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Abstract 
Introduction  
Given the expected increase in the number of patients with osteoporosis and fragility fractures it is important to have concise information on trends in prescription rates of anti-osteoporosis drugs (AOD). 
Methods  
We undertook a retrospective observational study using the UK Clinical Practice Research Datalink (CPRD) in the UK between 1990 and 2012 in subjects 50 years or older, stratified by age, sex, geographic region and ethnicity. Yearly prescription incidence rates of any AOD and of each specific AOD were calculated as the number of patients first prescribed these AODs per 10,000 person-years (py). 
Results 
In women, yearly rates of first prescription of any AOD increased from 1990-2006 (from 2.3 to 169.7 per 10,000 py), followed by a plateau and a 12% decrease in the last three years. In men, a less steep increase from 1990-2007 (from 1.4 to 45.3 per 10,000 py) was followed by a plateau from 2008 onwards. Yearly rates of first prescription of any AOD increased up to the age of 85-89 years (248.9 per 10,000 py in women and 119.3 in men). There were marked differences between ethnic groups and regions. Bisphosphonates were the most frequently prescribed AODs: etidronate till 2000, and then subsequently alendronate. 
Conclusion  
We have demonstrated marked secular changes in rates of anti-osteoporosis drug prescription over the last two decades. The plateau (and decrease amongst women) in rates in recent years, set against an ever ageing population is worrying, suggesting that the well-documented care gap in osteoporosis treatment persists. The differences in prescription rates by geographic location and ethnicity raise intriguing questions in relation to underlying fracture rates, provision of care and health behaviour.

Summary
We studied the prescription incidence of anti-osteoporosis drugs (AOD) from 1990-2012 in the UK CPRD. Overall AOD prescription incidence showed a strong increase from 1990- 2006, followed by a plateau in both sexes and a decrease amongst women in the last three years.
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Introduction
Osteoporosis is a disease most common in the elderly population and is characterized by low bone mass and disruption of bone micro-architecture, rendering the individual susceptible to fragility fractures. Currently, there are an estimated 3 million persons with osteoporosis in the UK (1) and this number is expected to increase due to the increasing longevity of the population. In the European Union (EU) the number of individuals with osteoporosis is expected to rise from 28 million in 2010 to 34 million in 2025 (2). It is estimated that osteoporosis leads to nearly 9 million fractures per year in the EU (3). Over 300,000 patients present with fragility fractures to hospitals in the UK each year (4), resulting in substantial morbidity, often leading to a reduced quality of life, an increased risk of future fracture (5), decreased life expectancy (6) and high costs (7). It is therefore of huge importance (both for the individual and for society) that appropriate medical treatment is initiated in those at high risk for fragility fractures, and in those who have already experienced one.   
During the last two decades there have been significant advances in medications to treat osteoporosis and to reduce fracture risk (8). Despite the advances in the development of pharmacological interventions and the publication of practice guidelines (9) only a minority of patients with an increased risk for fragility fracture actually receive appropriate treatment (10-14).
Studies presenting recent data on prescription trends of anti-osteoporosis drugs (AODs) in the UK are scarce (15,16). We therefore studied the rates of prescription of different AODs in the UK from year 1991 to 2012 in men and women aged 50 years or over and stratified by age, geographic region and ethnicity.

