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Summary
Assessment and treatment pathways using FRAX-based intervention thresholds in Chile can be used to identify patients at high risk of fracture and avoid unnecessary treatment in those at low fracture risk.
Abstract
Purpose
The aim of the present study was to explore treatment paths and characteristics of women eligible for treatment in Chile based on major osteoporotic fracture (MOF) probabilities derived from FRAX®.
[bookmark: _Hlk72948017]Methods
Intervention and assessment thresholds were derived using methods adopted by the National Osteoporosis Guideline Group for FRAX-based guidelines in the UK but based on the epidemiology of fracture and death in Chile.  Age-dependent and hybrid assessment and intervention thresholds were applied to 1998 women and 1122 men age 50 years or more drawn from participants in the National Health Survey 2016 - 2017. 
Results
Approximately 12% of men and women had a prior fragility fracture and would be eligible for treatment for this reason.  Using age-dependent thresholds, an additional 2.6% of women (0.3% of men) were eligible for treatment in that MOF probabilities lay above the upper assessment threshold.  A BMD test would be recommended in 5% of men and 38% of women.  With hybrid thresholds, an additional 13% of women (3.6% of men) were eligible for treatment and BMD recommended in 11% of men and 42% of women.  
Conclusion
The application of hybrid intervention thresholds ameliorates the disparity in fracture probabilities seen with age-dependent thresholds.  Probability based assessment of fracture risk, including the use of the hybrid intervention thresholds for Chile are expected to help guide decisions about treatment.  
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Introduction

The primary goal of osteoporosis treatment is to prevent the occurrence of fractures. For this reason, the management of the disorder by health care practitioners is assisted by instruments that assess patients’ fracture risk to optimise clinical decisions about prevention and treatment. Available online risk engines include the Garvan fracture risk calculator [1], QFracture® [2] and FRAX® [3, 4, 5].   An important difference between FRAX and other risk models is that the parameters of risk differ (incidence for Garvan and QFracture vs. probabilities for FRAX) so that comparative data are not readily interpreted [6].  FRAX is the most widely used globally [7] and computes the 10-year probability of fragility fractures based on several common clinical risk factors and, optionally, a bone densitometry result obtained from dual-energy x-ray absorptiometry (DXA) [8, 9].  FRAX models are available for 80 countries covering more than 80% of the world population at risk [10] and have been incorporated into more than 100 guidelines worldwide [7] including those from Latin America [11, 12, 13, 14, 15, 16]. 
The use of FRAX demands a consideration of intervention thresholds, namely the fracture probability at which treatment is recommended.  Several approaches have been adopted including a fixed probability thresholds, age-dependent thresholds and hybrid approaches [7].  The aim of the present study was to explore a potential assessment pathway for fracture risk in men and women from Chile based on two different FRAX probability derived intervention thresholds.

Methods

Population studied
The present study comprised data from participants in the National Health Survey 2016 - 2017, third version. The survey was a national cross-sectional study that collected information between August 2016 and January 2017 from 6027 men and women age 15 years and over from urban and rural areas of the 15 regions of Chile. The population sample was probabilistic and geographically stratified. The full sample design and methodological details have been described elsewhere [17]. The survey mostly used internationally validated instruments and was designed to estimate the prevalence of priority health problems and associated risk factors. The forms, database, manuals, and codebooks are publicly available and can be downloaded from the web [18]. For the purposes of this report, all men and women aged 50 years or older were selected (n=1122 and n=1998 for men and women, respectively).  The study was approved by the ethics committee of the Hospital Docente Policía Nacional Guayaquil No.2, Ecuador. 


FRAX variables
A structured questionnaire was used to collect information from all participants.  No data on bone mineral density (BMD) were available.  Age and sex were self-reported.  Height was measured in centimetres and weight in kilograms, and body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared.  Data on BMI were available in 89% of men and 90% in women (n=129 and 208 missing, respectively).  With regard to the dichotomous FRAX variables, information on current smoking was available in all men and women, and for causes of secondary osteoporosis was available in all except for one man.  Information was available for prior fragility fracture in all except 3 men and 13 women.  Parental history of hip fracture information was present in 94% of men and 96% of women (n=71 and 86 missing, respectively); information on alcohol intake was available in 89% of men and 91% of women (n=121 and 188 missing, respectively).  We did not use the questions and answers related to arthritis because the survey indicated that they have not been validated, nor those related to glucocorticoids, which also lacked sufficient detail.  For the purposes of this analysis, rheumatoid arthritis, exposure to glucocorticoids and other missing variables were simulated.

