
Review Article
Fragility Fractures in Chronic Kidney Disease: Assessment and
Pharmacologic Management

Mahesan Anpalahan,1,2 Sudharsan Venkatesan,3 and Aksharaa Anpalahan4

1 Department of Internal Medicine, Eastern Health, Albert Street, Melbourne, VIC 3156, Australia
2 Department of Medicine, North West Academic Centre, University of Melbourne, St. Albans, Melbourne, VIC 3021, Australia
3 Division of Internal Medicine, Western Health, Gordon Street, Melbourne, VIC 3011, Australia
4University of Melbourne, Melbourne, VIC 3010, Australia

Correspondence should be addressed to Mahesan Anpalahan; mahesan.anpalahan@easternhealth.org.au

Received 28 May 2014; Accepted 25 August 2014; Published 16 September 2014

Academic Editor: Francois Madore

Copyright © 2014 Mahesan Anpalahan et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Fractures are common in all stages of chronic kidney disease (CKD), and are associated with increased morbidity and mortality.
Both CKD and osteoporosis often coexist as they both are strongly age associated. However, the management of fragility fractures
in CKD poses many dilemmas.These include diagnosing the aetiology of fractures and choosing appropriate treatment.This paper
reviews the current evidence for the assessment and pharmacologic management of fragility fractures in CKD.

1. Introduction

Theburden of fracture has been shown to be high in all stages
of chronic kidney disease (CKD). Studies have consistently
shown that end stage kidney disease (ESKD) and dialysis
are risk factors for low trauma fracture independent of age
[1]. More recent studies have demonstrated that age adjusted
prevalence of fracture is high even in early stages of CKD,
including in those with age associated renal impairment [2].
Although the exactmechanisms responsible for the increased
fracture risk in CKD have not been fully elucidated, it is
not entirely unexpected as disorders of bone remodeling
are observed as early as when eGFR is <60ml/min/1.73m2
[3]. However, the management of this common problem
remains a challenge for many reasons. The diagnosis of the
aetiopathology of fractures in CKD is not straightforward as,
unlike in the general population, the fractures in CKD can
be due to a heterogeneous group of bone disorders besides
osteoporosis. Furthermore, the efficacy and safety of current
osteoporosis therapies remain speculative in CKD.

2. Diagnosis of Osteoporosis and
Fracture Risk Assessment

The current methods of diagnosing osteoporosis or predict-
ing fractures either by the presence of a low trauma fracture or
on the basis of bonemineral density (BMD) criteria (a T score
of 2.5 standard deviations or more below the young adult
mean BMD) by dual energy X-ray absorptiometry (DEXA)
[4] have not been validated in chronic kidney disease (CKD).
Although cross-sectional studies show that both dialysis and
predialysis patients [5, 6] with fractures have a lower BMD
compared with those without, fracture prediction by BMD
has not been validated prospectively in CKD.

The biochemical abnormalities of CKD have now been
recognized for their pathogenetic role not only in renal bone
disease, often described as renal osteodystrophy (ROD), but
also in a wide spectrum of disorders including vascular cal-
cification and increased cardiovascular risk. As the definition
of ROD does not adequately describe this diverse spectrum
of disorders, the term chronic kidney disease-mineral bone
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disorder (CKD-MBD) has been coined to depict this mul-
tisystem disorder [7]. Renal osteodystrophy consists of the
following group of disorders: a high bone turnover disease
usually associated with secondary hyperparathyroidism; a
low bone turnover disease that includes adynamic bone dis-
ease, osteomalacia, and aluminium bone disease; and mixed
uraemic osteodystrophy. The term mixed uraemic osteodys-
trophy is used whenmorethan one subtype of these disorders
are present on bone histomorphometry. Although osteomala-
cia is primarily a mineralisation disorder, it often has features
of low bone turnover disease [8]. This is true for aluminium
bone disease as well [8]. As low BMDmay be associated with
all subtypes of ROD, although relatively higher BMD has
been reported with adynamic bone disease [9, 10], BMD by
DEXA is unlikely to be sensitive or specific to either diagnose
or differentiate osteoporosis from other disorders of ROD.
Furthermore, the higher prevalence of abdominal aortic cal-
cification and the differential effect of PTH on trabecular and
cortical bones may also confound the interpretation BMD
in CKD [9]. Other radiological modalities such as ultrahigh
resolution peripheral quantitative computerized tomography
(P-QCT) [11] and micro-MRI [12] are superior to DEXA
by virtue of their ability to assess cortical and trabecular
bone architecture. Although they show promise for fracture
prediction in CKD, they remain investigational at this stage.