Methods 
Data sources
We conducted a retrospective observational study using data from the UK Clinical Practice Research Datalink (CPRD), formerly known as the General Practice Research Database. In the health care system in the UK (the National Health Service, NHS) general practitioners (GPs) play a pivotal role, providing primary health care for 98% of the population and referring patients for specialist consultations or hospital admissions. The medical records of the GPs contain prospective information on demographics, prescriptions and diagnoses made by GPs and diagnoses from specialist consultations, outpatient visits and hospitalizations (17). The CPRD is a widely used computerized database of clinical primary care records that from its inception in 1987 stores information on around 10 million patients registered with a general practice, with active patients covering 6.9% of the UK population. The geographic distribution of the participating GP-practices and the demographic distribution of the patients are broadly representative of the general UK population (17). Clinical data for each patient are captured and stored in CPRD using Read codes (18). Data quality assessments are performed at the practice level (17). Independent validation studies (19,20) and reviews (21-23) have reported that the clinical data in the CPRD are in general of high quality. We used the ethnicity classification as developed and tested by Mathur (24), for which a high level of concordance within and across NHS sources was found in an analysis of CPRD records of ethnicity. This research was conducted in accordance with the principles of the Helsinki declaration and the protocol for this study was approved by CPRD’s Independent Scientific Advisory Committee.  All data on patients were stored anonymously in CPRD and, therefore, informed consent was not required for this study.
Study population and derivation of anti-osteoporosis drug (AOD) prescription rates
The study population consisted of women and men aged 50 years or older who were registered at participating general practices and recorded in CPRD, and were active between 1990 and 2012 inclusive. All prescriptions of AOD from 1990 until 2012 were identified including the oral bisphosphonates (BPs: alendronate, risedronate, etidronate, ibandronate, clodronate) and strontium ranelate. Intravenous BPs such as zoledronic acid were not captured in CRPD, and rates of teriparatide, denosumab and calcitonin prescription were too low to enable meaningful analysis. All patients were followed-up from the index date (start of valid data collection) to 1) a first prescription of any AOD, after which the follow-up for the prescription of that specific AOD was terminated, or 2) the date of transfer of the patient out of the practice area or the patient’s death as recorded in the CPRD database, whichever came first. The incidence of first prescriptions was calculated by dividing the number of first prescriptions by the total number of persons at risk in each calendar period, presenting the incidence as number of prescriptions per 10,000 person years (py), both for each specific AOD separately and for any AOD. The analysis of individual specific AODs included the rate of first prescriptions of all specific AODs, and also when patients switched drug to that specific medication. Therefore, the rates of first prescription of any AODs are lower than the sum of the rates of each specific AOD. We stratified the analysis by sex, age, geographic locations and ethnicity.  

Results 
Incidence of first oral anti-osteoporosis drug prescription
In women the rate of first prescriptions of any AOD increased steeply from 1990 to 2002 (2.3 per 10,000 py in 1990 to 169.7 per 10,000 py in 2006) (Figure 1). Subsequently there was a plateau followed by a 12.4% decrease in the last three years, from 173.8 per 10,000 py in 2009 (when the incidence was highest) to 152.2 per 10,000 py in 2012 (Figure 1). In men, a less steep increase from 1990 till 2007 (from 1.4 to 45.3 prescriptions per 10,000 py) was observed, followed by a plateau.  The incidence of prescriptions for any AOD increased with age, being highest in women age 85-89 years, in which the incidence was 294.1 per 10,000 py in women and in the 90+ years age group in men, with an incidence of 119.3 per 10,000 py (Figure 2).   
Differences in prescriptions by geographic location and ethnicity
There were marked regional differences in the rates of prescription for AODs (Table 1). In women the lowest incidence was seen in the East Midlands and the highest incidence in Northern Ireland, where highest incidence in men was also observed. The lowest incidence in men was found in Yorkshire and the Humber region. There were also a marked differences by ethnicity (Table 2). The biggest differences were observed in women, were the incidence in black women was only 46% of that in white and Asian women.
Specific medications
Bisphosphonates were the most frequently prescribed AODs. From 1990 to 1995 etidronate was the only available treatment option in both sexes and remained the dominant BP till 2000 after which the incidence of etidronate rapidly decreased to (nearly) zero (Figure 3).  Prescriptions of alendronate started to appear in 1995 after which there was a gradual increase till 2000 (incidence 76.3 and 14.2 per 10,000 py in women and men, respectively. Thereafter there was a steep rise in rates until 2003 (131.2 and 27.7 per 10,000 py in women and men, respectively). After a plateau amongst men and a reduction in prescription rates in women till 2006, the incidence in both sexes increased again to peak in 2009 (172.2 in women and 44.3 per men per 10,000 py). From then on there was a plateau in men and a decrease in women. Risedronate first appeared in 2000 and prescription rates increased strongly till 2004 with a peak incidence per 10,000 py of 66.9 in women and 15.1 in men. Subsequently there was a plateau till 2006 followed by a decrease after which the incidence in the last years levelled out to around 15 per 10,000 py in women and 3 per 10,000 py in men. Ibandronate appeared in 2004. In women the incidence peaked after 2 years at 25.4 per 10,000 py followed by a steady decrease in incidence whilst in men the incidence did rise materially. At the end of the 22 year study period, alendronate accounted for over 90% of AOD prescriptions in both sexes. Prescriptions for strontium ranelate first appeared in 2004 and rose gradually in women to reach a plateau of around 15 per 10,000 py, whereas in men the incidence remained very low. 

