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d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

There is an argument that in the statistical analysis T-scores should not be compared as they are a so probably acceptable.

We acknowledge this, but have already presented raw BMD data to accompany the T-scores in Table 2.

The main concern with this cohort is how representative they are of IBD patients in general -this is only lightly touched upon in the Discussion and this should be strengthened -the comment that the findings are generalisable is difficult to confirm. There are some suggestions that the cohort is not typical of all IBD patients; most studies find that CD is more frequently associated with reduced BMD than UC, that age and disease duration are risks and often that use of steroid an independent risk factor. That these weren't found may suggest that these patients were not generally representative and were selected for screening because they had more severe disease, especially UC where there is an overrepresentation of patients with pancolitis compared with community based studies. We have re-structured the Discussion, with the sub-headings 'Key Results', 'Limitations of FRAX in IBD', and 'Sources of bias', to allow discussion of these points (and those raised below). We acknowledge the likely (and deliberate) selection bias in our selection of patients perceived to be at risk and thus the limited validity of extrapolating conclusions from this group of patients to IBD 'all-comers'. The term 'generalisablity' has been removed.

There are BSG guidelines concerning screening for reduced BMD and it would be interesting to know how many of these patients met these criteria at the time of screening. In brief, the BSG guidelines 1 read 'Without a reliable scoring system, common sense suggests that patients with the features shown in Boxes 1 and 2, such as age over 70, together with those with very active disease, those with disease responding poorly to treatment, and those with poor nutrition should be considered for DEXA. Those requiring steroids need special consideration'.

Where possible (see supplemental Table 1) we have completed the proportions with each of these factors in our dataset. Despite not having collected data on recent weight loss, physical activity, anticonvulsant use, oestrogen exposure, calcium exposure, visual acuity and neuromuscular disorders, overall only 2.6% (3/116) patients in our cohort did not fulfil at least one of these risk criteria. We now refer to this in the Discussion.

Another confounding not discussed is that many patients were taking a Ca/Vit D supplement and so this may have had an effect on BMD.

We include below the revised baseline demographics [supplemental table 2], the proportions of patients with low bone mineral density [supplemental table 3], and the FRAX scores (pre and post BMD inclusion) and recommended treatments compared with our current practice [supplemental table 4] for all the patients not on calcium and vitamin D.

Having excluded patients taking oral calcium and vitamin D supplements, the clinical FRAX® score alone, when compared to the FRAX score including the BMD result, had a sensitivity of 100% (95%CI: 60%-100%), specificity of 49% (95%CI: 35%-63%), positive predictive value of 24% (95%CI: 11%-42%) and negative predictive value of 100% (95%CI: 83%-100%) in identifying those patients with IBD needing BMD measurement (intermediate risk) or preventive therapy (high risk). Thus calcium and vitamin D, allowing for the reduction in sample size, has no major effect on the usefulness of FRAX.

It is mentioned that a weakness of FRAX scores is that it is dependent on BMI but it is also dependent on steroid usage for more than 3 months and so sustained use for this period would require a re-calculation of the score.

We acknowledge this important point in the Discussion. The FRAX score does not take into account steroid dose and duration. The major finding of this study is the application of the FRAX tool to determine the need for screening with DEXA scanning in IBD patients perceived to be at risk of osteoporosis. In practice, the FRAX tool in fact already recommends DEXA scanning for all patients of medium or smaller build who are on steroids, and who have a secondary cause of osteoporosis (IBD): as a result, the dose and duration of corticosteroid usage in influencing pre-DEXA FRAX score is irrelevant. When a DEXA scan has been done, the deleterious effects of high cumulative doses of corticosteroids (as opposed to use of any dose) will be reflected in a lower BMD and With these provisos the study suggests that a large number of DEXA scans (36%) in this cohort (with probably more severe disease than is typical) were not necessary. This has the potential for considerable reduction in costs. In addition the use of bisphosphonates was particularly poorly directed on the basis of fracture risk reduction; 9/11 who received them did not need them but 1/11 who did were not prescribed them. Individualising bone protection in IBD care has the potential for cost reduction, decreasing the risk of side effects in patients who are unlikely to benefit but maximising benefit to those who are at greatest risk of fracture.

We have incorporated this last point into the Conclusions.

