© 2014 MA Healthcare Ltd

SYMPOSIUM ON TRAUMA AND BONE DISEASE

Management of osteoporosis in patients
with chronic kidney disease

Osteoporosis and chronic kidney disease are common in old age and often occur together. Both diseases lead to
increased bone fragility and fractures but with different pathophysiological backgrounds. This article reviews the
challenges in diagnosis, evalvation and management of osteoporosis in patients with chronic kidney disease.

mon conditions among older people and often  This is manifested by one or more of:
occur together. Population trends suggest that 1. Abnormalities of calcium, phosphate, parathyroid

Osteoporosis and chronic kidney disease are com-  chronic kidney disease with mineral and bone disorder.

the older the person, the greater the degree of osteoporo- hormone or vitamin D metabolism

sis, the greater the risk of bone fractures and the higher the 2. Renal osteodystrophy. This spectrum of abnormalities
likelihood of that person having chronic kidney disease. in bone turnover, mineralization, volume, linear

. growth and/or strength can be classified into:

OStGOPOI'OSIS a. Adynamic bone disease: low bone turnover, mini-
The World Health Organization (1994) has defined mal osteoid accumulation, reduced collagen syn-
osteoporosis as a condition of skeletal fragility character- thesis by osteoblasts, minimal mineralization of
ized by reduced bone mass and microarchitectural dete- bone collagen, and low bone formation rate associ-
rioration which results in fragility fractures. ‘Osteoporosis’ ated with low parathyroid hormone levels
means a value of bone mineral density that is 2.5 stand- (Brandenburg et al, 2008)

ard deviations or more below the young adult mean value . .
for women (T score < -2.5 standard deviations). [CLICREMELEELEUCIIEUILLE I

‘Osteopenia’ is the higher threshold of bone mass that lies
between -1 and -2.5 standard deviations. ‘Severe’ or

Stage GFR (ml/min/1.73m?)  Description

‘established’ osteoporosis denotes osteoporosis in the >90 Kidney damage with normal or increased GFR
presence of one or more fragility fractures. Osteoporosis 9 60—89 Kidney damage with mildly reduced GFR
primarily results from imbalance between factors which 3 30-59 Moderate reduced GFR
promote bone production and those that promote bone
resorption, leading to a net increase in bone breakdown. 4 15-29 Severe reduced GFR
The bone mineral content is normal in osteoporosis. 5 <15 Kidney failure

5D <15 Kidney failure with dialysis

Chronic kidney disease

Chronic kidney disease is a new term for what was previ-
ously called chronic renal failure. Chronic kidney disease  Figure 1. Role of kidney in calcium and vitamin D metabolism.

GFR = glomerular filtration rate

is defined as kidney damage or glomerular filtration rate
<60 ml/min/1.73m? for 3 months or more, regardless of w e ee——— )
the cause of renal disease (Levey et al, 2005). Five stages Rele::s':ueltium
of chronic kidney disease are described based on glomeru-  Farathyroid glands and phosphate
lar filtration rate (Zable I) — the lower the glomerular fil- increase parathyroid
. . . . hormone secretion Increased serum
tration rate the worse the stage of chronic kidney disease. Parathyroid hormone o
Coresh et al (2007) found that about 39% of people aged Calcitrol phusphole
. e . (1,25 (OH),D)
60years or older had some form of chronic kidney disease, l ’
with the greatest proportion having stage 3 disease. j
Bone disease in chronic kidney disease Cada e @
Chronic kidney disease is associated with abnormalities (0] .25 {0k
in calcium, phosphate, parathyroid hormone and vitamin Liver Kidney Small ntestine
D metabolism and all of these can affect bone health e l"“f:fg;,:b;::,p:;:s::,:::mry
(Figure I). Chronic kidney disease is associated with a * Incrases excrefion ofphosphate
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b. High turnover disease — osteitis fibrosa — is increased
osteoblast and osteoclast activity with abnormal col-
lagen deposition, marrow fibrosis and high rates of
both formation and resorption. It is caused by the
effects of high parathyroid hormone levels on bone

c. Mixed disease (high turnover with mineralization
defect)

d. Osteomalacia — this is also a low turnover disease
but the mineralization defect exceeds the defect in
bone formation, resulting in relative osteoid excess.

