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Abstract

Mineral and bone diseases (MBD) are predominant in patients with chronic kidney disease 
(CKD) and lead to several bone manifestations, from pain to skeletal fractures. Cumulative 
traditional clinical risk factors, such as age and gender, in addition to those related to CKD, 
enhance the risk of comorbidity and mortality related to fractures. Despite great advances 
in understanding MBD in CKD, clinical and biological targets are lacking, which leads to 
under-management of fractures. Optimal PTH control results in a net improvement in 
defining the levels of bone remodeling. In addition, circulating biomarkers such as bone-
specific alkaline phosphatase and cross-linked collagen type I peptide will also provide 
additional information about remodeling rate, bone mineralization and the evaluation of 
fracture risk. Imaging techniques identify patients at risk by measurement of bone mineral 
density by DEXA or by high peripheral QCT, which allow the discrimination of trabecular 
and cortical bone. Here, we have reviewed the literature related to epidemiology and the 
pathophysiological role of mineral and biochemical factors involved in CKD-MBD with a 
special focus on fracture risk. We also provide an algorithm that could be used for the 
management of bone diseases and to guide treatment decisions. Finally, the combined 
expertise of clinicians from various disciplines is crucial for the best prevention of fractures.

Introduction

Chronic kidney disease (CKD) is associated with a high 
morbidity and mortality, in which skeletal complications 
are predominant. Mineral and bone diseases (MBD) 
observed in CKD are now joint entities called CKD-MBD, 
which refers to clinical events related to calcium and 
phosphate metabolism such as fractures, biochemical 
abnormalities and cardiovascular events like vascular 
calcifications (1). The mineral disorders were added 
to the previous so-called renal osteodystrophy (ROD) 
which was previously based on bone biopsies. Indeed, 
several features of bone strength which are also linked 
to mineral metabolism are currently included, such 
as bone structure, mineralization and level of bone 
remodeling that contribute to the estimation of fracture 
risk. Therefore, coupling mineral disorders to specific 

bone features highlight CKD-MBD as a whole entity with 
dependent and complex interactions. Skeletal fractures 
are the main clinical outcome in CKD, the prevention of 
which remain a challenge until now. In addition to a high 
mortality rate, costs related to hospitalization for fractures 
in dialysis patients increases the economic burden of bone 
disease (2, 3, 4, 5, 6). We will here describe the diagnosis 
tools available and their additional value for treatment 
decisions (Fig. 1).

Epidemiology of skeletal fractures in CKD

The management of CKD has greatly improved in the 
last few decades, allowing a longer life expectancy 
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and a reduction of subsequent age-related bone loss. 
Longitudinal studies have extensively reported the 
incidence of fractures in patients with CKD (4, 7, 
8, 9). Most of these studies found that incidence is 
progressively increased with CKD stage (10). The risk of 
skeletal fracture is up to five times higher in individuals 
with an estimated glomerular filtration rate (eGFR) 
below 15, compared to individuals with eGFR above  
60 mL/min/1.73 m2. Other factors such as age above  
65 years and gender play a major role in fracture occurrence 
(11). The Dialysis Outcomes and Practice Patterns Study 
(DOPPS) reported an incidence of fractures significantly 
higher in patients in hemodialysis than in the general 
population, as well as a 3.7-fold increased risk of death 
(5). Hence, incidence of hip fractures is four-fold higher in 
patients in dialysis therapy than in the general population 
even after adjustment for age, gender and ethnicity (7, 
12). The incidence of hip fracture is three times higher in 
Caucasian than in African American patients with CKD (2) 
and two times higher in women than in men with CKD (4, 
9, 13). Other clinical risk factors include older age, low BMI 
and a long history of dialysis. As for non-CKD patients, 
an history of prior fracture is also highly associated with 
increased risk of hip fracture (14). US Medicare data 
collected in hemodialysis patients identified downward 
hip-fracture incidence trends from 2000 to late 2009 (2), 
although most prominent in older adults of both genders 
(15). Indeed, the incidence of hip fracture increased when 
dialysis treatment was initiated from 1996 to 2004 and 
then declined until 2009, although it remained higher 
than in 1996 (16). A high relative risk of hip fractures 
begins at an age of 55 years and remains high, particularly 
in CKD patients with high bone turnover disease rather 
than with low turnover (7, 17). The mortality risk after 
a hip fracture is increased for CKD patients on dialysis 

