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ABSTRACT
Extrapolation of evidence-based management of disorders in
the general population to patients with chronic kidney disease
(CKD) is not always appropriate, and the prevention of bone
fracture and reduction of fracture risk in CKD stages 3–5 is
one example. Compared to the general population, fracture
risk is greater in CKD patients, especially those on dialysis
(CKD-5D). Fractures in CKD-5D are associated with a
marked increase in morbidity and mortality and with an aging
dialysis population the burden of disease caused by fracture is
likely to increase. Patients with CKD-5D have distinct risks for
fracture, as well as sharing risks identiﬁed in the general population. The development of the CKD mineral and bone disor-

der constitutes a signiﬁcant cause for these differences.
Literature addressing the determination of fracture risk and
the efﬁcacy of treatments to reduce fracture in patients on dialysis is limited. While some tools used for the diagnosis and
monitoring of osteoporosis are applicable to patients on dialysis, bone mineral density measurement by dual-energy X-ray
absorptiometry is generally not helpful and therapeutic interventions that reduce fracture risk in the nonuremic population
cannot be generalized to patients on dialysis. This review outlines available evidence on the incidence, risk factors, and management of fractures in CKD-5D with recommendations for
strategies to reduce fracture risk.

Chronic kidney disease (CKD) affects all age groups
but is frequently a disease of aging. The development of
renal osteodystrophy (ROD) that is characterized by
abnormalities of bone turnover, mineralisation, and volume frequently accompanies reductions in glomerular
ﬁltration rate (GFR) and in the elderly may be superimposed on age-related bone mineral density (BMD) loss
and degenerative changes.
The histomorphometry of ROD is often complex.
Bone turnover can range from adynamic to dramatically increased, may coexist with changes of osteomalacia, and structural changes may differ between
trabecular and cortical bone. Bone turnover markers
and dual-energy X-ray absorptiometry (DEXA), used
in age-related osteoporosis diagnosis and monitoring,
are often unreliable in predicting the histomorphometric changes of CKD. A conﬁdent diagnosis of the
underlying bone histology can only be made by bone
biopsy.
The changes associated with ROD inﬂuence bone’s
material and mechanical characteristics and bone architecture, which contribute to ‘‘bone quality.’’ In combina-

tion with bone mass, these factors determine the
strength of bone and its resistance to fracture. So not
surprisingly, rates of fracture are high in patients on dialysis, particularly at nonvertebral sites (1–3).
Cardiovascular disease represents the leading cause of
mortality for patients with CKD stage 5 on dialysis
(CKD-5D), but interventions to modify risk factors such
as lipid levels have been disappointing (4,5). Clinical and
laboratory studies support an important role for nontraditional risk factors, particularly abnormal levels of
serum calcium and phosphate. Both are inﬂuenced by
suppression of bone turnover or, when turnover is
increased, with uncoupling of bone formation from
resorption. Interestingly, an inverse relationship between
BMD and cardiovascular disease, including vascular calciﬁcation, has been reported in both the general population (6–9) and in patients with CKD-5D (10–12).
Recently, the term ‘‘Chronic Kidney Disease-Mineral
and Bone Disorder’’ (CKD-MBD) has been applied to
these disturbances of mineral metabolism, ROD, and
vascular calciﬁcation in CKD 3-5D, together with
patient-level outcomes of fracture, cardiovascular disease, and mortality (13).
The medical and economic burden of fracture in
CKD is substantial and with an aging dialysis population this burden is likely to increase. Fracture prediction
and prevention are difﬁcult in CKD patients and there
are limited data on management. This review highlights
the complexity of extrapolating evidence relating to fracture risk from the general population to aid decision
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making in CKD-5D, but also presents strategies that
may reduce fracture rates in these patients.
Epidemiology of Fractures in CKD 3-5D
Fracture rates in patients with CKD-5D are reported
to be similar to or greater than that of people 10 or
20 years older in the general population (14). In a study
using data from the U.S. Renal Data System (USRDS)
Registry, hip fractures were increased fourfold in Caucasian dialysis patients compared to a matched sample
from the general population (2). Although the fracture
risk was higher for all age groups of CKD-5D in this
study, for those less than 65 years old the relative risk
(RR) ranged between 10- and 100-fold higher, most
likely due to the low incidence of hip fracture in the general population in this age range. The incidence of hip
fracture was 7.5 per 1000 patient-years for males and
13.6 per 1000 patient-years for females and the RR
increased with time on dialysis.
In the second phase of the Dialysis Outcomes and
Practice Patterns Study (DOPPS), which recorded
information on 12,782 hemodialysis (HD) patients
from 320 dialysis facilities across 12 countries (2002–
2004), the incidence of hip fracture was 8.9 per 1000
patient-years and all fractures 25.6 per 1000 patientyears (15). There were no major differences in fracture
rates between countries after adjustment for demographics and comorbidities. The incidence of long-bone
fractures in over 7000 patients studied over a 5-year
period in the Dialysis Morbidity and Mortality Study
(DMMS) was 16.9 per 1000 patient-years, with the femoral neck being the most common site (59.8%) (16).
One single-center study of Japanese HD patients
reported the prevalence of fractures was 15% in men
and 30% in women (17) and another Japanese study
showed the prevalence of vertebral fractures in diabetic
HD patients to be greater compared to nondiabetic
dialysis patients (32 vs. 13%) (18).
Few studies have addressed the risk of fracture and its
consequences at earlier stages of CKD, but there is
increasing evidence to suggest that patients with CKD-3
to 5 are at greater fracture risk than the general population (19,20). One recent study of 13,177 people aged
75 years and over from the United Kingdom reported
that levels of estimated glomerular ﬁltration rate
(eGFR) <45 ml ⁄ min ⁄ 1.73 m2 were associated with an
almost twofold increase in mortality after hip fracture
(21). In a cross-sectional analysis of the National Health
and Nutrition Examination Survey (NHANES) III
study, moderate to severe CKD was independently associated with a more than twofold increase in hip fracture
and this association was stronger than several traditional
risk factors including age and gender (22). In another
retrospective cohort from Veterans Affairs medical centers in the United States, the RR of hip fracture for men
with levels of eGFR between 30–59 and 15–
29 ml ⁄ min ⁄ 1.73 m2 was 1.28 and 3.98, respectively (23).
These studies suggest that the risk of hip fracture in
patients with advanced renal impairment is similar to
that of dialysis patients.

