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World wide, 1 in 3 women and 1 in 5 men over the age of 50 will have a fracture (1).  In the general population there is a wealth of prospective studies documenting the clinical risk factors for fracture and more recently tools have been developed to quantify fracture risk and guide treatment decisions.  Our understanding of fracture risk in the general population is very different to what is known in men and women with chronic kidney disease (CKD).  After almost half a century of dialysis there are only a few studies, most of which are cross sectional, that report on risk factors for fracture in CKD (2).   The paucity of studies on risk factors for fractures in CKD is despite the fact that, as reported in this issue by Tentori et al, (3) using data from the Dialysis Outcomes and Practice Pattern Study (DOPPS), the incidence of fractures is high among those on dialysis.  Of the 34,579 subjects participating in DOPPS between 2002 and 2011 1,134 or 3% had a fracture.  Further, the fracture incidence is higher in those with CKD than in the general population.  As well, the morbidity and mortality is higher in those with CKD and fractures compared to those with CKD without fractures (4).  Note that while the Tentori study reports on fractures only among those on dialysis, other studies have demonstrated that fracture risk is increased even among those with impaired renal function not requiring dialysis (5).  For example, data from a large cohort of patients of the Third National Health and Nutrition Examination Survey ( NHANES III ) in the United States demonstrates that compared to those with an estimated glomerular filtration rate (eGFR) of  ≥60mL/min  those with an eGFR < 60mL/min had a two fold increase risk of hip fractures (6).  On the other hand, prevalence of vertebral fractures in CKD patients is similar to the general population (7). This discrepancy might be due to the different effects of secondary hyperparathyroidism, which impairs primarily cortical bone, while vertebrae are mainly constituted of trabecular bone.

Why might those with impaired renal function be at particularly high fracture risk? Tentori and colleagues offer several explanations including an increased risk for falls, altered bone structure and function – including abnormalities in bone turnover, mineralization and volume, altered levels of PTH, both high and low.  There are data that impaired neuromuscular function, likely resulting in increased incidence of falls, is associated with fractures in patients with CKD (8).  Similarly, altered bone quality (an impairment of structure and function) can increase fracture risk (2).  And, while not directly addressed in Tentori paper, the concept that serum PTH influences fracture risk independent of effects on bone turnover is intriguing.  A study of hemodialysis patients who underwent transiliac bone biopsies demonstrated that in the group of patients with serum PTH levels between 150 and 300 pg/ml, 88% had low bone turnover and even patients with PTH levels >300pg ml had low turnover bone disease in a high proportion (38%), underscoring the limitations of serum PTH in predicting the risk of fractures and suggesting that other biochemical markers may be required to accurately measure bone-remodeling status in hemodialysis patients (9). 
Indeed, the use of serum biomarkers, including PTH, to predict fracture risk in CKD has not been well studied.  Our group has reported that among 387 subjects on dialysis, vitamin K1 deficiency is a strong predictor of vertebral fractures (Odds ratio = 2.94; 95% CI: 1.38 to 6.26) (10). Consistent with our findings is the fact that Tentori and colleagues report a lower incidence of fractures in the Japanese population, where dietary intake of Vitamin K is very high.  Future research should determine if raising serum vitamin K levels decreases fractures in CKD.  As well the ability of other biochemical markers (such as Fibroblast grow factor 23, Osteoprotegerin and Sclerostin) to predict fracture risk in CKD remains to be determined. Although many patients with CKD have vitamin D (25OHD3) deficiency, no significant association between vitamin D (25OHD3) status and fractures in dialysis patients has been reported so far (7). The possible role in fracture risk of protein energy wasting, inflammation, and reduced sex hormones should be explored.
Not only did Tentori and colleagues demonstrate high rates of fractures in those with CKD but those with fractures had high rates of death and hospitalization compared to those with CKD without fractures and compared to those with fractures but without CKD.  The most common cause of morbidity and mortality in those with fractures (classified as hip or other) was cardiovascular disease (accounting for 45% of all deaths) highlighting the potential link between fractures and vascular calcification. The link between vascular calcification and fractures is thought to be particularly strong in the case of vertebral fractures (9), although this could not be addressed using DOPPS data.  The association between vascular calcification and bone is also supported by a recent case control study which demonstrated that vertebral fractures were higher (prevalence 14%) in those with acute coronary syndrome compared with controls (prevalence 1.3%) (11).  

The paper by Tentori highlights the fact that fractures are common in dialysis patients and are associated with substantial morbidity and mortality.  Despite the sickness and death associated with fractures, bone health, particularly among those on dialysis is generally neglected both by patients with CKD and physicians taking care of them.  There are at least three potential explanations for this finding.  First, the clinical utility of bone mineral density (BMD) to predict fracture risk in CKD is unclear and as such BMD testing by dual energy X-ray absorptiometry (DXA) is not widely used.  That said, recent data suggest that BMD testing may be associated with fractures in stages 3 and 4 CKD and among those with stages 5 CKD BMD at a cortical site, such as the radius, can discriminate fracture status (2).  Second, fractures are difficult to treat in those with CKD because bisphosphonates, the most commonly prescribed agents for osteoporosis are contraindicated in those with creatinine clearance < 30mL/min (12).   However, post hoc analyses of the pivotal fracture trials of alendronate and risedronate included some subjects with reduced creatinine clearance and there was no increase in adverse events or difference in fracture efficacy by level or renal function.   Thirdly, physicians and patients may neglect bone health and techniques to prevent fractures in the presence of more acute medical conditions.  
How can we improve our care of CKD patients with bone disease?  More publications like that by Tentori reporting on the burden of illness due to bone disease in men and women with CKD are needed.  Further research should include prospective studies determining if non invasive assessments of cortical and trabecular bone components, for example peripheral quantitated computed tomography can categorize fracture risk in CKD. Quantitative vertebral morphometry in a lateral X-ray of the vertebral column is also an effective clinical research tool for the direct assessment of vertebral fractures (7,10).   The applicability of World Health Organization (WHO) fracture risk tool in those with CKD needs to be tested.  As well, we need to ensure broader education about bone health and fracture prevention for both patients with CKD and physicians taking care of them.  
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