(18, 19) but surprisingly has essentially not changed 
after 1998 for either sex (20). These data illustrate that 
the risk of skeletal fractures combines the classical risk 
factors observed in the non-CKD population in addition 
to those related to CKD. After 4 years of dialysis, the age-
standardized incidence ratio was 9.83 for men and 8.10 
for women (7). Moreover, 30 days after a hip fracture, 
mortality risk reached 16% when dialysis is initiated 
after the age of 67 years (16) and hip fracture-related 
mortality risk is two times higher when eGFR is below 
45 compared to when above 45 mL/min/1.73 m2 (21). 
Using the French National Database in 2010, we found 
significantly higher mortality rates after hip fracture in 
dialysis patients, reaching 12% in men and 8% in women, 
along with a longer hospital stay in the intensive care unit 
(4). Several associated risk factors are identified, including 
vascular-related diseases, diabetes and dementia. The 
prevalence of vertebral fractures remains unknown, 
as it has been poorly reported in cohorts and dialysis 
registers. The prevalence is low, ranging from 7% to 20% 
(22, 23), although these might be underestimated since 
spinal X-rays are not performed on a routine basis. Case-
control studies with a small number of HD patients on 
hemodialysis demonstrated that a low BMD at the lumbar 
spine is associated with vertebral fracture risk and with 
prevalent or self-reported peripheral fractures (24). In 
contrast, it is noteworthy that lumbar spine BMD does 
not have the same predictive value as demonstrated in the 
absence of CKD. In a meta-analysis of 13 studies (25), only 
one study mentioned the presence of vertebral fracture in 
relation to dialysis, finding no association between risk 
of fracture and BMD. The 2017 KDIGO (Kidney Dialysis 
Improving Global Outcomes) guidelines recommended 
the measurement of BMD in patients with stage 3a-5D 
CKD for predicting peripheral fractures.

Figure 1
Tools available to assess bone fragility. A 
combination of clinical factors, bone and mineral 
biomarkers as well as imaging are required to 
characterize the profile of fragility and help to 
guide treatment decisions.
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Assessment of fracture risk in CKD-MBD

The KDIGO working group recommended the use of the 
same World Health Organization (WHO) definition for 
osteoporosis in CKD patients as advocated for the general 
population. This definition remains suitable for the 
diagnosis of stages 1–3a CKD. In contrast, in bone disease 
stages 3b to 5-5D, CKD patients show a larger spectrum of 
phenotypes in relation to BMD. There is no relationship 
between the type of bone disease and BMD because of 
additional mineral changes in CKD. Indeed, low BMD 
might be due to a low bone mass or to mineralization 
defects that are more frequent in CKD than in non-CKD 
patients. Therefore, the accurate characterization of the 
underlying bone disease by bone and mineral tools is 
recommended to achieve accurate diagnosis and define a 
specific treatment.

Bone histology

Bone histomorphometry is the gold standard to determine 
the bone abnormalities of CKD-MBD (26). This is not 
routinely performed because of the invasive nature and 
the scarcity of facilities for the analysis of bone biopsies. 
Most patients with CKD stages 3–5 are expected to have 
histological signs of high bone turnover in whom more 
than 80% have increased serum PTH level (13, 27). Other 
reports showed histological high bone turnover in 47.2% 
of patients with CKD stages 3–4 and in 61.4% with CKD 
stage 5 (28). However, more recent studies showed low-
turnover bone diseases in two small populations with pre-
dialysis and a wide eGFR range (<5 to 90 mL/min/1.73 m2) 
(29, 30) and in most CKD patients on dialysis (17, 31). 
These controversial results are due to the recruitment bias 
of biopsy-based studies, since bone biopsies are mainly 
performed in symptomatic patients or in the context of 
clinical trials, but not for epidemiological purposes. The 
histological bone profile of patients with fractures is still 
lacking.