Fragility fractures generally require a bone with
reduced strength being exposed to an impact, usually
resulting from a fall. Risk factors consistently associated
with an increased risk of fracture for patients on dialysis
include older age, female gender, previous renal transplant, and duration of dialysis (Table 1) (15,16,24–27),
but there is little information on the inﬂuence of ROD
on fracture risk.
Using USRDS data, a retrospective study by
Stehman-Breen et al. identiﬁed additional risk factors
for hip fracture of Caucasian race, low body mass index
(BMI), and peripheral vascular disease (24). In this
study, diabetes and serum abnormalities of mineral
metabolism were not associated with fractures, although
a more recent study reported increased fracture risk with
diabetes and higher levels of intact parathyroid hormone
(PTH) (16). Risk factors identiﬁed from DOPPS include
an elevated PTH (>900 pg ⁄ mol) and low albumin, in
addition to older age, female gender, and previous renal
transplant (15). This study also identiﬁed an increased
hip fracture risk when patients took selective serotonin
reuptake inhibitors (SSRIs) and narcotic-based analgesic medications. In summary, patients on dialysis have
many risk factors for fracture in common with the general population, but have additional factors relating to
their CKD.
Implications of Fracture in Dialysis
Fractures in dialysis patients, similar to the general
population, are associated with signiﬁcant morbidity
and mortality (28,29). Mittalhenkle et al. reported an
RR of mortality of 1.99 for dialysis patients with hip
fractures vs. control patients without fractures (USRDS
data) (30) and Coco and Rush reported the 1-year mortality following fractures to be almost 2.5 times greater
in dialysis patients than the general population (1). A
recent Spanish study of 193 prevalent HD patients
reported that in women, vertebral fractures resulted in
greater mortality with an RR of 4.8 (27). In that study,
TABLE 1. Risk factors associated with fracture in dialysis patients
Risk factor
Older age
Female gender
Longer time on dialysis
Diabetes
CVD or PVD
Low BMI
Psychoactive medications
Caucasian race
Previous kidney transplant
History of any fracture ⁄ vertebral fracture
PTH (high or low)
ALP (high or low)
Low albumin
Hyperhomocysteinemia

References
(1,2,15,16,18,24–27,69)
(2,15,16,18,24–27)
(15,16,24–27,52,69)
(16,18)
(16,24)
(16,18,24)
(15)
(1,24)
(15,16,24–27)
(49)
(1,3,15,16,49,54)
(1,3,46)
(15)
(63)