Simulation of risk variables
Data from the cohort itself were used to simulate missing values, except for exposure to glucocorticoids and rheumatoid arthritis. Appropriate logistic regression equations were identified to generate data for the dichotomous FRAX variables as described previously [19, 20, 21].  The equations were applied to the data in the cohort to predict the probability of having a positive value for the missing risk factor for each individual.  Next, a random number between 0 and 1 was generated using a computer program, which was then compared with the predicted probability for that variable for that individual. If the random number was less than or equal to the predicted probability, the individual was assigned a positive response for the risk factor. If the random number was larger than the predicted probability, the person was assigned a negative response for the risk factor. Missing BMI was simulated using linear regression and the SD, from the cohort itself. An expected value was calculated from the model for each individual. The expected value and SD were used together with a random number (0-1) to simulate the missing value.
Measured data on exposure to glucocorticoids and rheumatoid arthritis were missing from the data set.  For these variables, data were available in the WHO cohorts from North America and Europe used to develop the FRAX model.  Thus, data from the WHO cohorts were used to identify appropriate logistic regression equations needed to generate data for the missing risk factors.

Fracture probabilities
The 10-year probabilities of hip fracture and a major osteoporotic fracture (clinical spine, hip, humerus or distal forearm fracture) were calculated using the FRAX model for Chile (https://www.sheffield.ac.uk/FRAX/tool.aspx?country=50)  [22, 23.  Calculations were undertaken without the inclusion of femoral neck BMD. The upper age for the calculation of FRAX is 90 years.  In 33 individuals with an age >90 years, the age for computation was set at 90 years.  A small proportion of the cohort had information on osteoporosis treatment (n=233: 16 men and 217 women) of whom 63% (146: 6 men and 140 women) were taking osteoporosis treatment. Fracture probabilities in this subset were compared with those of the whole cohort.

[bookmark: _Hlk66884928]Intervention thresholds based on FRAX
The approach to the setting of intervention and assessment thresholds used the methodologies adopted by the National Osteoporosis Guideline Group for FRAX-based guidelines in the UK [24, 25, 26].  In the first approach, the intervention threshold for men and women is set at a 10-year probability of a major osteoporotic fracture (MOF) equivalent to that of a woman of the same age with a prior fracture and therefore rises progressively with age up to the age of 85 years.  Thereafter, fracture probability decreases slightly due to the competing effect of mortality (Figure 1).  For the purpose of this report the threshold is termed age-dependent.  
More recently, NOGG modified the threshold.   The intervention threshold up to the age of 70 years was set at a 10-year probability of a major osteoporotic fracture (MOF) equivalent to that of a woman of the same age with a prior fracture.  At age 70 years and above, a fixed threshold was applied that equalled the probability at the age of 70 years [27].  The second option is termed a hybrid threshold (see Figure 1).
[image: ]
Figure 1: Assessment and intervention thresholds for major osteoporotic fracture probability (MOF) in Chile with the use of FRAX. Individuals with probabilities below the lower assessment threshold (LAT) are considered for lifestyle advice. Those at intermediate risk (probabilities between the upper assessment threshold (UAT) and lower assessment threshold (LAT) are further assessed with BMD measurement.  Where probabilities calculated using BMD lie above or below the intervention threshold (IT), treatment or lifestyle advice, respectively, is recommended.  Patients with probabilities above the upper assessment threshold (UAT) are considered for treatment. Where BMD measurement is not practical, patients with probabilities above the IT are considered for treatment.