Bone mineral density

BMD provides the major contribution for the assessment 
of fracture risk. In non-CKD patients, the reduction 
of one s.d. in BMD as measured by dual-energy x-ray 
absorptiometry (DEXA) doubles the fracture risk and is 
therefore a major parameter to evaluate bone fragility. The 
major limitations are spinal affections such as scoliosis or 
lumbar osteoarthritis as well as vascular calcifications that 

lead to the overestimation of BMD. These conditions are 
particularly frequent in CKD patients. A meta-analysis 
revealed that BMD is lower in pre-dialysis and dialysis 
CKD patients with fractures than without fractures (25). 
However, the results of four prospective cohorts showed 
good predictive value of BMD for risk of fracture with 
CKD stages 3–5D (26, 32); BMD measurement is therefore 
recommended in CKD. The FRAX tool is also valuable 
in predicting peripheral fractures in older patients with 
CKD stages 2–5 because of the major contribution of 
the clinical risk factors (33). Altogether, low BMD is a 
risk factor for fracture, but this might not be sufficient 
to initiate a bone-specific treatment as in non-CKD 
patients because of mineralization defects. TBS is a new 
method based on a gray-level textural index derived by an 
algorithm that analyzes the spatial organization of pixel 
intensity from lumbar spine DEXA images. TBS provides 
information about bone microarchitecture and predicts 
fractures independently of major clinical risk factors 
or real BMD measurements (34). In a cohort of 1426 
participants followed for a mean of 4.7 years, including 
199 with eGFR <60 mL/mn/1.73 m2, low TBS score was 
independently associated with increased fracture risk in 
adults with reduced kidney function (35).

High-resolution peripheral quantitative CT 
(HR-pQCT) measurement

BMD measurement by DEXA alone is insufficient to assess 
fracture risk because of a weak discriminating power of 
DEXA to assess cortical and trabecular bone. In CKD, low-
bone turnover is associated with thin cortices with normal 
cortical porosity, while high bone-turnover diseases 
reveal high cancellous bone volume and normal cortical 
thickness (17). Accordingly, altered cortical bone structure 
contributes to bone fragility in CKD (36). Measure of 
architecture using HRpQCT showed early impairment 
of trabecular bone, before the onset of severe secondary 
hyperparathyroidism in CKD stages 2–4. In addition, 
bone loss observed in patients with CKD stage 5D affected 
cortical BMD and thickness, but not trabecular bone, and 
is correlated with dialysis length and serum PTH level (36). 
However, levels of neither calciotropic hormones such as 
PTH nor bone remodeling markers were associated with 
changes in trabecular density, number and heterogeneity. 
These findings suggest that imaging appendicular 
skeleton provides a better estimate of cortical bone loss 
that is strongly associated with fractures in CKD (37). This 
technique is only available for research purposes.
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Bone biomarkers