PTH, parathyroid hormone; ALP, alkaline phosphatase; CVD,
cerebrovascular disease; PVD, peripheral vascular disease; BMI, body
mass index.
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fractures were associated with increased vascular calciﬁcation similar to previous reports of progressive vascular
calciﬁcation associated with BMD loss and increased
fractures (31,32).
Danese et al. reported a 2.7 times increased mortality
for dialysis patients with a fracture and markedly
increased episodic costs of hip, vertebral, and pelvic fractures ($US 20,800, 17,000, and 14,500, respectively, for a
HD patient in 2004) (33). In another study to quantify
direct medical costs of fractures, as well as cardiovascular disease and other comorbidities among CKD-5D
patients, Doan et al. used data on Medicare claims from
the USRDS Registry to determine medical costs of acute
episodic events (34). In 2006, peripheral vascular disease
($US 358 million) and congestive heart disease ($US 681
million) contributed the greatest economic burdens of
conditions analyzed for acute and chronic events, respectively. Hip, pelvic, and vertebral fractures were reported
to cost $US 56.5 million, 8.6 million, and 9.1 million,
respectively, in this study.
Methods to Evaluate Fracture Risk
Imaging Techniques
Dual Energy X-Ray Absorptiometry (DEXA)
In the general population, signiﬁcant reductions in
BMD measured by DEXA are associated with an
increased risk of low trauma fracture. Using World
Health Organisation (WHO) criteria, osteoporosis is
deﬁned as a BMD measured by DEXA ‡2.5 standard
deviations (SD) below the mean BMD of a young normal Caucasian female population (T-score <)2.5) with
osteopenia deﬁned as a BMD )1 to )2.5 SD below this
mean (T-score )1 to )2.5). The practical signiﬁcance of
each SD reduction in the T-score is demonstrated by a
meta-analysis of data from 39,000 persons at the age of
65 years, in which the RR for hip fracture increased by
2.94 in men and by 2.88 in women for each SD decrease
in BMD (35). This study also reported that at age 50, for
each SD reduction in hip BMD, the RR of a hip fracture
was 3.68. So in the general population, BMD measurement is an important component of the prediction of
fracture risk, a valuable guide to the efﬁcacy of osteoporosis treatments, and in the case of strontium ranelate,
an indicator of compliance with therapy.
Bone mass as measured by DEXA is often low in
patients with CKD, and with worsening renal function
the prevalence of osteoporotic-range BMD values
increases (36–38). However, unlike the general population, in patients with CKD-MBD the predictive ability
of DEXA has deﬁnite limitations. Metabolic acidosis,
inadequate levels of 25-hydroxyvitamin D, calcitriol
deﬁciency, and the almost universal presence of ROD,
all of which inﬂuence bone microarchitecture and
strength, are not adequately assessed by BMD measurement and complicate a BMD-based assessment of risk
(38,39). Technical factors also contribute to the difﬁculty
of interpreting DEXA measurements in patients with
CKD and the elderly. DEXA is a 2-dimensional ‘‘areal’’
rather than a volumetric measure, so that everything in
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the path of the X-ray beam will register as an increase in
BMD. This includes calciﬁed blood vessels, ligaments
and degenerative changes affecting the spine, which are
common in patients with CKD and the elderly
(31,40,41). In these circumstances, DEXA may be more
reliable at the hip or forearm.
Hyperparathyroidism (HPT) can cause an increase in
porosity of cortical bone but a relative sparing of trabecular bone. These effects have been demonstrated in
patients with primary HPT in whom, compared to normal controls, trabecular bone mass (measured by
DEXA) was well preserved, while there was a preferential loss of cortical bone (42). In CKD, the severity of
HPT is very variable and these differential effects may
be more or less marked. However, it is likely that they go
some way to explaining the variable effects of ROD on
BMD by DEXA. Some studies have shown no BMD
differences, while others report forearm BMD to be
lower with osteitis ﬁbrosa than with adynamic bone disease (43,44). At the spine, the BMD of patients with
osteitis ﬁbrosa has been reported to be lower than for
those with mixed lesions. Irrespective of BMD effects,
abnormal bone matrix mineralisation, bone turnover
and microarchitectural changes are components of
ROD, and consequently dialysis patients have changes
in bone quality that leads to a mismatch between BMD
and fracture risk (43,45,46).
An earlier assessment of the utility of DEXA to predict fracture risk, concluded that BMD measurement
did not provide sufﬁcient useful information to support
therapeutic decisions in the management of dialysis
patients (47). Certainly these patients do not share the
strong, consistent association of BMD and fracture seen
in the general population (35,48). A recent systematic
review was performed by Jamal et al. to determine
whether DEXA measurements at various sites were
associated with fractures in patients on dialysis (49). This
meta-analysis of six cross-sectional observational studies
revealed that for all BMD sites except the femoral neck,
CKD-5D patients with fractures had signiﬁcantly lower
BMD than those without fractures. Limitations of this
study include potential publication bias, lack of demonstration that low BMD is independently associated with
fractures (with no adjustment for variables including
duration of dialysis, body weight or corticosteroid use),
and no evidence for low BMD predicting fractures in
patients on dialysis. Other retrospective studies also
report that the site at which BMD is measured in
patients with CKD-5D does not consistently predict
fracture at that particular site (17) and to date no prospective study in CKD-5D patients has shown reduced
BMD to be predictive of a higher risk of subsequent
fracture. Despite the conﬂicting reports on the beneﬁts
of DEXA to assess fracture risk in dialysis patients
(3,50–53), Kidney Disease Outcomes and Quality Initiative (K ⁄ DOQI) recommends that DEXA be performed
in dialysis patients with fractures and in those with
known risk factors for osteoporosis (54). One recent
study assessing 25-hydroxyvitamin D deﬁciency in 242
CKD-5D patients reported that femoral neck BMD was
associated with an increased prevalence of vertebral fracture and fragility fracture at any site (55). This study also
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reported a negative correlation between levels of 25hydroxyvitamin D and Z-scores at the lumbar spine and
wrist; Z-scores being the number of SD an individual’s
BMD differs from the mean of a population of similar
age, sex, and ethnicity. Fig. 1 summarizes studies that
have reported BMD in patients with CKD-5D.
Spinal X-Ray
In the general population, previous fracture is an important risk factor for subsequent fracture. Using clinical
and claims data from the USRDS, Danese et al.
reported that a history of any fracture resulted in a hazard ratio of 8.33 (5.04–13.74) for hip and 7.32 (3.41–
15.71) for vertebral fracture and symptomatic vertebral
fracture was associated with a more than sevenfold
increased risk of subsequent fracture (33). Therefore a
lateral X-ray of the spine to evaluate for prevalent fracture may be a useful indicator of future fracture risk in
CKD-5D.
Quantitative Computed Tomography
Quantitative computed tomography (QCT) has been
used to determine BMD in CKD-5D and can be used to
distinguish BMD values in both cortical and trabecular
bone compartments, while avoiding artifacts of vascular
calciﬁcation and local degenerative changes that bedevil
DEXA evaluation (56). QCT provides a true volumetric
measurement of BMD and can be applied to peripheral

sites (radius and tibia) as well as central sites (lumbar
spine and proximal femur). In one study, a decrease in
cortical bone density in the radius using QCT was shown
to be associated with fractures in Canadian HD patients
and superior to DEXA measurement of hip BMD in
predicting fractures (57). Another more recent study of
Czech HD patients also reported that vertebral fractures
were best predicted by lumbar cortical BMD measured
by QCT (58). Some disadvantages of current QCT
assessment include higher radiation dose, which is of
particular concern for repetitive or high resolution studies, a lack of well established population standards and
lack of data establishing trabecular or cortical bone values at the spine and hip as valid surrogates for patientlevel outcomes.
A newer technique of ultra-high-resolution peripheral
QCT is currently being assessed. Like conventional
QCT this technology permits the separate analysis of
cancellous and cortical bone, but these scans can also
visualize the ﬁne ultra-structural detail, including trabecular thickness, number and separation. High-resolution
QCT, which is more sensitive than DEXA for detecting
small amounts of bone loss, may provide an improved
method to assess the microarchitectural features of bone
that contribute to the increased fracture risk observed in
CKD.
Magnetic Resonance Imaging
Micro-magnetic resonance imaging (MRI) has also
made it possible to obtain high-resolution threedimensional images of trabecular bone architecture in
peripheral sites and although more studies are needed,
MRI may have the potential to assess fracture risk noninvasively. A study of 17 patients with CKD-5D showed
that although there was substantial variability among
patients, cortical thickness and cross-sectional area were
signiﬁcantly lower than in matched controls and trabecular disruption was increased, with reduced trabecular
number and increased erosion index, in CKD-5D
patients (59).
Bone Turnover Markers and PTH