Assessment thresholds for BMD testing
Two assessment thresholds for making recommendations for the measurement of BMD were considered [9, 24, 25]:
A threshold probability below which neither treatment nor a BMD test should be considered (lower assessment threshold).
A threshold probability above which treatment may be recommended irrespective of BMD (upper assessment threshold).
The lower assessment threshold was set to exclude a requirement for BMD testing in men and women without clinical risk factors, as given in current European guidelines [26, 28, 29].  It was therefore set to the age-specific 10-year probability of a major fracture equivalent to women with no clinical risk factors. The upper threshold was chosen to minimize the probability that a patient, classified as being at high risk using clinical risk factors alone, would be reclassified to be at low risk with additional information on BMD and vice versa [30].  The upper assessment threshold was set at 1.2 times the intervention threshold as used in the UK [25].  Their application to the two intervention thresholds is given in Figure 1 and numerical values in Table 1
Table 1 Numerical values for thresholds for major osteoporotic fracture probabilities for age-dependent and hybrid models based on the Chilean version of FRAX.  LAT and UAT refer to the lower and upper assessment thresholds, respectively, between which a BMD is indicated.  The intervention threshold (IT) denotes the thresholds for high risk.
	
	Age-dependent thresholds
	
	Hybrid thresholds

	Age (years)
	LAT
	UAT
	IT
	
	LAT
	UAT
	IT

	40
	0.7
	1.9
	1.6
	
	0.7
	1.9
	1.6

	45
	0.9
	2.4
	2.0
	
	0.9
	2.4
	2.0

	50
	1.1
	3.0
	2.5
	
	1.1
	3.0
	2.5

	55
	1.5
	3.9
	3.2
	
	1.5
	3.9
	3.2

	60
	2.2
	5.5
	4.5
	
	2.2
	5.5
	4.5

	65
	3.2
	7.8
	6.5
	
	3.2
	7.8
	6.5

	70
	4.8
	11
	9.2
	
	4.8
	11
	9.2

	75
	7.3
	16
	13
	
	4.8
	11
	9.2

	80
	11
	21
	17
	
	4.8
	11
	9.2

	85
	13
	26
	21
	
	4.8
	11
	9.2

	90
	12
	25
	20
	
	4.8
	11
	9.2


 














Management pathway
The risk of fracture is first assessed on clinical risk factors alone which in turn provides guidance whether a femoral neck BMD measurement or treatment is indicated, an approach that has been endorsed by the UK National Institute for Health and Care Excellence [31].  An exception is in the presence of a prior fragility fracture, in which case treatment is to be considered in such patients without necessarily undertaking a BMD measurement.  For the present report, we assumed that treatment would be considered in all men and women with prior fracture.  In other patients with no prior fracture, the decision is based on the 10-year probability of major osteoporotic fracture with some individuals deemed at high risk (treatment without BMD), some at or near the intervention threshold (intermediate risk; BMD indicated to finalise risk evaluation and stratification) and some at low risk (lifestyle advice, reassurance and re-evaluation in the future). Since BMD is not collected in the cohort, the decision to treat or not is based on a comparison to age-specific thresholds for major osteoporotic fracture only when BMD is not entered in the probability calculation; a probability at or above the threshold indicates eligibility for treatment. 


Results
The baseline characteristics of the cohort are given in Table 2. Prevalence and mean of clinical risk factors in the cohort with simulation did not differ from the subset that had all variables (see Appendix).  Approximately 12% of men and women had a prior fracture. MOF probabilities were higher in women than in men. Fracture probabilities for both hip fracture and MOF were skewed to the left as shown for MOF in women (Figure 2).  As would be expected, MOF probabilities were higher in individuals with a prior fracture than in those with a negative fracture history. 

[bookmark: _Hlk71794725]Table 2 Summary description of the baseline variables (N = 3120).
	