These observations are important and seem to be novel and so I would recommend acceptance of this paper for AP&T despite the reservations about the cohort and it's generalisability to all patients with IBD.

Reviewer: 3

Comments for Transmission to the Authors As indicated above, we have re-structured the Discussion with the sub-headings 'Key Results', 'Limitations of FRAX in IBD', and 'Sources of bias'. We now include paragraphs addressing the duration and dose of corticosteroids, and the importance of vertebral fractures in IBD and include these references.

2. There is a selection bias in that patients recruited for the study were only those deemed (by clinical judgement) to have risk factors for fracture. It neglects those patients who were not selected by the clinicians originally, who may have clinically silent risks and objectively still be at risk of fracture. This should be stated in the discussion. This is now further emphasised in the Discussion.

3. In order to substantiate the predictive ability of FRAX in IBD, it should also accurately predict those (clinically pre-determined) low-risk patients not requiring testing/treatment. Such a cohort of patients at low-risk for fracture, having undergone DXA, had not been identified in this study. Is it possible for the authors to identify (and incorporate into the analysis) IBD patients who were not considered high risk for osteoporosis, but who underwent DXA?

We acknowledge this important point in the Discussion. Unfortunately in our population only 3 patients were identified with no risk factors (see above) according to the current BSG guidelines. We have no data on the applicability of this tool in patients perceived by our clinicians as being at low risk, and unfortunately we cannot justify prospective use of DEXA scanning, for reasons of both ethics and cost (approx 300 euros/DEXA scan, or 30000 euros for 100 low risk patients), to obtain such information.

4. Findings of the Fracture Intervention trial studied the ability of FRAX to predict vertebral fractures in the general population > 40. Briefly, although FRAX (with or without femoral neck BMD) did predict vertebral fractures, the strongest predictor of future vertebral fracture was the presence of vertebral fracture at baseline. These findings may be useful for comment in the current study, given that IBD patients have a high prevalence of vertebral deformities, which are not captured in the FRAX tool (Donaldson et al, JBMR 2009.24:1793-99). This is important. Interestingly, the BMD at the lumbar spine in our cohort of patients was significantly lower than in the femoral spine. We have now included this and these references in the Discussion. We very much hope that the changes we have made to the manuscript make it acceptable for publication. 

INTRODUCTION

In the general population, the majority of fragility fractures occur in patients with bone mineral densities (BMD) in the osteopaenic rather than osteoporotic range, suggesting that factors other than BMD need to be taken into account when determining both the need for screening and anti-osteoporosis treatment 1 . In keeping with this, while patients with IBD are at increased risk of osteoporosis [START_REF] Silvennoinen | A controlled study of bone mineral density in patients with inflammatory bowel disease[END_REF][START_REF] Staun | Bone mineral content in patients with Crohn's disease. A longitudinal study in patients with bowel resections[END_REF][START_REF] Jahnsen | Bone mineral density is reduced in patients with Crohn's disease but not in patients with ulcerative colitis: a population based study[END_REF][START_REF] Robinson | Osteoporosis and determinants of bone density in patients with Crohn's disease[END_REF][START_REF] Schoon | Osteopenia and osteoporosis in Crohn's disease: prevalence in a Dutch population-based cohort[END_REF] , low BMD itself confers only a modest increase in the risk of fracture [START_REF] Vestergaard | Fracture risk is increased in Crohn's disease, but not in ulcerative colitis[END_REF][START_REF] Bernstein | The incidence of fracture among patients with inflammatory bowel disease. A population-based cohort study[END_REF][START_REF] Loftus | Long-term fracture risk in patients with Crohn's disease: a population-based study in Olmsted County, Minnesota[END_REF][START_REF] Van Staa | Inflammatory bowel disease and the risk of fracture[END_REF][START_REF] Card | Hip fractures in patients with inflammatory bowel disease and their relationship to corticosteroid use: a population based cohort study[END_REF][START_REF] Ananthakrishnan | Fracture-Associated Hospitalizations in Patients with Inflammatory Bowel Disease[END_REF] such that routine screening with dual x-ray absorptiometry (DEXA)

scanning is not justified according to recent British Society of Gastroenterology and American Gastroenterological Association guidelines [START_REF] Lewis | Guidelines for osteoporosis in inflammatory bowel disease and coeliac disease[END_REF][START_REF]American Gastroenterological Association medical position statement: guidelines on osteoporosis in gastrointestinal diseases[END_REF] .