Fig. 1. The graph is a summary of studies that measured bone
mineral density (BMD) at the radius, spine, and hip in patients
with CKD-5. BMD is presented as the Z-score. Within each
group, the points are arranged left to right in chronologic order;
each point being the mean value for a study. Squares are used
for combined data and if data from men and women were
reported separately, points for the women are circles and for men
are diamonds. Size of points is larger in studies with the greatest
numbers of subjects. Data from studies that reported g ⁄ cm2 was
converted to Z-scores (hip and forearm) using the average age of
the group of subjects and published normal reference ranges.
Reprinted with permission from the publisher (Wiley Blackwell)
and the author (SM Ott) (130).

In the general population, biochemical markers of
bone turnover are widely used to guide treatment of
osteoporosis (for example, bisphosphonates are ineffective when baseline bone turnover is low) and to monitor
treatment responses. However, their role is less clear in
the management of bone disease associated with CKD5D. Urinary markers such as deoxypyridinoline, and the
cross-linked telopeptides of collagen type I (CTx) and
N-telopeptide of collagen type I (NTx) cannot be used.
Other serum markers such as osteocalcin are inﬂuenced
by renal function. On the other hand, levels of total alkaline phosphatase (ALP), bone speciﬁc alkaline phosphatase (BALP), and tartrate-resistant acid phosphatase
isoenzyme 5b (TRAcP-5b) are not inﬂuenced by renal
function, and BALP and PTH levels correlate to bone
turnover and ﬁndings on bone biopsy. However, on an
individual level their diagnostic utility is limited and
except for levels of the ALPs and extremes values of
PTH, they have not been associated with patient-level
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outcomes. Few studies describe relationships between
laboratory measures and fracture risk in CKD-5D. Of
those that do, PTH levels show the most consistent relationships (1,15,33) and suggest that abnormal bone
quality at either extreme of bone turnover may reduce
bone strength. Danese et al. reported a weak but signiﬁcant association between PTH levels (both low and high)
and vertebral and hip fractures in over 9000 dialysis
patients from the DMMS (33). Coco & Rush reported
an increased hip fracture incidence with lower rather
than higher PTH levels (1), and Block et al. reported a
direct correlation of PTH and fracture (60).
In the general population, there is controversy
whether long term suppression of bone turnover (particularly with the use of bisphosphonates) may lead to an
accumulation of microdamage and ultimately increase
fracture risk. While bisphosphonates do inﬂuence mineralisation and crystal size, the accumulation of advanced
glycosylation end-products (61), collagen cross links,
isomerisation, ab ratio (62), and bone elasticity (63),
proof of any adverse effect is largely lacking. On the
other hand, patients with low turnover due to renal disease who are exposed to these drugs may be at particular
risk, so the use of validated bone turnover markers in
CKD-5D may yet prove valuable.
Other Laboratory Measures
Hyperhomocysteinaemia and b2-microglobulin amyloidosis may also be risk factors for bone fractures. Two
prospective observational studies in the general population demonstrated increases in hip and wrist fractures
associated with higher levels of homocysteine (64,65)
and a randomized placebo-controlled study of folate
and B vitamins showed a reduction in hip fractures in
hemiplegic patients in the active arm (66). However, post
hoc analysis of another randomized controlled trial
(RCT) in the general population failed to show fracture
risk reduction for those taking B vitamins and folate
(67). Dialysis patients generally have higher levels of
homocysteine than the general population but only one
study in a HD cohort has reported a positive association
between levels of homocysteine and fracture risk (68).
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different between patients with adynamic bone disease
and those with osteitis ﬁbrosa (38).
Falls Risk
Falls are common in the elderly nonuremic population and generally associated with poorer outcomes. In
the general population, there is a strong relationship
between the risk of hip fracture and the propensity to
fall; even more than fracture risk from the presence of
osteoporosis or low BMD (48). Falls risk in patients with
CKD-5D is estimated at twice that of an age and gender
matched general population (69,70) but despite this,
there are limited data on the falls risk of dialysis patients.
One recent Belgian study of 308 HD patients reported
the incidence of falls to be 1.18 ⁄ patient-year (69). Independent risk factors for falls in dialysis patients were
assessed in this study and included older age, diabetes,
difﬁculty in walking 10 m without assistance, and higher
numbers of prescribed medication, especially antidepressant use. The association between increased fracture risk
and psychoactive drugs (especially SSRIs) was also demonstrated in DOPPS and may be related to a greater tendency to fall with these agents (15). A recent prospective
study of HD patients aged 65 and older reported the
incidence of falls as 1.6 ⁄ patient-year (70) and risk factors
for falls in this study were older age, multiple comorbidities, lower predialysis systolic blood pressure and a history of previous falls.
One study of HD patients in the United States
reported that impaired neuromuscular function was
associated with fracture, probably due to an increased
tendency to fall (71). This study assessed the relationship
between vertebral fractures (present in 27 of 52 subjects),
BMD and tests of muscle strength. There was no association between fractures, BMD (hip or spine) or grip
strength, but in contrast, improved tests of muscle
strength (functional reach, timed up and go, and
distance walked in 6 minutes) were associated with a
reduced risk of fracture.
How to Determine Fracture Risk in CKD-5D

