associated with age (-£15 per additional year) and positively associated with multiple deprivation, with costs decreasing with more deprived patients. A higher Charlson-comorbidity score at index hip fracture increased primary costs by approximately £131 per additional unit of the Charlson co-morbidity score. 
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	 Variables
	Mean
	Low 95%
	High 95%
	P>z

	Type of hip fracture
	
	
	
	

	  Head and neck
	Reference
	
	
	

	  Pertrochanteric
	-£53
	-£155
	£49
	0.308

	  Subtrochanteric
	£329
	-£111
	£769
	0. 142

	  Unspecified
	-£143
	-£551
	£266
	0.493

	Age at hip fracture (centered on 82 years)
	-£15
	-£21
	-£8
	<0.001

	Year at hip fracture (centered on year 2008)
	£54
	£33
	£74
	<0.001

	Indices of multiple deprivation
	
	
	
	

	  Least deprived (1)
	Reference
	
	
	

	  2
	-£81
	-£221
	£59
	0. 260

	  3
	-£121
	-£263
	-£19
	0.091

	  4
	£6
	-£148
	£161
	0.937

	  Most deprived (5)
	-£165
	-£316
	-£14
	0.032

	Charlson co-morbidity score
	£131
	£86
	£175
	<0.001

	
	
	
	
	

	Constant
	£1065
	£941
	£1188
	<0.001

	
	
	
	
	

	No. of observations
	3899
	
	
	

	Residual degrees of freedom
	3888
	
	
	

	Linktest (p-value for yhat square)
	0.215
	
	
	




[bookmark: _Toc308300802][bookmark: _Toc311366609]Predictors of hospitalisation costs in first year following hip fracture
The predictors of hospitalisation costs are shown in Table 26. A GLM model with gamma family and identify link function had the best fit. Adjusting for all covariates, men had higher hospitalisation costs than women (£910, 95% CI: £679 to £1,141) and higher length of stay (4.5 days). Furthermore, costs were positively associated with age (£45 per additional year) and inversely associated with income, with costs rising with income deprivation. A higher Charlson-comorbidity score at index hip fracture increased hospitalisation costs by approximately £694 per additional unit of the Charlson score. Transiting to a care home for the first time after index fracture was associated with higher hospital costs (£5,583; 95% CI: £5,197 to £5,970) and a longer length of stay (22 days) relative to patients who went back to their previous accommodation, possibly indicating poorer health.
Holding all else constant, having a second hip fracture within the same year as the primary one was associated with an additional £9,198 (95% CI: £8,059 to £10,337) expenditure in hospitalisation costs. Major (non-hip) fragility fractures requiring hospitalisation post hip fracture were also found to be significantly associated with higher hospitalisation costs (£5,705, 95% CI: £4,434 to £6,975). Amongst hip fracture-related complications, surgical complications within and after index admission were the most frequently reported and were associated with higher costs and length of stay (22 and 25 days, respectively) relative to no complications. Periprosthetic fracture was also associated with significantly higher hospitalisation costs relative to patients without this, at £9,569 (95% CI: £6,302 to £12,835). All these cost differences remained significant after adjusting for length of stay. 
Finally, patients who died within 30 days were associated with lower hospitalisation costs (-£4,672; 95% CI: -£4,906 to -£4,437), mostly as a result of lower length of stay than those who survived the first 30 days (mean of 11.3 days vs. 41.9 days). Patients who died after 30 days had higher costs (£2,549; 95% CI: £2,246 to £2,853) than the survivors, again mostly due to a longer length of stay (mean of 53.2 days vs. 38.3 days).  



[bookmark: _Ref423076731][bookmark: _Toc308262421][bookmark: _Toc311366687]Table 26 Predictors of 1-year hospitalisation costs after index hip fracture
	
	Mean
	Low 95% CI
	High 95% CI
	P>z

	Type of hip fracture
	
	
	
	

	  Head and neck
	Reference
	
	
	

	  Pertrochanteric
	-£266
	-£505
	-£28
	0.029

	  Subtrochanteric
	£491
	-£137
	£1119
	0.125

	  Unspecified
	£610
	-£432
	£1653
	0.251

	Gender
	
	
	
	

	  Female
	Reference
	
	
	

	  Male
	£910
	£679
	£1141
	<0.001

	Age at hip fracture (centered on 82 years)
	£47
	£35
	£60
	<0.001

	Year at hip fracture (centered on year 2008)
	-£99
	-£135
	-£63
	<0.001

	Indices of income deprivation (x100)
	£31
	£18
	£45
	<0.001

	Charlson co-morbidity score (up to 3 years prior fracture)
	£695
	£622
	£768
	<0.001

	Death within 30 days of hip fracture
	-£4,672
	-£4906
	-£4437
	<0.001

	Death between 31 days and 1 year 
	£2,549
	£2246
	£2853
	<0.001

	Living in care home before hip fracture
	-£595
	-£896
	-£294
	<0.001

	Moving to care home after hip fracture (new)
	£5,583
	£5197
	£5970
	<0.001

	Second hip fracture
	£9,198
	£8059
	£10337
	<0.001

	Major fragility fracture requiring hospitalisation post hip fracture
	£5,705
	£4434
	£6975
	<0.001

	Surgical complications within index admission1 
	£5,694
	£4849
	£6538
	<0.001

	Surgical complications after discharge from index admission1 
	£10,552
	£10352
	£10753
	<0.001

	Malunion and non-union of fracture2 
	£4,613
	£2396
	£6830
	<0.001

	Periprosthetic fracture3 
	£9,569
	£6302
	£12835
	<0.001

	Hip luxations4
	£14,266
	£7630
	£20902
	<0.001

	Sequelae of fractures of the femur5
	£8,463
	£3545
	£13381
	<0.001

	
	
	
	
	

	Constant
	£10,547
	£10346
	£10748
	<0.001

	
	
	
	
	

	No. of observations
	30282
	
	
	

	Residual degrees of freedom
	30261
	
	
	

	Linktest (p-value for yhat square)
	0.41
	
	
	

	AIC
	20.98
	
	
	



1 ICD-10 codes T81.0, T81.4 and T84; 2  ICD-10 codes M84.9-M84.2; 3 ICD-10 code M96.6; 4 ICD-10 code S73.0; 5 ICD-10 code T93.1   


[bookmark: _Toc308300803][bookmark: _Toc311366610]Conclusion
This chapter presents the immediate and medium-term (up to 2 years) primary care and hospital care costs of hip fracture in a large representative sample of patients in the UK. We also adjusted the costs for healthcare resource use prior to the index fracture, explored the main variables influencing the costs, and estimated the costs of all incident hip fractures in the UK. Furthermore, we found that hip fracture survivors are associated with higher primary care costs compared to the years before hip fracture and that second hip fracture within the first year of index fracture is a major driver of additional hospitalisation costs. 
Although previous studies have reported costs of hip fracture in the UK, few were based on patient-level data or on recent populations. Moreover, previous cost estimates have been mostly informed by studies using small sample sizes (between 10145 and 2427 patients131, and a variety of time horizons from time to initial discharge following acute admission132-134 146  up to 12 months post admission131 145. When the results of these previous studies were inflated to 2012/13 prices, we found considerable variability in the reported 1-year costs after hip fracture, with estimates between £6,176131 and £20,470131 145. However, these studies focused solely on women with hip fractures. Hence, our study contributes significantly to the evidence base regarding hip fractures by identifying and following large populations of hip fracture patients in primary and hospital care up to 2 years before and after the index event. 

The major component of costs in the first year following hip fracture was hospital resource use with primary costs accounting for only 7% (£1,065) of the total costs (£15,329). However, in the second year post hip fracture, the proportion of total costs (£4,242) due to primary care use increased to 28% (£1,170) amongst those who survived the first year. Furthermore, we found primary care costs to increase significantly after hip fracture, among 2-year survivors, making these an important component of hip fracture costs. 
In contrast, we found hospital costs to be high in the first six months after hip fracture, falling thereafter to levels of expenditure similar to the year before fracture. The same cost profile was observed in patients with a second hip fracture, however, initial admission costs were higher in the second fracture compared to the first. Acute hospitalisation costs due to index fracture accounted for 61% (£8,663) of total 1-year costs and these costs were similar between primary and secondary hip fracture, representing about 20 days of inpatient stay. Hospital costs in the year following hip fracture were estimated to be £14,264, representing 36 days of inpatient stay, with the majority of costs being associated with hip fracture related hospitalisations (75%). Furthermore, the 2-year costs at £16,289 show that the majority of costs (88%, £14,269) occur in the year after the index hip fracture. 
Comparing primary and hospital care costs before and after hip fracture showed these to gradually increase in the last 6 months prior to fracture, suggesting a worsening in health that may be associated with the risk of fracture. Such a pattern in costs is consistent with what has been reported in diseases such as stroke147. Also, men incurred higher hospital costs following a hip fracture compared to women, even after adjusting for several covariates. This is of concern as men are more likely to be underdiagnosed and have lower treatment uptake rates for osteoporosis before and after a fragility fracture compared to women36. There was no significant difference in primary care costs in the year of the hip fracture between men and women.
Using the annual number of incident hip fracture cases, we were able to extrapolate our findings to the UK as a whole and estimate the annual impact of all incident hip fractures on primary care and hospital services in the year of the event. This was estimated to be £1,215 million a year and, if incidence is to rise by 32% in 2025129, the costs will increase to £1,604 million a year. Furthermore, given the high marginal annual costs of hip fracture per patient (£10,964), there is a considerable economic incentive to fund research aimed at identifying cost-effective ways of improving the uptake of osteoporosis therapies and the implementation of embedded care pathways across healthcare services to effectively reduce avoidable fractures. Such data would aid decision makers to implement policy decisions at a local and national level. Another major consequence of fragility fractures are the consequent increases in non-health care costs, resulting from the use of social care services, admission to care homes, and provision of unpaid care by friends and relatives148 . Further research is needed to determine these costs for both hip and non-hip fragility fractures.  
The main drivers of first year hospital costs were found to be mostly events related with hip fracture. Having a second hip fracture in the same year as the index fracture was associated with higher costs (£9,198). However, hip fracture related complications or subsequent fractures were not found to be significantly associated with primary care costs. Another interesting finding with implications to economic evaluations concerning hip fracture management concerns the costs associated with mortality following hip fracture. Interventions that can improve survival may result in cost-savings or reduce future consumption of hospital resources.
In addition to the above, we recognise the following limitations. The hospital data were confined to a single region in UK. However, this region has a representative rate of hip fracture cases with similar gender and age distribution as the rest of the UK17. Furthermore, the length of stay of index admission of a hip fracture is similar to that reported across the UK (19 vs. 20 days in 2012)17 and by capturing actual NHS activity our results are strongly generalisable. Although datasets such as HES capture key variables influencing costs of hospital stay such as diagnosis and procedures during episodes of hospitalisation, they are not comprehensive in recording other morbidity and severity measures.  Nonetheless, the validity of the HES dataset in identifying hip fracture cases has been shown to be very high17. Furthermore, the ascertainment of diagnosis and co-morbidities occurs mostly in patients with admitted patient care (inpatient stay or day cases), and a better understanding is required of the reasons for outpatient and emergency contacts. Also, it would have been useful to have linked hospital data with social care records and estimate the costs beyond the healthcare setting. This is, however, very limited with the current administrative datasets in the UK. Hence, despite these limitations, the quality of the primary and hospital care datasets and the large sample sizes allowed us to make robust estimates of the healthcare costs of hip fracture and the impact of patient characteristics such as age, gender and deprivation and hip fracture related complications.
In conclusion, we report the impact of hip fracture on healthcare costs and its predictors in the UK. Our findings highlight the impact of hip fracture and the importance of preventing hip re-fractures. 


[bookmark: _Toc308300804][bookmark: _Toc311366611]Chapter 8 Cost-effectiveness analysis of models of care for secondary prevention of hip fracture

[bookmark: _Toc308300805][bookmark: _Toc311366612]Introduction
In this chapter, we report the cost-effectiveness analysis of the delivery of secondary fracture prevention following index hip fracture in NHS hospitals. No firm evidence or evidence-based consensus exists as to which type of secondary fracture prevention services for hip fracture would be optimal. Hence, the aim is to determine whether introducing an orthogeriatrician (OG) or a FLN, as part of the delivery of secondary fracture prevention services, is cost-effective in the English NHS compared to standard care. The availability of large primary and secondary care administrative datasets allows robust estimation of the impact of the different models of care in terms of morbidity, survival, costs and cost-effectiveness.

[bookmark: _Toc308300806][bookmark: _Toc311366613]Aims
Hip fractures are a major public health problem in terms of morbidity, mortality and healthcare and social care costs. Hip fractures account for the majority of osteoporotic fragility fractures and for over 40% of the estimated burden of osteoporosis worldwide 128. However, half of all hip fracture patients have had a prior fracture and responding to the first fracture is essential to prevent the second. In 2007, guidance on secondary prevention of fragility fractures recommended a comprehensive service consisting of osteoporosis assessment including a dual energy X-ray absorptiometry (DXA) scan to measure bone density if appropriate, treatment with bone protection therapy in osteoporosis patients, falls risk assessment and systems to improve adherence and persistence with therapy1. The 2011 NICE guideline recommended a formal multidisciplinary management of the patients with hip fracture including liaison or integration with services such as primary care, bone health, falls prevention and social services29. The Department of Health recommends a FLS to organise the secondary fracture prevention services to be delivered by a Nurse Specialist supported by a Lead Clinician in osteoporosis. However, despite these recommendations, no firm evidence or evidence-based consensus exists as to which model of secondary prevention care should be mandated across the NHS. As a result, current practice reflects a significant variation across NHS hospital providers in terms of the adoption of FLS and their structure. Therefore, the aim of this work is to determine whether introducing an orthogeriatrician or a FLN for post-hip fracture care in hospital is cost-effective when compared to usual care in the English NHS.

[bookmark: _Toc308300807][bookmark: _Toc311366614]Existing research
Two recently published systematic review assessed the economic evidence concerning the prevention of osteoporotic fractures36. These reviews identified three studies assessing the cost-effectiveness of models of care for the prevention of fractures, one in the UK20, one in Canada94, and one in Australia21.  The three cost-effectiveness studies used decision models (Markov models) to examine the impact of secondary fracture prevention interventions such as: the presence of a hospital osteoporosis case manager and Fracture Liaison services. The main outcome measure used across the three studies was quality-adjusted life years (QALYs) and the time horizon of the analysis varied from 10 years to lifetime. 
The Canadian study by Majumdar et al.94 focused specifically on a hip fracture population and examined the impact of a hospital-based osteoporosis case manager in improving the rates of osteoporosis treatment, compared to usual care. The role of the case manager was to educate patients, arrange bone mineral density tests, provide prescriptions, and communicate with primary care doctors. The time horizon of the analysis was lifetime and the authors report the intervention to be both cost-saving and more effective compared to usual care. However, the model was based on published literature and a small clinical trial of 220 patients followed up for a year. Furthermore, the clinical trial did not evaluate the impact of the intervention in terms of re-fracture rates, quality of life or life expectancy. Rather the trial evaluated, as main outcomes, the receipt of bisphosphonate therapy, BMD testing and appropriate care. Hence, assumptions and published literature were required to link the trial outcomes with the main outcomes of the cost-effectiveness analysis, i.e. Quality of Life Years (QALYs). Furthermore, the clinical trial excluded patients with hip fracture admitted from a care home who are likely to represent a significant proportion of the hip fracture population. 
The Australian study by Cooper et al.21 compared an outpatient-based FLS for patients presenting with a fragility fracture compared to patients treated in primary care (standard care). The FLS involved additional input from a specialist clinic and resulted in increased usage of bone scans, lab investigations and medications compared to primary care. The time horizon of the analysis was 10 years. The authors reported the FLS to be highly cost-effective with an incremental cost-effectiveness ratio below AUD 20,000 per QALY gained compared to standard care (primary care). The model was based on a 4-year prospective observational study of patients with fragility fracture which included a concurrent control group treated in primary care. The observational study informed the clinical effectiveness and the natural history inputs of the decision model. However, the authors were not able to identify the components of the FLS that accounted for its clinical effectiveness. Furthermore, no results were provided for the subgroup of hip fracture patients nor did they extrapolate the findings to lifetime. Another limitation concerns the cost component of the analysis which was informed by a variety of sources such as a burden of illness study, assumptions and the prospective observational study. Also, healthcare costs used in the model included only the treatment of fractures, and excluded other healthcare usage resulting from having a fracture.
The UK study by McLellan et al.20 compared a FLS for the prevention of further fractures with care in the absence of FLS. The FLS consisted of having an osteoporosis nurse identifying low-trauma fracture patients in hospital, educating and inviting them to the fracture risk-assessment clinic where a treatment recommendation was made, if appropriate, on the basis of assessment of future potential fracture risk. The treatment recommendation was endorsed by the lead consultant and sent to the patient’s GP for the initiation of treatment in primary care. The time horizon of the analysis was lifetime. The authors reported the FLS to be more effective and less costly than no FLS. However, there are important limitations to this study. As in the Australian study, no results were provided for a population solely composed by hip fracture patients. Furthermore, although the study was informed by 8 years of audit data collected by the West Glasgow FLS, there was no comparable control group. Hence, the authors had to rely on published literature and assumptions to model the impact of FLS on fractures relative to its absence. The remaining model inputs were also derived from a range of sources and fracture populations, and various assumptions were required to synthesise the data.
Existent cost-effectiveness evidence is limited but seems to suggest that secondary prevention services for fractures can be cost-effective and even cost-saving. Nonetheless, the most cost-effective approach to provide secondary prevention service following hip fractures remains unclear. There is therefore significant scope to bridge this gap by using large primary and secondary care administrative datasets supported by a systematic and detailed characterisation of the services provided across NHS providers. Such a framework should allow the impact of the different components of a FLS to be compared in a robust and precise manner. 

[bookmark: _Toc308300808][bookmark: _Toc311366615]Methods
[bookmark: _Toc308300809][bookmark: _Toc311366616]Interventions under study
We estimated the cost-effectiveness of three models of secondary fracture prevention for all patients with a hip fracture admitted to a NHS hospital:
1) Introduction of an orthogeriatrician (OG) model of post-hip fracture care;
2) Introduction of a fracture liaison nurse (FLN) model of post-hip fracture care;
3) Usual post-hip fracture care (no OG or FLN).
In addition, the cost-effectiveness of these models of care was assessed in patient subgroups in terms of age at hip fracture (60, 70, 80 and 90 years), gender (male or female and Charlson co-morbidity index before hip fracture.

[bookmark: _Toc308300810][bookmark: _Toc311366617]Model structure
A decision analytic model was developed to evaluate the costs, (quality-adjusted) life expectancy and cost-effectiveness of the different models of secondary care hip fracture prevention under evaluation. Given the natural history of hip fracture progression with recursive events, the most appropriate type of model was judged to be a Markov model which was developed in Excel (Microsoft, Redmond, WA). The model was used to simulate the natural history of the hip fracture population across health states representing the history of hip fracture and major non-hip fractures and hospital discharge to the patient’s own home or to a care home. Hence, the following health states were defined (Figure 28, Figure 29):
1) Death within 30 days following first or second hip fracture admission;
2) Second hip fracture;
3) Other major fragility non-hip fractures requiring hospitalisation;
4) History of primary hip fracture;
5) History of major fragility non-hip fractures requiring hospitalisation;
6) History of second hip fracture;
7) History of second hip fracture and major fragility non-hip fractures;
8) Death within year.
The model had three absorbing states: history of second hip fracture and major fragility non-hip fractures (progressing only to death after reaching this state); death within 30 days following hip fracture, and death within year. We assumed that if a patient transited to a care home they would remain there for the rest of their lifetime.

A. 


B: 

[bookmark: _Ref423005973][bookmark: _Toc424650339][bookmark: _Toc311366724]Figure 28 Model structure and health states in the first year of simulation: a. Discharge to care home, b. discharge to own home. 
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[bookmark: _Ref423006107][bookmark: _Toc424650340][bookmark: _Toc311366725]Figure 29 Model structure and health states in the years following the first hip fracture: a. Discharge to care home, b. Discharge to own home.