3. Vascular or other soft tissue calcification.

The term chronic kidney disease-mineral and bone disor-
der takes a wider view of the role of bone metabolism
than its local effects. It is recommended that ‘chronic
kidney disease-mineral and bone disorder” should replace
the terms ‘renal osteodystrophy’ and ‘renal bone disease’.

Role of vitamin D
Vitamin D is essential for musculoskeletal health as it
promotes calcium absorption from the bowel and plays an
important role in muscle function (National Osteoporosis
Society, 2013). There is controversy about the biochemi-
cal criteria used to define vitamin D deficiency and insuf-
ficiency (National Osteoporosis Society, 2013) and a lack
of agreement about optimal levels for prevention and
treatment in different population groups (Holick, 2007).
For the UK the level recommended for serum 25-hydroxy
vitamin D is >50nmol/litre (sufficiency), with
30-50 nmol/litre considered insufficiency and <30 nmol/
litre deficiency (National Osteoporosis Society, 2013).
Chronic kidney disease is an established risk factor for
vitamin D deficiency. Increased parathyroid hormone levels
and a decrease in serum vitamin D are the earliest mineral
metabolism disturbances in chronic kidney disease, while
serum phosphate and calcium levels tend to remain in the
normal range until late in the disease. Levels of 25-hydroxy
vitamin D, the principal storage form of vitamin D and
the best index of vitamin D nutrition, are extremely low
in most patients with chronic kidney disease (Gonzalez et
al, 2004) and the decline in 25-hydroxy vitamin D levels is
linear with the decrease in estimated glomerular filtration
rate (Levin et al, 2007) because kidneys are the principal
site of production of activated vitamin D.

Fracture risk in chronic kidney disease

There are five main causes of fracture in patients with
chronic kidney disease:

1. Severe hyperparathyroidism

2. Osteoporosis

3. Osteomalacia

4. Adynamic bone disease

5. Post-transplantation syndrome

The risk of hip and vertebral fractures increases with the
severity of chronic kidney disease, especially in end-stage
chronic kidney disease (Ensrud et al, 2007). In early
stages of chronic kidney disease (stages 1-3) there is some
evidence of increased risk of fragility fracture as a result of

slight changes in bone turnover (mild hyperparathy-
roidism) or low bone turnover, but strong evidence exists
that late stages of chronic kidney disease (stage 4-5) are
associated with fragility fractures from severe hyperpara-
thyroidism, adynamic bone disease and osteomalacia
(either very high or low bone turnover) (Moe et al,
2006). The greater risk of falls in this population with
sarcopenia (loss of muscle mass and strength with age)
and frailty contributes to greater fracture risk (Figure 2).
Patients with chronic kidney disease may have many risk
factors for osteoporosis which are not related to age such
as medications (glucocorticoids), hypogonadism, hyper-
prolactinaemia, poor nutrition, vitamin D deficiency and
inactivity (Moe et al, 2006). Hence determining whether
a chronic kidney disease patient’s fracture is caused by
osteoporosis or another form of renal bone disease is the
first step in deciding on the most appropriate treatment.
Data from a study of osteoporotic fractures which
included 9704 women over 65years of age found that
fracture risk increased with worsening renal function, i.e.
compared to patients with an estimated glomerular filtra-
tion rate >60 ml/min/1.73m? hip fracture risk increased by
1.5-fold for patients with an estimated glomerular filtra-
tion rate between 45 and 50 ml/min/1.73m? and doubled
for women with estimated glomerular filtration rate
<45ml/min/1.73m? (Ensrud et al, 2007). The incidence of
fractures is even higher among those with stage 5 chronic
kidney disease who are on dialysis (Alem et al, 2000).

Assessment of fracture risk in chronic
kidney disease

FRAX: Fracture Risk Assessment Tool

The Fracture Risk Assessment Tool (FRAX) (www.shef.
ac.uk/FRAX) estimates the 10-year probability of hip
fractures and major osteoporotic fractures for untreated
patients using ten clinical risk factors and femoral neck
bone mineral density using DEXA when available (Kanis
et al, 2011). It is a validated country-specific tool for
assessment of men and women over 50 years of age at risk
for osteoporosis-related fracture which can help guide
treatment decisions, especially in primary care. The cur-
rent guidelines (Kanis et al, 2011) recommend treating

Figure 2. Association between falls and fractures.