Bone Biopsy

Take a History and Perform a Risk Factor
Assessment

Given the limitations of laboratory measures to assess
bone disease in CKD-5D, quantitative double tetracycline-labeled bone histomorphometry remains the only
means of conﬁdently diagnosing underlying bone
pathology. The most commonly reported form of ROD
deﬁned by bone biopsy in CKD-5D is high turnover, hyperparathyroid bone disease (osteitis ﬁbrosa) often with
abnormal mineralisation (mixed uraemic osteodystrophy) (45). Low bone turnover or adynamic bone disease
is generally associated with inappropriately low levels of
PTH, and previously with aluminum deposition in bone.
Despite extensive knowledge of the complexity of ROD,
few studies to date have assessed the association between
the incidence of fractures and bone histomorphometry
in CKD-5D. In one such study, the proportion of
patients with prevalent fractures was not signiﬁcantly

In the general population, major risk factors have been
incorporated into useful fracture risk calculators, accessible online, including the WHO Fracture Risk Assessment Tool (http://www.shef.ac.uk/FRAX), and the
Fracture Risk Tool from the Australian Garvan Institute
of Medical Research (http://www.garvan.org.au/bonefracture-risk) (Table 2). Whether these tools may be used
successfully in patients with CKD-5D is yet to be determined. A recent study of prevalent Austrian HD patients
attempted to predict the probability of fracture occurring
over the next year in CKD-5D patients calculated from a
prediction model, consisting of the independent variables
of age and sex (72). This study, which aimed to identify
predictive parameters and evaluate a parsimonious prediction rule for fractures, reported that variables such as
serum calcium, phosphate, PTH or ALP, as well as time
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on HD, did not contribute to the accuracy of prediction
in this HD patient sample. Table 1 provides a checklist of
risk factors associated with fracture in CKD-5D.

and determination of environmental risks that increase
the propensity to fall. Simple motor, muscle strength,
and postural stability assessments should be used routinely, and the use of a falls diary may also be helpful
(73). Musculoskeletal strength testing can be easily,
accurately and inexpensively performed using medical
isometric dynamometers and hand grip strength dynamometers, tools which provide reliable and reproducible
results. Functional capacity tests can also be performed
and include standing balance, sway and stance tests, and
6-minute or timed walks. These can be used as predictive
tools and to assess exercise capacity, postural performance, lower extremity function, and muscle strength
(73).

Assess Bone Turnover

Should I Perform a Bone Biopsy?

Biochemical markers may be useful indicators of bone
turnover when adynamic bone disease and severe HPT
are considerations. Inappropriately low or very high levels of PTH and BALP ⁄ ALP are probably the most useful tests, although other markers discussed earlier may
prove helpful in guiding therapy.

To date, bone biopsy is the most powerful and informative diagnostic tool to provide precise information on
the type and severity of ROD. Although considered an
invasive procedure, bone biopsy is safe and generally
free from complications, but experience at performing
the procedure and interpreting the results is required. In
CKD-5D, biochemical markers of bone turnover are
either unproven or lack sensitivity and speciﬁcity for the
accurate diagnosis of ROD, so bone biopsy remains the
gold standard. Before a bisphosphonate is prescribed to
a patient with CKD-MBD, or if osteomalacia or aluminum toxicity is suspected, a bone biopsy should be seriously considered.

TABLE 2. Checklist for fracture risk in patients with CKD
Steps to determine fracture risk
Take a history and assess risk factors for fracture (Table 1)
Assess bone turnover with biochemical markers (e.g., extremes of PTH
and ALP)
Decide whether a DEXA should be performed
Lateral spine X-ray to assess for prevalent vertebral fracture
Assess the risk of falls; falls diary ⁄ functional testing
Determine if a bone biopsy is required
CKD, chronic kidney disease; PTH, parathyroid hormone; ALP,
alkaline phosphatase; DEXA, dual-energy X-ray absorptiometry.

Should a DEXA Be Performed?
Ask yourself whether the patient would qualify for a
DEXA if he or she did ‘‘not’’ have CKD? Also, how long
has the patient had CKD? If the renal impairment is of
recent onset, BMD levels are likely to reﬂect factors
prior to the development of CKD. Providing the limitations of DEXA are recognized, particularly that a low
BMD may not represent changes generally associated
with age-related osteoporosis, there is a role for this noninvasive, low radiation investigation in selected patients
with CKD-5D.
A lateral thoracic and lumbar spine X-ray may also
be helpful to assess fracture risk. Symptomatic or unsuspected vertebral compression fractures are likely to
increase the risk of future fracture; aortic and iliac calciﬁcation can also be assessed on the lateral ﬁlm.
Assess the Patient’s Risk of Falling
Falls risk assessment needs to be comprehensive and
includes a review of medications, mobility assessment

Treatment Options
Despite the extensive literature for therapies to
treat osteoporosis and reduce fracture risk, in CKD5D there have been few prospective studies showing
that treatment improves BMD and no study showing reduction in fractures (Table 3). Most therapeutic trials pertaining to fracture in the nonuremic
population have enrolled postmenopausal women
without overt renal impairment. The outcome of
recent lipid lowering and hemoglobin raising interventions highlight the potential hazard of extrapolating outcome studies in the general population to
patients with CKD without a proper RCT.