The model structure and assumptions were informed by the hip fracture, the needs of the decision problem and discussions with clinical experts, health economists, statisticians and epidemiologists involved in the project. This meant that an iterative process was used to define the model structure where the agreed conceptual framework was revisited given the results of the data analysis and new findings in the published literature.  
The time horizon of the analysis was lifetime and the population moved between health states according to defined transition probabilities. A cycle length of one year was considered appropriate given the natural history of hip fracture patients. Half-cycle correction was performed using the lifetable approach149.
The model simulated the transition of a cohort of patients with an index hip fracture through the health states over time, to estimate expected costs and outcomes (Figure 28 and Figure 29). For example, at the start of the simulation, patients with a hip fracture could die within 30 days or be discharged home or to a care home (nursing or residential care home). In the same cycle, patients could then develop a second hip fracture, other major fragility fracture requiring hospitalisation (non-hip such as pelvic, spine, wrist, humerus and rib), have no further events or die (Figure 28). If patients experienced a second hip fracture, they could die within 30 days or, if alive, be discharged to a care home or their own home. In the next cycles, patients were allowed to continue progressing if they had not yet reached an absorbing state (Figure 29). 
Finally, the model adopted the perspective of the NHS and personal social services. All costs and effects were discounted beyond the first year of simulation using an annual discount rate of 3.5%, based on current UK government recommendations. The price year was 2012/2013 and when necessary, costs were adjusted to that year using the UK health sector pay and prices inflation factor.
[bookmark: _Toc308300811][bookmark: _Toc311366618]Data sources
The data sources used to inform the model inputs consisted of: hospital episode statistics (HES) database; clinical practice research database (CPRD GOLD); and published literature. 
HES dataset
The HES database contained all hospital NHS patient care, in the form of ‘finished consultant episodes’, and linked mortality data from the Office of National Statistics (ONS) on 33,152 patients with hip fracture who attended one of the 11 hospitals in a region of England between 1st April 2003 and 31st March 2013. Chapters 5 and Chapter 7 describe the methodology underlying the construction of the HES dataset. Briefly, we identified HES records for all patients over 60 years of age who had had an emergency hospital admission with a primary ICD10 diagnosis code for hip fracture (S72.0-S72.2 S72.9) between April 2003 and March 2013. Patients were excluded if they were day cases, had a previous history of hip fracture or had the hip fracture due to trauma accident. The resulting HES dataset was used to estimate the following model inputs:
1. Time to second hip fracture;
2. Time to major non-hip fragility fracture;
3. Probability of death within 30 days of admission due to hip fracture;
4. Probability of being discharged to a care home after hip fracture;
5. Time to death;
6. Effectiveness of OG and FLN relative to usual care;
7. Hospital costs in the year of hip fracture and subsequent years. 
CPRD dataset
The CPRD GOLD database covered primary care data from 4,433 patients with hip fracture, between 1st April 2003 and 31st March 2012, registered with CPRD GOLD practices and linked with HES and ONS datasets. These patients represent 62% of all hip fracture patients identified using the READ codes (see Chapter 6) within the participating GP practices contributing data to the CPRD within England and Wales (n=7155), between April 2003 and March 2012. Chapter 7 describes the methodology in detail. Briefly, we identified hip fracture patients in the CPRD GOLD dataset using the same criteria as for the HES dataset. About 60% of the primary care practices contributing to CPRD have agreed to linkage to the HES and ONS data. The HES records for which linking to CPRD was possible consisted to admitted patient care data from April 1999 to March 2012. The resulting CPRD GOLD dataset was used to estimate the primary care costs in the year of hip fracture and subsequent years.
[bookmark: _Toc308300812][bookmark: _Toc311366619]Model inputs
Risk equations for second hip fracture, non-hip fragility fracture, all-cause mortality and admission to care home
The HES database was used to develop the risk equations for the following events: second hip fracture, major non-hip fragility fracture, admission to care home (nursing or residential) following hip fracture and death. Major non-hip fracture requiring hospitalisation was defined as spine, wrist, pelvis, rib, humerus or other fragility fractures and identified with ICD-10 diagnosis codes: S22, S32, S42, S52.0-S52.3, S22.5 and S22.6. The criteria followed for identifying hip fractures was also applied to major non-hip fractures, i.e. the relevant ICD-10 codes had to be primary diagnosis, over 60 years of age at fracture, emergency admission and no trauma accident.
The risk equations for second hip fracture and major non-hip fracture consisted of multivariate semi-parametric proportional hazards survival models derived with time to event determined in continuous time from the onset of first hip fracture, using the censor date of death or the date of administrative censoring (31st March 2013). 
The risk equations for all-cause mortality included two logistic models to capture the high mortality in the first 30 days after first and second hip fracture, and a Gompertz proportional hazards survival model for the subsequent years. Time to death was modelled in continuous time, using patient’s current age as time at risk to better extrapolate beyond the observed follow-up period150.
The risk equations to predict the probability of a care home admission (nursing or residential) following hip fracture (first and second) consisted of two logistic models.  Admissions and discharges to a care home were identified in HES using the variables ‘admission source’ and ‘discharge destination’ and the codes for temporary accommodation and nursing/residential home.  We assumed that if a patient had been admitted or discharged to a nursing/residential home at any point they would remain in a care home for the rest of their lifetime. This was to reduce the potential risk of misclassification regarding the admission source. Hence, the estimated equations focused solely on patients who were not in a care home before the hip fracture event and the dependent variable was new admission to a care home. 
The set of candidate covariates for each equation included time-invariant factors (i.e. gender, age and Charlson co-morbidity index at first hip fracture) and time-variant factors such as: occurrence or history of second hip fracture, occurrence or history of major non-hip fracture, and admission from care home or own home.  
The following process was used to estimate the risk equations. First, binary covariates (e.g. gender, history of fracture, admission source, etc.) were only included if they occurred at least 100 times given the large sample size of the dataset. Second, a multivariate model was fitted and all covariates with p>0.3 were discarded. The final model was selected in a backwards stepwise regression at p<0.05. The robustness of the final model specification was tested by performing forwards stepwise regression and varying the p-value in the first step (e.g. p>0.2, p>0.1). The parametric form of the underlying hazard was examined graphically and models were chosen according to the Akaike’s information criterion for exponential, Weibull and Gompertz parametric forms. The proportional hazards assumption was tested using the Schoenfeld residuals151 in Cox models with the same covariates as the parametric ones and the specification of the independent variable was tested using the Pregibon Link test152. Internal validation of the risk equations was performed by comparing the predictions, as cumulative failure, against the observed incidence of events and death, Kaplan-Meier cumulative failure, over the follow up period. Statistical analysis was carried out using STATA v.12.
The mean follow-up time of patients was 2.6 years (SD 2.5) and 84,717 patient-years of data were available to estimate the risk equations. Table 27 reports the number of events available to estimate the risk equations. Table 28 and Table 29 report the fully specified risk equations.
[bookmark: _Ref423076848][bookmark: _Toc308262422][bookmark: _Toc311366688]Table 27 Number of events and average event rates observed in the HES dataset for 33,152 hip fracture patients
	Event
	Total
	Annual event rate*

	Death
	19,084
	0.225

	Second hip fracture
	2,206
	0.026

	Major non-hip fracture
	1,464
	0.017


* Estimated as total divided by total patient-years (84,717)

[bookmark: _Ref423077059][bookmark: _Toc308262423][bookmark: _Toc311366689]Table 28 Risk equations estimating the probability of admission to a care home
	Event
	Care home after 1st hip fracture
	
	Care home after 2nd hip fracture
	

	Patient-years
	24879
	
	1599
	

	Patients
	24879
	
	1599
	

	No of events
	4869
	
	278
	

	Functional form
	Logistic
	
	Logistic
	

	Parameters
	Mean
	SE
	Mean
	SE

	Constant
	-10.490
	1.398
	-4.120
	0.777

	Female
	0.152
	0.040
	
	

	Age at 1st hip fracture
	0.173
	0.034
	
	

	(Age at 1st hip fracture)^2
	-0.0008
	0.0002
	
	

	Age at 2nd hip fracture
	
	
	0.030
	0.009

	CCI score
	0.042
	0.011
	
	

	p>X2
	<0.001
	
	<0.001
	



[bookmark: _Ref423077015][bookmark: _Toc308262424][bookmark: _Toc311366690]Table 29 Risk equations estimating the probability of events and all-cause mortality
	Event
	2nd hip fracture
	
	Non-hip fracture
	
	30-day all-cause mortality after first hip fracture
	
	30-day mortality after second hip fracture
	
	All-cause mortality post 30 days
	

	Patient-years
	59740
	
	60557
	
	32989
	
	2197
	
	62907
	

	Patients
	29888
	
	29888
	
	32989
	
	2197
	
	29888
	

	No of events
	2206
	
	1464
	
	3101
	
	173
	
	13008
	

	Functional form
	Weibull
	
	Weibull
	
	Logistic
	
	Logistic
	
	Gompertz
	

	Parameters
	Mean
	SE
	Mean
	SE
	Mean
	SE
	Mean
	SE
	Mean
	SE

	Constant
	-6.951
	0.244
	-6.867
	0.298
	-8.705
	0.242
	-6.264
	1.014
	-7.471
	0.143

	ρ
	1.099
	0.018
	1.259
	0.024
	
	
	
	
	
	

	γ
	
	
	
	
	
	
	
	
	0.012
	0.005

	Female
	0.117
	0.055
	0.481
	0.077
	-0.505
	0.043
	-0.623
	0.186
	-0.436
	0.020

	Age at 1st hip fracture
	0.042
	0.003
	0.028
	0.004
	0.075
	0.003
	
	
	0.072
	0.002

	Age at 2nd hip fracture
	
	
	
	
	
	
	0.048
	0.012
	
	

	Care home
	
	
	0.451
	0.055
	0.236
	0.057
	0.360
	0.170
	2.092
	0.219

	CCI score
	
	
	
	
	0.269
	0.010
	
	
	0.655
	0.062

	Non-hip fracture
	0.371
	0.117
	
	
	
	
	
	
	
	

	2nd hip fracture
	
	
	0.377
	0.121
	
	
	
	
	
	

	History of non-hip fracture
	
	
	
	
	
	
	
	
	0.152
	0.053

	History of 2nd hip fracture
	
	
	0.286
	0.113
	
	
	
	
	0.246
	0.044

	Age X care home
	
	
	
	
	
	
	
	
	-0.020
	0.003

	Age X CCI
	
	
	
	
	
	
	
	
	-0.006
	0.001

	
	
	
	
	
	
	
	
	
	
	

	p>X2
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001
	


CCI score: Charlson co-morbidity index at hospital admission for primary hip fracture (up to 3 years before); Age X care home: interaction term for age at primary hip fracture and living in a care home; Age X CCI: interaction term for age and CCI score at primary hip fracture.
 


Residential and nursing home
The NHFD reported the discharge destination from all NHS Trust hospitals to be 10.8% to residential care and 10.1% to nursing care in 201317. We multiplied these proportions by the number of hip fracture admissions recorded in that year (n=61,508) and estimated the proportion of patients discharged to a nursing home out of all patients discharged to a care home (48%). We assumed this proportion to apply to all hip fracture patients simulated in the model discharged to a care home. 

Effectiveness of models of care
Chapter 5 describes the statistical analysis to estimate the effectiveness of introducing OG and FLN relative to usual care in terms of:
· 30-day mortality following primary hip fracture
· 1-year mortality following primary hip fracture
· 2-year risk of developing second hip fracture following primary hip fracture
In the base case, we assumed that the effect of the new models of care on mortality relative to usual care would not be felt beyond the first year following the primary hip fracture. We also assumed that there would be no difference between the three models of care regarding mortality after the second hip fracture. However, we assumed that the relative effect on the development of a second hip fracture would be valid only for the first two years post primary hip fracture. These assumptions were explored in sensitivity analysis. The impact of OG and FLN was modelled by converting the transition probabilities into rates (assuming exponential distribution), multiplying the rates by the respective hazard ratios and then converting the resulting rates back into probabilities. Table 30 reports the relative effectiveness estimates used to inform the model. Two sets of effectiveness values were explored. Base case analysis consisted of using the pooled effectiveness estimates associated with introducing an OG or a FLN relative to the usual care that was being provided before (e.g. nothing, FLN or OG). This fits with the remit of the effectiveness work presented in Chapter Y, makes use of all data available and minimises the impact of hospital outliers. In sensitivity analysis, we used effectiveness estimates concerning the comparison of OG or FLN relative to hospitals that had no previous OG or FLN.
[bookmark: _Ref423077129][bookmark: _Toc308262425][bookmark: _Toc311366691]Table 30 Relative effectiveness (hazard ratios) of introducing an orthogeriatrician (OG) or fracture liaison nurse (FLN) compared to usual care
	Pooled estimates (Base case)
	OG 
	95%CI
	
	FLN
	95%CI

	30-day mortality
	0.73
	0.65-0.82
	
	0.80
	0.71-0.91

	1-year mortality
	0.81
	0.75-0.87
	
	0.84
	0.77-0.93

	2-year second hip
	0.95
	0.79-1.15
	
	1.03
	0.85-1.26

	Relative to no previous OG or FLN
	
	
	
	
	

	30-day mortality
	0.79
	0.63-0.99
	
	0.87
	0.61-1.25

	1-year mortality
	0.79
	0.70-0.90
	
	0.74
	0.60-0.91

	2-year second hip
	1.00
	0.73-1.37
	
	1.40
	0.77-2.56



Intervention costs
The costs of introducing an OG or a FLN were estimated using 2012-13 prices. Following clinical advice, a FLN was assumed to work with hip fracture patients at 1 WTE whereas an OG was assumed to work at 0.75 WTE capacity (this is also similar to the average WTE reported across hospitals with an OG - see Chapter 2). The annual costs of an OG and a FLN per hip fracture patient were estimated by multiplying the respective WTE by the total annual costs (salary, salary oncosts, qualification costs, overheads and capital overheads) and dividing these by 450 hip fracture patients (average patients seen per year across the 11 hospitals in the HES dataset with an OG and/or FLN)17  (see Table 31). The intervention of an OG and a FLN was deemed to occur only in the first year post primary hip fracture and, therefore, was not costed in the remaining years of simulation. We assumed that there would be no significant change in resources at hospital level within the primary hip fracture hospital admission due to OG or FLN beyond what was already captured in the HRGs. Hence, any difference in costs between the models of care were assumed to be due to the intervention costs and any additional hip fractures occurring and changes to patient’s longevity. We evaluated the impact of these assumptions in sensitivity analysis.
[bookmark: _Ref423077239][bookmark: _Toc308262426][bookmark: _Toc311366692]Table 31 Costs of introducing an orthogeriatrician or a fracture liaison nurse
	
	Annual costs*
	WTE
	Annual costs
	Per hip fracture patient (450 patients)
	Source

	Fracture liaison nurse (Grade 7)
	£90,078
	1
	£90,078
	£200
	PSSRU 2013

	Orthogeriatrician (Consultant)
	£252,003
	0.75
	£189,002
	£420
	PSSRU 2013


* includes salary, salary oncosts, qualification costs, management and non-staff overheads and capital overheads

Primary care costs
Information on primary care costs was obtained from the 4,433 patients with hip fracture identified in the CPRD database. The methodology used to derive the primary cost dataset is described in Chapter 7. Briefly, we estimated the following cost items: 
· GP consultations in clinic, GP surgery, telephone contacts, out-of-office visits;
· Nurse face to face and non-face to face contacts;
· Other community healthcare professionals contacts (e.g. health visitor, physiotherapist);
· Pharmaceuticals and tests. 
Each primary care contact and test was costed using unit costs from national cost databases (see Table 17)137. Following a previous study136, we only counted one consultation per day. Pharmaceuticals were costed using the number of prescriptions stratified by BNF code138 per patient. The unit costs for each BNF code concerned the net ingredient cost per item prescribed reported in the Health and Social Care Information Centre Prescription Cost Analysis139. 

[bookmark: _Ref423077987][bookmark: _Toc308262427][bookmark: _Toc311366693]Table 32 Primary care cost equations
	
	Year of 1st hip fracture
	
	Subsequent years
	

	Patient-years
	3,910
	
	7,373
	

	No. of patients
	3,910
	
	2,568
	

	Distributional form
	Gamma
	
	Gamma
	

	Link function
	Identity
	
	Identity
	

	Parameters
	Mean
	SE
	Mean
	SE

	Constant
	1251
	39
	1161
	40

	Death within 30 days
	-1197
	52
	
	

	Death within year
	-689
	36
	-437
	52

	Living in care home
	126
	39
	
	

	Major non-hip fracture
	
	
	502
	264



Hospital costs
Information on hospital costs was obtained from 33,152 patients with hip fracture identified in the HES dataset. HES provided details of all admissions and contacts in English hospitals funded by the National Health Service (NHS). We used the same methodology in Chapter 7 to estimate the annual hospitalisation costs for each health state of the model. Briefly, each hospital contact was valued using the 2012/13 HRG English tariff and the annual costs were estimated using a GLM with a gamma distribution, for the relationship between the variance and conditional mean, and a link function. The choice of the GLM model family and link functions was informed by the modified Park test and the Box-Cox test, respectively.  Model fit was assessed using Pregibon’s Link test and different family and link functions were compared using Akaike’s information criterion.  To assess the annual hospital care costs by health state, we included the following predictors: sex; current age; age at hip fracture (first and second); living in a care home (nursing or residential); 30-day mortality following hip fracture; 1-year mortality following hip fracture; second hip fracture; major non-hip fracture requiring hospitalisation; history of second hip fracture; history of major non-hip fracture. Table 33and Table 34 report the cost equations.


[bookmark: _Ref423078107][bookmark: _Toc308262428][bookmark: _Toc311366694]Table 33 Hospital care cost equations
	
	Hospitalisation costs in year of 1st hip fracture
	
	Probability of hospitalisation in the years post 1st hip fracture
	
	Hospitalisation costs in subsequent years (conditional on hospitalisation)
	
	Hospitalisation costs in year of second hip fracture (subsequent years to 1st hip fracture)
	

	Patient-years
	30,430
	
	29,133
	
	10,243
	
	1,166
	

	No. of patients
	30,430
	
	18,213
	
	8,604
	
	1,166
	

	Distributional form
	Gamma
	
	Logistic
	
	Gamma
	
	Gamma
	

	Link function
	Identity
	
	
	
	Identity
	
	Identity
	

	Parameters
	Mean
	SE
	Mean
	SE
	Mean
	SE
	Mean
	SE

	Constant
	11462
	559
	-0.449
	0.029
	10795
	1133
	23206
	3166

	Death within 30 days of hip fracture
	-5110
	129
	
	
	
	
	-3560
	589

	Death within year of hip fracture
	2979
	169
	
	
	
	
	5391
	1091

	Living in care home
	3168
	149
	0.273
	0.030
	2676
	259
	1053
	520

	Age at hip fracture
	24
	7
	
	
	
	
	-108
	36

	Current age
	
	
	
	
	-55
	13
	
	

	Female
	-1265
	129
	-0.328
	0.032
	-1039
	268
	-1908
	762

	Major non hip fracture
	5964
	707
	
	
	
	
	
	

	Second hip fracture
	10017
	635
	
	
	
	
	
	

	History of major non hip fracture
	
	
	0.364
	0.087
	
	
	
	

	History of second hip fracture
	
	
	0.383
	0.069
	993
	472
	
	





[bookmark: _Ref423078114][bookmark: _Toc308262429][bookmark: _Toc311366695]Table 34 Hospital care cost equations (2)
	
	Hospitalisation costs if major fracture occurs (subsequent years to 1st hip fracture)
	
	Probability of hospitalisation given death
	
	Hospitalisation costs if death occurs (conditional on hospitalisation)
	

	Patient-years
	968
	
	9,282
	
	5,404
	

	No. of patients
	899
	
	9,282
	
	5,404
	

	Distributional form
	Gamma
	
	Logistic
	
	Gamma
	

	Link function
	Identity
	
	
	
	Identity
	

	Parameters
	Mean
	SE
	Mean
	SE
	Mean
	SE

	Constant
	11582
	1057
	3.970
	0.269
	19401
	1489

	Living in care home
	2001
	606
	-0.209
	0.043
	896
	235

	Current age
	
	
	-0.038
	0.003
	-144
	17

	Female
	-2953
	1096
	-0.251
	0.053
	
	







Care home costs
The annual costs of institutionalisation in a nursing and residential home were obtained from data published by the Personal Social Services Research Unit137, and estimated at £39,000 per year (£750 per week times 52 weeks) and £27,664 per year (£532 per week times 52 weeks), respectively.

Quality of life in patients with hip fracture
A literature search was conducted to identify studies reporting preference-based quality of life for patients with hip fracture (e.g. EQ-5D, EQVAS, HUI2, HUI3, SF6D, standard gamble, time tradeoff, etc.). The following databases were searched for studies published between 1 Jan 1990 and 1 April 2014: Econlit, Embase, Global Health, Medline, NHS EED HTA, and Web of Science. Literature reviews and reference lists of the papers found in the literature review were also searched for additional studies. Data were extracted from each study using a pro-forma. 
We identified 64 studies reporting preference-based quality of life data in populations with hip fracture (see Figure 30). We synthesised data from studies reporting absolute utility values at different follow up times using a meta-regression approach. These corresponded to 32 populations of hip fracture patients, 187 observations and 21,085 hip fracture patients. Each observation was weighted by the respective sample size divided by the variance of the mean utility value and synthesised using a linear mixed-effects model. The following predictors were examined: follow up time (months), follow up time to the power of 2, and the use of the EQ-5D instrument to elicit the utilities. The resulting model was used to predict the EQ-5D utility values of hip fracture patients at the following time points: onset of the fracture (0.44 at 0 months), 6 months (0.52) and 18 months (0.65) (see Table 35). We assumed changes in the mean utility values between onset of hip fracture and 1 year and 1 year and 2 years post hip fracture to be straight line transitions and, hence, used the predict utility values at the midpoint time periods. We assumed the utility value for the hip fracture population to remain constant after the first year post hip fracture (i.e. 0.65). Finally, we assumed second hip fracture and major non-hip fractures requiring hospitalisation to be associated with the same utility values in the year of the event as those at the onset of hip fracture (0.44). The most common non-hip fractures requiring hospitalisation were pelvic fractures. 