Based on data from population-based cohorts, the World Health Organisation (WHO) have developed a web-based fracture risk assessment tool (FRAX®), that integrates an individual's risk factors and reports the 10-year probability of hip or other major osteoporotic fracture (clinical spine, forearm, hip or shoulder fracture) [START_REF] Kanis | on behalf of the National Osteoporosis Guideline Group. Case finding for the management of osteoporosis with FRAX® -assessment and intervention thresholds for the UK[END_REF][START_REF] Kanis | behalf of the World Health Organisation Scientific Group. Assessment of osteoporosis at the primary health care level[END_REF][START_REF] Kanis | Case finding for the management of osteoporosis with FRAX--assessment and intervention thresholds for the UK[END_REF] . It divides the level of risk into high, intermediate and low and can be calculated with or without BMD score (Figure 1a). Using guidelines from the National Osteoporosis Guidelines Group (NOGG) the online tool recommends the need for treatment, DEXA scanning or lifestyle advice/reassurance (Figure 1b) [START_REF] Kanis | Approaches to the targeting of treatment for osteoporosis[END_REF] .

In an attempt to prevent unnecessary DEXA scanning and anti-osteoporotic therapy, we aimed to assess the accuracy of pre-BMD FRAX scores in identifying those patients with IBD needing BMD measurement (intermediate risk) and/or preventive therapy (high risk)

with and without DEXA scan.

METHODS

Study design and setting

We conducted a retrospective evaluation of the FRAX® tool in adult patients (age≥20) Using electronic case note review, cross-sectional data including demographics, disease type, duration, activity and extent according to the Montreal classification, therapies, including cumulative dose of corticosteroids in the preceding three years, and previous surgery at the time of scanning were determined. Disease activity at the time of scanning was recorded and defined for Crohn's disease as abdominal pain and/or diarrhoea with a CRP>10mg/ml, and for UC as diarrhoea with rectal bleeding.

Bone mineral density measurement

All patients underwent DEXA scanning using the same Hologic Discovery A scanner (system number 80933), installed at St Bartholomew's Hospital in 2004. We used WHO guidelines to define bone mineral density: a T-score of ≥ -1 denotes normal bone; a T-score between -1 and -2.5 denotes osteopaenia, and a T-score of ≤ -2.5 denotes osteoporosis.

FRAX score

FRAX® scores were calculated with the online tool using the UK algorithm [START_REF] Kanis | on behalf of the National Osteoporosis Guideline Group. Case finding for the management of osteoporosis with FRAX® -assessment and intervention thresholds for the UK[END_REF][START_REF] Who | Fracture Risk Assessment Tool[END_REF] . In brief, this requires the completion of 12 fields: age (years); sex (male or female); height (cm); weight (kg); history of minimal trauma fracture (defined as a fracture in adult life occurring spontaneously, or arising from trauma which, in a healthy individual, would not have resulted in a fracture); history of parental hip fracture; corticosteroid exposure (defined as more than 7.5mg prednisolone [or equivalent] in the preceding three months); a concomitant diagnosis of rheumatoid arthritis; a secondary cause of osteoporosis; daily alcohol intake of more than 3 units and whether they smoked or not at the time of the scan.

All patients were considered to have a secondary cause of osteoporosis (namely, IBD). Data on personal and family history of fracture, rheumatoid arthritis, alcohol and smoking habits were confirmed by telephone interview.

FRAX® scores were calculated and patients' risk stratified using the age-adjusted NOGG recommendations on the basis of clinical factors alone; FRAX scores were then redetermined with BMD (g/cm 2 ) included [START_REF] Who | Fracture Risk Assessment Tool[END_REF] . All analyses were two tailed and p values <0.05 considered significant. Univariate analysis of baseline demographic data comparing those IBD patients with normal BMD and those who were osteoporotic or osteopaenic was carried out using chi-squared test for categorical data and Student's t-test for continuous variables. Paired FRAX® scores within risk groups were compared using paired Student's t test, and sensitivity analyses were undertaken to determine the accuracy of pre-BMD NOGG recommendations with those after the BMD was taken into account for the need for screening with DEXA scanning. Finally, NOGG treatment recommendations were compared with our patients' current treatments based on BMD alone using Chi-squared analysis.