In the general population, bone biomarkers are useful 
tools to estimate bone remodeling, to predict bone loss 
and the response to treatment. They provide a good 
quantification of the activity of bone cells at the total body 
level. Among the bone cell-derived factors, those secreted 
by osteoclasts are bone resorption markers, while those 
produced by osteoblasts or osteocytes provide insight into 
bone formation. In CKD, the significance of bone markers 
may be close to the PTH levels, but also provide additional 
specific information about the regulation of bone 
remodeling. Bone specific markers are required because 
the relationship between PTH and bone biomarkers is 
not fully consistent in clinical practice. Hence, low bone 
turnover could be observed in the presence of high PTH 
levels because of the down-regulation of PTH receptors, 
previously called PTH resistance. A previous study based 
on bone biopsy revealed that patients with high bone 
turnover also have higher plasma bone specific alkaline 
phosphatase (BSAP) levels than patients with normal or low 
bone turnover and levels above the threshold of 20 ng/mL.  
Combination of high plasma alkaline phosphatase with 
high PTH showed a good predictive value for the diagnosis 
of high-turnover bone disease (38). In addition, there are 
tight correlations between total serum alkaline phosphatase 
level and hip fracture risk and mortality in dialysis patients 
(39). Additional bone biomarkers are now available, such as 
cross-linked collagen type I peptide (CTX) and TRAP-5b for 
bone resorption and BSAP, sclerostin, and procollagen type 
1 N-terminal propeptide (P1NP) for bone formation (36). A 
more recent study revealed that BSAP, P1NP and TRAP5b 
were highly correlated to the level of bone remodeling 
assessed by bone biopsies as well as to the cortical thickness 
assessed by HRpQCT (40). Therefore, because of the 
additional value of bone biomarkers, we suggest that these 
measurements should be included in the evaluation of 
bone remodeling and fracture risk in CKD.

Circulating factors of mineral metabolism

PTH is the major surrogate biomarker for bone fragility. 
Most CKD patients with adynamic bone disease show 
serum intact PTH level <150 pg/mL (41) and those with 
histological SHPT show PTH level >600 pg/mL (42). 
Cohorts demonstrated that both high and low circulating 
PTH levels are associated with high hip-fracture incidence 
(6, 14, 43). Indeed, low PTH level was associated with 
fracture incidence (44), while the highest serum PTH level 
was associated with the highest prevalence of fractures in 

the DOPPS cohort (5, 6, 14, 45). Additionally, fractures 
strongly increase the risk of all-cause and cardiovascular 
mortality, particularly in patients ≥45 years old as 
compared with younger patients (43). Accordingly, time-
dependent PTH increase is closely associated with dialysis 
length, and relative hypoparathyroidism (PTH level 
<200 pg/mL) is independently associated with increased 
mortality risk in CKD stage 5D (46). Others have shown 
that a serum PTH level measured before a new fracture was 
associated with a significantly increased risk of fracture, 
in contrast to a baseline or time-averaged PTH level. The 
upper and lower PTH values of the U-shaped PTH curve 
are associated with a significantly increased risk of fracture 
as compared with PTH values within the recommended 
NKF/K-DOQI target values. Therefore, recommendations 
are to consider a persistent or progressively increase PTH 
level, considering a trend of PTH levels within the previous 
months rather than based on a single elevated PTH level. 
Various confounding factors may interfere with the 
interpretation of PTH level at the time of a new fracture 
and do not take into account factors such as previous 
parathyroidectomy or calcimimetics in patients with a 
long history of uncontrolled SHPT. Hence, long-term 
exposure to high serum PTH levels induced a preferential 
loss of cortical bone and enhanced the risk of fracture, 
which could be even more pronounced in CKD stage-5D 
women (47). Accordingly, parathyroidectomy reduces 
bone turnover, improves BMD and reduces long-term  
risk for fractures, as observed in CKD stage 5D patients 
(48, 49, 50).