	Men
	Women

	
	N
	Mean
	SD
	(%)
	N
	Mean
	SD
	(%)

	Age (years)
	1122
	65.2
	10.1
	
	1998
	65.4
	10.4
	

	BMI (kg/m2)
	1122
	28.6
	4.6
	
	1998
	29.9
	5.7
	

	Previous fracture
	137
	
	
	12.2
	242
	
	
	12.1

	Current smoking
	265
	
	
	23.6
	408
	
	
	20.4

	Secondary osteoporosis 
	75
	
	
	6.7
	386
	
	
	19.3

	Alcohol (>3 units per day)
	39
	
	
	3.5
	4
	
	
	0.2

	Parental history of hip fracture
	76
	
	
	6.8
	141
	
	
	7.1

	Glucocorticoid exposure
	36
	
	
	3.2
	98
	
	
	4.9

	Rheumatoid arthritis
	44
	
	
	3.9
	96
	
	
	4.8

	Ten-year probability (%)*
	
	
	
	
	
	
	
	

	    Hip
	1122
	0.96
	1.35
	
	1998
	2.10
	3.37
	

	    MOF 
	1122
	2.52
	1.40
	
	1998
	5.37
	5.37
	

	
	
	Median
	IQR
	
	
	Median
	IQR
	

	    Hip fracture 
	1122
	0.5
	0.2-1.3
	
	1998
	0.8
	0.3-2.6
	

	    MOF 
	1122
	1.9
	1.2-3.3
	
	1998
	3.3
	1.7-7.2
	

	*Calculated without BMD;
 IQR interquartile range
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Fig. 2 10-year probability of a major osteoporotic fracture calculated without BMD in women according to age.  Circular symbols denote women with a prior fracture.   

Management pathway
In total, 242 of 1998 women 50 years of age or above (12.1% of the female cohort) had a prior fragility fracture and would be eligible for treatment on this basis.  In the case of men, 137 (12.2%) had a prior fracture.  The categorisation of the cohort according to threshold strategy (age-specific or hybrid) is shown in table 3.
[bookmark: _Hlk112764080][bookmark: _Hlk112764163][bookmark: _Hlk113119742]Age-dependent threshold
For those without a prior fracture (n=1756), 51 additional women (2.6% of all women) would be eligible for treatment in that their fracture probability without BMD exceeded the intervention threshold for Chile.  Overall (including women with a prior fracture) 14.7% of women would be eligible for treatment.  The population eligible for treatment had an average MOF probability of 12.0% compared with 5.4% in all women (ratio 2.22).  For men without a prior fracture (n=985), only 2 additional men would be eligible for treatment in that their fracture probability without BMD exceeded the age-specific intervention threshold. The men eligible for treatment had an average MOF probability of 4.5% compared with 2.5% in all men (ratio 1.80).  If BMD tests were not to be undertaken, then an additional 35 patients who lay above the intervention threshold would be eligible for treatment with the age dependent thresholds (average probability 11.7%).  
Hybrid threshold
For those without a prior fracture (n=1756), 258 additional women (12.9% of all women) would be eligible for treatment in that their fracture probability without BMD exceeded the intervention threshold.  Overall (including women with a prior fracture) 25.0% of women would be eligible for treatment.  The population eligible for treatment had an average MOF probability of 12.2% compared with 5.4% in all women (ratio 2.26).  For men without a prior fracture (n=985), 4 additional men would be eligible for treatment in that their fracture probability without BMD exceeded the age-specific intervention threshold. The men eligible for treatment had an average MOF probability of 4.6% compared with 2.5% in all men (ratio 1.84).  If BMD tests were not to be undertaken, then an additional 92 patients who lay above the intervention threshold would be eligible for treatment with the hybrid thresholds (average probability 9.5%).  
BMD tests
Using the age-specific assessment thresholds, 5.1% of men and 38.4% of women had fracture probabilities that lay between the upper and lower assessment threshold and would thus be eligible for testing with BMD to reassess fracture probability.  With the hybrid thresholds, 10.6% of men and 47.1% of women would be eligible (see table 3).  
Table 3.  Categorisation of cohort and corresponding fracture probabilities (10- year probabilities of a major osteoporotic fracture) when using age dependent or hybrid thresholds.  The last column of each threshold ‘MOFs expected’ gives the number of fractures expected in 10 years in each category for a total population of 100,000 (%Population X Probability X 100)
	
	Age-dependent thresholds
	
	Hybrid thresholds

	
	% Population
	Probability (%)
	MOFs expected
	
	% Population
	Probability (%)
	MOFs expected

	Men
	
	
	