Ethical Consideration

Because we were evaluating the appropriateness of use of results of DEXA scans already completed in our IBD service, we did not require formal ethical approval according to the guidelines of the UK National Research Ethics Service (NRES) [START_REF]Differentiating audit, service evaluation and research[END_REF] .

RESULTS

We identified 178 IBD outpatients who had had DEXA scans between 2005 and 2009. The telephone questionnaire response rate to determine the FRAX® score was 72% giving a study population of 116 patients (Figure 3).

Baseline demographics in relation to bone mineral density

There were no significant differences between those patients with normal or low (t-scores ≤ -1, i.e BMDs in the osteopaenic and osteoporotic range) BMD in terms of gender, ethnicity, disease type, duration, location, extent, behaviour and/or activity (Table 1 3). The mean FRAX® scores in each of the three risk groups fell significantly in all groups for both major and hip fractures following the inclusion of BMD scores (Table 3).

Overall, the clinical FRAX® score alone, when compared to the FRAX score including the BMD result, had a sensitivity of 100% (95%CI: 70%-100%), specificity of 40% (95%CI: 31%-50%), positive predictive value of 16% (95%CI: 9%-27%) and negative predictive value of 100% (95%CI: 90%-100%) in identifying those patients with IBD needing BMD measurement (intermediate risk) or preventive therapy (high risk).

Indications for anti-osteoporosis treatment

On the basis of their BMD alone and as part of our routine practice, eleven patients were started on treatment for osteoporosis with a bisphosphonate following their DEXA scan. In this small group of patients, there was no significant difference between our existing practice and that suggested by NOGG (post BMD inclusion) in the 97 patients at low or intermediate risk for fracture (Table 3). However, according to the NOGG guidance, 9 of these 97 patients were being treated unnecessarily.

Moreover, in the high risk group, while treatment was recommended by NOGG in 11/19 (58%) patients, only 1 patient was being treated with a bisphosphonate (p<0.01). In keeping with the existing literature [START_REF] Lewis | Guidelines for osteoporosis in inflammatory bowel disease and coeliac disease[END_REF] , our patients with IBD, on the basis of their t-scores, had lower BMDs than the general population. In patients with IBD who are perceived by their clinicians as being at increased risk of osteoporosis and/or osteopaenia, the clinical criteria alone of the FRAX® score can be used to predict those patients who need DEXA scans and/or consideration for specific treatment of osteoporosis. In our series of 116 such patients, by using this score over 5 years we could have prevented 36% DEXA scans. Our data also suggest that patients who carry a high clinical risk of fracture are frequently not considered for treatment when this decision is based on t-scores alone. Furthermore, according to NOGG, 8% of our patients were over-treated with bisphosphonates.

Limitations of FRAX® in IBD patients

There are some limitations to these conclusions. First, the FRAX® algorithms are based on general population cohort studies undertaken in people over the age of 40, and have not been validated in IBD populations. The FRAX® tool calculates risk for patients under the age of 40 using data for individuals aged 40. Data for people under the age of 40, particularly in IBD-specific populations, is unlikely to be available for several decades, since in order for enough fractures to occur to determine actual risk, prospective cohort studies in young patients will take 30 -60 years to complete. It is likely that the fracture risk in the 69 (59%) of our subjects who were under 40 was over-estimated, because of age-related loss in BMD.

Second, body mass index, a component of the FRAX® score, does not fluctuate as much in the general population as it does in IBD, where periods of active disease may precipitate substantial weight loss. In order to avoid over-estimating the fracture risk in IBD, it may therefore be best to complete the FRAX® score during periods of remission: in our group about a third of our patients had active disease at the time of scanning.

Third, although the FRAX® tool includes corticosteroids as a dichotomous risk factor, it does not take into account dose or duration of exposure to steroids. In practice, the FRAX tool in fact already recommends DEXA scanning for all patients of medium or smaller build who are on steroids, and who have a secondary cause of osteoporosis (IBD): as a result, the dose and duration of corticosteroid usage is irrelevant as a potential influence on pre-DEXA FRAX score. When a DEXA scan has been done, the deleterious effects of high cumulative doses of corticosteroids (as opposed to use of any dose) will be reflected in a lower BMD and incorporated in the post-DEXA FRAX score.