Studies have investigated the associations of serum para-
thyroid hormone (PTH), bone specific alkaline phosphatase
(BALP), and other bone turnover markers (BTMs) with
BMD, bone histomorphometry, and fractures in CKD [10, 13–
16]. The BTMs investigated include those that depend on
renal clearance (serumN- and C-terminal cross-linking telo-
peptides of type 1 collagen (NTX, CTX), deoxypyridinoline,
and osteocalcin) and others that are not (serum tartrate-
resistant acid phosphatase isoenzyme 5B (TRAP5b), N-
terminal propeptide of type 1 collagen (P1NP), and BALP
[17]). In case of PINP, the trimeric or intact P1NP, and not
the total P1NP, appears to be free of renal clearance [18].
The BTMs, including those dependent on renal clearance,
have been shown to discriminate high and low bone turnover
states and fracture risk in some cross-sectional studies [13].
However, the overall results of these studies have been in-
consistent and the clinical utility of BTMs other than for
PTH and BALP has not been sufficiently validated in CKD.
Serum PTH and BALP are useful for differentiating high and
low bone turnover disease [14, 19, 20]. However, their diag-
nostic accuracy, especially for PTH is only modest, as the
serum levels significantly overlap between high and low bone
turnover states; thus only extreme values are diagnostically
helpful in individual patients [16, 21]. Estimation of absolute
fracture risk helps treatment decisions in clinical practice and
fracture risk calculators based on BMD and validated clinical
risk factors have been developed for this purpose. However,
none of the currently available fracture risk assessment tools,
including the FRAX [22] and Garvan Institute fracture risk
calculator [23], make adjustments for fracture risk according
to renal function, nor have they been validated in CKD.

At present, therefore, there are no high quality data avail-
able to formulate guidelines for fracture risk assessment
in CKD. However, on the basis of available observational

data and clinical expertise, consensus guidelines have been
developed. In early stages of CKD (stages 1–3 or eGFR
≥30ml/min/1.73m2) the current WHO DEXA criteria may
be used for diagnosing osteoporosis in the absence of
abnormal serum bone biochemistry [7]. In more advanced
stages of CKD (stage 4 and above), the diagnosis is more
challenging, as evidence of abnormal bone metabolism is
frequently evident when eGFR is <30ml/min/1.73m2 [24],
and the diagnosis is best suggested by excluding ROD by
quantitative bone histomorphometry. However, in selected
patients with an eGFR <30ml/min/1.73m2, the current BMD
criteria to diagnose osteoporosis may still be applied if there
is no evidence of abnormal bone metabolism as evidenced
by normal serum calcium, phosphate, ALP, and PTH in the
absence of treatment with bone active agents such as phos-
phate binders, vitamin D metabolites, and calcimimetics.

3. Pharmacologic Management of
Low Trauma Fracture

Although there is a plethora of literature on the pharmaco-
logic management of osteoporosis in the general population,
this is scarce in CKD patients. The pharmacologic manage-
ment of bone fragility in CKD may be broadly classified
into: (1) optimization of chronic kidney disease mineral
bone disorder (CKD-MBD) and (2) the use of conventional
osteoporosis therapies.

4. Optimization of CKD-MBD

The optimal management of CKD-MBD is likely to improve
fracture risk in CKD, although there is no direct evidence
for this. The current evidence suggests that fibroblast growth
factor-23 (FGF-23) plays a central role in the pathogenesis
of CKD-MBD [25]. Although we currently have only a
fragmented understanding of its mode of action and control
mechanisms, the current evidence suggests that it plays a
significant role in secondary hyperparathyroidism and is the
earliest biochemical abnormality in CKD-MBD [26]. There-
fore, FGF 23 has emerged as a logical and an attractive ther-
apeutic target in the management of CKD-MBD. However,
to date, there is no firm evidence to suggest that modulating
serum levels of FGF-23 will translate into improved clinical
outcomes. Furthermore, animal studies have shown that
administration of FGF-23 neutralizing antibodies has been
associated with hyperphosphatemia, reduced bone turnover,
vascular calcification, and increased mortality, although
improvement in hyperparathyroidism has been noted [27].