[bookmark: _Ref423078160][bookmark: _Toc308262430][bookmark: _Toc311366696]Table 35 Utility values for hip fracture patients
	Linear mixed-effects model
	
	

	Number of observations
	187
	

	Number of groups
	32
	

	Parameters
	Mean
	SE

	Follow up time (months)
	0.0180
	0.0021

	Follow up time (months^2)
	-0.0003
	0.00006

	EQ-5D
	-0.1912
	0.0881

	Constant
	0.6187
	0.0776

	Random effects (SD)
	0.0000
	

	Prob>X2
	0.0000
	

	Utility predictions
	Mean
	95%CI

	Utility at onset of hip fracture
	0.44
	0.22-0.66

	Utility at 6 months
	0.52
	0.30-0.74

	Utility at 18 months
	0.65
	0.40-0.89



[bookmark: _Ref423078221][bookmark: _Toc424650341][bookmark: _Toc311366726]Figure 30 PRISMA diagram for literature review of preference-based quality of life studies in hip fracture populations
[bookmark: _Toc308300813][bookmark: _Toc311366620]Analysis
A model of care was deemed to be cost-effective if the incremental cost-effectiveness ratio (ICER) was below £30,000 per QALY gained. The ICER was estimated by dividing the difference in mean costs (ΔC) by the difference in mean effects (ΔE) (life years and QALYs) for a given model of care compared to its next best alternative. As more than two models of care were compared, to facilitate the identification of the most cost-effective option we used the net benefit framework153. This consists of estimating the Net Monetary Benefit (NMB) of each model of care:
NMB=E x λ – C
Where E and C represent the mean effects (QALYs and LYs) and costs, respectively, for a given model of care and λ represents the maximum willingness to pay per unit of effect (i.e. £30,000 per QALY gained). The most cost-effective model of care is identified as being the one with the highest NMB. Finally, the internal validity of the model was checked using sensitivity analysis (extreme values) and by comparing the model outputs with the data used to build the model. 
[bookmark: _Toc308300814][bookmark: _Toc311366621]Sensitivity and uncertainty analysis
Model parameters and structural assumptions were evaluated in one-way and probabilistic sensitivity analysis. The key uncertainties in the model structure were identified during the discussions for the conceptual framework. The distributions for the regression coefficients informing the several models described above were obtained by bootstrapping the sample and re-estimating the regression models. This ensured the correlation between coefficients to be fully captured. The choice of distributions used for the remaining parameters was made according to recommended practice154. Relative effectiveness measures (i.e. hazard ratios) were modelled using a lognormal distribution. Parameters concerning proportions/probabilities were modelled using beta distributions. 

A Cost-Effectiveness Acceptability Curve (CEAC) was constructed155  using the NMB results and analysis of covariance methods (ANCOVA) were used to determine the proportion of variance in the incremental costs and QALYs saved explained by parameter uncertainty154. Finally, the overall contribution of the model inputs to the decision uncertainty was explored using the Expected Value of Perfect Information (EVPI). The EVPI per patient was estimated non-parametrically154. 
The EVPI for the total population who stand to benefit from reducing the decision uncertainty was also estimated. This required information on the period over which information about the decision will be useful, T, (5, 10 and 15 year scenarios), and the number of hip fractures in England, Pt,
EVPI for the population = EVPI x 
Where Pt was 70,000 in England and the discount rate used, r, was 3.5%.
[bookmark: _Toc308300815][bookmark: _Toc311366622]Results
[bookmark: _Toc308300816][bookmark: _Toc311366623]Representative patient
Two cohorts of 1,000 identical men and women were used to simulate a representative patient aged 83 years at hip fracture, with an average pre-admission Charlson-comorbidity score of 1.2 and living in their own home before the fracture.
For our male cohort, the introduction of an OG and a FLN would result in a reduction of 26 (95% CI: 17-34) and 19 (95% CI: 9-28) deaths within 30 days of primary hip fracture, respectively, compared to usual care (Table 36). Within 1-year of primary hip fracture, the reduction in deaths by introducing an OG and a FLN, compared to usual care, were 58 (95% CI: 42-71) and 46 (95% CI: 27-63), respectively. Over the lifetime of the cohort, when compared to usual care, there would be an increase of 0.18 (95% CI: 0.14-0.22) and 0.14 (95% CI: 0.09-0.19) life years (undiscounted) spent in their own home if an OG or a FLN were to be introduced, respectively. 
For our female cohort, the introduction of an OG and a FLN would result in a reduction of 16 (95% CI: 11-22) and 12 (95% CI: 5-18) deaths within 30 days of primary hip fracture, respectively, compared to usual care (Table 37). Within 1-year of primary hip fracture, the reduction in deaths by introducing an OG and a FLN, compared to usual care, were 42 (95% CI: 31-52) and 33 (95% CI: 20-46), respectively. Over the lifetime of the cohort, when compared to usual care, there would be an increase of 0.17 (95% CI: 0.13-0.22) and 0.13 (95% CI: 0.08-0.19) life years (undiscounted) spent in their own home if an OG or a FLN were to be introduced, respectively.
Due to better survival, the number of second hip fractures and major non-hip fractures were higher with the introduction of an OG or a FLN, compared to usual care, in both the female and male cohorts (Table 36 and Table 37).


[bookmark: _Ref423078298][bookmark: _Toc308262431][bookmark: _Toc311366697]Table 36 Number of events occurring over the lifetime of a cohort of 1,000 men with hip fracture
	
	Usual care
	Fracture liaison nurse
	Ortho-geriatrician

	Deaths within 30 days of primary hip fracture
	115
	96
	89

	Deaths within 1-year of primary hip fracture
	322
	275
	264

	Second hip fracture
	107
	115
	113

	Major non hip fractures requiring hospitalisation
	55
	58
	59

	Life years in a care home*
	0.40
	0.43
	0.43

	Life years in own home*
	2.51
	2.65
	2.69


* Not discounted
[bookmark: _Ref423078306][bookmark: _Toc308262432][bookmark: _Toc311366698]Table 37 Number of events occurring over the lifetime of a cohort of 1,000 women with hip fracture
	
	Usual care
	Fracture liaison nurse
	Ortho-geriatrician

	Deaths within 30 days of primary hip fracture
	77
	64
	60

	Deaths within 1-year of primary hip fracture
	221
	187
	179

	Second hip fracture
	171
	179
	177

	Major non hip fractures requiring hospitalisation
	132
	137
	138

	Life years in a care home*
	0.72
	0.76
	0.76

	Life years in own home*
	3.67
	3.81
	3.85


* Not discounted
The average discounted hospital cost per male patient was £23,825 with an orthogeriatrician, compared with £23,690 and £23,037 with a FLN and usual care. Mean primary care costs associated with an orthogeriatrician were also higher, £3,523, than FLN and usual care (£3,469 and £3,275, respectively). Mean care home costs were also higher if an OG was introduced (£13,946) compared to having a FLN (£13,710) or usual care (£12,789). Combining all health and social care costs included in the model, mean discounted costs were £41,714 when an orthogeriatrician is introduced, £41,068 when a FLN is introduced and £39,101 for standard care (Table 38). The discounted average QALYs gained by male patients were 1.74 with an OG, 1.72 with a FLN and 1.62 with usual care. 
[bookmark: _Ref423078368]For our female cohort, the average discounted hospital cost per patient was £24,463 with an orthogeriatrician, compared with £24,372 and £23,881 with a FLN and usual care. As with male patients, the average primary care costs associated with an orthogeriatrician were higher, £4,947, compared to FLN and usual care (£4,895 and £4,716, respectively). Mean care home costs were considerably higher compared to male patients and introducing an OG was associated with highest costs (£23,274) compared to a FLN (£23,006) or usual care (£21,976). Combining all health and social care costs included in the model, mean discounted costs were £53,104 when an orthogeriatrician is introduced, £52,472 when a FLN is introduced and £50,573 if usual care is provided (Table 38). The discounted average QALYs gained by female patients were 2.50 with an OG, 2.48 with a FLN and 2.38 with usual care.
[bookmark: _Ref424559713][bookmark: _Toc308262433][bookmark: _Toc311366699]Table 38 Mean discounted costs and outcomes of the differing models of secondary prevention care
	Male cohort
	Usual care
	Fracture liaison nurse
	Orthogeriatrician

	Total costs
	£39,101
(£37,798-£40,514)
	£41,068
(£39,530-£42,623)
	£41,714
(£40,265-£43,262)

	Intervention 
	0
	£200
	£420

	Hospital care
	£23,037
	£23,690
	£23,825

	Primary care 
	£3,275
	£3,469
	£3,523

	Care home
	£12,789
	£13,710
	£13,946

	Total Life years
	2.68
(2.56-2.79)
	2.83
(2.70-2.96)
	2.88
(2.75-3.00)

	Total QALYs
	1.62
(1.54-1.70)
	1.72
(1.64- 1.80)
	1.74
(1.66-1.83)

	Female cohort
	
	
	

	Total costs
	£50,573
(£49,226-£52,276)
	£52,472
(£50,935-£54,340)
	£53,104
(£51,559-£54,974)

	Intervention 
	0
	£200
	£420

	Hospital care
	£23,881
	£24,372
	£24,463

	Primary care 
	£4,716
	£4,895
	£4,947

	Care home
	£21,976
	£23,006
	£23,274

	Total Life years
	3.89
(3.77-4.03)
	4.04
(3.91-4.19)
	4.08
(3.95- 4.24)

	Total QALYs
	2.38
(2.29-2.48)
	2.48
(2.38-2.58)
	2.50
(2.40- 2.61)



After combining costs and outcomes in an incremental cost-effectiveness analysis, and at a £30,000 per QALY threshold, the most cost-effective model of care was introducing an orthogeriatrician (Table 39). The probability of adding an OG being the most cost-effective option at £30,000/QALY was estimated to about 70% across both sexes. 
[bookmark: _Ref423078422][bookmark: _Toc308262434][bookmark: _Toc311366700]Table 39 Cost-effectiveness of the differing models of secondary prevention care of hip fractures
	Male cohort
	Difference in costs
	Difference in LYs
	Difference in QALYs
	ICER (£/LY)
	ICER (£/QALY)
	Prob that is the most cost-effective at £30,000/ QALY

	Usual care
	-
	-
	-
	-
	-
	0%

	Fracture liaison nurse vs. usual care
	£1,967(1266 to 2592)
	0.157
(0.096 to 0.215)
	0.097
(0.057 to 0.133)
	£12,492
	£20,302
	30%

	Orthogeriatrician vs. fracture liaison nurse
	£646
(-132 to 1503)
	0.044
(-0.026 to 0.125)
	0.028
(-0.016 to 0.078)
	£14,640
	£23,271
	70%

	Female cohort
	
	
	
	
	
	

	Usual care
	-
	-
	-
	-
	-
	0%

	Fracture liaison nurse vs. usual care
	£1,899
(1272 to 2515)
	0.148
(0.092 to 0.204)

	0.091
(0.056 to 0.127)

	£12,871
	£20,794
	30%

	Orthogeriatrician vs. fracture liaison nurse
	£632
(-125 to 1443)
	0.043
(-0.026 to 0.119)

	0.027
(-0.017 to 0.075)

	£14,683
	£23,189
	70%



Figure 31 reports the CEAC and EVPI per female patient associated with the different models of care. The population EVPI over 5 years was estimated to be £23 million at the £30,000 per QALY gained threshold. This suggests that undertaking additional major commissioned research work to further reduce decision uncertainty is likely to be of significant benefit.


[bookmark: _Ref423078457][bookmark: _Toc424650342][bookmark: _Toc311366727]Figure 31 Cost-effectiveness acceptability curve and EVPI per patient. The curves provide the probability of the models of care being the most cost-effective option at any willingness to pay value for an additional QALY gained. Please note that the curves of the models of care add to one at any given point. The EVPI curve provides the value of expected value of perfect information at any willingness to pay value for an additional QALY gained.
Figure 32 reports the parameters according to their impact on the variance of incremental costs and QALYs from the comparison of introducing an OG with introducing a FLN. Variance in the estimated incremental costs was dominated by the variation in the following variables: relative effectiveness inputs, regression models predicting hospital costs, natural history inputs (e.g. death within 30 days, time to second hip fracture), and the likelihood of being discharge to a care home following hip fracture. Variance in the incremental QALYs was dominated by the variance in effectiveness inputs and natural history inputs. 
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[bookmark: _Ref423078501][bookmark: _Toc424650343][bookmark: _Toc311366728]Figure 32 Orthogeriatrician vs. fracture liaison nurse: ANCOVA analysis of proportion of sum of squares for incremental QALYs saved and incremental costs explained by the uncertainty in the model. The horizontal axis represents the variation in incremental costs and QALYs that is associated with the uncertainty in the model inputs#
[bookmark: _Toc308300817][bookmark: _Toc311366624]Sensitivity analysis
Table 40 reports the results of a range of other sensitivity analyses using the female cohort. Overall, the results were robust to changes in the majority of assumptions. Excluding social care costs from the analysis resulted in the model of care with an OG becoming cost-effective below the £20,000 per QALY threshold. The results were also robust to using relative effectiveness measures concerning the comparison of OG or FLN relative to hospitals that had no previous OG or FLN rather than the pooled estimates. Finally, the assumptions regarding the costs of the models of care had an impact in terms of the results. Using the number of hip fractures reported in the smallest hospital in the HES dataset (220 per year) to estimate the costs per patient of the models of care resulted in introducing a FLN becoming the most cost-effective option. 
[bookmark: _Ref423078645][bookmark: _Toc308262435][bookmark: _Toc311366701]Table 40 Sensitivity analysis scenarios – impact of assumption on the incremental cost-effectiveness ratios (ICERs - £/QALY)
	Female cohort
	Fracture liaison nurse vs. usual care
	Orthogeriatrician vs. fracture liaison nurse

	Base case
	£20,794
	£23,189

	Primary and hospital care costs only (excluding care home costs)
	£9,046
	£13,039

	Relative effectiveness estimates (where comparator is no OG or FLN rather than pooled estimate)
	Dominated
	£21,798*

	Relative effectiveness for 30-day mortality also applying to second hip fracture
	£20,754

	£23,140

	Effectiveness over mortality beyond 1st year post hip fracture into lifetime 
	£16,944

	£18,052

	Effectiveness over second hip fracture extending into lifetime
	Extendedly dominated
	£20,036*

	Effectiveness over major non-hip fractures requiring hospitalisation (OG: HR 1.14, FLN: HR 0.94, Chapter 5)
	£20,439
	£26,559

	Orthogeriatrician and FLN costs without qualification costs (£300 and £177 per patient, respectively)
	Extendedly dominated
	£20,230*

	Orthogeriatrician at 1 WTE (£560 per patient)
	£20,794
	£28,418

	FLN at 0.25 WTE (£50 per patient)
	£19,066
	£28,798

	FLN at 0.60 WTE (£120 per patient)
	£19,817
	£26,172

	220 hip fracture patients per year seen by OG or FLN (intervention costs at £859 and £409 per patient, respectively)
	£22,922

	£31,784

	690 hip fracture patients per year seen by OG or FLN (intervention costs at £274 and £131 per patient, respectively)
	£19,929

	£20,307

	OG and FLN result in savings of £1000 per patient in management and test costs during first hip fracture admission
	£9,947

	£23,189

	OG and FLN result in savings of £500 per patient in management and test costs during first hip fracture admission
	£15,312

	£23,189

	OG and FLN result in savings of £100 per patient in management and test costs during first hip fracture admission
	£19,603

	£23,189

	OG and FLN result in additional £100 per patient in management and test costs during first hip fracture admission
	£21,749

	£23,189

	OG and FLN result in additional £500 per patient in management and test costs during first hip fracture admission
	Extendedly dominated
	£25,401*

	OG and FLN result in additional £1000 per patient in management and test costs during first hip fracture admission
	Extendedly dominated
	£29,573*

	Utility value for major non-hip fracture (0.52 and not 0.44)
	£20,597

	£23,094

	Utility value after 1st year post hip fracture (0.70 and not 0.65)
	£19,628

	£21,955



*OG vs. usualcare

[bookmark: _Toc308300818][bookmark: _Toc311366625]Subgroup analysis
We further assessed the cost-effectiveness of the models of care in several subgroups of hip fracture patients defined according to their age, sex and Charlson co-morbidity score at index hip fracture (see Table 41). For patients up to age 80 years old, the model of care with an orthogeriatrician was the most cost-effective option. For patients age 90 years old, introducing a fracture liaison nurse became the most cost-effective option if the Charlson co-morbidity score at index hip fracture was 5 or above.
[bookmark: _Ref423078793][bookmark: _Toc308262436][bookmark: _Toc311366702]Table 41 Incremental cost-effectiveness ratios (ICERs - £/QALY) of the differing models of secondary prevention care of hip fractures by patient subgroup
	Female cohort
	Fracture liaison nurse vs. usual care
	Orthogeriatrician vs. fracture liaison nurse

	Age 60 and CCI score of 0
	£14,431
	£20,735*

	Age 70 and CCI score of 0
	£16,221
	£19,988*

	Age 80 and CCI score of 0
	£19,377
	£21,808*

	Age 90 and CCI score of 0
	£23,318
	£25,408*

	Age 60 and CCI score of 1
	£13,718
	£19,651*

	Age 70 and CCI score of 1
	£15,919
	£19,631*

	Age 80 and CCI score of 1
	£19,410
	£22,027*

	Age 90 and CCI score of 1
	£23,728
	£26,048*

	Age 60 and CCI score of 3
	£12,934
	£18,583*

	Age 70 and CCI score of 3
	£15,732
	£19,685*

	Age 80 and CCI score of 3
	£19,811
	£22,854*

	Age 90 and CCI score of 3
	£24,913
	£27,710*

	Age 60 and CCI score of 5
	£12,878
	£18,665*

	Age 70 and CCI score of 5
	£16,102
	£20,490*

	Age 80 and CCI score of 5
	£20,746
	£24,330

	Age 90 and CCI score of 5
	£26,712*
	£30,049

	Male cohort
	
	