Bone fragility
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osteoporosis patients who have FRAX 10-year risk scores
of 23% for hip fracture or 220% for major osteoporotic
fracture with approved osteoporosis drugs, to reduce their
fracture risk but the National Osteoporosis Guideline
Group (2013) gives age-adjusted advice about treatment
based on FRAX scores. However, FRAX does not include
any adjustment of risk with alterations in glomerular fil-
tration rate and the value of FRAX in patients with
chronic kidney disease has not been adequately studied.

Bone mineral density
Measurement of bone mineral density by DEXA is the
gold standard recommended by the World Health
Organization for diagnosis of osteoporosis. It is routinely
used not only to diagnose osteoporosis but also to predict
fracture risk in general population. However, DEXA is
not sufficient to predict risk in patients with more severe
chronic kidney disease because bone strength may be
affected by different processes that lead to chronic kidney
disease-mineral and bone disorder and not captured by
two-dimensional DEXA imaging. The following sugges-
tions are based mainly on clinical expertise and data from
population studies (Kidney Disease: Improving Global
Outcomes (KDIGO) CKD-MBD Work Group (2009):
1. In patients with chronic kidney disease and estimated
glomerular filtration rate 230 ml/min/1.73m? the World
Health Organization criteria for bone mineral density
(T score -2.5 standard deviation or below) or fragility
fracture may be used to diagnose osteoporosis provided
there are no accompanying biochemical abnormalities
2. In patients with estimated glomerular filtration rate
<30ml/min/1.73m? who have low bone mineral den-
sity T scores or history of fragility fractures, the diagno-
sis of osteoporosis can only be made by excluding other
chronic kidney disease-mineral and bone disorders.

Investigations

Serum calcium and phosphate

Serum calcium can be measured as total calcium free
(ionized) or corrected calcium. Calcium binds strongly to
albumin and the adjusted value aims to compensate for
change in serum albumin. Normal adjusted serum calci-
um level is between 2.1 and 2.6 mmol/litre and hypercal-
caemia is >2.6 mmol/litre. In most patients with chronic
kidney disease, serum calcium and phosphate levels
remain normal until glomerular filtration rate declines to
25-40 ml/min/1.73m?. Hypercalcaemia may indicate the
possibility of adynamic bone disease in patients with
more severe chronic kidney disease but other causes of
hypercalcaemia such as hyperparathyroidism and multi-
ple myeloma should be considered.

Serum 25-hydroxy vitamin D

Vitamin D deficiency and insufficiency is common in
patients with chronic kidney disease (Gonzalez, 2004)
and is associated with raised parathyroid hormone levels
which may worsen manifestations of secondary hyper-

parathyroidism. Calcitriol (1,25 dihydroxyvitamin D) is
an active metabolite of vitamin D, principally synthesized
in the kidney, and circulating calcitriol levels are mark-
edly reduced in patients with end-stage renal disease.

Serum parathyroid hormone

Elevated parathyroid hormone levels are the most sensitive
marker for disordered bone and mineral metabolism in
early chronic kidney disease. Parathyroid hormone levels
begin to increase in early chronic kidney disease and raised
levels are common in patients with estimated glomerular
filtration rate <60 ml/min/1.73m?. Parathyroid stimula-
tion in chronic kidney disease arises from any combina-
tion of decreased calcium, increased phosphate or
decreased vitamin D concentration. In early stages, there
is increased synthesis of parathyroid hormone (reversible
by correction of hyperphosphataemia and vitamin D defi-
ciency). In later stages, there is increased cell proliferation
leading to hyperplasia — a largely irreversible process
which may require parathyroidectomy. Hence early inter-
vention is needed, aiming to achieve a target parathyroid
hormone, calcium and phosphate concentration.

Biochemical markers of bone turnover

The traditional markers of bone turnover, such as serum
C telopeptide for bone resorption and serum propeptide
type 1 collagen for bone formation, are both cleared by
the kidney. They can be measured in clinical practice to
give guidance as to the presence of adynamic bone disease
but advice should be sought from the local laboratory
and/or metabolic bone disease specialist as to their appro-
priate use. There are no data on these relationships in
stages 4 and 5 chronic kidney disease (Bauer et al, 2012).