The serum sclerostin, an osteocyte-derived bone mor-
phogenetic protein antagonist, has been shown to correlate
inversely with renal function [28], although its role in the
pathogenesis of CKD-MBD has not been clearly defined. It
could potentially play a role in the pathogenesis of adynamic
bone disease as it inhibits osteoblastic activity. However, its
clinical utility for differentiating high and low bone turnover
states, or as a potential therapeutic target for managing low
bone turnover states has not yet been explored.
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Therefore, at present, serum phosphate remains the ear-
liest therapeutic target for managing CKD-MBD perhaps
alongwith serum 25-hydroxy vitaminD.Therapeutic options
for modulating hyperphosphatemia include dietary phos-
phate restriction, phosphate binders, and modification of
dialysis techniques. The novel noncalcium based phosphate
binders such as sevelamer and lanthanum carbonate may be
superior to the calcium based binders as they are associated
with less progression of vascular calcification and hyper-
calcaemia [29, 30], although the evidence for patient rele-
vant cardiovascular or bone outcomes is limited [29, 30].
Aluminium based phosphate binders are potent phosphate
binders but are not suitable for long-term use because of
the risk of adynamic bone disease and aluminium toxicity
[8, 31, 32].

There are no fracture efficacy data for Vitamin D and
calcium supplementation in CKD, especially in those with
an eGFR <30ml/min. However there is merit in correcting
vitamin D deficiency to improve serum 25(OH)D levels to
50–75 nmols/litre (20–30 ng/ml) as in the general population
because of its established skeletal and extraskeletal effects
[33]. The evidence linking calcium supplementation with
increased cardiovascular risk in both CKD and general pop-
ulation should caution practitioners [34].There is inadequate
information on the optimumdaily intake of calcium for CKD
patients, but adverse events in the general population were
reported with supplementation exceeding 1800mg/day [35].
Therefore, a total calcium intake of 1000–1200mg/day, mostly
from dietary sources, seems reasonable for most patients.
Calcium based phosphate binders are a substantial source
of elemental calcium and this should be factored into when
estimating patients’ daily calcium requirement.

The optimum serum PTH target in CKD is unclear
and this is evidenced by the inconsistencies in the current
guidelines [7, 36]. Methodological differences in PTH assay,
paradigm shifts in treatment approaches to mineral bone
disorders, and changing epidemiology of aluminium toxicity
are among the potential confounders in assessing the liter-
ature. Most literature suggests that serum intact PTH levels
below twice the upper normal reference and levels six ormore
times the upper normal reference are usually associated with
low and high bone turnover, respectively, in dialysis patients
[37]. However, these cutoffs should be used with the caveat
that intact PTH levels between 2 and 9 times the normal
reference range may not always correlate with bone histology
or bone turnover states [7]. Defining the optimal PTH target
for predialysis patients is even more difficult. The KDIGO
guideline suggests maintaining the serum intact PTH in the
normal reference range for CKD stages 3–5 not on dialysis
and recommends evaluation and management if there is
progressive rise in serum intact PTH above the upper normal
limit [7]. However, these recommendations are not based on
high quality evidence and maintaining normal serum PTH
levels in CKD stages 4 and 5 may predispose to low bone
turnover disease [37].TheKDOQI guideline probably reflects
this concern and recommends serum PTH targets based on
the stage of the CKD in predialysis patients [36]. The phar-
macological agents that are useful for controlling secondary
hyperparathyroidism include calcium and noncalcium based

phosphate binders, vitamin D, vitamin D analogues and cal-
cimimetics. The advent of calcimimetics has revolutionized
the management of secondary hyperparathyroidism, and the
use of cinacalcet has been associated with a reduction in
parathyroidectomy and fractures in dialysis patients [38].