Discussion 
We observed a rapid increase in the rate of first anti-osteoporosis drug prescription in women from 1990 to 2003 followed by a gradual further increase to 2006, followed by stabilization till 2009 after which the incidence decreased.  In men there was a similar increase, followed by a plateau from 2006 onwards. Additionally, we demonstrated marked differences in rates of AOD prescription by geographic location and ethnicity.
The increase in prescriptions is a positive trend, which, as can be expected, was more pronounced in women than in men. The rapid increase in AOD prescriptions from 1990 to 2006 as shown in our results accords with trends in AOD use seen in other studies (25-27), as does the higher prescription rates in women compared to men. In a study from the UK using the CPRD database (15), prescribing of BP to women 40 years or older increased throughout the entire study period from 1991 to 2005. It is unclear whether this increase in rates of AOD prescribing is a reflection of an increase in osteoporosis incidence, a narrowing of the treatment gap or other factors, although we have recently demonstrated no overall change in age- and sex-adjusted rates of all fractures over the same calendar period (28). We did observe increases in some fracture types however, such as hip fracture in men and vertebral fracture in both sexes. A recent study from the UK using the CPRD (16) to determine the probability of initiating with anti-osteoporosis therapy after hip fracture showed an increase from 7% in 2000 to 46% in 2010, suggesting that a narrowing of the treatment-gap might have contributed to the increase of AOD prescriptions. As in other studies (29) we also found that BPs (especially alendronate) were the dominant AOD. An explanation for this finding might be that oral AOD are the first line treatment options according to the guidelines for primary and secondary prevention of fractures in the UK (30,31), with second line treatments usually initiated by a medical specialist in secondary care. A further CPRD study has shown that in 2008 almost all patients were treated with oral BPs and only 0.3% of patients were treated with other AOD (32), which is in accordance with our results. 
We observed that the incidence of oral BP prescriptions no longer increased after 2006 and in women even decreased from 2009 onwards, although potentially stabilised from 2011-2012. Whilst the decrease in prescribing amongst women is relatively modest, the downward trend is concerning, and is consistent with the results of other studies. A study from Ontario, Canada, examining trends in AOD use in GP practices, found a marked increase in the annual rate from 2000 to 2007, after which the increase slowed down and stabilized in 2008 and 2009 (27).  A study from the USA (33) using data from the Medical Expenditure Panel Survey (based on household interviews and pharmacy surveys) examined trends in oral bisphosphonate use among patients aged 55 years or older from 1996 to 2012. A greater than 50% decline in oral bisphosphonate use occurring from 2008 to 2012 was found to coincide with media reports of safety concerns with bisphosphonates, namely osteonecrosis of the jaw, atrial fibrillation and atypical femur fractures. A relationship between negative publicity and decline in overall AOD dispensing from 2007 onwards was also observed in a study from Australia (34) using administrative claims data from 4649 participants over 75 years old. A US investigation used pharmaceutical marketing research databases to describe trends in dispensed prescriptions and sales of BPs for osteoporosis treatment (35). In this study, a 46% increase in prescriptions for oral bisphosphonates from 2000 to 2007 was observed with a subsequent 53% decline from 2008 to 2012. It is possible that the fear of side effects of bisphosphonates (in patients and doctors) can explain the plateauing (and in women in the last three years even decrease) of the incidence of bisphosphonate prescriptions observed in our study, although these more serious side effects occur relatively rarely (36). These sentiments appear to have been embraced by physicians and patients alike, and provide a salutary lesson with regard to how the benefits and risks of these medications are portrayed to the public and primary care physicians (37). As expected we observed an increase in AOD prescription rates with age. This is clearly congruent with the age-related increase in fracture incidence in persons over 50 years of age in the UK (38). For all age groups, the incidence of AOD prescription was higher in women than in men, as is true for fracture incidence in the UK (38).