The phosphate/FGF23/Klotho axis
The skeleton is the main storage site and one of the 
most important physiologic regulators of calcium and 
phosphate metabolism, together with the kidney. In 
bone, low extracellular phosphate concentration is crucial 
for apoptosis of mature chondrocytes in the growth plate 
and the cascade of events leading to normal bone growth 
such as blood vessel invasion and mineralization (51). 
Abnormal serum phosphate level is undeniably one of the 
major components of CKD-BMD. Circulating phosphate 
level slowly increases as CKD progresses and directly and 
indirectly contributes to the skeletal fragility found in 
CKD-MBD, particularly via the stimulation of PTH and 
FGF23 production (52). Serum FGF23 levels significantly 
increase with CKD stage 1–5 earlier than the PTH level. 
FGF23, produced by osteocytes and osteoblasts, regulates 
physiological functions of the kidney, stimulates urinary 
phosphate excretion and inhibits calcitriol synthesis 
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after binding a complex formed by alpha-klotho and 
is one of the four canonical FGF receptors. FGF23 also 
controls the bone mineralization process. The lack of 
FGF23 (as in FGF23-knockout mice) and the excess of 
FGF23 (as in klotho-knockout mice) results in severe bone 
demineralization. However, in CKD stage 5D patients, 
BMD is not correlated with serum FGF23 level (53). High 
FGF23 level has been associated with reduced osteoid 
thickness and osteoid maturation time, in children with 
normal renal function and in CKD children on dialysis 
(54). This enigma appears to be deciphered because FGF23 
modulates bone mineralization by regulating tissue non-
specific alkaline phosphatase (TNALP) specifically via 
FGFR23 and independent of klotho. FGF23 inhibits TNALP, 
which thereby increases the extracellular concentration 
of pyrophosphate, reduces the amount of inorganic 
(free) phosphorus and indirectly stimulates expression 
of osteopontin, a known mineralization inhibitor (55). 
Excessive FGF23 level also contributes to bone loss in 
CKD via another klotho-dependent mechanism and the 
stimulation of the osteoblast Wnt inhibitors Dkk1 (56). 
Therefore, inactivation of the Wnt/b-catenin signaling 
pathway by the altered phosphate/FGF23/Klotho axis 
may provide another autocrine/paracrine mechanism 
favoring bone loss in CKD-MBD.

Bone strength

The available tools described above show that each of 
them provide specific information on several aspects of 
bone strength. This further provides an insight into the 
complexity of bone diseases in CKD, likely because of 
additional uremic-related mineral disorders that affect 
bone strength. From a clinical point of view, the final 
result of the quality of bone is the resistance to fracture. 
Therefore, tests which quantify fracture resistance are still 
missing. Further research developments are requested, in 
particular toward a better understanding of the impact of 
CKD in different aspects of bone resistance, and among 
them matrix production and quality, the role played by 
the bone microenvironment and the contribution of 
uremic factors.

Management of mineral disorders and 
fracture in CKD

Since the incidence of fracture is high in CKD patients, 
the prevention of bone and mineral events are crucial and 
should be a challenge for the different experts involved 

in patient management. Several guidelines to prevent 
fractures could be also applied to CKD patients. Falls is 
a major determinant of fracture that could be prevented, 
although high incidence of falls is not fully documented 
in CKD. Factors associated with falls such as low muscle 
function could be prevented by programs based on exercise 
in rehabilitation settings with the aim of promoting 
muscle strength and equilibrium. Denutrition is a factor 
significantly associated in CKD in dialyzed men with hip 
fractures (4). Special attention should be paid to adequate 
food intake in this context. The prevention strategy 
should be particularly oriented in the elderly, in whom 
age comes in addition to mineral disorders. Overall, the 
correction of serum mineral disorders from the beginning 
of the decline of kidney function remains a major goal to 
reduce the comorbidities observed in CKD-MBD.

The pharmacological management of osteoporotic 
fractures or low bone density to prevent fractures in 
CKD stage 1–3b does not differ from that in osteoporosis 
without CKD because of persistent kidney function. 
When eGFR is above 30 mL/mn, the main anti-fracture 
medications such as raloxifene, bisphosphonates and 
teriparatide (the human recombinant PTH) will follow 
the same recommendations as in non-CKD patients. Until 
recently, the treatment of CKD stage 4–5D patients with 
osteoporosis, that is, low bone mass or fractures remained 
a challenge. A more recent drug offered new opportunities. 
Denosumab at the dose of 60 mg prescribed for the 
prevention of fracture in patients at high risk is allowed 
in CKD, which provided a new hope to treat CKD patients 
with fractures. However, such a prescription cannot be 
based only in low bone density in CKD because T-score  
< −2.5 is not synonymous of osteoporosis in these 
patients. We therefore recommend to first consider 
patients with severe fragility fracture, in whom bone 
strength is impaired.