	Age 60 and CCI score of 0
	£13,807
	£19,425*

	Age 70 and CCI score of 0
	£15,623
	£19,474*

	Age 80 and CCI score of 0
	£18,692
	£21,844*

	Age 90 and CCI score of 0
	£22,683
	£25,965*

	Age 60 and CCI score of 1
	£13,426
	£18,917*

	Age 70 and CCI score of 1
	£15,544
	£19,525*

	Age 80 and CCI score of 1
	£18,904
	£22,278*

	Age 90 and CCI score of 1
	£23,315
	£26,848*

	Age 60 and CCI score of 3
	£13,191
	£18,719*

	Age 70 and CCI score of 3
	£15,780
	£20,144*

	Age 80 and CCI score of 3
	£19,714
	£23,613*

	Age 90 and CCI score of 3
	£25,070
	£29,162*

	Age 60 and CCI score of 5
	£13,634
	£19,554*

	Age 70 and CCI score of 5
	£16,611
	£21,593*

	Age 80 and CCI score of 5
	£21,198
	£25,811*

	Age 90 and CCI score of 5
	£27,680*
	£32,450


* Most cost-effective option

[bookmark: _Toc308300819][bookmark: _Toc311366626]Conclusion
Existent cost-effectiveness evidence suggests that secondary prevention services for fractures can be cost-effective and even cost-saving. Nonetheless, there is considerable uncertainty regarding the most cost-effective approach to provide secondary prevention services following hip fractures. 
At current NICE thresholds of £20,000 to £30,000 per QALY gained, our cost-effectiveness analysis suggests that it is cost-effective to introduce a hospital-based orthogeriatrician or a fracture liaison nurse, as part of the delivery of secondary hip fracture prevention services, compared to usual care. Furthermore, out results show that, for this group of patients, the most cost-effective option would be introducing an orthogeriatrician. These results are consistent with those reported in previous cost-effectiveness analysis of models of care for the secondary prevention of osteoporotic fractures, despite the difference in the options of care being evaluated20 21 94.] However, in contrast with previous work, our study benefits from the availability of large primary and secondary care administrative datasets that enabled the robust estimation of the impact of the models of care in terms of survival, prevention of second hip fracture, primary care and hospital care costs and cost-effectiveness. Furthermore, our results did not show OG or a FLN to be cost-saving compared to standard care as was reported in the cost-effectiveness analyses by McLellan et al. (2011)20 and Majumdar et al.(2009)94. However, this is the first cost-effectiveness analysis in this area being informed by large primary and secondary care data records that allowed the robust estimation of the short and long-term costs incurred by patients with a hip fracture.
Irrespective of how patients were stratified in terms of their age, sex, and Charlson co-morbidity score at index hip fracture our results suggest that it is cost-effective to introduce an orthogeriatrician or a fracture nurse compared to standard care. This is largely due to the impact that these models of care have on patient survival rather than on the prevention of further hip fractures or other major non-hip fractures. Hence, the OG or FLN options appear to be more cost-effective when the outcome measure used is life years (lower incremental cost-effectiveness ratios) rather than QALYs (e.g. OG compared to FLN was £14,683 per LY saved compared to £23,189 per QALY). This is because quality of life is a function of events such as second hip fracture and major non-hip fractures for which there is no significant effect from introducing an OG or a FLN compared to usual care. Furthermore, longer survival may also incur higher healthcare and social care costs relative to usual care which may not be outweighed by the gains in quality of life.
There is considerable uncertainty in the evidence informing the model, particularly the relative effectiveness of an OG compared to a FLN on survival and prevention of second hip fracture and the natural history of hip fracture. This is reflected in the very large EVPI values of £23 million to £73 million, conditional on the expected lifetime of the models of care. The EVPI gives the maximum amount of funding required for further research to reduce the decision uncertainty about which of the models of care is the most cost-effective option. The large incidence of hip fractures every year that will be affected by the decision together with the considerable uncertainty about whether an orthogeriatrician is more effective than a fracture nurse warrant caution about the model results. Hence, our work suggests undertaking additional major commissioned research work to further reduce the decision uncertainty, with particular emphasis on clinical trials comparing the different models of secondary care prevention services. 
There are several limitations to consider. First, the effectiveness data were not informed by a clinical trial as such data are not available. Also it was not possible to robustly evaluate more options of models of secondary prevention care, such as introducing an orthogeriatrician together with a fracture nurse compared to usual care as this was limited by the range and number of services currently provided in the region studied. Furthermore, it was not possible to directly compare the introduction of a fracture nurse relative to an orthogeriatrician but rather indirectly in terms of their effectiveness relative to the same reference group (i.e. usual care). 
Second, the models of care did not significantly affect the prevention of second hip fractures as was expected at the outset of the study. However, the apparent lack of effect on second hip fractures may be a result of the relatively short time horizon used to evaluate it (2 years) and the relative small number of patients with a second hip fracture (2206 patients overall) available to evaluate its impact (see Chapter 6 for further discussion). Nonetheless, despite these limitations, the effectiveness data used to inform the cost-effectiveness analysis was based on a very large administrative dataset supported by a careful survey of the services provided in each. This allowed to robustly identify when and what type of changes occurred in the delivery of services and, thus, inform the statistical analysis. 
Third, we did not separate the different types of fragility-related fractures that the patients could suffer post discharge. We focused on major non-hip fractures requiring hospitalisation given their relative large impact in terms of healthcare costs and the feasibility of tracking these in the administrative healthcare records. Furthermore, we did not separate non-hip fractures by type so that we could benefit from having a larger sample to estimate the costs. Other fragility fractures not incurring hospitalisation were still included in the model as part of the primary and hospital care cost equations (captured in the constant term).
Fourth, although a great proportion of the data used was derived from healthcare records of patients with hip fracture, we had to obtain health state utility values from a review of the published literature. These data were then synthesised using a meta-regression approach to inform on the changes of utility conditional on time since hip fracture and the use of the EQ-5D instrument. However, it was not possible to reliably estimate utility values for non-hip fractures or the additional impact these may have on the quality of life of individuals with a history of hip fracture. Hence, assumptions were needed that were fully explored in sensitivity analysis. Furthermore, due to the cohort nature of the Markov model and its lack of memory it was not possible to model the trajectory of utility values that took into account both time since primary hip fracture and history of events such as non-hip fractures and second hip fracture. An alternative would have been to analyse the Markov model as an individual-based model (i.e. microsimulation) so that we could keep track of each individual’s history and adjust the utility values accordingly156. This would have allowed capturing better the utility trajectory of the hip fracture patients conditional on the history of events.
Finally, we used the perspective of the NHS and social care services to inform our analysis. Hence, other important cost categories not relevant to the perspective adopted were not included in the analysis. For example, we excluded some important economic considerations for people with hip fracture and their families, such as unpaid care provided by friends and family and home adaptation costs as a consequence of the fracture. 
Hence, to address several of the limitations above we performed extensive internal validity checks complemented by the exploration of different parameter and structural scenarios in the sensitivity analysis.
In conclusion, our work suggests that it may be cost-effective to introduce an orthogeriatrician or a fracture nurse as part of secondary care prevention fracture services for patients with a hip fracture. Further research is needed to make more informed decisions with a focus on estimating the effectiveness of these models of care informed by clinical trials.


[bookmark: _Toc308300820][bookmark: _Toc311366627]
Chapter 8: Dissemination to clinicians, NHS managers and patients
Throughout the project we presented our findings to a local group of healthcare professionals working in fracture prevention services in the South Central region (the ‘FRISCy network’). Towards the end of the project, we also arranged to present finding to the Bath and Bristol fracture prevention network, another regional network of clinicians with less familiarity with the background to the study. Finally, we arranged a workshop with patient members of the national osteoporosis society. The objectives of these routes of dissemination were to:
i.	Inform key stakeholders (clinicians, service managers, commissioners) as to the variations in care pathways and the cost-effectiveness of fracture liaison and orthogeriatric services, thereby driving best practise and investment in these services
ii.	Ensure our interpretation of findings fit with clinicians own experiences and were agreed upon with key stakeholders
iii.	Ensure that patients agreed with our interpretation of findings and get their perspective on particular points to highlight in dissemination
[bookmark: _Toc308300821][bookmark: _Toc311366628]Healthcare professional workshops: participants and methods
The FRISCy workshops were attended by 20 healthcare professionals, including consultant rheumatologists, osteoporosis champions, fracture liaison nurses, osteoporosis nurses, orthogeriatricians, service mangers, commissioners. Each of these worked in fracture prevention services in the South Central region. The final workshop also included a group of ten patient representatives. The Bristol and Bath Bone Society comprised a similar number of healthcare professionals working in fracture prevention services in the Bath and Bristol areas. These regional meetings were well attended with contribution from each hospital in the region. Using existing networks of osteoporosis specialists proved a more effective and efficient way of communicating findings to stakeholders than holding a national conference, which would be more poorly attended due to the busy schedules of such individuals, and the need to travel. 
Over four different meetings with the FRISCy network, results of the following work streams were presented:
i)	Variations in fracture prevention services across a region of England
ii)	Implementation of fracture liaison services
iii)	Clinicians experiences of making business cases
iv)	Costs of hip fracture to the NHS
v)	Clinical effectiveness of different models of care
An overview of all findings was presented to the Bath and Bristol Bone Society.

[bookmark: _Toc308300822][bookmark: _Toc311366629]Conclusions following healthcare professional workshops
The stakeholders were very interested in the results of this study. They felt it was a very worthwhile project, particularly given that many of them were trying, or had previously tried, to get funding towards a fracture liaison service at their respective hospitals. The findings fitted with their own experiences, and they agreed that medication adherence was a real problem and likely to explain the lack of effect of services on re-fracture rates.
[bookmark: _Toc308300823][bookmark: _Toc311366630]Patient perspective of findings
Patients have been engaged with the interpretation and dissemination of findings throughout the course of the study. Two patient representatives were recruited to sit on the project advisory board, one with a previous hip fracture, and one who cares for his wife who has osteoporosis and dementia. They were sent documentation providing summaries of findings and results throughout the course of the study, and asked to provide their own insight and interpretation. Our PPI representatives commented that this was a valuable study to inform commissioners of the most effective service and the associated costs of this service, and distil out the best practise from each hospital.  
Furthermore, at the end of the study we met with a group of six patients with osteoporosis, five of whom had experienced a prior fragility fracture. The patients had been on various osteoporosis medications for varying lengths of time. At this event we discussed differences in the models of care identified as part of this study and patient’s experiences and preferences surrounding each. Specific points of discussion, highlighted by both the patient group and our patient representatives, are explained below.
[bookmark: _Toc308300824][bookmark: _Toc311366631]Osteoporosis assessment 
Only one of the hospitals studied had a DXA scanner available onsite so could perform the DXA scan while in an inpatient setting. At every other hospital patients had to travel to a different location for their DXA scan at a later date. Additionally, some hospitals conducted the osteoporosis assessment at an outpatient appointment too, so this may require patients to attend two separate outpatients’ appointments.  There were mixed feelings between patients about attending extra outpatient appointments, with some feeling that this is not an excuse for missing appointments and that patients need to take more responsibility for their own care. They did agree that this would be more problematic for older and frailer people relying on public transport, and that DXA scans and consultant appointments should be offered together. They felt that mobile DXA scans were an excellent idea if the scanner was not available at the local hospital. 
[bookmark: _Toc308300825][bookmark: _Toc311366632]Treatment Initiation
As discussed in Chapter 2, many hospitals with fracture liaison services now initiate osteoporosis treatment for patients within the hospital setting, while several hospitals still send treatment recommendations to patients GPs. All patients within the group were initially prescribed treatment by their GP. One patient was experiencing problems with this, having been waiting six weeks at that point in time for their GP to take action following a treatment recommendation made by a hospital consultant.  There was a sense that GPs often lack knowledge and interest in osteoporosis, compared with other diseases such as cancer and heart disease. There is a lack of information available in GP surgeries about the risks of osteoporosis, and patients wished they’d had more information before they fractured and were diagnosed. Some patients have previously researched bone strengthening treatments themselves when they found their GP lacked knowledge about the options available and had made their own choices about which treatment they wanted. Others felt that GPs also lacked training in diet and nutrition, with one person having taken calcium supplements for years with their GP never mentioning that it would be helpful to take vitamin D supplements alongside. They also felt that GPs were too busy to read all of the letters they receive from hospital staff, and they sympathised with this and understood that GPs couldn’t be experts in everything. Although hospitals with established fracture liaison services and orthogeriatric services are taking over more of the responsibility for treatment initiation and monitoring, patients felt it is still more convenient to visits GPs rather than attend any additional hospital appointments. Several patients were members of their local PPG (Patient Participation Group) which they think are an excellent way of expressing their concerns to GPs. 
[bookmark: _Toc308300826][bookmark: _Toc311366633]Adherence and monitoring
All of the patients involved had been monitored after discharge by the fracture liaison service at their local hospital. They were initially sent a letter, and if they didn’t respond then they were contacted by phone, and referred for DXA scans every 2-5 years post-fracture (depending on the severity of their osteoporosis and age). The group were very surprised by the low rates of adherence, but could understand why many people fail to take their treatment. The asymptomatic nature of osteoporosis means that you cannot tell if the treatment is working, making people less likely to stay on it. They felt that their follow-up DXA scans helped them to monitor how their treatment was working for them. Patients agreed that this was a potential reason why changes to service delivery had no effect on rates of second fracture, and felt that more monitoring after discharge was important.  Many patients are not aware that there are alternative medications available if they have side effects from their first treatment and this should be more clearly explained. 
[bookmark: _Toc308300827][bookmark: _Toc311366634]Multidisciplinary care
One particular point our patients agreed with was the importance of multidisciplinary care for hip fracture patients, as was also highlighted by many of the clinicians interviewed. Patients were aware of how other medical conditions can greatly hinder recovery following a major fragility fracture, and that multidisciplinary care can help to pick up on pre-existing medical conditions in their own experience.  
The final results of the clinical effectiveness analysis and the costs of hip fracture were presented to a regional group of patient members of the National Osteoporosis Society (NOS). They were very enthusiastic about the findings and fully agreed with the interpretation provided, as laid out in this report. 
Patients felt that the burden of osteoporosis is often underappreciated, particularly surrounding the associated loss of independence. Many were aware of existing variations and gaps in care at certain hospitals. Overall, patients welcomed research being done into care around osteoporosis diagnosis and treatment and agreed with the interpretation of the findings as presented here. 

[bookmark: _Toc308300828][bookmark: _Toc311366635]Impact of research findings
Findings have also been presented to the National Osteoporosis Society, Public Health England, and at various other meetings and events. Specific impacts of the findings are described below.
[bookmark: _Toc308300829][bookmark: _Toc311366636]NHS England/Public Health England
This study will be useful to analysts estimating the burden of hip fracture and osteoporosis and the long-term cost-effectiveness of interventions for the prevention and management of these conditions. Previous estimates of the health and social care costs of hip fractures in the UK range from £2 billion to £3 billion per year, but UK cost data on hip fracture were limited. The results of our study show that hip fractures are an enormous cost to the healthcare system. Furthermore, the findings highlight the impact of complications following initial hospital discharge as a main driver of costs and the importance of preventing hip re-fractures. 
This 1-year hospital cost of hip fracture was used by the multi-stakeholder Fracture Liaison Service implementation group economic model which includes the National Osteoporosis Society (third sector), the Royal College of Physicians Clinical Effectiveness Evaluation Unit, Fragility Fracture Audit Programme FLS-Database Workstream, NHS England CCG gateway and Public Health England as a robust up-to-date estimate of the economic impact of hip fracture and potential benefits of an FLS at the local, CCG as well as national level. This data will be used by NHS England to inform decisions about health service changes aimed at achieving greater efficiency and better patient care within the NHS. These findings also received significant press coverage in several daily newspapers as well as ITV news following presentation at the 2015 IOF-ESCEO conference, where they will have been seen by the general public as well as clinicians, NHS commissioners and policy makers. The articles emphasised the increasing number of hip fractures and the financial implications, and made the case for policy makers to prioritise bone health through universal provision of fracture liaison services.
[bookmark: _Toc308300830][bookmark: _Toc311366637]Fracture liaison service workshop 
Although national guidelines recommend service models targeting secondary fracture prevention at patients following a fragility fracture, data on the clinical effectiveness of these services is rare. The increasing burden of hip fractures is also a concern in other countries across Europe, North America and Australia. Data from this study showed that both the introduction and expansion of an orthogeriatric service or a fracture liaison service were effective for reducing 30-day and 1-year mortality following a hip fracture. This information was presented at an international workshop held in Milan targeted at health care professionals who are either in the process of setting up a fracture liaisons service or considering it. The findings of this study support the effectiveness of fracture prevention services in reducing mortality and may persuade more hospitals worldwide to adopt this model of care and set up a fracture liaison service.
[bookmark: _Toc308300831][bookmark: _Toc311366638]CPRD codes for fragility fracture 
As part of this study we created a robust list of CPRD read codes for fragility fractures, osteoporosis-related medications, and co-morbid conditions.  A rigorous procedure was used to generate the lists, with input from two clinicians who each generated two separate lists and then discussed and agreed on any discrepancies. Generating such a thorough and extensive list is a time consuming process and organisations often do not share lists of codes between themselves once generated, so the procedure is often repeated. We now have a thorough and extensive list of read codes which can be used by other researchers studying osteoporosis or fragility fractures. We have shared this list with researchers from the Falls and Fragility Fracture Audit Programme being undertaken by the Royal College of Physicians. This is a national clinical audit designed to audit the care that patients with fragility fractures and inpatient falls receive in hospital and to facilitate quality improvement initiatives.
[bookmark: _Toc308300832][bookmark: _Toc311366639]Establishing levels of Fracture Prevention Services in hospitals in Spain 
Despite national and international guidance from various professional organisations such as the British Orthopaedic Blue Book, NICE, and International Osteoporosis Foundation, there is major variation in the care pathway for the treatment and management of hip fracture patients and in the way secondary fracture prevention services are organised across hospitals in the UK. This study began by establishing whether a fracture liaison service or other type of fracture prevention services (such as an orthogeriatric-led service) was in place at 11 different hospitals in one region of England. A questionnaire for clinicians was developed to gather this information, and showed large variations in services across hospitals in one region of England. This work was presented to a group of clinicians in Spain. Following this presentation, the group who we met with intend to use this questionnaire to gather information about fracture liaison services across hospitals in Spain.  This will enable them to identify hospitals with the most need for improvement to target for a programme to develop fracture liaison services.
[bookmark: _Toc308300833][bookmark: _Toc311366640]Chapter 9 Final conclusions
[bookmark: _Toc308300834][bookmark: _Toc311366641]Guidance
National guidance from a number of professional bodies both within and outside of the UK has been published for the management of hip fracture patients1 14 15 22 32 in addition to international guidance such as the ‘Capture the Fracture’ initiative from the International Osteoporosis Foundation34. According to this guidance, a comprehensive secondary fracture prevention service should consist of four main components: case finding; osteoporosis assessment; treatment initiation; treatment adherence and monitoring1, in addition to falls risk assessment and management. Organising such services is challenging due to the multidisciplinary care patients require3.  Expert consensus recommends that the optimal service model for effective delivery of secondary fracture prevention services in hospitals requires a coordinator based system of care to provide a link between all the multi-disciplinary teams involved in fracture prevention10 known as an FLS. The model proposed by the Department of Health in the UK is that delivered by a Nurse Specialist supported by a Lead Clinician (‘Champion’) in osteoporosis1.
[bookmark: _Toc308300835][bookmark: _Toc311366642]Evidence of clinical and cost-effectiveness
The evidence regarding the clinical and cost-effectiveness of FLS models that have been used to inform this guidance is limited and has many important weaknesses. The review of the Glasgow Osteoporosis and Falls Strategy reported that hip fracture rates in the city had reduced by 7.3% over the decade compared to a 17% increase in fracture rates for the entire population of England24 35{Mitchell, 2011 #46;Skelton, 2009 #49;Skelton, 2009 #49}. However, the prescribing rate in the control group was estimated from national audit data; all patients were assumed to remain on treatment for 5 years despite no active monitoring programme from the FLS; and the effect of treatment on fracture rate reductions was estimated using published trials. Data from the Kaiser Southern California Healthy Bones Program (Kaiser SCAL) study reported a 37.2% reduction in hip fracture rates25. However, this was in essence a screening programme and there was no contemporary control arm and the reduction in hip fractures may have been largely driven by a reduction in primary rather than secondary hip fractures. In the Concord study of non-vertebral fracture21 26, patients electing to receive care within the intervention programme were found to be at 80% reduced risk of subsequent fracture compared to patients remaining within standard care. However using patients who did not attend the specialist clinic as the ‘comparator’ group meant those who attended were more likely to be healthier and have fewer co-morbidities and so have a lower risk of re-fracture and higher adherence to therapy. A subsequent trial assessing the effect of the monitoring service on adherence was unable to show a significant difference157. The non-randomisation of allocation to coordinated versus standard care may have influenced persistence to therapy in those on the intervention programme (95% remaining on initial treatment). Finally, only 20% of all fragility fracture patients attend the specialist service, as those with cognitive impairment and other serious comorbidities were excluded limiting the generalisability of the study findings.  

There are three studies assessing the cost-effectiveness of models of care for the prevention of fractures. The Canadian study by Majumdar et al. (2009)94 reported the intervention to be both cost-saving and more effective compared to usual care. However, the model was based on published literature and a small clinical trial of 220 patients followed up for a year. The clinical trial did not evaluate the impact of the intervention in terms of re-fracture rates, quality of life or life expectancy and excluded patients with hip fracture admitted from a care home. The Australian study by Cooper et al. (2012)21 compared an outpatient-based FLS to patients treated in primary care and reported the FLS to be highly cost-effective. No results were provided for the subgroup of hip fracture patients nor did they extrapolate the findings to lifetime. The UK study by McLellan et al. (2011)20 compared a FLS for the prevention of further fractures with the absence of FLS using audit data from the Glasgow FLS. The authors reported the FLS to be more effective and less costly than no FLS. However, no results were provided for a population solely composed by hip fracture patients and there was not comparable control group. Hence, the authors had to rely on published literature and assumptions to model the impact of FLS on fractures relative to its absence. The remaining model inputs were also derived from a range of sources and fracture populations resulting in several assumptions as to how best to synthesise the available data.

This highlights the need for robust data on key clinical outcomes and cost effectiveness of FLS models in order to prioritise, guide and inform commissioning decisions.