There were marked regional differences in the AOD prescription rates, which were highest in Northern Ireland in both sexes, potentially at least partly explained by this region having the greatest fracture rates in the UK (38). Similarly, the relatively high rates in both sexes in Scotland, South-West and Wales correspond well with the fracture incidence rates in these regions (38). However the regional variations in fracture incidence cannot fully explain the regional variation in prescription rates. For instance in women the fracture incidence is 34% higher in Scotland than in London whereas the difference in prescription is only 7% (38). Other factors likely to contribute to the regional variation in rates are differences in socioeconomic status across the country (39), differences in access to DXA and in education level. We observed marked variation in AOD prescription rates by ethnicity, such that the incidence in black women was half that in white and Asian women. The lower fracture risk in black women and men (38) is however probably not the only explanation for these differences. In a population of individuals in Indiana, USA, who either had sustained a fragility fracture or had been diagnosed to have osteoporosis, the odds-ratio of receiving treatment was one-third lower among black patients (40). A similar result was found in a study using data from the National Health and Nutrition Examination Survey (NHANES) from 2005 to 2010 (41).
The differing incidence patterns for the individual AODs are consistent with licensing and external guidance and provide insights in to the effects of such events. Thus etidronate was the first BP in general use, but prescriptions markedly decreased with the introduction of alendronate and risedronate, which provided more convenient dosing, and more robust anti-fracture efficacy (42,43). A possible factor explaining the rapid rise of alendronate prescription incidence from 2000 is the introduction of a once-weekly formulation in that year. In a study also using the CPRD but in which prescriptions of daily and weekly alendronate were monitored separately, a sharp rise of the prescription of the once-weekly formulation starting in the year 2000 was observed (15). A similar trend, albeit less pronounced, was observed after the introduction of the once-weekly formulation of risedronate in 2002 (15). A further possible factor driving the increased incidence of BP prescription was the demise in Hormone Replacement Therapy prescriptions following publication of the results of the oestrogen plus progesterone arm of the Women’s Health Initiative trial in 2002 (44). In 1999 the UK Royal College of Physicians issued guidance on the assessment and treatment of osteoporosis, which may also have contributed to the rise in alendronate prescription (45). The introduction of the first generic alendronate formulation in August 2005 may explain the further increase in prescriptions between 2005 and 2008-2009, as well as a plateauing and subsequent decline in the incidence of risedronate prescriptions, both trends likely to have been consolidated by the TA160 and 161 appraisals from the National Institute of Health and Care Excellence in which generic alendronate was the first-line treatment recommendation (30,31) for both primary and secondary osteoporosis therapy.
We used a very large population-based cohort with robust capture of prescription data. Our study has several limitations however. First, since the CPRD database is a primary care database, initial AOD prescriptions by medical specialists are potentially missing. However, such prescriptions are continued in primary care, so in this case a second primary care prescription after a missed first secondary care prescription would be captured. Second, only first prescriptions were counted, therefore we have no data on the persistence of AOD and we have no information on compliance and adherence. Since adherence and persistence in AOD users is often low, this factor may result in an overestimation of AOD use in our study. Third, no information is available on the individual fracture risk and therefore we are not able to make judgments on the appropriateness of prescriptions nor can we detect a care gap in those individuals eligible for but not receiving AOD treatment. We are therefore unable to determine whether the observed decrease in incidence of AOD prescription in women is a consequence of increased under-treatment (e.g. a widening of the care gap), results from better treatment targeting or other factors. An important strength of our study is that, although CPRD only covers 7% of the UK population, the GP practices are widely distributed around the UK, and the dataset has been shown to be generally representative of the UK population (17,46).
In conclusion, yearly prescription rates of anti-osteoporosis medications increased steeply in women from 1990 to 2009, followed by a decrease, while in men a less steep increase stabilized from 2007 on. Prescription rates were substantially higher in women than in men and increased with age in women and men, with marked regional and ethnic differences. The demonstrated plateau of prescription rates in both sexes, and decrease amongst women in recent years, are concerning, and clearly illustrate the need for renewed efforts to properly present the benefits of these treatments to patients and healthcare practitioners in order to close this expanding treatment gap.
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Figure legends