TABLE 3. Potential treatment options for reducing fracture risk in dialysis patients
Optimisation of CKD-MBD
Calcitriol
Cholecalciferol or ergocalciferol
Noncalcium based phosphate binders
Cinacalcet ⁄ parathyroidectomy
Physical and behavioral therapies
Treatments to improve muscle strength
Treatments to reduce falls risk
Hip protectors
a

Potential medical treatments (see text)
Reduce psychoactive drugs and postural hypotension
HRT ⁄ tibolone (females)
SERMs (females)
Testosterone replacement (hypogonadal males)
Bisphosphonatesa
Other osteoporosis treatments
Strontium ranelateb, recombinant PTH, calcitonina
Denosumab ⁄ Cathepsin K inhibitorsc

Untested in this population, inappropriate for most patients.
Little experience in this population.
Untested in this population, currently unavailable.
SERMs, selective estrogen receptor modulators; HRT, hormone replacement therapy; PTH, parathyroid hormone; CKD-MBD, chronic kidney
disease-mineral and bone disorder.
b
c
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Optimizing CKD-MBD
Optimal management of CKD-MBD, especially
relating to management of secondary HPT, is likely to
improve ROD although no study has speciﬁcally
addressed this issue. Most dialysis patients receive calcium supplementation, in the form of calcium-based
phosphate binders, dialysate calcium or increased calcium absorption with administration of calcitriol or a
vitamin D analog. This may be beneﬁcial when dietary
calcium is low or when mild secondary HPT is present,
but could also contribute to the development of low
bone turnover and worsening of vascular calciﬁcation.
Although active vitamin D metabolites have not been
shown to reduce fracture incidence in patients with
CKD-5D, they have been shown to reduce serum
PTH levels and improve BMD in patients with CKD
(74,75). Levels of 25-hydroxyvitamin D may also
inﬂuence BMD in patients with CKD-5 (76) and
supplementation of CKD-5D patients deﬁcient in
25-hydroxyvitamin D with cholecalciferol or ergocalciferol has been recommended to achieve 25hydroxyvitamin D levels ‡50 nmol ⁄ l, with optimal
levels possibly 75–90 nmol ⁄ l.
The calcimimetic cinacalcet is an allosteric modulator
of the calcium-sensing receptor and reduces PTH secretion, while lowering levels of calcium and phosphate.
Although there is limited information about the impact
of this drug on patient-relevant clinical outcomes, cinacalcet may be useful in preventing fractures in dialysis
patients with HPT. A post hoc analysis of safety data
from four RCTs involving 1184 patients revealed signiﬁcant reductions in fracture risk with cinacalcet compared
to placebo [RR 0.46 (95%CI 0.22, 0.95)] (77). Given the
relatively short follow-up of these trials and differing
entry criteria, it is unclear how these data should be
extrapolated. The relatively high cost of cinacalcet
should also be considered in these analyses (78). The
results of ongoing, prospective RCTs may provide
answers on the role of cinacalcet for patient-level outcomes, including fractures and survival. For severe HPT
unresponsive to medical therapy, parathyroidectomy is
also reported to reduce fracture risk. Based on long-term
USRDS data from hip, vertebral, and radial fractures in
HD patients, parathyroidectomy may provide a 31%
lower risk of any fracture compared to matched controls
(79).
Compared to earlier phosphate binders, the use of lanthanum and sevelamer, which do not contain aluminum
or calcium, may improve bone mineralisation and volume. However, their association with bone fracture has
not been studied. In one RCT comparing the effects of
sevelamer and calcium carbonate on ROD over
12 months, there were no signiﬁcant changes in bone
turnover or mineralization between the groups, although
bone formation increased and trabecular architecture
improved with sevelamer (80). Another prospective
study reported that treatment with sevelamer, compared
to calcium acetate, had the advantage of maintaining
stable PTH levels and elevating ALP levels while
lowering serum phosphorus levels and the calciumphosphorous product (81).
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In summary, optimizing the management of CKDMBD constitutes a ﬁrst line strategy to maintain bone
quality and strength and to reduce the risk of fractures
in patients with CKD-5D.
Medical Therapies Used in Patients with
Osteoporosis: Do They Apply?
Bisphosphonates
Bisphosphonates are bone antiresorptive agents widely
used to treat postmenopausal or glucocorticoid-induced
osteoporosis and other conditions characterized by
excessive osteoclastic bone resorption. Bisphosphonates
closely resemble pyrophosphate compounds in binding
to hydroxyapatite in bone and, used appropriately,
clearly provide fracture protection for patients with osteoporosis in the general community (82–84). Many
patients with kidney disease are treated with bisphosphonates in the hope of similar efﬁcacy (85,86). The presence of CKD has been a general exclusion criterion in
studies of bisphosphonate efﬁcacy, but based on calculated levels of estimated GFR, considerable numbers of
patients with early CKD participated in these studies.
Data on this subgroup suggest that when secondary
causes of low BMD are excluded and blood levels of calcium, phosphate, PTH, and vitamin D are normal (laboratory features of CKD-MBD), bisphosphonate use is
safe and results in fracture reduction (87).
The value of bisphosphonate treatment in CKD-4 to
5D is unknown because there are virtually no data (88).
A pooled analysis of clinical trials involving postmenopausal women reported that bisphosphonates reduce
fracture risk in those with moderate to severe renal
impairment and median GFR 27 ml ⁄ min (87). Secondary analysis of another study, the Fracture Intervention
Trial (FIT) in which women were randomly assigned to
placebo or alendronate, showed signiﬁcant increases in
total hip BMD and reduced risk of clinical fractures with
alendronate irrespective of baseline renal function (20).
This ﬁnding was more pronounced in those with GFR
<45 ml ⁄ min, however women with a serum creatinine
level >1.6 mg ⁄ dl were excluded from the study and
bone biopsies were not performed.
Bisphosphonate use in ROD was initially tested in
animal models with demonstration of potential beneﬁts
for renal failure-induced HPT. In nephrectomised rats,
ibandronate prevented increases in erosion depth and
bone turnover (89) and olpadronate improved BMD
associated with high turnover bone disease (90). Clinically, the afﬁnity of bisphosphonates to bone in dialysis
patients is related to the degree of HPT, although bisphosphonate effects in patients with CKD-5D have only
been examined in a limited number of studies. Administration of clodronate in nine HD patients with severe
HPT produced inhibition of osteoclast-mediated bone
resorption (91) and in a RCT of 31 HD patients, hip
BMD remained stable after 6 months in patients treated
with alendronate compared to a reduction in those on
placebo (92). However, in the latter study this difference
was minimal (despite statistical signiﬁcance) and the
treatment time was short.
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Bisphosphonates diffuse into the bone matrix where
they accumulate due to their exceptional afﬁnity to bind
to the calcium-phosphorus crystal surface. It is not
known whether this accumulation increases with progressive renal impairment (88,93) but with reduced initial renal excretion and increased recirculation to bone
of bisphosphonate released by osteoclastic resorption, it
is reasonable to assume increased accumulation in
CKD. In patients without CKD, the reduction in bone
turnover caused by bisphosphonates contributes to
improved mineral apposition and an increase in BMD,
but even in this group there is debate regarding effects of
long-term bisphosphonate use on brittleness vs. toughness, and ultimately on bone quality and resistance to
fracture. Previous experimental animal studies have
demonstrated that bisphosphonates, especially when
given in higher doses, can induce osteomalacia (94) or
result in accumulated microdamage (95,96). In CKD5D the potential problem of bisphosphonate therapy is
diminished bone remodeling that could lead to reduced
repair of microcracks and impairment of bone strength
(97). The frequency of microcracks in clinical studies of
patients on long-term bisphosphonates varies from low
(98) to high, with an increased accumulation of microdamage (99), although there is as yet no clinical evidence
demonstrating bisphosphonates actually result in
impairment of bone strength.
Nevertheless, despite inconsistent data, bisphosphonates cannot be recommended when low bone turnover,
adynamic bone disease, or osteomalacia are present or
suspected, as they have potential to do harm. Because
bisphosphonates do not prevent fractures in people with
normal BMD or with low baseline markers of bone formation, the subset of patients with CKD-5D that might
receive therapy would be those with low BMD but high
bone resorption. Even in this group bisphosphonate use
should be cautious, because by reducing bone resorption
and causing incremental reductions in levels of serum
ionized calcium, bisphosphonates may stimulate glandular release of PTH and induce parathyroid hyperplasia
over time.