Bone-specific alkaline phosphatase
Bone-specific alkaline phosphatase is a glycoprotein
found on the surface of osteoblasts. It represents biosyn-
thetic activity of these bone-forming cells, hence is a
sensitive indicator of bone metabolism. It is not cleared
by the kidney and serum concentration is not affected by
renal dysfunction. Bone-specific alkaline phosphatase
concentration is high in Paget’s disease, and osteomalacia
and antiresorptive therapies lower bone-specific alkaline
phosphatase levels. When estimated glomerular filtration
rate is <30 ml/min/1.73m? the Kidney Disease: Improving
Global Outcomes (KDIGO) CKD-MBD Work Group
(2009) suggests measuring parathyroid hormone and
bone-specific alkaline phosphatase, as a positive predic-
tive value of parathyroid hormone with bone-specific
alkaline phosphatase is 96.8% for high turnover bone
disease and 80% for low turnover bone disease. This test
is only available in selected laboratories in the UK. It
should not be routinely used to screen for osteoporosis.

Renal ultrasound
This gives information on renal size and echogenicity,
and allows detection of hydronephrosis.
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Quantitative computed tomography

This measures three-dimensional volume in contrast to
two-dimensional measurement by DEXA scan. It can
measure cortical and trabecular bone geometry at the
femur, spine and radius as trabecular bone density decreas-
es more in women than men with increasing age.
Quantitative computed tomography can measure early
increases in vertebral trabecular bone density after parathy-
roid hormone treatment (Gasser, 1995). Both cortical and
trabecular volumetric bone mineral density impairment in
predialysis patients and selective cortical volumetric bone
mineral density impairment in patients with end-stage
renal disease have been noted (Russo et al, 1998).

High resolution magnetic resonance imaging
Magnetic resonance imaging is a non-ionizing imaging
technique providing three-dimensional representation of
cortical and trabecular bone microarchitecture at periph-
eral sites (radius, tibia, calcaneus).

High resolution peripheral quantitative
computed tomography

This new technique provides three-dimensional represen-
tation of trabecular and cortical microarchitecture of the
distal radius and tibia. Compared to magnetic resonance
imaging, high resolution peripheral quantitative com-
puted tomography allows direct visualization of bone and
faster acquisition (3-minute measurement time) with a
smaller dose of radiation (Boutroy et al, 2005).
Haemodialysis patients had greater cortical and trabecu-
lar bone impairment than chronic kidney disease patients,
who had greater impairment than controls (Boutroy et al,
2005). Quantitative computed tomography, magnetic
resonance imaging and high resolution peripheral quan-
titative computed tomography are research tools.

Bone biopsy

The only reliable method for distinguishing patients with
high turnover from those with low turnover bone disease is
bone histomorphometric study, but this invasive test is used
mainly for clinical research. Iliac crest bone biopsy may be
used in specific situations (Kidney Disease: Improving
Global Outcomes (KDIGO) CKD-MBD Work Group,
2009). A review of bone biopsy studies between 1983 and
2006 showed that 84% of chronic kidney disease patients
(estimated glomerular filtration rate <60 ml/min/1.73m?)
had histological evidence of bone disease (32% osteitis
fibrosa, 20% mixed bone disease, 8% osteomalacia, 6%
mild disease, 18% adynamic bone disease) (Kidney Disease:
Improving Global Outcomes (KDIGO) CKD-MBD
Work Group, 2009) but only 2% of haemodialysis patients
have normal histomorphometric analysis on bone biopsy.

Management
Lifestyle measures
All patients at high risk of fractures should be advised

about lifestyle measures such as regular exercise, avoiding

excessive smoking or alcohol, and falls prevention
(Jarvinen et al, 2008). Patients with severe chronic kid-
ney disease, especially stage 4 and 5, have sarcopenia and
associated low muscle mass, and have a high frequency of
falling, hence improving muscle tone, strength and bal-
ance are important in fracture risk reduction in patients
with chronic kidney disease. Sufficient protein intake is
necessary to avoid protein-energy wasting.

Phosphate

Dietary phosphate restriction to 800—1000 mg/day may be
initiated in patients with chronic kidney disease when
parathyroid hormone levels are elevated (glomerular filtra-
tion rate <60 ml/min/1.73 m?, stage 3) or with elevated
blood levels of serum phosphate (stages 4 and 5)(Kidney
Disease: Improving Global Outcomes (KDIGO) CKD-
MBD Work Group, 2009). Serum phosphate levels should
be maintained between 2.7 and 4.6 mg/dl. There is con-
flicting evidence about the use of calcium and non-calci-
um-based phosphate binders. Except in special circum-
stances (hypercalcaemia, severe peripheral vascular dis-
ease), evidence does not favour non-calcium-based binders
(sevelamer-HCI and lanthanum carbonate) as first-line
treatment of hyperphosphataemia in chronic kidney dis-
ease because of their high cost. The main limitation of
calcium-based phosphate binders is the risk of progression
of vascular calcification. Aluminium-based binders should
be avoided. Owing to their complexity this treatment
should be initiated and supervised by nephrologists.