5. The Clinical Utility of Osteoporosis
Therapies in CKD

The safety and efficacy of conventional osteoporosis therapies
have not been adequately validated in CKD.The bisphospho-
nates, the commonly used antiresorptives, are predominantly
dependent on renal clearance [39] and their intravenous
formulations are potentially nephrotoxic [40]. Furthermore,
antiresorptives pose a potential risk for low turnover bone
disease, a common formofROD [41].Themanufacturer’s rec-
ommendations for the use of currently approved osteoporosis
therapies in renal impairment are summarized in Table 1.

Bisphosphonates. A significant renal impairment has gener-
ally been an exclusion criterion in clinical trials of osteoporo-
sis therapies. For example, the serum creatinine cutoffs in the
alendronate trials had been >130mmols/l (>1.5mg/dl) [42]
and >144mmols/l (>1.6mg/dl) [43]. Therefore, prospective
data are scarce for the clinical utility of bisphosphonates in
CKD. However, there is a substantial body of information
available from post hoc analyses of major osteoporosis drug
trials for the use of alendronate and risedronate in CKD
patients at least in the context of normal bone biochemistry
[44, 45]. These data show that alendronate 10mg daily is
generally safe and effective in CKD stages 1–3 for a duration
up to 4 years, at least in the setting of age related renal
impairment. There is also limited information for the effi-
cacy of alendronate in CKD Stage 4 from these analyses.
The efficacy and safety data for risedronate in CKD come
from the pooled data of nine randomized controlled trials
[44]. The renal function in this analysis was determined by
estimating creatinine clearance (CrCl) using the Cockcroft,
Gault formula. 45% of participants in this analysis had a CrCl
between 30 and 50ml/min and 7% had a CrCl <30ml/min,
and treatment with 5mg risedronate daily up to three years
was found to be safe and effective. The recent clinical
trials of intravenous bisphosphonates such as zoledronic
acid have used a CrCl (<30ml/min) rather than a serum
creatinine cutoff for exclusion [46]. Therefore, unlike the
oral bisphosphonates, there are no fracture efficacy data
available for zoledronic acid in stage 4 CKD. A transient
rise in serum creatinine has been observed in a small but
a significant number of patients receiving zoledronic acid
infusion [47] and, as with the intravenous administration of
other bisphosphonates such as etidronate, clodronate, tilud-
ronate, and ibandronate, a rapid infusion rate appears to exac-
erbate this [48]. Therefore, an infusion rate of at least >15
minutes, preferably 60minutes, is recommended in CKD and
zoledronic acid is contraindicated in patients with a CrCl
<35ml/min [49]. Ibandronate is another bisphosphonate
available for intravenous administration in patients with a
CrCl >30ml/min [50]. It is, however, less widely used for
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Table 1: The manufacturer’s recommendations for the use of currently approved osteoporosis therapies in renal impairment.

Osteoporosis therapy Creatinine
(mmols/L)

CrCL
(mL/min)

Alendronate >35
Risedronate >30
Zoledronic acid >35
Ibandronate >50—for CrCL below 50; manufacturer advises reduction in dose
Raloxifene Dose adjustment not required
Strontium ranelate >30
Denosumab >30—for CrCL below 30 or receiving dialysis; manufacturer warns of risk of hypocalcaemia
Teriparatide <177
Calcitonin Mild dose adjustment in renal impairment

postmenopausal osteoporosis as its fracture efficacy data are
relatively less robust when compared with zoledronic acid,
although there are no head to head data available.

6. Other Osteoporosis Pharmacologic Agents

Raloxifene. As with oral bisphosphonates, there is evidence
from post hoc analyses for the use of raloxifene in CKD
stages 1–4, although the data are quite limited in CKD stage
4 [51]. Raloxifene, however, is not the usual first line therapy
for osteoporosis as it is a less potent antiresorptive agent in
that the registration trial showed no benefit for reduction of
nonvertebral or hip fracture.