these and other data regarding breast cancer risk (101)
and despite its efﬁcacy for reducing fractures, the use of
HRT in older women is generally avoided, except for
treatment of menopausal symptoms such as ﬂushing.
Tibolone is a synthetic steroid with estrogenic,
progestational, and androgenic effects which has been
used as an alternative to estrogen to treat menopausal
symptoms for 30 years. Cummings et al. found that
tibolone reduced the incidence of vertebral fractures by
45% and nonvertebral fractures by 26% in 4538 postmenopausal women when compared to placebo (102).
However, this study was ceased early as a result of an
increased risk of cerebrovascular events in those on
tibolone [relative hazard 2.19 (95%CI 1.14, 4.23)], and
tibolone has not been studied in patients with CKD.
Raloxifene is a selective estrogen-receptor modulator
(SERM) also shown in women with osteoporosis to
reduce breast cancer risk and rates of fractures (103). In
one placebo-controlled study of HD patients, there was
a signiﬁcant improvement in trabecular (but not cortical) bone after 1 year (104). Like HRT, there may be an
increased risk of fatal stroke in postmenopausal women
so it should be used cautiously in CKD-5D (105).
Hypogonadism is common among men with CKD5D, beginning before the need for dialysis and not
improved with the initiation of dialysis. Many of the
manifestations of hypogonadism, such as bone disease
and muscle wasting, are seen in CKD-5D and hypogonadism is also thought to contribute to sexual dysfunction
experienced by patients. There have been few studies of
HRT using testosterone replacement in the dialysis population, but extrapolation from results of treatment of
hypogonadal, older men with normal renal function suggests that testosterone replacement could improve libido
and could have beneﬁcial effects on muscle mass and
BMD in patients with CKD (106). Administration of
testosterone replacement may be with a hydroalcoholic
gel containing 1% testosterone, which is as efﬁcient as a
testosterone patch but with fewer side effects, or with
intramuscular injections of testosterone undecanoate
which have a favorable pharmacokinetic proﬁle.

Hormone Replacement Therapy, Tibolone
and Selective Estrogen Receptor Modulators
Hormone replacement therapy (HRT) has historically
been used in the management of osteoporosis in the general population although there was little prospective
data for fracture prevention. Low dose steroidal contraceptive use in women who are amenorrhoeic before the
age of 45 and HRT in women who develop early menopause may protect against loss of BMD.
In postmenopausal women without renal impairment
and with prior hysterectomy, the use of conjugated
equine estrogen (CEE) (used without a progestagen) has
been associated with an increased risk of cerebrovascular
events in a large RCT (100). For the outcomes signiﬁcantly affected by CEE, there was an absolute excess risk
of 12 additional strokes per 10,000 person-years and an
absolute risk reduction of six fewer hip fractures per
10,000 person-years. The estimated excess risk for all
monitored events in the global index was a nonsigniﬁcant two events per 10,000 person-years. On account of