Calcium and vitamin D

Optimal diet for fracture prevention should include
adequate intake of calories, calcium and vitamin D.
Meta-analysis of randomized trials in osteoporosis shows
that combined calcium and vitamin D supplementation
modestly reduces the risk of hip and other non-vertebral
fractures while vitamin D alone is ineffective (Boonen et
al, 2007).

Low vitamin D levels should be treated to help sup-
press high parathyroid hormone levels. Vitamin D sup-
plementation minimum of 400-8001U/day to achieve a
serum 25-hydroxy vitamin D concentration >25-30 ng/
ml is advised and higher doses may be necessary to bring
vitamin D up to the correct level (Kidney Disease:
Improving Global Outcomes (KDIGO) CKD-MBD
Work Group, 2009). Calcitriol improves bone health as
assessed by DEXA scan and serum biomarkers and can
reduce mortality irrespective of parathyroid hormone
levels (Teng, 2005). Kidney Disease: Improving Global
Outcomes (KDIGO) CKD-MBD Work Group (2009)
guidelines recommend prescribing calcitriol for patients
with chronic kidney disease stage 3 and 4 if plasma par-
athyroid hormone level is high and serum 25-hydroxy
vitamin D level is >30 ng/ml with monitoring of plasma
calcium, phosphate and parathyroid hormone levels.

Patients with estimated glomerular filtration rate
>30ml/min/1.73m? with no biochemical evidence of
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chronic kidney disease-mineral and bone disorder can
have similar calcium intakes as patients without chronic
kidney disease to a total of 1200~1500 mg/day. However,
the effects of calcium and vitamin D supplementation on
fracture risk in patients with chronic kidney disease and
estimated glomerular filtration rate <30 ml/min/1.73m?
have not been adequately studied. In patients with esti-
mated glomerular filtration rate <30 ml/min/1.73m?
there are potential benefits of vitamin D repletion but
excess calcium supplementation in contrast may be asso-
ciated with increased arterial calcification and cardiovas-
cular disease (West et al, 2010) and closer monitoring of
serum calcium levels is recommended. In patients with
end-stage renal disease, Kidney Disease: Improving
Global Outcomes (KDIGO) CKD-MBD Work Group
(2009) guidelines recommend keeping corrected calcium
within the lower end of the normal range (2.10-
2.37 mmol/litre) with further restriction in patients with
diabetes because of the burden of vascular calcification
and associated mortality (Kramer et al, 2005).

Pharmacological therapy

Distinguishing renal metabolic bone abnormalities from
those caused by osteoporosis and correcting any meta-
bolic derangements is necessary to adequately treat
patients at risk of fragility fractures. Treatment of osteo-
porosis is aimed at stabilizing or increasing bone mass
and reducing the risk of fragility fractures whereas treat-
ment of chronic kidney disease-mineral and bone disor-
der is aimed at normalizing parathyroid hormone—calci-
um-—phosphate—vitamin D to maintain normal mineral
metabolism and bone turnover. An approach to the phar-
macological management as suggested by the Kidney
Disease: Improving Global Outcomes (KDIGO) CKD-
MBD Work Group working group (2009) is shown in
Figure 3.

Bisphosphonates
Alendronate, risedronate, ibandronate and zoledronate are
established treatments for post-menopausal osteoporosis.
They reduce vertebral and non-vertebral fractures and are
approved for use in men and women (National Institute
for Health and Clinical Excellence, 2011).
Bisphosphonates bind strongly, accumulate in bone
and are gradually released into the circulation with a half
life of more than 10years. Renal impairment may lead to
administered  bisphosphonates.
Prolonged use of bisphosphonates can lead to adynamic

accumulation of

bone disease which may increase the risk of atypical frac-
tures, e.g. femoral shaft fractures, and therefore should be
excluded before initiating bisphosphonates in people
with chronic kidney disease or on renal dialysis.