[bookmark: _Toc308300836][bookmark: _Toc311366643]Main findings
The service evaluation provided evidence of significant variation in the way 11 hospitals in a region of England organise and structure the delivery of secondary fracture prevention for hip fracture. This included variation in current levels of staffing of professionals involved in providing FLS - across hospitals in the region overall orthogeriatric staff ranged from 1 WTE per 1000 patients to 9.6 WTE per 1000 patients, and overall fracture liaison or specialist nursing staff ranging from zero input to 7.6 WTE per 1000 patients. There were different types of coordinator based models of care whether this be a consultant or nurse led service. There was also variation in the processes used by each hospital to case find, assess for osteoporosis and risk of future falls, initiate bone protection treatment and undertake falls prevention and monitor patients. By characterising the changes hospitals made to service delivery over the past decade, this demonstrated marked increases in the provision of both orthogeriatric and/or FLS nurse staff in each of the hospitals, although there was little relationship of staffing levels with the size of hospitals hip fracture catchment population. The scale of variation in the way hospitals in the region organise their services highlights the need to link investment in these specialist posts with impact on clinical outcomes and cost effectiveness.  
Quality of evidence – Although within a regional area of England, a strength of this evaluation is the heterogeneity of NHS hospitals examined from smaller district general hospitals to large tertiary major trauma centres, adding to generalisability. The service evaluation enabled us to characterise the dates and timing of key changes to service delivery together with underlying detail of processes used to case find, assess for osteoporosis, initiate treatment and monitor. This formed detailed data on the interventions of interest used in subsequent analyses. A limitation is the reliance on clinicians’ recall and understandings of events over the last decade. 
A qualitative research study was undertaken to understand how and why secondary fracture prevention services can be successfully implemented. 43 semi-structured interviews were conducted with healthcare professionals and managers involved in delivering secondary fracture prevention within 11 hospitals in the region that included orthogeriatricians, fracture prevention nurses, hospital practitioners in osteoporosis and service managers. The capacity of healthcare professionals to co-operate and co-ordinate their actions was achieved by using dedicated fracture prevention co-ordinators to organise important processes of care. However, participants described securing communication and cooperation with GPs as challenging. Individual potential and commitment to operationalise services was generally high. Shared commitments were promoted through multi-disciplinary team working, facilitated by fracture liaison co-ordinators. Healthcare professionals had capacity to deliver multiple components of services when co-ordinators ‘freed up’ time. Aside from difficulty of co-ordination with primary care, FLSs were seen as highly workable and easily integrated into practice. Nevertheless, successful implementation was threatened by understaffed and under resourced services, a lack of capacity to administer DXA scans and difficulties that patients encountered in accessing services. To ensure ongoing service delivery, the contributions of healthcare professionals were shaped by planning in multi-disciplinary team meetings, use of clinical databases to identify patients and define the composition of clinical work, and monitoring to improve clinical practice. Identifying issues that impact on the implementation of facture prevention services after hip fracture provides information to healthcare professionals and service managers on how best to implement services for patients in the future.
The qualitative study also explored the experiences of clinicians and service managers of developing and making business cases for a FLS. Challenges in the development of business cases included collecting all the relevant data and negotiating compartmentalised budgets that impeded service development. Participants described communication and cooperation between providers and commissioners as variable. They felt financial considerations were the most important factor in funding decisions, while improved quality of care was less influential. Other factors included national guidelines and political priorities. The personalities of clinicians championing services, and the clinical interests of commissioners were seen to influence the decision-making process. Participants identified an number of strategies that they thought were particularly helpful in the successful development of business cases. These included support, enhancements to cooperation between stakeholders, and the demonstration of potential cost effectiveness and improved quality of care. Participants felt that the work of commissioners and providers should be better integrated and suggested strategies for doing this. The study provides information to healthcare professionals and service managers about how best to develop business cases for a FLS in the future.
Quality of evidence – The study did not aim to achieve data saturation but used criterion sampling to explore a diverse range of views and this was successfully achieved. However, only five service managers were recruited and their lack of representation made it difficult to fully examine how their opinions on making business cases differed from other participants. FLS are complex interventions and a strength of the study is the use of extended Normalisation Process Theory as a theoretical framework in order to help understand something of the complexity of change within health services. Robust strategies were used to analyse the data, such as independent double-coding by two researchers, providing confidence the analysis presented reflects views of participants. Participants were asked to recall their experiences and this may have resulted in bias. The study is on the perspectives of professionals working in secondary care, hence does not reflect the views of those in primary care settings.
A natural experimental study design was used to evaluate the clinical effectiveness of orthogeriatric and nurse-led FLS models of post hip fracture care in terms of impact on mortality and rates of second hip fracture. The interventions were broadly defined as the introduction or expansion of either an orthogeriatric or FLS model of post-hip fracture care with information on the nature and timing of such changes obtained through the service evaluation. Hospital Episode Statistics data linked to Office for National Statistics mortality records were obtained on 33,152 hip fracture patients across the 11 hospitals in the region between 2003 and 2013. Of these patients 1288 (4.2%) sustained a secondary hip fracture within 2-years, whilst for 30-day and 1-year mortality this was 9.5% (n=3033) and 29.8% (n=9663) respectively. Overall, age and sex standardised 1-year mortality declined from 33.1 to 26.0% from 2003/4 - 2011/12. In contrast, the proportion of second hip fractures remained stable throughout the study period. The pooled estimated impact of introducing an orthogeriatrician on 30-day and 1-year mortality was hazard ratio (HR)=0.73 (95% CI: 0.65-0.82) and HR=0.81 (95% CI: 0.75-0.87) respectively. 30-day and 1-year mortality were likewise reduced following the introduction or expansion of a FLS: HR 0.80 (95% CI: 0.71-0.91) and HR 0.84 (95% CI: 0.77-0.93) respectively. There was no significant impact on time to secondary hip fracture following any of the interventions when analysed separately or when pooled by type of intervention: orthogeriatrician (subhazard ratio (SHR) 0.95 (95% CI: 0.79-1.15) or FLS (SHR=1.03 (95% CI: 0.82-1.31). The study provides evidence that the introduction and/or expansion of such services was associated with a large beneficial effect on subsequent mortality. Reassuringly the effect was consistent across hospitals and for interventions that occurred at different time points over the study period. There was no evidence for a reduction of second hip fracture.
Quality of evidence – Our preferred approach would have been to use an interrupted time series design as this would have given the highest level of evidence of effect. However, there was insufficient statistical power to do so, due to either: not enough pre and post-intervention time points as interventions occurred at the beginning or end of the time series, or having multiple interventions; insufficient numbers of observations at each time point for rare outcomes such as second hip fracture. In terms of levels of evidence we instead used the next best observation study design, using a before-after impact survival analysis where each hospital acted as its own control. As this method can introduce bias by not accounting for pre-existing secular trends, we excluded from analyses interventions that were preceded by a significant trend in the respective health outcome. Strengths of the survival model are that it allows for greater adjustment of confounding factors, and the ability to account for competing risk of death with second hip fracture outcome. A strength of the study is that interventions were identified a-priori through the audit before data was obtained, and the statistician analysing the data blinded to what the intervention was and audit findings (only knowing date intervention occurred). A main limitation is that other events coinciding with the interventions of interest here evaluated cannot be ruled out, such as publication of national guidelines. This is unlikely given the estimated impact on each health outcome was consistent across hospitals and for interventions that occurred at different time points over the study period. Further limitations are that we could not assess outcomes seen outside of a secondary care setting as these were not captured in the routine data, not osteoporosis medication use and adherence to treatment.
A natural experimental study design was used to assess the effect national guidelines have had on altering trends in re-fracture rates, life expectancy (30-day and 1-year) and proportion of patients taking bone strengthening drugs within 1-year after fracture. Five specific guidelines were evaluated: NICE clinical guideline 21 (Nov 2004)15, NICE technological appraisal 87 (Jan 2005)33, BOA blue book (Sep 2007)1, NICE technological appraisal 161 (Oct 2008)13 and Best Practice Tariff for inpatient hip fracture care (Apr 2010). Data from the Clinical Practice Research Database (CPRD) linked to Office for National Statistics mortality records were obtained on 11,243 primary hip fracture cases aged over 50 occurring between 1st April 1999 and 31st March 2013. Initiation of anti-osteoporosis medication within 12 months of primary hip fracture increased markedly during the study period (1999-2000 compared to 2011-2012) from 8.1 to 53.9%. However gender differences were observed, with fewer men initiating treatment than women, and this gap increased over time. Importantly, amongst treatment naïve hip fracture patients the prevalence of bisphosphonate use at 10-14 months post-index hip fracture increased over the study period from less than 5% to over 30%, suggesting more patients were adhering to treatment. A step-change reduction in subsequent hip fracture of -0.95% (95% CI: -1.67 to -0.23) between Oct 2007 and Sept 2008 (publication of the BOA blue book and NICE technological appraisal 161) was found. However this was not observed for subsequent major non-hip fracture. A significant step-change reduction in 30-day mortality occurred of -2.81% (95% CI: -3.73 to -1.85) between Oct 2007 and Sept 2008 (publication of the BOA blue book and NICE technological appraisal 161), with no effect on 1-year mortality. However a significant reduction in 1-year mortality of -5.56% (95% CI: -7.59 to -3.52) was seen immediately following the introduction of the Best Practice Tariff in April 2010. There was a marked step change in the proportion of primary hip fracture patients receiving an incident prescription for a bone strengthening drug of 14.5% (95% CI: 11.1-17.8) taking place between pre-publication of the NICE clinical guideline 21 (Nov 2004) and post-publication of the NICE technological appraisal 87 (Jan 2005). The proportion of patients prescribed at least one bisphosphonate at 10-14 months following index hip fracture showed a step change increase of 8.71% (95% CI: 5.04-12.4) between the pre-publication of the NICE clinical guideline 21 (Nov 2004) and post-publication of the NICE technological appraisal (Jan 2005) followed by a modest step change decrease of -3.79 (95% CI: -7.4- -0.17) between Oct 2007 and Sept 2007 (publication of the BOA blue book and NICE technological appraisal 161). The study provides evidence of significant temporal associations with a number of national guidelines suggesting these guidelines have positively impacted on clinical decision-making and then patient outcomes.
Quality of evidence – Strengths include the large number of primary hip fractures and the generalisability of the CPRD cohort to the general UK population. We used an interrupted time series analysis that allow for baseline level and pre-intervention trend and is self-controlled by design. Hence the results are valid in the presence of a pre-existing downward secular trend. We were able to look at trends in both hip-fracture and non-hip fracture outcomes, and treatment initiation and adherence to osteoporosis medication. The main limitation is the possibility changes in outcomes here associated with national guidelines were confounded by other events occurring at the same time period. The use of routinely collected data with no individual validation of fracture events recorded is another limitation of the analysis, however validation of hip and vertebral fracture coding has been carried out previously and been shown to be accurate.
A health economics study was conducted to estimate the primary care and hospital costs of hip fracture up to two years post fracture and compare costs before and after the index fracture. For hospital costs, we used the hospital episode statistics (HES) database of 33,152 hip fracture patients and for primary costs we used the clinical practice research datalink (CPRD GOLD) with 4,433 hip fracture patients, over the years 2003 to 2013. Within the first year following primary hip fracture, the total hospitalisation costs were estimated to be £13,826 (median £10,425, SD 11016), of which 75% were due to hip fracture-related admissions (£10,375, median £8,050). The total hospital cost (including outpatient and emergency care) in the year of the fracture was estimated to be £14,264 (95% CI: £14,092-£14,436) which was £10,964 (95% CI: £10,767 to £11,161) higher compared to the previous year. The primary care costs associated with index admission for primary hip fracture were £1,065 (median £660, SD 1798), of which medications and non-pharmaceuticals accounted for £614 (median £248, SD 1586) of the costs and GP contacts accounted for £358 (median £246, SD 409).  When we considered only the 2-year survivors, compared to the year prior to the hip fracture, primary care costs were £256 (95% CI: £160 to £273) and £273 (95% CI: £167 to £380) higher in the first and second year following hip fracture, respectively. This was mostly led by a considerable increase in GP contacts and in the costs of prescribed items. Hence, the total primary care and hospital care costs in the year of the hip fracture was estimated to be £15,329, which when extrapolated to all incident hip fractures in the UK amongst those aged 50 and over(n=79,243) resulted in a cost of £1,215 million in the year of the fracture. There is a strong economic incentive to prioritise research funds towards identifying the best approaches to prevent index and subsequent hip fractures. Furthermore, the total primary care and hospital care cost in the second year after hip fracture, conditional on surviving the first year, were estimated to be £4,242, of which £3,072 were due to hospital care and £1,170 were due to primary care.
A cost-effectiveness analysis was undertaken to determine whether introducing an orthogeriatric or nurse-led FLS model for post-hip fracture care in hospital is cost-effective when compared to usual care in the English NHS. A decision analytic (Markov) model was developed to evaluate the costs, (quality-adjusted) life expectancy and cost-effectiveness of the different models of secondary care hip fracture prevention under evaluation. The data sources used to inform the model inputs consisted of: HES; CPRD GOLD; and published literature. Data on clinical effectiveness of orthogeriatric and FLS models was obtained through the Natural Experimental study. For male patients, combining all health and social care costs included in the model, mean discounted costs were £41,714 when an orthogeriatrician is introduced, £41,068 when a FLN is introduced and £39,101 for usual care. The discounted average QALYs gained by male patients were 1.74 with an OG, 1.72 with a FLN and 1.62 with standard care. For female patients, mean discounted costs were £53,104 when an orthogeriatrician is introduced, £52,472 when a FLN is introduced and £50,573 if usual care is provided. The discounted average QALYs gained by female patients were 2.50 with an OG, 2.48 with a FLN and 2.38 with standard care. After combining costs and outcomes in an incremental cost-effectiveness analysis, and at a £30,000 per QALY threshold, the most cost-effective model of care was introducing an orthogeriatrician. The probability of adding an OG being the most cost-effective option at £30,000/QALY was estimated to about 70% across both sexes. The population EVPI over 5 years was estimated to be between £23 million and £73 million at the £30,000 per QALY gained threshold. This suggests that undertaking additional major research work to further reduce decision uncertainty is likely to be of significant benefit.
Quality of evidence – A strength is that the Markov model structure and assumptions were informed by the hip fracture, the needs of the decision problem and discussions with clinical experts, health economists, statisticians and epidemiologists involved in the project. This meant that an iterative process was used to define the model structure. The work benefits from the availability of large primary and secondary care administrative datasets that enabled the robust estimation of the impact of the models of care in terms of survival, prevention of second hip fracture, primary care and hospital care costs and cost-effectiveness. Limitations were that we had to obtain health state utility values from a review of the published literature. Further, it was not possible to reliably estimate utility values for non-hip fractures or the additional impact these may have on the quality of life of individuals with a history of hip fracture. Hence, assumptions were needed, but these were fully explored in sensitivity analysis. The work does not allow for non-health care costs, resulting from the use of social care services, admission to care homes, and provision of unpaid care by friends and relatives.

[bookmark: _Toc308300837][bookmark: _Toc311366644]Research in context
The finding that orthogeriatric and FLS models of care are associated with lower mortality is consistent with others in the literature91 98 115. It is very plausible that the role of the orthogeriatrician has implications on mortality risk for hip fracture patients. The mechanism is highlighted through characterisation in the service evaluation and understanding of the changes made to service delivery by orthogeriatricians appointed at hospitals in the region to lead care for hip fracture patients, with examples given below:

Hospital 2
The involvement of an orthogeriatrician in the care of hip fracture patients has ensured that the majority of patients admitted with a hip fracture are now seen pre-operatively and the orthogeriatrician attends the daily trauma meetings and does a daily ward round (assisted by an elderly care Specialist Registrar). This allows patients to reach theatre quicker and with less physical deterioration by optimising any pre-operative condition, such as pre-existing medical co-morbidity and acute conditions, ensuring those taking warfarin are identified, and assessing fitness for anaesthesia. Involving the orthogeriatrician in post-operative care ensures early identification and treatment of complications such as chest-infections and myocardial infarction. Rehabilitation goals are set with the orthogeriatrician leading multi-disciplinary team meetings.

The impact of introducing an orthogeriatrician at this hospital on 30-day and 1-year mortality was hazard ratio (HR)=0.76 (95% CI: 0.58-0.99) and HR=0.78 (95% CI: 0.67-0.91) respectively. In the year pre-intervention the number of deaths at 30-day and 1-year was 45 (12.0%) and 121 (32.2%) respectively, and after this has now fallen to 29 (6.9%) and 108 (25.6%), respectively. 

Hospital 8
On starting in post, the clinical lead orthogeriatrician reviewed the existing service. Based on this review, the orthogeriatrician changed the pathway after 6 to 8 months in post, moving the service towards an acute model of care for fragility fracture patients. There is now a joint trauma round that includes weekends run by the clinical lead orthogeriatrician and the trauma lead who started at the same time (March 2009) (this is now run jointly by the clinical lead  and a consultant orthogeriatric surgeon who started in July 2012). There are 6 consultant ward rounds per week, resulting in a total of 7.5 DCC. There is a trauma meeting with orthopaedic surgeons where they ensure that all patients are seen. All patients with fragility fractures who are admitted at the hospital are placed under the care of the orthogeriatric team. They see patients of all ages with any fragility fracture. Younger patients are identified and seen for further follow up. Older fragility fracture patients (and all hip fracture patients whether aged over or under 70) are seen by day 2, and by day 3 on the ward. On the weekends there is another geriatrician who provides cover.  Around 90% of patients are seen pre-operatively to optimise them for surgery. This all matches that in the Best Practice Tariff (BPT)

The impact of introducing an orthogeriatrician at this hospital on 30-day and 1-year mortality was hazard ratio (HR)=0.57 (95% CI: 0.45-0.73) and HR=0.81 (95% CI: 0.70-0.95) respectively. In the year pre-intervention the number of deaths at 30-day and 1-year was 68 (12.8%) and 176 (33.2%) respectively, and after this has now fallen to 33 (6.5%) and 124 (24.3%), respectively.

Hospital 7
The consultant geriatrician started to focus on hip fracture in July 2004. The geriatrician’s sessions have increased over time to 30.5 hours per week, and an extra session was added in January 2012. There is also a speciality doctor in geriatrics. The service has changed from providing reactive care to become a service that sees all patients pre-operatively and post-operatively, assesses and manages falls and bone health, and provides discharge planning. Patients are now seen on a dedicated hip fracture ward. The hip fracture unit works in a collaborative fashion,  and uses a care pathway and multidisciplinary paperwork. In the unit, two fast track beds are available, and the unit operates within 36 hours to meet the BPT. The hip fracture unit has been crucial in building expertise and experience.

The impact of introducing an orthogeriatrician at this hospital on 30-day and 1-year mortality was hazard ratio (HR)=0.69 (95% CI: 0.54-0.0.89) and HR=0.85 (95% CI: 0.73-0.99) respectively. In the year pre-intervention the number of deaths at 30-day and 1-year was 50 (8.5%) and 172 (29.4%) respectively, and after this has now fallen to 38 (6.1%) and 162 (26.1%), respectively.

The reasons for a significant decrease in mortality following the introduction and/or expansion of a FLS model of care are not as clear as for the orthogeriatric model.  Implementation of osteoporosis guidelines by a fracture nurse has previously been shown to be associated with a 33% reduction in post fracture mortality following any index fragility fracture, prompting the conclusion that measures to prevent fractures also reduce mortality98 115. While FLSs conceivably contribute to an environment of better co-ordination of care with better communication between staff, it may be the appointment of such nurse specialists reflects wider underlying changes to a hospitals service delivery that led up to the successful implementation and change in hospital care model. In addition, a randomised controlled trial has indicated that patients receiving Zoledronic acid were at 28% reduced risk of death compared to those receiving placebo113, yet only 8% of such a reduction can be attributed to lower fracture incidence on treatment114. The mechanisms that mediate the remainder of the drugs effect are not known, although an effect on cardiovascular events and pneumonia may play a role.

To our knowledge this is the first study to evaluate the FLS model in terms of impact on hip re-fracture rate after primary hip fracture. We found no evidence that FLS models of care reduce the risk of second hip fractures. The average annual age and sex-standardised proportion of second hip fractures was just 4.2% for hospitals in this region of England, and remained unchanged and stable through the study period from 2003 to 2013. Whilst this might seem surprising, given the positive results reported by the Glasgow24, CONCORD21, and Kaiser SCAL study25, there are many important key limitations associated with these studies, as described earlier that may explain this discrepancy. 

To try and understand the reason for the lack of association it is necessary, to tease apart the key elements of a FLS: case finding; osteoporosis assessment including a DXA scan to measure bone density if appropriate; treatment initiation with bone protection therapy in osteoporosis patients; systems to improve adherence and persistence with therapy. As part of the qualitative study, we identified the elements of care of hip fracture patients that health professionals think are most effective in preventing secondary fractures after hip fracture. This included the processes for undertaking the four main components of a fracture prevention service and coordination of care.

Case finding - Participants felt that such patients were relatively easy to identify since they were invariably admitted and remained in hospital for a period of time and therefore presented a ‘captive audience’. Attendance of fracture prevention coordinators or other healthcare professionals at daily pre-operative trauma meetings was seen as effective at identifying patients at risk of further fractures. Perioperative or post-operative ward rounds were successfully used to identify patients although participants were concerned that patients seen peri-operatively could be missed if they were particularly ill or when staff were absent as it meant that there was no one to identify cases. To mitigate this, participants emphasised the importance of back-up such as computerised databases to identify patients retrospectively. The processes underlying case finding are done well for this element of an FLS.