Management of CKD-related fractures should 
primarily identify the cause because osteomalacia and 
osteoporosis require specific treatment. Since the type 
of bone disease could be predicted by the combination 
of both bone and mineral biomarkers (38, 40), we here 
propose an algorithm based on the serum levels of PTH, 
alkaline phosphatase and calcium levels (Fig. 2). In 
patients with high serum PTH level, cinacalcet should be 
proposed as it has been shown to reduce fracture rate in 
older dialysis patients with SHPT (57). In case of resistance 
to cinacalcet, a parathyroidectomy should be considered.

Low PTH levels could evoke osteomalacia or adynamic 
bone disease. Osteomalacia is suggested by low serum 
25OHD, low total calcium or phosphate level in addition 
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to high alkaline phosphatase levels. There are no biological 
or imaging markers that discriminate between the two 
bone profiles. Therefore, we recommend a bone biopsy 
because of the requirement of specific treatment such 
with native vitamin D or phosphate supplementation. 
In the presence of low PTH levels and normal mineral 
levels, a bone biopsy is recommended before treatment 
to document the absence of mineralization defect and the 
persistence of bone cells before treatment.

Most anti-osteoporosis treatments are contra-
indicated with eGFR below the threshold of 30 mL/mn. 
Bisphosphonates accumulate in bone tissues regardless of 
kidney function, but reduced renal clearance promotes 
high accumulation. This is associated with defective bone 
mineralization and osteomalacia (58) or might favor 
an adynamic bone disease. For this reason, the use of 
bisphosphonates in CKD stage 4 and 5 is not recommended. 
Further, no trial addresses the absence of toxicity, nor the 
efficacy of these drugs for preventing fracture in CKD. 
Few studies and early post-hoc analyses assessed the effect 
of bisphosphonates on BMD and on circulating mineral 
and bone biomarkers, but did not have sufficient power 
to predict fracture risk. A recent systematic review also 

provides no clear evidence that these treatments could be 
helpful in CKD (59). Recently, denosumab, an anti-RANKL 
biologic therapy, offered a new avenue for managing 
fractures. Treatment with denosumab is associated with 
reduced risk of vertebral, non-vertebral and hip fractures 
in osteoporotic women (60). In a subgroup of 73 women 
with CKD stage 4, denosumab 60 mg increased the BMD 
in a similar manner in women with CKD stages 1−3, but 
the low number of patients prevented demonstration of 
an effect in fracture prevention (61). In patients with CKD 
stages 4−5D with severe secondary hyperparathyroidism, 
denosumab induced a marked hypocalcemia and an 
increased PTH level within 15 days. Therefore, close 
monitoring is required during the first few weeks in 
patients with advanced CKD. Recently, a trial compared 
the 1-year effect of denosumab to alendronate in dialysis 
patients with low PTH and found a better increase in BMD 
and improvement of bone biomarkers (62). Because of 
the non-linear relation between BMD and fracture risk in 
CDK, this increase in BMD does not fully secure fracture 
risk reduction in the short or long term. Further trials are 
needed to test the effect of such a medication in both 
BMD and fracture.

Figure 2
Proposed algorithm for treatment decision in patients with CKD and fracture. Treatment decisions are dependent of the levels of parathyroid hormone 
(PTH) and bone specific alkaline phosphatase (BSAP) levels. The different conditions are shown, to guide treatment decisions appropriately.
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Conclusion

In conclusion, the high incidence of fractures and 
mortality in patients with CKD require the use of the 
combination of available tools for evaluating fracture. 
Because of the complexity of bone fragility in CKD, a 
multidisciplinary management approach which includes 
nephrologists and bone experts in CKD-MBD is required 
before the initiation of anti-resorption or bone anabolic 
treatments.
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