Potential Sources of Bias

When evaluating the validity of extrapolation of our results to other IBD populations, three potential sources of bias need to be considered.

First, because the data was collected by retrospective electronic case-note review and a telephone interview, the data is subject to discrepancies in interpretation, missing data, and recall bias, in particular for cigarette smoking and alcohol consumption, and it is possible that because of these factors the FRAX ® scores were underestimated.

Second, the patients included were selected deliberately because they were perceived by their treating clinicians to be at risk of osteoporosis and had for that reason had a DEXA scan arranged. In this context, however, only 2.6% (3/116) patients would not have fulfilled the current BSG criteria for DEXA screening (data not shown) [START_REF] Lewis | Guidelines for osteoporosis in inflammatory bowel disease and coeliac disease[END_REF] . We have no data on the applicability of this tool in patients perceived as being at low risk: unfortunately we cannot justify prospective use of DEXA scanning to obtain such information on ethical grounds and for reasons of cost (approximately €300/DEXA scan, or €30000 for 100 low risk patients).

Conversely, it is not known what proportion of patients in a consecutive cohort of unselected IBD patients would be scored as being at intermediate and/or high risk based on a pre-DEXA FRAX test, and thus the service implications and costs in terms of DEXA screening that such an approach would create.

As a result of a deliberate patient selection policy, our cohort is characterised by patients with a tendency towards extensive and severe disease, which probably accounts for the lack of differences seen in the univariate analyses between patients with normal and low BMDs (Table 1) that have been reported in previous prospective studies of IBD patients, for example, in disease duration [START_REF] Pollak | Femoral neck osteopenia in patients with inflammatory bowel disease[END_REF][START_REF] Ardizzone | Altered bone metabolism in inflammatory bowel disease: there is a difference between Crohn's disease and ulcerative colitis[END_REF][START_REF] De Jong | Longitudinal study of bone mineral density in patients with Crohn's disease[END_REF][START_REF] Van Hogezand | Ileum resection is the most predictive factor for osteoporosis in patients with Crohn's disease[END_REF] and steroid exposure [START_REF] Stockbrugger | Discordance between the degree of osteopenia and the prevalence of spontaneous vertebral fractures in Crohn's disease[END_REF][START_REF] Pigot | Low bone mineral density in patients with inflammatory bowel disease[END_REF][START_REF] Hela | Osteoporosis and Crohn's disease[END_REF] . In addition, about half of our patients were taking calcium and vitamin D supplements. Sub-analyses (data not shown) of patients taking and not taking calcium and vitamin D supplements showed that they had little effect on BMD and did not alter the usefulness of the pre-DEXA FRAX score as a screening tool in these patients. Compared with the general population, patients with IBD are more prone to vertebral than hip fractures [START_REF] Vestergaard | Fracture risk is increased in Crohn's disease, but not in ulcerative colitis[END_REF][START_REF] Vestergaard | Fracture risk in patients with celiac Disease, Crohn's disease, and ulcerative colitis: a nationwide follow-up study of 16,416 patients in Denmark[END_REF] . In keeping with this observation, t-scores were significantly lower at the lumbar spine than at the femoral neck in our patients. Although FRAX® (with or without femoral neck BMD) predicts vertebral fractures in the general population, the strongest risk factor for future vertebral fracture in Donaldson's study was the presence of a vertebral fracture at baseline [START_REF] Donaldson | FRAX and risk of vertebral fractures: the fracture intervention trial[END_REF] . Because vertebral fractures can be asymptomatic, they are frequently overlooked by both patients and clinicians: subclinical fractures reportedly occur in up to 20% IBD patients [START_REF] Heijckmann | High prevalence of morphometric vertebral deformities in patients with inflammatory bowel disease[END_REF][START_REF] Siffledeen | Vertebral fractures and role of low bone mineral density in Crohn's disease[END_REF] . It is likely then that in a proportion of our patients, the FRAX® scores may have underestimated the risk of subsequent fracture.