Osteoporosis assessment – This was best done in an inpatient setting where possible to enable clinicians to initiate bone protection therapies more quickly. A risk of ‘losing’ patients after discharge was identified, as at that time they may not receive appointment letters, may be too frail or forget to attend appointments. Participants were of the opinion that services should adhere to NICE guidelines by providing DXA scans to those aged under 75 and treating those aged ≥75 without the absolute need for DXA. The location of the DXA scan, whether in an inpatient, outpatient or community hospital, was seen to impact on whether patients received it. Conducting a scan in the post-discharge outpatient setting gave patients time to recover from their operation. But this was tempered by concern about failure of patients to attend appointments. This was seen as being particularly problematic when patients lived a long way from the scanner. The process of referral to scans was important - while some orthogeriatricians and fracture prevention nurses described how they were able to refer patients directly, others had to request an appointment via primary care. Interviewees felt the latter approach was problematic as it meant patients had to wait longer, delayed the start of treatment and made it more likely that patients would ‘get lost’ in the system. In the under 75 year age group there is greater potential for patients to miss receiving osteoporosis assessment and not receive bone protection therapy if needed, although only a small minority of hip fractures patients are aged under 75.

Treatment initiation - Patients who were ≥75 and who did not need a DXA scan should have their treatment initiated in an inpatient setting where possible. This meant they could begin treatments more quickly and enabled clinicians to assess whether they could tolerate it. However, some clinicians were concerned that patients were sometimes too ‘shocked’ post operatively to understand how and why they were taking the therapies which could impact on adherence. Some participants were worried that patients were not being prescribed treatments whilst they were in inpatients. One clinician had found it useful to put ‘checks’ in place so that their colleagues were able to spot if they had not been prescribed. Furthermore, treatments were not always included on discharge summaries. For those aged under 75 who received a DXA scan or who needed treatments that could not be initiated immediately, therapies were either initiated in primary care or in an outpatient setting.  However, there was a concern that this was not being done consistently in primary care and that general practitioners (GPs) lacked ‘alertness’ about the importance of the therapies.
Further information is provided by correlating this with statistical analysis of national data from CPRD in chapter 6. Figure 13-Figure 15 shows that there has been a substantial increase in prescribing of anti-osteoporosis medication prescribing within 12-months of hip fracture, particularly since 2004. However differences are observed stratified by age. In those aged > 85, prescribing rates have increased from 10 to 50%, and in those aged 75-84 from 20% to 55%, but in those aged under 75 the increase has been smaller from around 20 to 40%. This would fit with qualitative data that younger patients may be missed or that in earlier years there was differential under treatment of the older patient. An aspect not addressed in the qualitative study is a gender effect (Figure 13) where the national increase in anti-osteoporosis medication is much higher in females compared to males. There is potential for the under 75-year age group, and male patients, to be less likely to initiate osteoporosis therapy.
Monitoring - Participants were most concerned about the low levels of adherence to bone protection therapies and felt that monitoring had the potential to improve adherence to oral therapies. A number of participants thought that Zolendronic Acid could help improve adherence since it is given at a clinic rather than at home and given once a year rather than being taken regularly. However, they also described how the provision of this therapy was often constrained by local guidelines as well as the requirement to have good kidney function, an issue with many patients. Patients prescribed oral bisphosphonates had their monitoring delegated to primary care. However, there was a worry that this management was often ‘sub-optimal’ and some participants were concerned that GPs did not always have enough knowledge to monitor patients effectively. On account of these problems, participants thought that more monitoring could be conducted by secondary care. However, there was no consensus on how this could be systematically achieved. Participants discussed the relative advantages and disadvantages of using questionnaires, telephone calls and outpatient’s appointments to perform monitoring. 
Within this study, the service evaluation highlights how monitoring was undertaken by secondary care at seven sites and the remainder delegated to GPs. Monitoring by secondary care included telephone calls and questionnaires. Only one hospital had a FLS that included a monitoring pathway, but as this happened at the end of 2011, it was not possible to examine the impact of this on outcomes, as the HES data for our analysis was collected up to the end of 2013. The IOF adherence gap report (2005) highlights that up to 60% of patients who take a once-weekly bisphosphonate and nearly 80% who take a once-daily bisphosphonate discontinue treatment within a year.
Monitoring and adherence to therapy is the weakest element of FLS for hospitals within the region, and was highlighted as a clear cause for concern by health professionals in the qualitative study. This is a key element that could explain the lack of effectiveness of the FLS intervention.
The FLS model of secondary fracture prevention is centred on the efficacy of anti-resorptive drugs. It is widely known that the risk of further fracture can be reduced by up to half with bone protection therapy1 11-13. Clinical effectiveness of these drugs is reviewed in NICE TA 161 guidance where it is noted that for non-vertebral fracture types, individual data on hip, leg, pelvis, wrist, hand, foot, rib and humerus fractures were sometimes provided, whereas some studies only presented data for all non-vertebral fractures grouped together. In their consideration of the evidence it is interesting that they note that “all these drugs have proven efficacy in reducing the incidence of vertebral fragility fractures in women with osteoporosis, but that there were differences between the drugs as to the degree of certainty that treatment results in a reduction in hip fracture.” They considered evidence for effectiveness of alendronate and risedronate to be robust, but not etidronate, strontium, raloxifene and the effect of teriparitide required more research. Data from 14 RCTs indicated that between 81% and 100% of patients persisted with bisphosphonates in the first year of treatment. This contrasts starkly with adherence and persistence outside of the clinical trial setting that is substantially lower.
Statistical analysis of our UK data from CPRD shows that the increase in bisphosphonate use is largely driven by use of alendronate with minimal use of other bisphosphonate therapies, where the trend over the past decade has been largely flat. This is reassuring given the evidence of effectiveness of alendronate from RCTs.
Whilst oral bisphosphonates have been demonstrated to be effective in a trial setting, there is a lack of generalisability in terms of real world effectiveness largely driven by issues in adherence and persistency in therapy. In particular the oral bisphosphonates, although only taken weekly, have a very complicated method of administration that needs to be carefully followed to ensure reasonable bioavailability.  Hence the lack of association observed in our study may reflect the poor quality of the monitoring element of FLS in the hospitals in the region of study.
Problems relating to adherence and persistence with therapy can be overcome with intravenous (IV) bisphosphonates, which only needs administering once a year. Data from RCTs have shown significant reductions in subsequent fracture risk among hip fracture patients on IV antiresorptive treatment in all patients including those with cognitive impairment113. However, specifically in this trial, Zoledronic acid has only been shown to significantly reduce the risk of second hip fracture after a primary hip fracture after 12 months, with the same observed for the composite outcome of all non-vertebral fractures. Also, generalisability is primarily affected by the trial excluding patients with a life expectancy of less than 6 months in the investigator’s judgment. We could not address this exclusion criteria within our study. 
Our data from the natural experiment highlight that 35% and 63% of secondary hip fractures within 2-years occurred within the first 6 and 12 months respectively. Further in our hip fracture population, the mortality rates were 9.5% and 29.8% at 30-days and 1-year respectively with an average life expectancy of just over 2-years.
Whilst IV medications such as Zoledronic acid overcome problems with adherence to therapy monitoring, a move from oral to IV bisphosphonates may not be as clinically efficacious as perceived due to: a) the high mortality within the first year of hip fracture; b) the majority of second hip fractures occur within the first year; c) the effectiveness of Zoledronic acid on reducing secondary fractures occurs after the first year. A further consideration is that many patients will not be eligible for treatment with Zoledronic acid due to their poor renal function. 
[bookmark: _Toc308300838][bookmark: _Toc311366645]Final conclusions
The finding in relation to the beneficial effects of OG and FLS models of care on reducing 30-day and 1-year mortality is a very positive one. The health economics analysis shows that these models of care are cost-effective.
We found that in hip fracture patients an FLS was not effective at reducing the risk of second hip fracture. Whilst this was initially a surprising finding, combining the data from both the qualitative and quantitative components of the study, has helped us to understand the reasons behind the lack of a statistical association. There is a need for more monitoring of patients and work to enhance adherence to bisphosphonate therapy if FLS are to provide effective care. This could be achieved by either treating patients with IV Zoledronic acid (a drug which has recently become generic), and through interventions intended to improve persistence with anti-resorptive therapy158.
For the project as a whole, a great strength is the use of a mixed-methods approach, using qualitative research models, together with statistical and health economic analysis that take advantage of large routinely collected datasets from primary and secondary care. The methodology used throughout was robust with the use of extended Normalisation Process Theory as appropriate for complex interventions, a natural experimental study design with before-after impact analysis and Markov modelling. A strength of mixed methods study is the ability to integrate findings from the different work streams. This was helpful in attempting to understand the reasons why no effect was observed for FLS models on second hip fracture outcome, where information was synthesized from qualitative and quantitative data in order to provide deeper understanding and learning. The observational nature of the study is a limitation where the best evidence of effect would ideally be obtained through a RCT. To determine the clinical and cost effectiveness of FLS service models requires comparison of hospitals with and without a service, as well as between different service models. As a complex intervention there is also a need to fully understand the intervention, including which are the key components that are most effective. Given complexity, projected sample size, ethical issues, cost and lag time in setting up such services, individualized or cluster randomised control designs are not logistically possible or feasible. Our mixed methods approach using a natural experiment with large routinely available datasets is the most efficient approach to address the question. As this is not a trial, the limitations are mainly in relation to unobserved and unmeasured residual confounding. This is however minimised by using a quasi-experimental approach with a before-after time series design with each hospital acting as its own control and provides the next best level of evidence as a study design. In this context the limitation would be through time varying confounding such as the co-morbidity profile of hip fracture patients changing over time. Characterisatiuon of the intervention is essential, in order to understand mechanism of effect, but also measurement error relating to timing of intervention. Although we conducted a service evaluation supplemented by qualitative interviews, this is still subject to recall bias. A strength of the study over a clinical trial is in respect of generalizability of the study findings in a real world setting, where we are not restricted by inclusion criteria and capture patients with cognitive impairment.
This study is in hip-fracture patients only. The effectiveness of a FLS for non-hip fracture patients remains unanswered. In this study we were only able to look at second hip re-fracture as an outcome, as other non-hip fractures are not captured by the routine data used in the study. So effectiveness of an FLS for hip fracture patients on non-hip fracture outcomes also remains unanswered.
To inform a decision on the value of undertaking further research in order to eliminate the uncertainty surrounding the decision of cost-effectiveness of FLS models of care, the Expected Value of Perfect Information (EVPI) over 5-years was estimated at £23-73 million at the £30,000 per QALY gained threshold. This suggests that undertaking additional major commissioned research work to further reduce decision uncertainty is likely to be of significant benefit. 
[bookmark: _Toc311366646]Implications for practice
This study supports the hypothesis that improving clinical care after hip fracture can reduce mortality, suggesting in this frail elderly multi-morbid population, opportunities exist to avoid preventable death in the short and long term. The estimated impact of introducing an orthogeriatrician on 30-day and 1-year mortality was HR 0.73 (95% CI: 0.65-0.82) and HR=0.81 (95% CI: 0.75-0.87) respectively. 30-day and 1-year mortality were likewise reduced following the introduction of a FLS: HR 0.80 (95% CI: 0.71-0.91) and HR 0.84 (95% CI: 0.77-0.93) respectively. Assuming a pre-intervention survival of 90% at 30-days, the number of patients needed to treat to avoid 1 excess death at 30-days is 12 and 17 for orthogeriatric and FLS type interventions respectively.
After combining costs and outcomes in an incremental cost-effectiveness analysis, and at a £30,000 per QALY threshold, the most cost-effective model of care was introducing an orthogeriatrician. The probability of adding an OG being the most cost-effective option at £30,000/QALY was estimated to about 70% across both sexes.
The mechanism by which an orthogeriatric model of care can reduce subsequent mortality is clearer than for the FLS model. It is a plausible finding that is consistent with existing literature and from our knowledge of how the service changed detailed in the service evaluation. Ensuring patients are seen pre-operatively for optimisation for surgery, and that patients are being taken to theatre quicker and in better condition are likely to be important factors given previous evidence that trauma related complications play a key role in post-hip fracture mortality109, and that earlier surgery is associated with lower risk of death110. A recent study similarly reported that hospitals with orthogeriatric services were found to have significantly lower mortality after hip fracture compared to hospitals without such services91, and findings from randomised controlled trials (RCTs) also demonstrate the benefits of geriatric hip fracture care on mortality112.
The orthogeriatric model of care also reflects national guidance29 on optimizing initial recovery after hip fracture through: Optimising surgical procedure – including early timing of surgery, pre-operative appropriate correction of co-morbidities and type of implant; Early mobilization; Multidisciplinary management from admission to discharge. 
Services should be commissioned to improve the quality of clinical care in the pre-operative period for patients admitted with a hip fracture. Orthogeriatric models of care are increasingly being implemented in hospitals across the NHS. The NHFD has shown a significant increase in the number of consultant grade orthogeriatric hours per week since reporting began in 2009.  This study provides evidence of the clinical and cost-effectiveness of this service model. Whether there is a threshold for maximising the reduction in mortality and if there is target adjusted mortality rate remains to be tested.
In hip fracture patients an FLS was not effective at reducing the risk of second hip fracture. The lack of effect on second hip fracture highlights the complexity of secondary fracture prevention in its overlay across: secondary and primary care, the four stages (identification, investigation, initiation and monitoring) and across bone health and falls prevention intervention. It is likely that not every FLS is automatically clinically effective. There is a need for more monitoring of patients and work to enhance adherence to bisphosphonate therapy if FLS are to provide effective care. This underscores the need for commissioning of current FLS to include auditing of the FLS using standardized methods (e.g. IOF Capture the Fracture Best Practice Framework and Royal College of Physicians FLS-DB national audit). It also highlights that light touch FLS are unlikely to be effective and the need for an experimental research study to formally test the clinical and cost effectiveness of more complex and expensive secondary fracture prevention services.

[bookmark: _Toc308300839][bookmark: _Toc311366647]Scope for future work
1.	Further research is urgently needed to assess the clinical and cost-effectiveness of FLS models for non-hip fracture patients. This question cannot be answered using the natural experimental design of this study, as the routine data are not available. This question can only be answered through conducting a randomised controlled trial.
2.	For hip fracture patients, the clinical and cost-effectiveness of an FLS on non-hip re-fracture outcomes remains unanswered.
3.	For the cost-effectiveness analysis, although a great proportion of the data used was derived from healthcare records of patients with hip fracture; we had to obtain health state utility values from a review of the published literature. It was not possible to reliably estimate utility values for non-hip fractures or the additional impact these may have on the quality of life of individuals with a history of hip fracture.  To remove uncertainty in the decision model, high quality data on utility values is required.
4.	The qualitative study was focused solely on the perspectives of professionals working in secondary care. Further work could explore their experiences of engagement with fracture prevention services and service provision in primary care. This would offer a comprehensive, ‘system-wide’ perspective that would over arch the division between primary and secondary care.
5.	Further qualitative research should explore the experiences of hip fracture patients and their significant others of accessing these services to add a ‘patient centred’ context to the implementation of these services.
6.	The study focused on fracture prevention rather than falls prevention services. We acknowledge these are interrelated and this represents an area of further qualitative and quantitative study.
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[bookmark: _Toc308300843][bookmark: _Toc311366651]Appendix 2: Interview guide for qualitative interviews
Theme 1
Current service provision – things that work well/ not so well/ improvements/ best way of doing this
•	Case finding or identifying those at risk
•	Assessing patients ‘at risk’ 
•	Treating patients 
•	Monitoring patients
Co-ordination of care - things that work well/ not so well/ improvements/ best way of doing this
•	Within hospital services
•	With primary care services
Theme 2
Change in services - Most significant change in how services to prevent secondary fractures after hip fracture were delivered whilst at the hospital
•	How easy/ difficult process was 
Capability
•	Change in work done
•	Access to resources
-	Finances, staffing, technology
Capacity
•	How well everyone communicated with each other during the process
•	How well everyone worked together to introduce the service
Potential
•	How useful YOU thought the service was that was being introduced/ how useful you thought other colleagues felt about the service was that was being introduced
Contribution 
•	Collection of outcomes data
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Appendix 3: Medical codes for identifying hip fractures in the CPRD
	medcode
	readcode
	readterm

	5742
	7K1D000
	Prmy open red+int fxn prox femoral #+screw/nail+plate device

	58817
	7K1D011
	Prim open reduct # neck femur & op fix - Blount nail plate

	52395
	7K1D012
	Prim op red # nck femur & op fix- Charnley compression screw

	97337
	7K1D013
	Prim op red # nck femur & op fix - Deyerle multiple hip pin

	94714
	7K1D014
	Prim open reduct # neck femur & op fix - Holt nail

	105352
	7K1D015
	Prim open reduct # neck femur & op fix - Jewett nail plate

	56568
	7K1D017
	Prim open red # neck femur & op fix - McLaughlin nail plate

	46258
	7K1D018
	Prim open reduct # neck femur & op fix - Neufield nail plate

	65536
	7K1D019
	Prim open reduct # neck femur & op fix - Pugh nail plate

	24493
	7K1D01A
	Prim open reduct # neck femur & op fix - Richards screw

	57884
	7K1D01B
	Prim open reduct # neck femur & op fix - Ross Brown nail

	57889
	7K1D01D
	Prim op red # nck femur & op fix- Zickel intramed nail plate

	9792
	7K1D01E
	DHS - Dynamic hip screw primary fixation of neck of femur

	12544
	7K1D01F
	Dynamic hip screw primary fixation of neck of femur

	33624
	7K1D600
	Prmy open red+int fxn prox femoral #+screw/nail device alone

	34764
	7K1D700
	Prmy open red+int fxn prox fem #+screw/nail+intramed device

	105803
	7K1DE00
	Prim op red frac neck fem op fix us prox fem nail antirotatn

	41888
	7K1G200
	Primary open reduction+external fixation of femoral fracture

	8719
	7K1J000
	Cls red+int fxn proximal femoral #+screw/nail device alone

	53670
	7K1J011
	Cl red intracaps frac neck femur fix-Garden cannulated screw

	40999
	7K1J012
	Cl red intracaps fract neck femur fix - Smith-Petersen nail

	57514
	7K1J013
	Cls red+int fxn prox femoral #+Richard's cannulat hip screw

	35004
	7K1J500
	Primary int fxn(no red) prox fem #+screw/nail device alone

	44594
	7K1J600
	Primary int fxn(no red) prox fem #+scrw/nail+intramed device

	38856
	7K1J700
	Primary int fxn(no red) prox fem #+screw/nail+plate device

	55386
	7K1JB00
	Primary cls red+int fxn prox fem #+screw/nail device alone

	54819
	7K1JC00
	Prim cls rd+int fxn prox fem #+screw/nail+intramdulry device

	46959
	7K1JD00
	Primary cls red+int fxn prox fem #+screw/nail+plate device

	39322
	7K1Jd00
	Closed reduction of intracapsular # NOF internal fixat DHS

	70018
	7K1K300
	Primary external fixation(without reduction) prox femoral #

	102313
	7K1K500
	Primary cls reduction+external fixation proximal femoral #

	6660
	7K1L400
	Closed reduction of fracture of hip

	2225
	S30..00
	Fracture of neck of femur

	1994
	S30..11
	Hip fracture

	38489
	S300.00
	Closed fracture proximal femur, transcervical

	39984
	S300000
	Cls # prox femur, intracapsular section, unspecified

	69919
	S300100
	Closed fracture proximal femur, transepiphyseal

	65690
	S300200
	Closed fracture proximal femur, midcervical section

	52194
	S300300
	Closed fracture proximal femur, basicervical

	51861
	S300311
	Closed fracture, base of neck of femur

	17019
	S300500
	Cls # prox femur, subcapital, Garden grade unspec.

	34351
	S300600
	Closed fracture proximal femur, subcapital, Garden grade I

	33957
	S300700
	Closed fracture proximal femur, subcapital, Garden grade II

	36599
	S300800
	Closed fracture proximal femur, subcapital, Garden grade III

	34078
	S300900
	Closed fracture proximal femur, subcapital, Garden grade IV

	45779
	S300A00
	Closed fracture of femur, upper epiphysis

	49209
	S300y00
	Closed fracture proximal femur, other transcervical

	68229
	S300y11
	Closed fracture of femur, subcapital

	62966
	S300z00
	Closed fracture proximal femur, transcervical, NOS

	73981
	S301.00
	Open fracture proximal femur, transcervical

	50727
	S301000
	Opn # proximal femur, intracapsular section, unspecified

	72138
	S301100
	Open fracture proximal femur, transepiphyseal

	100771
	S301311
	Open fracture base of neck of femur

	38878
	S301500
	Open fracture proximal femur,subcapital, Garden grade unspec

	60885
	S301600
	Open fracture proximal femur,subcapital, Garden grade I

	67394
	S301700
	Open fracture proximal femur,subcapital, Garden grade II

	23803
	S301800
	Open fracture proximal femur,subcapital, Garden grade III

	51999
	S301900
	Open fracture proximal femur,subcapital, Garden grade IV

	96518
	S301A00
	Open fracture of femur, upper epiphysis

	68668
	S301y00
	Open fracture proximal femur, other transcervical

	73234
	S301y11
	Open fracture of femur, subcapital

	5301
	S302.00
	Closed fracture of proximal femur, pertrochanteric

	19117
	S302000
	Cls # proximal femur, trochanteric section, unspecified

	19387
	S302011
	Closed fracture of femur, greater trochanter

	48337
	S302012
	Closed fracture of femur, lesser trochanter

	45141
	S302100
	Closed fracture proximal femur, intertrochanteric, two part

	51216
	S302300
	Cls # proximal femur, intertrochanteric, comminuted

	8648
	S302400
	Closed fracture of femur, intertrochanteric

	44735
	S302z00
	Cls # of proximal femur, pertrochanteric section, NOS

	61733
	S303.00
	Open fracture of proximal femur, pertrochanteric

	67633
	S303000
	Open # of proximal femur, trochanteric section, unspecified

	101567
	S303100
	Open fracture proximal femur, intertrochanteric, two part

	97971
	S303300
	Open fracture proximal femur, intertrochanteric, comminuted

	39396
	S303400
	Open fracture of femur, intertrochanteric

	70479
	S303z00
	Open fracture of proximal femur, pertrochanteric, NOS

	28965
	S304.00
	Pertrochanteric fracture

	24276
	S30w.00
	Closed fracture of unspecified proximal femur

	58642
	S30x.00
	Open fracture of unspecified proximal femur

	18273
	S30y.00
	Closed fracture of neck of femur NOS

	10570
	S30y.11
	Hip fracture NOS

	38054
	S30z.00
	Open fracture of neck of femur NOS
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Appendix 4 Description of changes to orthogeriatric and FLS models of care as previously identified and described in Chapter 2. 
	Hospital
	Date
	Change
	Description

	2
	May 2005
	Appointment of
 Orthogeriatrician
	Provided a liaison service. Orthogeriatrician responsible for case finding, assessment and treatment initiation. 