Teriparatide. A serum creatinine >177mmols/l (2mg/dl) and
an abnormal serum PTH were exclusion criteria in teripar-
atide clinical trials. However, post hoc analysis suggests that
teriparatide is effective as measured by an increase in BMD
and P1NP and safe in patients with CrCL down to 30ml/min
in the setting of normal serumPTH.As there were only a very
few patients in the CrCL <30ml/min cohort, any meaningful
interpretation of the data is difficult in stage 4 CKD [52].
Teriparatide may also have a therapeutic role in low bone
turnover adynamic bone disease [53].

Denosumab. Unlike other antiresorptives, denosumab is not
dependent on renal clearance, and, therefore, renal impair-
ment is not a contraindication for its administration [54,
55]. However, at present, the fracture efficacy data for this
agent in CKD is available only from post hoc analysis [55].
The secondary analysis of the FREEDOM trial [56] suggests
that denosumab is safe and effective in patients with an
eGFR down to 15ml/1.73m2. However, the analysis could
not confirm fracture efficacy in stage 4 CKD due to lack of
statistical power, although there was bone density response.
As with other antiresorptives, low bone turnover should be a
consideration for denosumab. In addition, caution should be
exercised to prevent hypocalcaemia, as the risk of hypocal-
caemia is greater for CKDpatients receiving denosumab [57].

Strontium Ranelate, Calcitonin, and Gonadal Hormones.
There are limited data available for their use inCKD, although

they appear safe in CKD stages 1–3 [58, 59]. The recent
findings from the pooled analysis of RCTs of strontium
suggesting an increased cardiovascular risk renders this drug
less appealing for use in CKD. Calcitonin is metabolized and
excreted predominantly by kidneys and the manufacturer’s
labeling recommends dose adjustment, although the details
are not clear [58]. Hormone replacement therapy (HRT) is
no longer considered a 1st-line therapy for postmenopausal
osteoporosis. However, HRT may be an option in some pre-
menopausal women with CKD and secondary amenorrhoea.
Similarly, testosterone replacement may be considered in
selectedmenwithCKDandhypogonadism, although this has
not been specifically studied in CKD.

There are no efficacy data to support the use of currently
approved osteoporosis therapies in CKD stage 5 and 5D. In
general, treatment decisions will have to be individualized,
and anecdotally bisphosphonatesmay be considered in stages
5 and 5D in those with fractures after exclusion of adynamic
bone disease and osteomalacia by undertaking a bone biopsy.
It is suggested that half the usual dose prescribed for osteo-
porosis is used for no more than three years in these patients
[60].

7. Conclusion

The management of fragility fractures in CKD presents
unique challenges—an area that bounds with opinion but
with limited evidence. On the basis of available evidence
BMD by DEXA appears valid for fracture risk assessment
in early stages of CKD down to stage 3 in the absence of
biochemical abnormalities that may suggest ROD. The use
of fracture risk calculators such as FRAX may also be valid
in early stages of CKD. In more advanced stages of CKD the
diagnosis is more challenging and would require exclusion
of ROD. It would appear that all drugs that are currently
approved for the treatment of postmenopausal osteoporosis
can be safely usedwithout dose adjustment inCKDstages 1–3,
at least for up to three years.The clinical utility of these drugs
in late stages of CKD is unknown. Furthermore, treatment
of low bone turnover disease is difficult; antiresorptives are
contraindicated and there is only anecdotal evidence for the
use of anabolic agents. Therefore, there is a need for testing
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novel therapies for bone protection in CKD. An ideal thera-
peutic agent perhaps should be nonnephrotoxic, not renally
cleared, and have dual action on both bone formation and
resorption, so that it will have therapeutic appeal for both
high and low bone turnover states. Organic nitrates appear to
fulfillmany of these attributes. Nitrates have been shown to be
effective for bone protection in postmenopausal osteoporosis
[61], although no data are available in CKD. Romosozumab,
a humanised antisclerostin monoclonal antibody, is another
osteoporosis therapeutic agent that may hold promise for
ROD, particularly for low bone turnover disease. Although
romosozumab has not yet been specifically tested in CKD
population, the recently published phase 2 clinical trial
recruited patients with eGFR down to 30ml/minute [62].
Overall, the management of bone disease in CKD, particu-
larly in late stages, CKD-4-5/5D, requires further research.
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