Figure 1: Prescription incidence rates of any AOD in the UK from 1990 -2012 in women (F) and men (M) aged 50 and over per 10,000 py per year. Arrows show the dates of guidance from the Royal College of Physicians and the National Institute for Health and Care Excellence regarding osteoporosis in women.  

Figure 2: Prescription incidence rates of any AOD in the UK from 1990 -2012 in women (F) and men (M) aged 50 and over per 10,000 py by 5-year age-band. 

Figure 3:  Prescription incidence rates of specific AOD in the UK from 1990 -2012 in women (A) and men (B) aged 50 and over per 10,000 py per year. Arrows show the dates of guidance from the Royal College of Physicians and the National Institute for Health and Care Excellence regarding osteoporosis in women.
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	Table 1     Prescription incidence rates of oral AOD in women (F) en men (M) aged 50 and over per 10,000 py in different regions from 1990 – 2012.
	

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	          Any*
	
	Bisphosphonate
	
	Alendronate
	
	Risedronate
	
	Etidronate
	
	Ibandronate
	
	Clodronate
	
	Strontium

	
	   F
	   M
	
	     F
	     M
	
	   F
	    M
	
	   F
	  M
	
	   F
	   M
	
	   F
	   M
	
	 F
	      M
	
	   F
	  M

	East Midlands
	95.4
	26.7
	
	94.9
	26.5
	
	69.8
	19.3
	
	18.3
	4.4
	
	23.4
	4.6
	
	3.9
	0.5
	
	1.5
	1.2
	
	2.4
	0.1

	East of England
	122.2
	33.2
	
	119.1
	32.6
	
	98.2
	26.4
	
	24.0
	5.4
	
	21.3
	4.4
	
	4.5
	0.6
	
	1.5
	0.9
	
	8.0
	1.1

	North East
	118.1
	34.8
	
	117.2
	34.4
	
	94.6
	28.7
	
	31.3
	6.8
	
	18.1
	3.6
	
	3.5
	0.3
	
	1.1
	0.8
	
	4.5
	0.6

	North West
	126.5
	32.9
	
	125.0
	32.5
	
	102.0
	25.7
	
	23.0
	5.6
	
	19.7
	4.2
	
	8.8
	1.0
	
	1.1
	0.6
	
	5.0
	0.5

	Northern Ireland
	161.4
	42.2
	
	159.6
	41.7
	
	89.0
	22.2
	
	75.1
	19.8
	
	25.2
	4.6
	
	13.9
	2.0
	
	1.2
	0.1
	
	7.9
	1.0

	Scotland
	141.2
	35.5
	
	139.4
	35.1
	
	121.2
	29.8
	
	29.1
	6.0
	
	13.9
	2.2
	
	6.4
	0.6
	
	1.1
	0.8
	
	5.9
	0.5

	South Central
	123.8
	33.5
	
	121.8
	33.0
	
	106.4
	28.1
	
	24.7
	5.2
	
	12.3
	2.6
	
	5.2
	0.6
	
	0.9
	0.8
	
	6.5
	0.8

	South East Coast
	133.5