Other Potential Treatments
Lipid-lowering statins, which inhibit HMG-CoA reductase, act on the same cholesterol synthesis pathway as
nitrogen-containing bisphosphonates and therefore may
have a role in osteoporosis. This possibility has been
supported by the ﬁnding that statins also stimulate bone
formation, and by observational studies suggesting that
patients using statins have higher BMD and lower fracture rates than controls (107–109). However, more recent
RCTs and meta-analyses offer little support for the
hypothesis that statins inﬂuence fracture risk in the general population (110–112). Statin therapy in CKD-5D
was analyzed in the DOPPS database for its protective
effect on fractures but no association was found (15).
Only one retrospective cohort of 174 HD patients in
Canada has recently reported a signiﬁcant negative association between bone fractures and statin therapy (26).
Strontium ranelate is an antiosteoporotic treatment
that, unlike bisphosphonates, may increase osteoblast
function and bone formation while reducing bone
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resorption. There is good evidence to support the efﬁcacy
of strontium for the reduction of vertebral fractures (and
to a lesser extent nonvertebral fractures) in postmenopausal osteoporotic women and an increase in BMD
(all sites) in postmenopausal women with and without
osteoporosis (113,114). The use of strontium in CKD is
limited, however studies in rats with CKD have found
that biopsies with higher bone strontium had higher levels of osteoid, characteristic of osteomalacia (115,116).
One clinical study in 74 HD patients, assessing bone
biopsies with measurement of bone strontium ⁄ calcium
ratio, did not support the hypothesis of strontiuminduced osteomalacia, with no correlation between different histomorphometric parameters and this ratio
(117).
Recombinant PTH, given by daily subcutaneous
injection, is a potent anabolic agent that improves BMD
and contributes to fracture reduction in nonuremic postmenopausal osteoporotic subjects (118). There are no
clinical studies on the use of recombinant PTH, in
CKD-5D. Obviously its use would be inappropriate in
patients with secondary HPT. In patients with proven
low bone turnover, its effects are speculative. It has been
used in one case of hypoparathyroidism and calciphylaxis with subsequent bone turnover marker and bone
biopsy evidence of improved bone turnover (119). Calcitonin has been used in the management of osteoporosis
in the general population, with evidence from one RCT
of postmenopausal women demonstrating reduction in
the incidence of vertebral fractures (120). However, its
effect is weak and there are no data on its role in CKD.
Newer and as yet unregistered agents such as cathepsin
K protease inhibitors and denosumab (a monoclonal
antibody to the receptor activator of nuclear factor jb
ligand), have not been studied for reduction of fracture
risk in CKD-5D.
Behavioral Therapy
Falls Prevention
There have been many RCTs demonstrating beneﬁts of
fracture reduction from reducing falls in the general population (121). Multifactorial assessment of falls risk with
targeted interventions aimed at reducing polypharmacy,
improving mobility, and removing environmental hazards, is especially useful in older people and likely to be
valuable in the dialysis population. No interventional
studies have addressed this issue in CKD-5D, although
these patients fall regularly and simple falls prevention
may be a useful way to reduce fractures and the associated morbidity and mortality. There is evidence in the
general population that falls risk is reduced by decreasing the number of medications to less than four (122),
although this goal may be unattainable for many dialysis
patients. If patients are unsteady or incapable of performing transfers, referral for professional gait, balance
and strength training is reported to reduce the risk of
falls (123–126).
As the etiology of falls is often multifactorial, it would
be helpful to ﬁrst perform a comprehensive risk assessment in dialysis patients followed by targeted interven-

tions. Multitargeted strategies would include reduction
in psychoactive medications that may increase the
propensity to fall (especially benzodiazepines, narcotics,
and antidepressants), assessment of hypotensive agents
for postural hypotension, improvement in muscle
strength, gait and balance, and correction of poor vision
or reduction in environmental risks. The addition of
25-hydroxyvitamin D, when deﬁciency is present, may
also improve muscle strength and reduce falls risk as
vitamin D deﬁciency increases muscle weakness (127).
Treatment with active vitamin D has also been associated with greater muscle size and strength in HD patients
(128) and may help reduce falls and subsequent fracture.
Hip Protectors
The use of hip protectors has been reported to reduce the
risk of hip fractures in high-risk subjects, such as those in
a nursing home (129). However, there have been no studies assessing hip protectors in the CKD-5D population.
Conclusion
Fracture is a signiﬁcant complication of CKD with
substantial morbidity and mortality. As the general population ages, an increasing number of patients will have
both CKD and a high fracture risk, on account of preexisting reductions in bone mass, CKD-MBD, medications, reduced physical functioning, and falls. Patients
with CKD-5D share important risk factors for fracture
with the general population but are also distinctive.
Identifying those patients at greatest fracture risk
provides an opportunity to modify risk factors and in
some cases, to institute speciﬁc therapy.
A history of fracture or identiﬁcation of prevalent vertebral fracture may indicate an increased fracture risk.
BMD by DEXA correlates poorly with fracture risk in
patients with CKD-5D, although it may be useful in speciﬁc patients. Biochemical markers of bone turnover
also lack diagnostic accuracy in CKD-5D. Hopefully,
newer high-resolution imaging techniques and the use of
biochemical markers unaffected by renal function may
improve the noninvasive diagnosis of bone disease.
Despite these numerous caveats, an assessment of risk
factors and medications listed in Table 1, proceeding
through the checklist in Table 2 and the use of Table 3 to
consider therapies for CKD-MBD should improve fracture risk. Because these drugs are largely untested in
patients with CKD-5D, prospective studies of treatments targeting fracture risk in this population are
urgently required.
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