First generation intravenous bisphosphonates in older
literature were associated with acute renal failure and
clinical trials of osteoporosis excluded patients based
upon prespecified renal measurement cut offs. Limited
evidence from retrospective analysis of the Fracture
Intervention Trial (Jamal et al, 2007) and pooled data
from nine risedronate studies (Miller et al, 2005) sug-
gested that among the subset of patients with moderate
renal impairment, alendronate and risedronate increased
bone mineral density and prevented vertebral fractures
regardless of the degree of renal impairment with no sig-
nificant increase in event rate. In zoledronate trials, a
small but significant number of patients who received
zoledronic acid 5 mg doubled their serum creatinine con-
centration 9—11 days later which returned to baseline, but
renal failure is a serious side effect associated with
zoledronic acid so it is contraindicated in patients with
creatinine clearance <35 ml/min (Miller, 2011).

There are inadequate data on the use of bisphosphonates
for fracture prevention in patients with severe kidney dis-
ease associated with secondary hyperparathyroidism and

Figure 3. Approach to management of osteoporosis suggested by Kidney Disease: Improving Global Outcomes (KDIGO) CKD-MBD Work Group (2009). *If bone-
specific alkaline phosphatase high and intact serum parathyroid hormone >350 pg/ml adynamic bone disease is unlikely and antiresorptive treatment could be

considered.
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end-stage renal failure (chronic kidney disease stage 4 and
5), so bisphosphonates are not recommended for those
with estimated glomerular filtration rate below 30ml/
min/1.73m? (for alendronate, risedronate or ibandronate)
to 35ml/min/1.73m? (for zoledronic acid) (Miller, 2011).
For patients with chronic kidney disease stage 4 and 5,
bisphosphonates should only be considered by specialists in
metabolic bone disease after excluding adynamic bone dis-
ease and carefully considering risks/benefits. 7able 2 shows
some important characteristics of bisphosphonates to con-
sider when using with patients who have renal disease.
The serum creatinine level should be checked before

every infusion of bisphosphonate and the patient should
be well hydrated.

Denosumab

This is a fully human monoclonal antibody which, unlike
bisphosphonates, is not cleared by the kidney. The
FREEDOM trial used an estimated glomerular filtration
rate cut off of <30ml/min/1.73m? for exclusion. Given
subcutaneously twice yearly for 36 months, denosumab
showed significant reduction in vertebral and non-verte-
bral fractures in postmenopausal women. Post-hoc analysis
stratified by level of kidney function in patients with esti-
mated glomerular filtration rate >15ml/min/1.73m? and
estimated glomerular filtration rate >30ml/min/1.73m?
showed evidence of effectiveness (improved bone mineral
density) and no increase in adverse events (Jamal et al,
2011). Patients with chronic kidney disease and creatinine
clearance <30 ml/min are at higher risk of hypocalcaemia
following denosumab injection, and serum calcium and
vitamin D levels should be checked before and after injec-
tion. In the UK, it is approved for treatment of osteoporo-
sis in postmenopausal women at high risk of fractures
when bisphosphonates have failed or are not tolerated.

Teriparatide

This is recombinant 1-34 parathyroid hormone, which
has anabolic properties for bone. Given 20 ug subcutane-
ously daily for 18-24months it reduces vertebral and

Table 2. Product characteristics of hisphosphonates

Alendronate (Fosamax)

Disodium efidronate
(Didronel PMO)

Risedronate (Actonel)

Ibandronate (Bonviva)

No dose adjustment necessary for patients with
glomerular filiration rate >35 ml/min/1.73m?

Contraindicated in patients with severe renal impairment.
Owing to lack of clinical experience treatment of patients with
impaired renal function should be undertaken with caution,
monitor serum and urine calcium regularly

No dosage adjustment needed for mild to moderate renal
impairment. Contraindicated in patients with severe renal
impairment creafinine clearance <30 ml/min

No doasage adjustment needed for mild or moderate renal
impairment where creatinine dearance >30 ml/min.
Not recommended if creatinine clearance<30 ml/min

Zolendronic acid (Aclasta) Contraindicated in patients with creatinine clearance <35 ml/min

non-vertebral fractures in postmenopausal women. In
post-hoc analysis of the Fracture Prevention trial, teri-
paratide had efficacy (improved bone mineral density) and
safety in patients with estimated glomerular filtration rate
as low as 30 ml/min/1.73m? (Miller et al, 2007). However,
the sample size was small and patients with elevated serum
parathyroid hormone levels were excluded. It is expensive
and its use is restricted in the UK to those with the most

severe osteoporosis under specialist care (National Institute
for Health and Clinical Excellence, 2011).