	
	
	
	

	    All men
	100
	2.5
	25,000
	
	100
	2.5
	25,000

	    Prior fracture
	12.2
	4.4
	5368
	
	12.2
	4.4
	5368

	    Others treated
	0.2
	11.3
	339
	
	0.4
	12.4
	496

	    BMD tests
	5.1
	2.9
	1479
	
	10.6
	4.2
	4452

	    Low risk (< LAT)
	82.6
	2.2
	18,172
	
	76.8
	1.9
	14,592

	   Low risk (<IT)
	87.6
	2.2
	19,272
	
	87.4
	2.2
	19,228

	Women
	
	
	
	
	
	
	

	    All women
	100
	5.4
	54,000
	
	100
	5.4
	54,000

	    Prior fracture
	12.1
	11.5
	13,915
	
	12.1
	11.5
	13915

	    Others treated
	2.6
	14.4
	3744
	
	12.9
	12.8
	16,512

	    BMD tests
	38.4
	5.6
	21,504
	
	41.7
	4.8
	20,016

	    Low risk (< LAT)
	48.7
	3.4
	16,558
	
	37.9
	2.1
	7959

	   Low risk (<IT)
	85.3
	4.2
	35,826
	
	75.0
	3.1
	23,250





Age dependency

[bookmark: _Hlk113120857]Categorisation of the female cohort by age is shown in Figure 3 for the two threshold 
[image: ]models.  As expected, the proportion of women treated rose with age.  By definition, there were no differences between threshold models in the proportion of women eligible for treatment up to the age of 70 years.  With the age-dependent thresholds, the proportion of women treated was 18%,24% and 27% for each decade from the age of 70 years.  For the hybrid model the corresponding proportions were 27%, 77% and 77%, respectively. 

Fig. 3 The proportion of women categorised as requiring no treatment, testing with BMD or eligible for treatment with age-specific thresholds (left hand panel) or hybrid thresholds (right).  The numbers refer to the number of women in each category.  

Prior treatment
Patients identified as having prior treatment for osteoporosis had a higher hip fracture probability than the total cohort (3.2 vs. 1.7%, respectively).  Similarly, prior treatment for osteoporosis had a higher MOF probability than the total cohort (7.6 vs. 4.3%, respectively).  