Conclusions

Although patients with IBD are at risk for low bone mineral density this confers only a small increase in the risk of fragility fracture. 

  post-DEXA FRAX score.

5 .

 5 The authors did collect an impressive array of data, including cumulative corticosteroid use, calcium and vitamin D supplementation, etc. Could the authors comment on the influence of results if those patients taking vitamin D/calcium supplements were excluded from the analysis? See comments above regarding calcium supplements.

  screened for low BMD with DEXA scanning at Barts and the London NHS Trust from 2005-2009.IBD ParticipantsPatients attending our specialist IBD out-patient clinics with an established diagnosis of IBD whose clinicians considered them to be at risk of osteoporosis and who had therefore had a 2005 and 2009 were eligible for inclusion. In those patients who had duplicate scans to monitor BMD (n=29), only the results of the first scan were included.Because we were interested in anti-osteoporosis prescribing based on BMD results alone we excluded patients (n=15) taking bisphosphonates before 2005, after the current DEXA scanner was installed (see below).

  Statistical analyses were conducted using SPSS (version 16) and Prism (version 4) software.

Figure 4 .

 4 Figure 4. Comparison of the post-DEXA NOGG recommendations and clinical practice at Barts and The London NHS Trust (BLT) in the low, intermediate and high risk groups stratified according to the pre-DEXA FRAX®. The numbers represent the number of patients in each group. *, hence 42 DEXA scans could have been prevented.

Table 1 :

 1 Proportion of patients at risk for osteoporosis according to BSG criteria

	Best wishes
	Yours sincerely,
	David Rampton
	Prof Clinical Gastroenterology
	d.rampton@qmul.ac.uk

Table 2 :

 2 Baseline demographic characteristics of patients that were considered to be at risk of osteoporosis at the time

	Characteristic

of the DEXA scanning. Patients who were on calcium/vitamin D supplementation at the time of DEXA scanning have been excluded. *, initiated after DEXA scanning T-scores of: ≥ -1 were considered as corresponding to normal BMD. T-scores < -1 were considered as corresponding to low BMD Age Mean age (yrs) [SEM] 36.6 [2.09] 41.9 [3.13] 0.19 Mean age at diagnosis (yrs) [SEM] 23.5 [1.65] 23.5 [2.19] 0.99 BMI Body mass index 23.5 [0.70] 22.9 [0.62] 0.53 Disease duration Disease duration (yrs) [SEM] 14.9 [2.17] 15.7 [1.83] 0.

Table 3 :

 3 

	DEXA Site		UC (16)	Crohn's (43)	p -value
	Lumbar	Mean BMD [SEM]	0.97 [0.04]	0.97 [0.02]	0.89
	spine				
		Mean [SEM] Z score	-0.59 [0.33]	-0.53 [0.21]	0.88
		Mean [SEM] T score	-0.94 [0.32]	-0.94 [0.20]	0.99
		Osteopaenia n (%)	6 (37.5%)	15 (34.5%)	
					0.98
		Osteoporotic n (%)	2 (12.5%)	6 (14%)	
	Femoral	Mean BMD [SEM]	0.94 [0.04]	0.89 [0.02]	0.32
	neck				
		Mean [SEM] Z score	-0.14 [0.23]	-0.40 [0.14]	0.32
		Mean [SEM] T score	-0.41 [0.25]	-0.71 [0.14]	0.29
		Osteopaenia n (%)	5 (31.3%)	20 (46.5%)	
					0.44
		Osteoporotic n (%)	0 (0%)	1 (2.3%)	

Prevalence of reduced bone mineral density (BMD) measured at the lumbar spine and femoral neck in Crohn's disease and UC. Patients who were on calcium/vitamin D supplementation at the time of the DEXA scanning have been excluded. T-scores of: ≥ -1 were considered normal; -1 and -2.5 osteopaenic; ≤ -2.5 as osteoporosis, were used to categorise BMD except in 13 patients under 20, when Z scores were used. T-scores were significantly lower at the spine than the hip (p<0.01).

F o r P e e r R e v i e w

Barts and The London NHS Trust: The Royal London Hospital, St Bartholomew's Hospital and The London Chest Hospital

Table 4 :

 4 To assess the accuracy of pre-BMD FRAX scores in identifying at risk IBD patients needing BMD measurement (intermediate risk) and/or therapy (high risk).