Raloxifene

Raloxifene is a less potent osteoporosis drug than bisphos-
phonates which reduces vertebral fractures but does not
prevent fractures at other sites and is used less frequently. It
protects against breast cancer but has a three-fold increased
risk of venous thromboembolism. Compared with placebo
raloxifene improved bone mineral density and reduced
vertebral fractures irrespective of kidney function, although
very few patients had estimated glomerular filtration rate
<30 ml/min/1.73m? (Ishani et al, 2008). It should be used
with caution in patients with moderate to severe renal
impairment as safety and efficacy has not been established
in this group. It is only licensed for use in women.

Calcitonin

This inhibits renal phosphorus and increases renal calci-
um absorption, helping to decrease serum parathyroid
hormone levels. It improves bone mineral density, has an
analgesic action on bone pains and reduces the risk of
vertebral fracture. It can be given regardless of chronic
kidney disease. However, it has less robust efficacy data
on vertebral fracture risk than other agents and did not
show risk reduction for non-vertebral fractures, hence it
has limited clinical use. Moreover in long-term clinical
trials the risk of developing cancer was 0.7-2.4% higher
in patients receiving calcitonin than placebo, especially in
trials with intranasal calcitonin. The European Medicine
Agency recommended that calcitonin should be used
only for short term and with the minimal effective dose.

Conclusions

There is increasing incidence of both osteoporosis and
chronic kidney disease with increasing age. Chronic kidney
disease is associated with metabolic abnormalities of calci-
um, phosphate, parathyroid hormone and vitamin D, and
with differences in mineralization, bone turnover, strength,
and vascular and soft tissue calcification. Pharmacological
management of osteoporosis in patients with stages 1-3
chronic kidney disease does not differ from that of post-
menopausal women with normal glomerular filtration rate
because clinical trials for osteoporosis treatments rand-
omized patients down to glomerular filtration rate of
30 ml/min/1.73m?2. However, in more severe chronic kid-
ney disease, management options tend to be based on
opinion rather than clinical trial data. There is limited
evidence of efficacy and safety of bisphosphonates in
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patients with chronic kidney disease and estimated glomer-
ular fileration rate <30 ml/min/1.73m?. In patients with
glomerular filtration rate below 30 ml/min/1.73m?, identi-
fication and management of associated metabolic abnor-
malities is essential. Patients with adynamic bone disease
should never be treated with drugs such as bisphospho-
nates which reduce bone turnover. Bone-specific alkaline
phosphatase testing may be useful if available in certain
situations. Considering the heterogeneity of bone disease
in the chronic kidney disease population more studies
using bone biopsies are needed in the future, focussing on
developing therapies which have the potential to increase
bone formation and reduce fracture risk. BJHM

Conflict of interest: none.

Bauer D, Krege J, Lane N et al (2012) National Bone Health Alliance
Bone Turnover marker Project: Current practices and the need for
US harmonisation, standardisation and common reference ranges.
Osteoporosis Int 23: 2425-33

Boonen S, Lip P, Bouillon R et al (2007) Need for additional calcium
to reduce the risk of hip fractures with Vitamin D
supplementation. Evidence from a comparative meta-analysis of
randomised trials. / Clin Endocrinol Metab 92(4): 1415-23

Boutroy S, Bouxsein ML, Munoz F et al (2005) In vivo assessment of
trabecular bone microarchitechture by high resolution pQCT. J
Clin Endocrinol Metab 90(12): 6508—15

Brandenburg VM, Jurgen F (2008) Adynamic bone disease- bone and
beyond. NDT Plus 3: 135-47

Coresh ], Selvin E, Stevens LA et al (2007) Prevalence of chronic
kidney disease in the United States. JAMA 298(17): 2038-47

Ensrud KE, Lui LY, Taylor BC et al (2007) Renal function and risk of
hip and vertebral fractures in older women. Arch Intern Med 167:
133-9

Gasser JA (1995) Assessing bone quantity by pQCT. Bone 17(4
suppl): 1455-154S

Gonzalez EA, Sachdeva A, Oliver DA et al (2004) Vitamin D
insufficiency and deficiency in CKD. A single centre observational
study. Am J Nephrol 24: 503-10