Discussion 
In this report, we present two methods of categorising men and women on the basis of fracture probabilities derived from FRAX.  The categories identified comprised those at low risk, those at intermediate risk in whom a BMD test might be recommended, and those eligible for treatment. The age-dependent triage used was similar to that originally adopted by the National Osteoporosis Guideline Group (NOGG) in the UK and more recently in European guidelines [24, 25, 28, 29] but applied to the FRAX model for Chile.  As noted above, in this approach the intervention threshold is set at a fracture probability equivalent to a woman of the same age with a prior fragility fracture.  The rationale is that if women with a prior fragility fracture are considered eligible for treatment, as commonly considered, then women without fracture but with equivalent probabilities are also eligible for treatment.  The second triage system examined was the hybrid model where intervention threshold in individuals age 70 years or more were fixed to the age-dependent thresholds at the age of 70 years.
[bookmark: _Hlk112837717]The proportion of the female population potentially eligible for treatment was 14.7% or 25.0%, depending on the intervention threshold applied (age-specific or hybrid). As expected, the proportion of women eligible for treatment was higher with the application of the hybrid thresholds.  Since both management pathways recommend treatment in women with a prior facture, the appropriate comparison is the number of women without prior fracture using the two threshold approaches.  The proportion of women potentially eligible for treatment was 2.6% for the age-specific threshold or 12.9%, for the hybrid threshold.  Although the fracture probability was marginally lower with the hybrid thresholds, the number of MOFs expected over 10 years was more than 4-fold higher than with the age-dependent thresholds (see Table 3).  Thus, a treatment strategy would save many more fractures using the hybrid approach.  Moreover, as noted for the UK [27], the fracture probability of those identified for treatment (12.8%) more closely matched those women with a prior fracture (11.5%) than those identified using the age-dependent thresholds (14.4%). Also, the requirement for BMD tests was only marginally higher with the hybrid threshold. In the case of men, individuals with no prior fracture had fracture probabilities that were similar to those in women.  The major difference between men and women lay in the relatively low fracture probability in those with a prior fracture compared with women.
The goal of setting intervention thresholds is to maximise the benefit on outcomes while limiting the risks and costs that accompany the intervention.  This is a complex process that includes consideration of country-specific factors such as reimbursement, cost-effectiveness and society’s willingness to pay [28].  Within a country, it would seem desirable that at any given age, the selection criteria for intervention results in equitable access to therapy for patients with the same age-specific absolute probability of fracture.  We conclude that the hybrid thresholds examined here achieve this objective, at least for women. 
There are a number of limitations to consider in this study. First, although the survey was aimed at generating a cohort representative of the Chilean population, the relatively small sample size might impair the accuracy of our estimates and thus the number of individuals eligible for treatment.  Independent verification of this analysis in other cohorts would be appropriate.  Second, the present study was confined to threshold probabilities for a major osteoporotic fracture whereas hip fracture probability is the other output of FRAX used in the NOGG guidance [26].  Indeed, treatment is recommended if the hip fracture probability or the major osteoporotic fracture probability exceeds the intervention threshold.  The consideration of the two fracture probabilities is likely also to increase the number of men and women identified at high risk.  Additionally, the probability thresholds for major osteoporotic fracture rest on more assumptions than those for hip fracture [32]. Third, BMD was not measured in this population sample, so that the proportion of individuals exceeding the intervention threshold and thus be eligible for treatment is not known.  Notwithstanding, treatment can be directed using FRAX without BMD, albeit with lower sensitivity [33, 34].  The strategy implies, however, that patients at high risk, but identified without BMD, would respond to pharmacological intervention. The evidence that such patients respond to treatment is strong [35, 36, 37, 38, 39].  The principal reason is that BMD values are low in patients identified with FRAX but without a BMD test [34, 35].  A potential consideration is that some of the risk factor information needed was missing in the cohorts and had to be simulated.  The weakness of simulation is that there is a loss of accuracy for those individuals in whom missing variables were simulated.  However, this is less relevant for populations, and summary data more closely reflect the sample from which data were drawn with a benefit of optimising sample size. Lastly, a proportion of the population sample were exposed to treatments for osteoporosis which might in turn affect fracture probabilities, though the effect is likely to be very small [40].  
The present study has shown the impact of strategies for fracture risk assessment following the methodologies proposed by NOGG but based on Chilean FRAX.   Of these methodologies, the use of hybrid thresholds identifies more individuals at high fracture risk and therefore eligible for treatment than the use of age-specific thresholds. The implementation of these thresholds is expected to avoid unnecessary treatment of women at low fracture risk and direct treatments to those at high risk.  The incorporation of country-specific intervention thresholds and the refinement of risk categorization in national osteoporosis guidelines will positively influence the choice of treatment by physicians in the countries of the region. 
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Appendix

Table A Summary description of the baseline variables in the cohort.   
	
	Original cohort 
	Original cohort plus simulated variables

	
	N
	Mean
	SD
	(%)
	N
	Mean
	SD
	(%)

	Age (years)
	3120
	65.3
	10.3
	
	3120
	65.3
	10.3
	

	BMI (kg/m2)
	2783
	29.4
	5.4
	
	3120
	29.4
	5.3
	

	Female
	3120
	
	
	64.0
	3120
	
	
	64.0

	Previous fracture
	3104
	
	
	12.1
	3120
	
	
	12.1

	Current smoking
	3120
	
	
	21.5
	3120
	
	
	21.5

	Secondary osteoporosis 
	3119
	
	
	14.8
	3120
	
	
	14.8

	Alcohol 3 or more units per day
	2811
	
	
	1.4
	3120
	
	
	1.4

	Parental history of hip fracture
	2963
	
	
	7.0
	3120
	
	
	6.9

	Glucocorticoid exposure
	0
	
	
	-
	3120
	
	
	4.3

	Rheumatoid arthritis
	2793
	
	
	6.9
	3120
	
	
	4.5
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