	34.8
	
	129.4
	33.9
	
	107.4
	27.8
	
	24.3
	5.2
	
	18.9
	3.8
	
	7.3
	0.8
	
	1.1
	0.9
	
	12.1
	0.7

	South West
	140.0
	40.5
	
	137.0
	39.7
	
	116.5
	33.2
	
	24.5
	6.1
	
	19.8
	4.6
	
	7.0
	0.7
	
	1.1
	0.8
	
	10.7
	0.6

	Wales
	138.4
	37.1
	
	135.4
	36.6
	
	115.5
	30.3
	
	26.0
	5.9
	
	16.3
	3.7
	
	8.9
	0.9
	
	1.0
	1.1
	
	9.4
	1.0

	West Midlands
	119.2
	30.2
	
	117.2
	29.9
	
	96.8
	24.0
	
	20.1
	4.1
	
	18.2
	3.8
	
	6.6
	0.6
	
	2.0
	1.0
	
	7.2
	0.6

	Yorkshire, Humber
	99.1
	25.9
	
	98.3
	25.7
	
	67.0
	16.7
	
	31.2
	7.7
	
	21.8
	3.9
	
	3.7
	0.6
	
	0.9
	0.8
	
	2.8
	0.2

	London
	131.6
	29.8
	 
	128.4
	29.0
	 
	108.1
	24.0
	 
	21.0
	3.7
	 
	17.9
	2.9
	 
	5.5
	0.4
	 
	1.6
	1.1
	 
	10.0
	0.3

	* Any = the rate of new prescriptions any oral anti-osteoporosis medication per 10,000 py
	
	
	
	
	



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Table 2     Prescription incidence rates of oral AOD in women (F) and men (M) aged 50 and over in different ethnic 
	
	
	

	groups per person years from 1990 - 2012 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	
	          Any*
	
	Bisphosphonate
	
	Alendronate
	
	Risedronate
	
	Etidronate
	
	Ibandronate
	
	Clodronate
	
	Zoledronate
	
	   Strontium
	

	
	   F
	  M
	
	   F
	  M
	
	   F
	   M
	
	   F
	   M
	
	   F
	   M
	
	   F
	    M
	
	    F
	  M
	
	 F
	M
	
	 F
	M
	

	White
	149.7
	41.1
	
	146.7
	40.4
	
	125.0
	34.0
	
	28.7
	6.6
	
	17.5
	3.8
	
	7.7
	0.8
	
	1.3
	0.9
	
	0.2
	0.1
	
	9.6
	1.3
	

	Black
	  68.6
	16.8
	
	  67.1
	16.7
	
	58.9
	12.6
	
	8.6
	2.6
	
	3.5
	0.7
	
	2.6
	0.2
	
	1.9
	1.6
	
	0.0
	0.0
	
	3.1
	0.5
	

	Sth Asian
	149.5
	30.8
	
	146.5
	29.7
	
	133.0
	26.9
	
	23.0
	3.3
	
	9.5
	1.5
	
	7.0
	0.7
	
	0.9
	0.5
	
	0.1
	0.1
	
	9.2
	1.5
	

	Mixed
	  95.6
	26.0
	
	  93.6
	26.0
	
	82.6
	19.0
	
	9.3
	3.0
	
	7.5
	0.8
	
	3.7
	2.3
	
	1.2
	2.3
	
	0.0
	0.0
	
	8.1
	0.0
	

	Unknown
	104.1
	25.9
	 
	102.5
	25.6
	 
	78.3
	18.9
	 
	22.6
	5.0
	 
	19.7
	3.9
	 
	5.5
	0.6
	 
	1.2
	0.9
	 
	0.1
	0.0
	 
	5.4
	0.5
	

	
	* Any = the rate of new prescriptions any oral anti-osteoporosis medication per 10,000 py
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