	Current	bisphosphonate
	treatment based on t -scores
	alone	

FRAX scores (pre and post BMD inclusion) and the recommended treatment compared with our current practice. Patients on calcium/vitamin D supplementation at the time of the DEXA scanning have been excluded. Patients have been stratified by risk (low, intermediate or high) according to the pre-BMD FRAX® score. † Paired data were compared using students paired t-test. ‡ Treatment recommendations were compared to current use of bisphosphonates using Chi-squared analysis. S, denotes spine; FN, femoral neck; M, major; H, Hip.

Objectives:

Results: On DEXA scans, 47% [38/81] and 12% [10/81] patients with Crohn's disease were osteopaenic and osteoporotic, respectively; equivalent figures for patients with UC were 34% [12/35] and 14%

[5/35]

. The clinical FRAX® score alone, when compared to the FRAX score including the BMD result, had a sensitivity of 100% (95%CI: 70%-100%), specificity of 40% (95%CI: 31%-50%), positive predictive value of 16% (95%CI: 9%-27%) and negative predictive value of 100% (95%CI: 90%-100%) in identifying those patients needing BMD measurement (intermediate risk) or preventive therapy (high risk).

Conclusions:

In patients with IBD perceived to be at risk of osteoporosis and/or osteopaenia, the clinical FRAX score alone can accurately predict the risk of osteoporotic fracture and thereby reduce the need for DEXA scans and unnecessary anti-osteoporosis treatment.

  Overall, 47% [38/81] patients with Crohn's disease and 34%[12/35] patients with UC were osteopaenic, and 12% [10/81] Crohn's patients and 14% [5/35] UC patients were osteoporotic at either the femoral head or lumbar spine. There was a strong positive correlation between the t-score measured at the femoral neck and at the lumbar spine (R=+0.66 [0.55, 0.75] 95%CI); the mean t-score was significantly lower at the lumbar spine compared with the femoral neck for both Crohn's and UC (Table2).

	Frax®scores with and without BMD measurement: sensitivity analysis
	According to clinical FRAX® scores alone, 36% (42/116) of patients were at low risk for
	fracture, 47% (55/116) at intermediate risk and 16% (19/116) at high risk. Although there
	was a trend for the measured t-scores to decrease with increasing FRAX risk this was not F r o statistically significant (Table
	P
	e
	e r
	R
	e
	v i e
	w
	). Similarly, there
	was no difference in the proportions of patients treated with corticosteroids, 5
	aminosalicylates, immunosuppressants, or monoclonal antibodies against tumour necrosis
	factor (anti-TNFs). No difference was seen in the cumulative mean [SEM] dose of
	prednisolone between groups (normal BMD 1242 [331]mg vs low BMD 1437 [274]mg

p=0.77). The number of patients on calcium/vitamin D preparations was significantly higher in the low BMD group for both UC and CD (Table

1

).

Table 1 :

 1 The web-based WHO FRAX® tool is a readily available, easy to use, free and rapid way of assessing fracture risk based on clinical factors alone that could be utilized in IBD outpatient clinics to predict those patients who need DEXA scans and/or consideration for specific treatment of osteoporosis. If the patient is at low risk then no DEXA scan is required. If the FRAX® score based on clinical risk factors alone is intermediate and/or high then patients should undergo DEXA scanning and once the BMD is known the FRAX® score recalculated to determine the need for specific anti-osteoporosis treatment. Individualizing bone protection using the FRAX® score in IBD care has the potential to reduce the cost related to DEXA scanning; it may also obviate the risk of side effects in patients who are unlikely to benefit from treatment, and ensure appropriate treatment for those who are at greatest risk of fracture. Baseline demographics of patients considered to be at risk for osteoporosis at the time of DEXA scanning.