	 
	Aug 2007
	Appointment of
 Orthogeriatrician
	Became clinical lead/osteoporosis ‘Champion’. Allowed a full time consultant to be present in orthogeriatrics throughout the year. Majority of patients seen pre-operatively and in theatre quicker and in better condition. Orthogeriatrician also involved in post-operative care, early identification and treatment of complications. Began doing falls assessments on ward

	4
	Oct 2006
	Appointment of
 Orthogeriatrician
	Attends daily trauma meetings and conducts daily ward round

	 
	May 2009
	Appointment of 
Osteoporosis Nurse 
Specialist
	Assesses all inpatient hip fractures, assesses for falls risk (with referral to falls service if required), osteoporosis risk factors, and refers for DXA and blood tests. Makes treatment recommendations and a follow-up plan. Attends daily trauma meetings, screens inpatients. Responsible for case-finding.

	6
	Nov 2005
	Appointment
 of Orthogeriatrician
	Carries out the initial assessment, pre-operative and post-operative care and secondary fracture prevention assessment: attends trauma meetings, case finds, does falls and osteoporosis assessment, supports discharge planning, sets rehabilitation goals, reviews complex cases and does ward round

	5
	Sept 2009
	Appointment o
f Orthogeriatrician
	Brought extra support for orthogeriatrician already in post. Allowed weekend orthogeriatric cover and was responsible for case finding. Assessment of all hip fracture patients for osteoporosis risk factors, lifestyle factors, nutrition, treatment compliance and falls risk, and also initiate treatment. They coordinate multi-disciplinary team meetings, attend trauma meetings, conduct pre- and post-operative assessments, and conducts a 4-6 week post-discharge follow-up if required. 

	7
	July 2004
	Appointment of Geriatrician
 to hip fracture ward
	Increased number of orthogeriatric sessions from 1 to 3 per week. Introduced service which sees all patients pre-operatively and post-operatively, including falls and osteoporosis assessments, and discharge planning (increasing intensity over time). A dedicated hip fracture ward was opened at the same time.

	 
	June 2007
	Appointment of Trauma
 Specialty Nurse
	Additional support for orthogeriatric team and management of bone health

	8
	March 2009
	Appointment of 
Orthogeriatrician
	Became clinical lead. Introduced daily trauma rounds  and 6 consultant ward rounds per week (four per week prior to this). Began assessing younger patients (prior to this those under 70 would not be seen). 90% patients seen pre-operatively by consultant to optimise them for surgery. Standardised falls assessment and gait and balance assessments, with referral to community falls assessment if required.

	9
	April 2005
	Appointment of Osteoporosis Nurse Specialist
	Runs the day-to-day osteoporosis clinic (outpatient). Conducts 15 min appointment for osteoporosis assessment and conducts blood test and medication assessment at 6 months follow-up

	10
	May 2006
	Appointment of 
Osteoporosis Nurse 
Specialist
	Osteoporosis and Fracture Liaison Nurse (0.5 whole time equivalent). Extra support for pre-existing FLS model where patients received osteoporosis assessment with recommendation made and letter to GP. Not all hip fracture patients seen.

	 
	May 2008
	Appointment of
 Osteoporosis
 Nurse Specialist
	Both an Osteoporosis & Fracture Liaison Clinical Nurse Specialist and a Specialist Practitioner - Osteoporosis Fracture Liaison Nurse Specialist appointed. Co-ordination of in-patient care of all incident hip fracture patients. Consultant rheumatologist also appointed as osteoporosis ‘Champion’. A new computer system put in place aided identification of hip fracture patients

	 
	Nov 2009
	Appointment of 
Orthogeriatrician
	Re-wrote admission paperwork and streamlined NOF pathway. Abnormal blood results were hence picked up by doctors rather than nurses



[bookmark: _Toc308300846][bookmark: _Toc311366654]Appendix 5: Baseline characteristics of cases (primary hip fracture patients)
	Year*
	Gender     (% female)
	Age (%)
	Charlson Comorbidities
	Prior Bisphosphonate use (ever)
	Prior Bisphosphonate use**
	Total

	
	
	60-74
	75-84
	≥85
	None
	Mild
	Moderate
	Severe
	
	
	

	1999
	673 (78.2)
	149 (17.3)
	351 (40.8)
	361 (41.9)
	482 (56.0)
	286 (33.2)
	72 (8.4)
	21 (2.4)
	50 (5.8)
	30 (3.5)
	861

	2000
	680 (79.2)
	157 (18.3)
	337 (39.2)
	365 (42.5)
	475 (55.3)
	292 (34.0)
	63 (7.3)
	29 (3.4)
	94 (10.9)
	45 (5.2)
	859

	2001
	646 (77.5)
	152 (18.2)
	343 (41.1)
	339 (40.7)
	484 (58.0)
	250 (30.0)
	65 (7.8)
	35 (4.2)
	89 (10.7)
	55 (6.6)
	834

	2002
	689 (79.9)
	159 (18.5)
	364 (42.2)
	339 (39.3)
	501 (58.1)
	266 (30.9)
	68 (7.9)
	27 (3.1)
	117 (13.6)
	64 (7.4)
	862

	2003
	674 (76.4)
	155 (17.6)
	409 (46.4)
	318 (36.1)
	503 (57.0)
	279 (31.6)
	67 (7.6)
	33 (3.7)
	108 (12.2)
	78 (8.8)
	882

	2004
	630 (77.0)
	139 (17.0)
	336 (41.1)
	343 (41.9)
	470 (57.5)
	245 (30.0)
	78 (9.5)
	25 (3.1)
	129 (15.8)
	79 (9.7)
	818

	2005
	638 (75.3)
	135 (15.9)
	357 (42.2)
	355 (41.9)
	469 (55.4)
	268 (31.6)
	71 (8.4)
	39 (4.6)
	134 (15.8)
	88 (10.4)
	847

	2006
	618 (74.6)
	141 (17.0)
	329 (39.7)
	359 (43.3)
	410 (49.5)
	271 (32.7)
	85 (10.3)
	63 (7.6)
	152 (18.3)
	101 (12.2)
	829

	2007
	643 (78.4)
	130 (15.9)
	330 (40.2)
	360 (43.9)
	379 (46.2)
	265 (32.3)
	111 (13.5)
	65 (7.9)
	170 (20.7)
	109 (13.3)
	820

	2008
	587 (73.1)
	166 (20.7)
	288 (35.9)
	349 (43.5)
	391 (48.7)
	241 (30.0)
	106 (13.2)
	65 (8.1)
	177 (22.0)
	111 (13.8)
	803

	2009
	569 (75.1)
	148 (19.5)
	262 (34/6)
	348 (45.9)
	355 (46.8)
	236 (31.1)
	109 (14.4)
	58 (7.7)
	180 (23.8
	115 (15.2)
	758

	2010
	534 (73.7)
	145 (20.0)
	251 (34.6)
	329 (45.4)
	312 (43.0)
	260 (35.9)
	102 (14.1)
	51 (7.0)
	162 (22.3)
	100 (13.8)
	725

	2011
	511 (76.4)
	110 (16.4)
	249 (37.2)
	310 (46.3)
	294 (44.0)
	224 (33.5)
	103 (15.4)
	48 (7.2)
	147 (22.0)
	87 (13.0)
	669

	2012
	502 (74.3)
	114 (16.9)
	242 (35.8)
	320 (47.3)
	328 (48.5)
	213 (31.5)
	90 (13.3)
	45 (6.7)
	150 (22.2)
	85 (12.6)
	676

	Overall
	8,594 (76.4)
	2,000 (17.8)
	4,448 (39.6)
	4,795 (42.7)
	5,853 (52.1)
	3,596 (32.0)
	1,190 (10.6)
	604 (5.4)
	1,859 (16.5)
	1,147 (10.2)
	11,243


*financial years
** prior bisphosphonate use defined as >=1 prescription in previous 6 months
∧ based on months April-Sept 2013
	Year*
	Gender     (% female)
	Age (%)
	Charlson Comorbidities
	Prior Bisphosphonate use (ever)
	Prior Bisphosphonate use**
	Total

	
	
	60-74
	75-84
	≥85
	None
	Mild
	Moderate
	Severe
	
	
	

	1999
	1,292 (78.3)
	298 (18.1)
	701 (42.5)
	652 (39.5)
	1,011 (61.2)
	495 (30.0)
	107 (6.5)
	38 (2.3)
	75 (4.5)
	44 (2.7)
	1,651

	2000
	1,314 (79.4)
	312 (18.9)
	673 (40.7)
	670 (40.5)
	1,054 (63.7)
	458 (27.7)
	102 (6.2)
	41 (2.5)
	75 (4.5)
	43 (2.6)
	1,655

	2001
	1,245 (77.4)
	304 (18.9)
	680 (42.3)
	625 (38.8)
	1,033 (64.2)
	466 (29.0)
	78 (4.9)
	32 (2.0)
	90 (5.6)
	55 (3.4)
	1,609

	2002
	1,318 (80.0)
	317 (19.3)
	722 (43.8)
	609 (37.0)
	1,024 (62.1)
	457 (27.7)
	135 (8.2)
	32 (1.9)
	92 (5.6)
	62 (3.8)
	1,648

	2003
	1,305 (76.9)
	307 (18.1)
	811 (47.8)
	579 (34.1)
	1,117 (65.8)
	427 (25.2)
	112 (6.6)
	41 (2.4)
	154 (9.1)
	102 (6.0)
	1,697

	2004
	1,213 (77.2)
	277 (17.6)
	665 (42.3)
	630 (40.1)
	1,024 (65.1)
	403 (25.6)
	109 (6.9)
	36 (2.3)
	152 (9.7)
	95 (6.0)
	1,572

	2005
	1,226 (75.5)
	270 (16.6)
	704 (43.3)
	651 (40.1)
	1,011 (62.2)
	424 (26.1)
	124 (7.6)
	66 (4.1)
	180 (11.1)
	115 (7.1)
	1,625

	2006
	1,189 (74.9)
	281 (17.7)
	651 (41.0)
	656 (41.3)
	923 (58.1)
	436 (27.5)
	157 (9.9)
	72 (4.5)
	205 (12.9)
	136 (8.6)
	1,588

	2007
	1,229 (78.4)
	258 (16.5)
	650 (41.5)
	659 (42.1)
	848 (54.1)
	429 (27.4)
	195 (12.4)
	95 (6.1)
	193 (12.3)
	122 (7.8)
	1,567

	2008
	1,139 (73.0)
	332 (21.3)
	572 (36.7)
	656 (42.1)
	827 (53.0)
	452 (29.0)
	181 (11.6)
	100 (6.4)
	217 (13.9)
	130 (8.3)
	1,560

	2009
	1,097 (75.5)
	296 (20.4)
	521 (35.8)
	637 (43.8)
	758 (52.1)
	428 (29.4)
	174 (12.0)
	94 (6.5)
	23 (16.0)
	154 (10.6)
	1,454

	2010
	1,039 (73.9)
	290 (20.6)
	502 (35.7)
	615 (43.7)
	733 (52.0)
	433 (30.8)
	160 (11.4)
	81 (5.8)
	220 (15.6)
	136 (9.7)
	1,407

	2011
	976 (76.9)
	220 (17.3)
	497 (39.2)
	552 (43.5)
	647 (51.0)
	390 (30.7)
	153 (12.1)
	79 (6.2)
	216 (17.0)
	133 (10.5)
	1,269

	2012
	965 (74.0)
	228 (17.5)
	484 (37.1)
	592 (45.4)
	747 (57.3)
	365 (28.0)
	127 (9.7)
	65 (5.0)
	229 (17.6)
	115 (8.8)
	1,304

	Overall
	16,547 (76.6)
	3,990 (18.5)
	8,833 (40.9)
	8,783 (40.7)
	12,757 (59.0)
	6,063 (28.1)
	1,914 (8.9)
	872 (4.0)
	2,331 (10.8)
	1,442 (6.7)
	21,606


Appendix 6: Baseline characteristics of controls

*financial years; ** prior bisphosphonate use defined as >=1 prescription in previous 6 months; ∧ based on months April-Sept 2013
Note: ratio of 2:1 for controls to cases broken owing to exclusion criteria relating to data quality (i.e. no date of birth)


[bookmark: _Toc308300847][bookmark: _Toc311366655]Appendix 7 Estimated impact of interventions using segmented linear regression (PARSIMONIOUS) models on all primary hip fracture patients
	 
	Coefficient                                
	lower 95% confidence interval
	upper 95% confidence interval
	P-value

	primary hip fracture rate (i.e. no. per half annum)

	Intercept (β0)
	431
	421
	441
	<0.001

	Baseline trend (β1)
	 
	 
	 
	 

	Level change after intervention 1+2 (β2)
	 
	 
	 
	 

	Trend change after intervention 1+2 (β3)
	-7.18
	-8.75
	-5.6
	<0.001

	Level change after intervention 3+4 (β4)
	 
	 
	 
	 

	Trend change after intervention 3+4 (β5)
	 
	 
	 
	 

	Level change after intervention 5 (β6)
	 
	 
	 
	 

	Trend change after intervention 5 (β7)
	 
	 
	 
	 

	overall hip fracture rate (i.e. no. per half annum)

	Intercept (β0)
	442.2
	430.8
	453.6
	<0.001

	Baseline trend (β1)
	 
	 
	 
	 

	Level change after intervention 1+2 (β2)
	 
	 
	 
	 

	Trend change after intervention 1+2 (β3)
	-7.85
	-10.23
	-5.47
	<0.001

	Level change after intervention 3+4 (β4)
	 
	 
	 
	 

	Trend change after intervention 3+4 (β5)
	 
	 
	 
	 

	Level change after intervention 5 (β6)
	 
	 
	 
	 

	Trend change after intervention 5 (β7)
	 
	 
	 
	 

	second hip fracture (2 years)

	Intercept (β0)
	2.49
	2.12
	2.87
	<0.001

	Baseline trend (β1)
	 
	 
	 
	 

	Level change after intervention 1+2 (β2)
	 
	 
	 
	 

	Trend change after intervention 1+2 (β3)
	 
	 
	 
	 

	Level change after intervention 3+4 (β4)
	-0.95
	-1.67
	-0.23
	0.012

	Trend change after intervention 3+4 (β5)
	 
	 
	 
	 

	Level change after intervention 5 (β6)
	 
	 
	 
	 

	Trend change after intervention 5 (β7)
	 
	 
	 
	 

	major non-hip fracture (2 years)

	Intercept (β0)
	2.12
	1.92
	2.32
	<0.001

	Baseline trend (β1)
	 
	 
	 
	 

	Level change after intervention 1+2 (β2)
	 
	 
	 
	 

	Trend change after intervention 1+2 (β3)
	 
	 
	 
	 

	Level change after intervention 3+4 (β4)
	 
	 
	 
	 

	Trend change after intervention 3+4 (β5)
	 
	 
	 
	 

	Level change after intervention 5 (β6)
	 
	 
	 
	 

	Trend change after intervention 5 (β7)
	 
	 
	 
	 

	mortality (30 days)
	
	
	
	

	Intercept (β0)
	7.30
	6.74
	7.85
	<0.001

	Baseline trend (β1)
	 
	 
	 
	 

	Level change after intervention 1+2 (β2)
	 
	 
	 
	 

	Trend change after intervention 1+2 (β3)
	 
	 
	 
	 

	Level change after intervention 3+4 (β4)
	-2.81
	-3.73
	-1.85
	<0.001

	Trend change after intervention 3+4 (β5)
	 
	 
	 
	 

	Level change after intervention 5 (β6)
	 
	 
	 
	 

	Trend change after intervention 5 (β7)
	 
	 
	 
	 

	mortality (30 days): difference between cases and controls
	
	
	
	

	Intercept (β0)
	6.41
	5.8
	7.01
	<0.001

	Baseline trend (β1)
	 
	 
	 
	 

	Level change after intervention 1+2 (β2)
	 
	 
	 
	 

	Trend change after intervention 1+2 (β3)
	 
	 
	 
	 

	Level change after intervention 3+4 (β4)
	-2.546
	-3.55
	-1.54
	<0.001

	Trend change after intervention 3+4 (β5)
	 
	 
	 
	 

	Level change after intervention 5 (β6)
	 
	 
	 
	 

	Trend change after intervention 5 (β7)
	 
	 
	 
	 

	mortality (1 year)
	
	
	
	

	Intercept (β0)
	23.6
	22.7
	24.6
	<0.001

	Baseline trend (β1)
	 
	 
	 
	 

	Level change after intervention 1+2 (β2)
	 
	 
	 
	 

	Trend change after intervention 1+2 (β3)
	 
	 
	 
	 

	Level change after intervention 3+4 (β4)
	 
	 
	 
	 

	Trend change after intervention 3+4 (β5)
	 
	 
	 
	 

	Level change after intervention 5 (β6)
	-5.56
	-7.59
	-3.52
	<0.001

	Trend change after intervention 5 (β7)
	 
	 
	 
	 

	mortality (1 year): difference between cases and controls
	
	
	
	

	Intercept (β0)
	13.44
	12.51
	14.4
	<0.001

	Baseline trend (β1)
	 
	 
	 
	 

	Level change after intervention 1+2 (β2)
	 
	 
	 
	 

	Trend change after intervention 1+2 (β3)
	 
	 
	 
	 

	Level change after intervention 3+4 (β4)
	 
	 
	 
	 

	Trend change after intervention 3+4 (β5)
	0.98
	0.16
	1.8
	0.022

	Level change after intervention 5 (β6)
	-8.76
	-13.8
	-3.7
	0.002

	Trend change after intervention 5 (β7)
	 
	 
	 
	 

	any incident anti-OP medication use (4 months)*
	
	
	
	

	Intercept (β0)
	0.57
	-2.82
	3.96
	0.73

	Baseline trend (β1)
	0.84
	0.35
	1.34
	0.002

	Level change after intervention 1+2 (β2)
	13.3
	8.7
	17.8
	<0.001

	Trend change after intervention 1+2 (β3)
	0.72
	-0.01
	1.44
	0.051

	Level change after intervention 3+4 (β4)
	 
	 
	 
	 

	Trend change after intervention 3+4 (β5)
	 
	 
	 
	 

	Level change after intervention 5 (β6)
	 
	 
	 
	 

	Trend change after intervention 5 (β7)
	 
	 
	 
	 

	any incident anti-OP medication use (1 year)*
	
	
	
	