	Characteristic			Normal BMD	Low BMD*	P -Value
				(n=51)	(n=65)
	Sex	Male Female		19 (37.2%) 31 (60.7%)	31 (47.7%) 34 (52.3%)	0.34
	Age	Mean age (yrs) [SEM]		37.7 [1.7]	40.9 [2.2] 0.29
		Mean age at diagnosis (yrs) [SEM]	26.1 [1.9]	25 [1.8] 0.68
	BMI	Body mass index		24 [0.55]	22.7 [0.62] 0.15
	Disease duration	Disease duration (yrs) [SEM]	12.7 [1.4]	15.1 [1.6] 0.28
	Ethnicity	Caucasian		40 (78.4%)	53 (81.5%)
		South Asian		8 (15.7%)	11 (16.9%)	0.44
		Afro-Caribbean		3 (5.8%)	1 (1.5%)
	Disease Type	Crohn's disease Ulcerative Colitis		33 (62.7%) 18 (35.3%)	48 (73.8%) 17 (26.2%)	0.27
	Crohn's disease (Montreal Classification)	A1: Age ≤16 F A2: 17-40 A3: >40 o L2: Colonic r L1: Ileal		8 (24.2%) 18 (54.5%) 0 (0%) 5 (15.1%) 4 (12.1%)	13 (27.1%) 25 (52.1%) 5 (10.4%) 5 (10.4%) 12 (25%)	0.17 0.39
		L3: Ileocolonic P +L4 : Upper GI		24 (72.7%) 2 (6.1%)	30 (62.5%) 7 (14.6%) 0.33
	Activity	B1: Inflammatory e B2: Stricturing B3: Penetrating e +p: Perianal r Active Crohn's disease	12 (36.4%) 9 (27.3%) 12 (36.4%) 11 (33.3%) 11 (33.3%)	14 (29.2%) 21 (43.8%) 13 (27.1%) 11 (22.9%) 0.43 0.32 13 (27.1%) 0.55
	Medication	Budesonide Prednisolone	R	10 (30.3%) 12 (36.4%)	18 (37.5%) 0.64 21 (43.8%) 0.51
	Surgery UC Classification) (Montreal	5 ASA Immunosuppression Anti-TNF Calcium and vitamin D preparations e v i 21 (63.6%) 20 (60.1%) 3 (9.1%) 15 (45.5%) Previous laparotomy 17 (51.5%) e E1: Proctitis 2 (11.1%) E3: Total 7 (38.9%) w E2: Left 8 (44.4%)	33 (68.8%) 0.63 29 (60.4%) 0.99 2 (4.2%) 0.38 31 (64.6%) 0.001 24 (50%) 0.82 1 (5.9%) 13 (76.5%) 2 (11.8%) 0.11
	Activity	Active UC		6 (33.3%)	9 (52.9%) 0.32
	Medications	Prednisolone		16 (88.9%)	13 (76.5%) 0.4
		5 ASA		17 (94.4%)	13 (76.5%) 0.18
		Immunosuppression		11 (61.1%)	9 (52.9%) 0.74
		Calcium and vitamin D3	10 (55.6%)	12 (70.6%) 0.03
	Surgery	Colectomy		1 (5.6%)	4 (23.5%) 0.18

Table 2 :

 2 Prevalence of reduced bone mineral density (BMD) measured at the lumbar spine and femoral neck in Crohn's disease and UC.Application of the FRAX ® tool in patients with IBD at risk of osteoporosis.12 

	T-scores of: ≥ -1 were considered normal; -1

Table 3 :

 3 FRAX scores (pre and post BMD inclusion) and the recommended treatment compared with our current practice. Patients have been stratified by risk (low, intermediate or high) according to the pre-BMD FRAX® score. † Paired data were compared using Students paired t-test, ‡ Treatment recommendations were compared to current use of bisphosphonates using Chi-squared analysis. S, denotes spine; FN, femoral neck; M, major; H, Hip. WHO case finding strategies, adapted from Kanis JA on behalf of the World Health Organization Scientific Group (2008)[START_REF] Kanis | behalf of the World Health Organisation Scientific Group. Assessment of osteoporosis at the primary health care level[END_REF] .FIGURE 1b. NOGG age-related treatment thresholds without BMD inclusion into the FRAX® score, adapted from[START_REF] Kanis | on behalf of the National Osteoporosis Guideline Group. Case finding for the management of osteoporosis with FRAX® -assessment and intervention thresholds for the UK[END_REF] . Study overview using STROBE criteria[START_REF] Vandenbroucke | Strengthening the Reporting of Observational Studies in Epidemiology (STROBE): explanation and elaboration[END_REF] .

	Current treatment based
	on t -scores alone
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