	Intercept (β0)
	2.52
	-0.01
	5.05
	0.05

	Baseline trend (β1)
	1.08
	0.71
	1.45
	<0.001

	Level change after intervention 1+2 (β2)
	14.5
	11.1
	17.8
	<0.001

	Trend change after intervention 1+2 (β3)
	0.49
	-0.05
	1.03
	0.073

	Level change after intervention 3+4 (β4)
	 
	 
	 
	 

	Trend change after intervention 3+4 (β5)
	 
	 
	 
	 

	Level change after intervention 5 (β6)
	 
	 
	 
	 

	Trend change after intervention 5 (β7)
	 
	 
	 
	 

	bisphosphonate prevalence (2-6 months)*
	
	
	
	

	Intercept (β0)
	0.84
	-2.55
	4.22
	0.61

	Baseline trend (β1)
	0.88
	0.38
	1.38
	0.002

	Level change after intervention 1+2 (β2)
	7.57
	1.54
	13.6
	0.017

	Trend change after intervention 1+2 (β3)
	2.1
	0.55
	3.66
	0.011

	Level change after intervention 3+4 (β4)
	-9.59
	-16.81
	-2.36
	0.012

	Trend change after intervention 3+4 (β5)
	 
	 
	 
	 

	Level change after intervention 5 (β6)
	 
	 
	 
	 

	Trend change after intervention 5 (β7)
	-1.74
	-3.78
	0.31
	0.091

	bisphosphonate prevalence (10-14 months)*
	
	
	
	

	Intercept (β0)
	1.31
	-1
	3.61
	0.25

	Baseline trend (β1)
	0.95
	0.62
	1.27
	<0.001

	Level change after intervention 1+2 (β2)
	8.71
	5.04
	12.4
	<0.001

	Trend change after intervention 1+2 (β3)
	 
	 
	 
	 

	Level change after intervention 3+4 (β4)
	-3.79
	-7.4
	-0.17
	0.041

	Trend change after intervention 3+4 (β5)
	 
	 
	 
	 

	Level change after intervention 5 (β6)
	 
	 
	 
	 

	Trend change after intervention 5 (β7)
	 
	 
	 
	 


* among treatment naive patients for 6-months prior to index date parsimonious models were derived using backward elimination (p>=0.1) outcomes age and sex standardised (except primary and overall hip fx no.)
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Appendix 8 Estimated impact of interventions using segmented linear regression (FULL) models on all primary hip fracture patients
	 
	Coefficient                                
	lower 95% confidence interval
	upper 95% confidence interval
	P-value

	primary hip fracture rate (i.e. no. per half annum)

	Intercept (β0)
	424.4
	396.6
	452.1
	<0.001

	Baseline trend (β1)
	0.75
	-3.34
	4.84
	0.7

	Level change after intervention 1+2 (β2)
	-3.94
	-56.8
	48.9
	0.88

	Trend change after intervention 1+2 (β3)
	-5.65
	-19.8
	8.51
	0.41

	Level change after intervention 3+4 (β4)
	-24.5
	-98.4
	49.4
	0.49

	Trend change after intervention 3+4 (β5)
	6.9
	-26.3
	40.1
	0.67

	Level change after intervention 5 (β6)
	-18
	-73.9
	37.9
	0.51

	Trend change after intervention 5 (β7)
	-9.14
	-41.2
	22.9
	0.56

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	overall hip fracture rate (i.e. no. per half annum)

	Intercept (β0)
	433.6
	403.4
	463.8
	<0.001

	Baseline trend (β1)
	1.13
	-3.33
	5.58
	0.596

	Level change after intervention 1+2 (β2)
	-9.627
	-67.22
	47.97
	0.725

	Trend change after intervention 1+2 (β3)
	-5.627
	-21.068
	9.81
	0.447

	Level change after intervention 3+4 (β4)
	-28.9
	-109.5
	51.6
	0.45

	Trend change after intervention 3+4 (β5)
	6
	-30.2
	42.2
	0.73

	Level change after intervention 5 (β6)
	14.83
	-68.36
	98
	0.71

	Trend change after intervention 5 (β7)
	-26.5
	-73.2
	20.2
	0.244

	second hip fracture (2 years)

	Intercept (β0)
	2.21
	1.1
	3.31
	0.001

	Baseline trend (β1)
	0.068
	-0.0948
	0.231
	0.39

	Level change after intervention 1+2 (β2)
	-1.17
	-3.28
	0.931
	0.25

	Trend change after intervention 1+2 (β3)
	0.06
	-0.504
	0.625
	0.82

	Level change after intervention 3+4 (β4)
	-0.88
	-3.83
	2.06
	0.53

	Trend change after intervention 3+4 (β5)
	-0.337
	-1.66
	0.985
	0.59

	Level change after intervention 5 (β6)
	0.583
	-2.46
	3.62
	0.69

	Trend change after intervention 5 (β7)
	0.25
	-1.46
	1.95
	0.76

	major non-hip fracture (2 years)

	Intercept (β0)
	2.09
	1.41
	2.77
	<0.001

	Baseline trend (β1)
	0.02
	-0.08
	0.12
	0.72

	Level change after intervention 1+2 (β2)
	0.28
	-1.01
	1.57
	0.65

	Trend change after intervention 1+2 (β3)
	-0.23
	-0.58
	0.11
	0.17

	Level change after intervention 3+4 (β4)
	0.78
	-1.03
	2.59
	0.37

	Trend change after intervention 3+4 (β5)
	0.08
	-0.74
	0.89
	0.85

	Level change after intervention 5 (β6)
	0.59
	-1.28
	2.46
	0.51

	Trend change after intervention 5 (β7)
	0.055
	-0.99
	1.11
	0.91

	mortality (30 days)

	Intercept (β0)
	7.26
	5.78
	8.74
	<0.001

	Baseline trend (β1)
	0.03
	-0.19
	0.25
	0.8

	Level change after intervention 1+2 (β2)
	0.46
	-2.36
	3.28
	0.74

	Trend change after intervention 1+2 (β3)
	-0.37
	-1.13
	0.38
	0.31

	Level change after intervention 3+4 (β4)
	-1.89
	-5.86
	2.05
	0.33

	Trend change after intervention 3+4 (β5)
	0.67
	-1.1
	2.44
	0.44

	Level change after intervention 5 (β6)
	-2.58
	-5.57
	0.4
	0.086

	Trend change after intervention 5 (β7)
	0.04
	-1.67
	1.75
	0.96

	mortality (30 days): difference between cases and controls

	Intercept (β0)
	6.17
	4.49
	7.85
	<0.001

	Baseline trend (β1)
	0.05
	-0.2
	0.29
	0.69

	Level change after intervention 1+2 (β2)
	0.38
	-2.81
	3.58
	0.8

	Trend change after intervention 1+2 (β3)
	-0.33
	-1.18
	0.52
	0.43

	Level change after intervention 3+4 (β4)
	-2.51
	-6.97
	1.96
	0.25

	Trend change after intervention 3+4 (β5)
	0.82
	-1.19
	2.83
	0.4

	Level change after intervention 5 (β6)
	-2.69
	-6.07
	0.68
	0.11

	Trend change after intervention 5 (β7)
	-0.15
	-2.09
	1.78
	0.87

	mortality (1 year)

	Intercept (β0)
	24.7
	21.8
	27.5
	<0.001

	Baseline trend (β1)
	-0.1
	-0.53
	0.32
	0.61

	Level change after intervention 1+2 (β2)
	-0.52
	-5.98
	4.95
	0.84

	Trend change after intervention 1+2 (β3)
	0.28
	-1.19
	1.74
	0.69

	Level change after intervention 3+4 (β4)
	-4.6
	-12.2
	3.04
	0.22

	Trend change after intervention 3+4 (β5)
	1.56
	-1.87
	5
	0.35

	Level change after intervention 5 (β6)
	-6.05
	-12.2
	0.11
	0.054

	Trend change after intervention 5 (β7)
	-1.75
	-5.18
	1.68
	0.3

	mortality (1 year): difference between cases and controls

	Intercept (β0)
	13
	10.1
	15.8
	<0.001

	Baseline trend (β1)
	0.1
	-0.32
	0.52
	0.62

	Level change after intervention 1+2 (β2)
	-0.7
	-6.12
	4.73
	0.79

	Trend change after intervention 1+2 (β3)
	-0.17
	-1.62
	1.29
	0.81

	Level change after intervention 3+4 (β4)
	-2
	-9.59
	5.6
	0.59

	Trend change after intervention 3+4 (β5)
	1.97
	-1.45
	5.38
	0.24

	Level change after intervention 5 (β6)
	-9.32
	-15.5
	-3.21
	0.005

	Trend change after intervention 5 (β7)
	-0.95
	-4.36
	2.46
	0.56

	any incident anti-OP medication use (4 months)*

	Intercept (β0)
	0.47
	-2.92
	3.87
	0.77

	Baseline trend (β1)
	0.86
	0.36
	1.36
	0.006

	Level change after intervention 1+2 (β2)
	9.54
	3.08
	16
	0.006

	Trend change after intervention 1+2 (β3)
	1.97
	0.24
	3.7
	0.028

	Level change after intervention 3+4 (β4)
	-2.26
	-11.3
	6.78
	0.6

	Trend change after intervention 3+4 (β5)
	-1.81
	-5.88
	2.25
	0.36

	Level change after intervention 5 (β6)
	4.8
	-2.5
	12.1
	0.18

	Trend change after intervention 5 (β7)
	-0.61
	-4.67
	3.45
	0.75

	any incident anti-OP medication use (1 year)*

	Intercept (β0)
	2.5
	-0.16
	5.17
	0.064

	Baseline trend (β1)
	1.09
	0.69
	1.48
	<0.001

	Level change after intervention 1+2 (β2)
	11.6
	6.55
	16.7
	<0.001

	Trend change after intervention 1+2 (β3)
	1.44
	0.08
	2.8
	0.04

	Level change after intervention 3+4 (β4)
	-0.57
	-7.68
	6.53
	0.87

	Trend change after intervention 3+4 (β5)
	-1.52
	-4.71
	1.67
	0.33

	Level change after intervention 5 (β6)
	1.31
	-4.42
	7.03
	0.64

	Trend change after intervention 5 (β7)
	0.18
	-3
	3.37
	0.91

	 
	 
	 
	 
	 

	bisphosphonate prevalence (2-6 months)*

	Intercept (β0)
	0.84
	-2.69
	4.36
	0.62

	Baseline trend (β1)
	0.88
	0.36
	1.4
	0.003

	Level change after intervention 1+2 (β2)
	8.61
	1.9
	15.3
	0.015

	Trend change after intervention 1+2 (β3)
	1.76
	-0.04
	3.56
	0.055

	Level change after intervention 3+4 (β4)
	-12.1
	-21.5
	-2.75
	0.015

	Trend change after intervention 3+4 (β5)
	1.91
	-2.31
	6.13
	0.35

	Level change after intervention 5 (β6)
	-1.1
	-8.68
	6.46
	0.76

	Trend change after intervention 5 (β7)
	-3.4
	-7.62
	0.82
	0.11

	bisphosphonate prevalence (10-14 months)*

	Intercept (β0)
	1.65
	-1.13
	4.43
	0.23

	Baseline trend (β1)
	0.89
	0.48
	1.3
	<0.001

	Level change after intervention 1+2 (β2)
	9.28
	3.98
	14.6
	0.002

	Trend change after intervention 1+2 (β3)
	-0.02
	-1.44
	1.4
	0.98

	Level change after intervention 3+4 (β4)
	-8.18
	-15.6
	-0.77
	0.033

	Trend change after intervention 3+4 (β5)
	2.11
	-1.22
	5.44
	0.2

	Level change after intervention 5 (β6)
	0.19
	-5.79
	6.17
	0.95

	Trend change after intervention 5 (β7)
	-2.46
	-5.79
	0.87
	0.14



* among treatment naive patients for 6-months prior to index date parsimonious models were derived using backward elimination (p>=0.1) outcomes age and sex standardised (except primary and overall hip fx no.)
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Appendix 9 Estimated impact of interventions using segmented linear regression (PARSIMONIOUS) models on all primary hip fracture patients, stratified by gender
	 
	Coefficient                                
	lower 95% confidence interval
	upper 95% confidence interval
	P-value

	MALES

	any incident anti-OP medication use (1 year)*

	Intercept (β0)
	0.57
	-3.34
	4.49
	0.76

	Baseline trend (β1)
	0.67
	0.09
	1.24
	0.026

	Level change after intervention 1+2 (β2)
	9.07
	3.68
	14.5
	0.002

	Trend change after intervention 1+2 (β3)
	1.51
	0.49
	2.53
	0.006

	Level change after intervention 3+4 (β4)
	-7.52
	-14.1
	-0.95
	0.027

	Trend change after intervention 3+4 (β5)
	 
	 
	 
	 

	Level change after intervention 5 (β6)
	 
	 
	 
	 

	Trend change after intervention 5 (β7)
	 
	 
	 
	 

	bisphosphonate prevalence (10-14 months)*

	Intercept (β0)
	2.83
	1.1
	4.56
	0.003

	Baseline trend (β1)
	 
	 
	 
	 

	Level change after intervention 1+2 (β2)
	7.98
	4.06
	11.9
	<0.001

	Trend change after intervention 1+2 (β3)
	1.74
	0.94
	2.53
	<0.001

	Level change after intervention 3+4 (β4)
	-8.69
	-14.8
	-2.56
	0.008

	Trend change after intervention 3+4 (β5)
	 
	 
	 
	 

	Level change after intervention 5 (β6)
	 
	 
	 
	 

	Trend change after intervention 5 (β7)
	 
	 
	 
	 

	 
	 
	 
	 
	 

	FEMALES

	any incident anti-OP medication use (1 year)*

	Intercept (β0)
	1.63
	-0.49
	3.75
	0.13

	Baseline trend (β1)
	1.48
	1.23
	1.73
	<0.001

	Level change after intervention 1+2 (β2)
	15.2
	11.1
	19.3
	<0.001

	Trend change after intervention 1+2 (β3)
	 
	 
	 
	 

	Level change after intervention 3+4 (β4)
	 
	 
	 
	 

	Trend change after intervention 3+4 (β5)
	 
	 
	 
	 

	Level change after intervention 5 (β6)
	 
	 
	 
	 

	Trend change after intervention 5 (β7)
	 
	 
	 
	 

	bisphosphonate prevalence (10-14 months)*

	Intercept (β0)
	2.11
	-0.64
	4.86
	0.13

	Baseline trend (β1)
	1.04
	0.65
	1.42
	<0.001

	Level change after intervention 1+2 (β2)
	9.59
	5.22
	14
	<0.001

	Trend change after intervention 1+2 (β3)
	-4.22
	-8.53
	0.09
	0.055

	Level change after intervention 3+4 (β4)
	 
	 
	 
	 

	Trend change after intervention 3+4 (β5)
	 
	 
	 
	 

	Level change after intervention 5 (β6)
	 
	 
	 
	 

	Trend change after intervention 5 (β7)
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Appendix 10 Estimated impact of interventions using segmented linear regression (FULL) models on all primary hip fracture patients, stratified by gender
	 
	Coefficient                                
	lower 95% confidence interval
	upper 95% confidence interval
	P-value

	MALES

	any incident anti-OP medication use (1 year)*

	Intercept (β0)
	0.57
	-3.46
	4.6
	0.76

	Baseline trend (β1)
	0.67
	0.71
	1.26
	0.031

	Level change after intervention 1+2 (β2)
	6.6
	-1.08
	14.3
	0.087

	Trend change after intervention 1+2 (β3)
	2.33
	0.27
	4.39
	0.029

	Level change after intervention 3+4 (β4)
	-4.8
	-15.5
	5.94
	0.36

	Trend change after intervention 3+4 (β5)
	-3.1
	-7.93
	1.72
	0.19

	Level change after intervention 5 (β6)
	4.42
	-4.24
	13.1
	0.3

	Trend change after intervention 5 (β7)
	1.67
	-3.15
	6.5
	0.47

	bisphosphonate prevalence (10-14 months)*

	Intercept (β0)
	0.65
	-3.33
	4.62
	0.74

	Baseline trend (β1)
	0.36
	-0.22
	0.95
	0.21

	Level change after intervention 1+2 (β2)
	5.56
	-2.02
	13.1
	0.14

	Trend change after intervention 1+2 (β3)
	1.45
	-0.58
	3.48
	0.15

	Level change after intervention 3+4 (β4)
	-10.5
	-21.1
	0.11
	0.052

	Trend change after intervention 3+4 (β5)
	0.26
	-4.51
	5.02
	0.91

	Level change after intervention 5 (β6)
	1.39
	-7.16
	9.95
	0.73

	Trend change after intervention 5 (β7)
	-0.78
	-5.54
	4
	0.73

	FEMALES

	any incident anti-OP medication use (1 year)*

	Intercept (β0)
	3.14
	-0.2
	6.49
	0.064

	Baseline trend (β1)
	1.23
	0.73
	1.72
	<0.001

	Level change after intervention 1+2 (β2)
	13.3
	6.94
	19.7
	<0.001

	Trend change after intervention 1+2 (β3)
	1.14
	-0.57
	2.85
	0.18

	Level change after intervention 3+4 (β4)
	0.83
	-8.07
	9.74
	0.85

	Trend change after intervention 3+4 (β5)
	-0.99
	-5
	3.01
	0.61

	Level change after intervention 5 (β6)
	0.27
	-6.92
	7.45
	0.94

	Trend change after intervention 5 (β7)
	-0.31
	-4.32
	3.69
	0.87

	bisphosphonate prevalence (10-14 months)*

	Intercept (β0)
	1.77
	-1.59
	5.14
	0.28

	Baseline trend (β1)
	1.09
	0.6
	1.59
	<0.001

	Level change after intervention 1+2 (β2)
	10.2
	3.84
	16.7
	0.004

	Trend change after intervention 1+2 (β3)
	-0.39
	-2.1
	1.33
	0.64

	Level change after intervention 3+4 (β4)
	-7.94
	-16.9
	1.03
	0.079

	Trend change after intervention 3+4 (β5)
	2.52
	-1.51
	6.55
	0.2

	Level change after intervention 5 (β6)
	-0.57
	-7.8
	6.66
	0.87

	Trend change after intervention 5 (β7)
	-2.78
	-6.81
	1.25
	0.16
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Figure 1: Population flow diagram
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Characterising the Elements of Secondary Fracture Prevention Services Available for Hip Fracture
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2. What type of wards have been available for patient rehabilitation in the last decade at your
hospital for hip fracture patients? Please give the dates that the hospital started (and, if relevant,

ceased) to use this type of ward .

a.Trauma ward

If yes, please specify:

Date started Date ended

Other details (eg. male/female only ward)

b. Geriatric orthopaedic rehabilitation unit
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3. Has a Service Level Agreement been reached for secondary prevention of hip ~ Yes D No D
fractures between trusts or PCTs?

If yes, please specify when:

4. This question is about the co-ordination of multidisciplinary clinical care at this hospital. Please indicate if
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Question 6 refers to IOF Standard 2

6. This question relates to the case finding of fracture patients

a) Who is responsible for case-finding for hip fracture patients for secondary fracture prevention? {please tick)

Trauma nurse D FLS nurse D Falls nurse D

Orthogeriatricians D Orthopaedic surgeons D

Other {please specify) D

b) Does a patient tracking system exist? Yes D No D

Date patient tracking system started

Question 7 i-iii refers to IOF Standard 3

7. This question related to your Dual energy X-ray Absorptiometry (DXA) Scanner.

a) Does your hospital have a DXA scanner? If you answer no, please move  Yes D No D
on to Question 8.

Date hospital obtained DXA scanner

b) Is this scanner located on the same site as your trauma service? Yes D No D

c) Who is responsible for referring hip fracture patients for a DXA scan?

Nurses D Any clinicians D Rhumatologists D
Unlimited D Other D (specify)

d) Generally, which patients suffering from hip fractures are referred for a DXA scan?

All patients D Those aged 50-74 D Those aged 75+

e) Is the FRAX tool used as part of the Yes D No D
osteoporosis assessment?

Date started using FRAX

The folfowing question refers to IOF Standard 4

f) How long does it usually take for the osteoporosis assessment to be done? Dj Days
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The following question refers to IOF Standard 6

Yes D

The folfowing question refers to IOF Standard 11

g) Is the assessment consistent with National Guidelines?

h) If the patient is already receiving osteoporosis therapy, is re-assessment offered? Yes D No D

Date this service was first offered

i) Are patient screened for secondary causes of osteoporosis? Yes D No D

Date this started

Question 8 refers to IOF Standard 8

8) Does your hospital use any of the following methods to monitor hip fracture patients after discharge. Please
give the date that the hospital began to use this method .
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GP led follow-up D
Phone call from nurse D
Other (please specify) D

ii) At what time points are patients followed-up after discharge (eg. 6 months, 1 year etc.) ?

Question 9 refers to IOF Standard 9
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. y . N B
i) Are patients evaluated using falls risk assessment? Yes D No D
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Question 10 refers to IOF Standard 10
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