Holick MF (2007) Vitamin D deficiency. N Engl ] Med 357: 266-81

Ishani A, Blackwell T, Jamal SA et al (2008) The effect of raloxifene
treatment in postmenopausal women with CKD. J Am Soc Nephrol
19: 1430-8

Jamal SA, Bauer DC, Ensrud KE et al (2007) Alendronate treatment in
women with normal to severely impaired renal function: an analysis
of the fracture Intervention Trial. / Bone Miner Res 22: 503-8

Jamal SA, Ljunggren O, Stehman-Breen C et al (2011) Effects of
Denosumab on fracture and bone mineral density by level of
kidney function. / Bone Miner Res 26: 1829-35

Jarvinen TLN, Sievanen H, Khan K (2008) Shifting the focus in fracture
prevention from osteoporosis to falls. BMJ 336 (7636): 124-6

Kanis JA, Hans D, Cooper C et al (2011) Interpretation and use of
FRAX in clinical practice. Osteoporosis Int 22: 2395411

Kramer H, Toto R, Peshock R et al (2005) Association between
Chronic kidney disease and coronary artery calcification: the Dallas
Heart Study. J Am Soc Nephrol 16: 507-13

Kress BC (1998) Bone Alkaline Phosphatase: methods of quantitation
and clinical utility. / Clin Ligand Assay 21(2): 139-48

Kidney Disease: Improving Global Outcomes (KDIGO) CKD-MBD
Work Group (2009) KDIGO clinical practice guideline for the
diagnosis, evaluation, prevention and treatment of chronic kidney
disease-mineral and bone disorder (CKD-MBD). Kidney Int Suppl
113: S1-130

Levey AS, Eckardt KU, Tsukamoto Y et al (2005) Definition and
classification of chronic kidney disease: a position statement from
Kidney disease: Improving Global Outcomes (KGIGO). Kidney Int
67(6): 2089-100

Levin A, Bakris GL, Molitch M et al (2007) Prevalence of abnormal
serum vitamin D, PTH, calcium and phosphorus in patients with
chronic kidney disease-mineral bone disorder. Kidney Int 71(1): 31-8

Martin KJ, Olgaard K, Coburn JW et al (2004) Diagnosis, assessment

and treatment of bone turnover abnormalities in renal
osteodystrophy. Am ] Kidney Dis 43: 558—65

Miller PD, Roux C, Boonen S et al (2005) Safety and efficacy of
Risedronate in patients with age related reduced renal function as
estimated by the Cockeroft and Gault method: a pooled analysis of
nine clinical trials. / Bone Miner Res 20: 2105—15

Miller PD, Shwartz EN, Chen P et al (2007) Teriparatide in
postmenopausal women with osteoporosis and mild or moderate
renal impairment. Osteoporos Int 18: 59-68

Miller PD (2011) The kidney and Bisphosphonates. Bone 49: 77-81

National Institute for Health and Clinical Excellence (2008) Chronic
kidney disease: Early identification and management of chronic
kidney disease in adults in primary and secondary care. Clinical
guideline 73. http://publications.nice.org.uk/chronic-kidney-
discase-cg73 (accessed 6 January 2014)

National Institute for Health and Clinical Excellence (2011)
Osteoporosis - secondary prevention including strontium ranelate.
TA161. http://guidance.nice.org.uk/TA161 (accessed 6 January 2014)

National Kidney Foundation, Inc (2003) KDOQI Clinical Practice
Guidelines for Bone Metabolism and Disease in Chronic Kidney
Disease. http://www.kidney.org/professionals/ KDOQI/guidelines_
bone/index.htm

National Osteoporosis Guideline Group (2013) Guideline for the
diagnosis and management of osteoporosis in postmenopausal
women and men from the age of 50 years in the UK. www.shef.ac.
uk/NOGG/NOGG_Pocket_Guide_for_Healthcare Professionals.
pdf (accessed 6 January 2014)

National Osteoporosis Society (2013) Vitamin D and Bone Health. A
Practical Clinical Guideline for patient management. www.nos.org.
uk/document.doc?id=1352 (accessed 6 January 2014)

Rix M, Eskildsen P, Olgaard K (2004) Effect of 18 months of
treatment with alfaclcidol on bone in patients with mild to
moderate CRE Nephrol Dial Transplant 19: 870-6

Teng M, Wolf M, Ofsthun MN et al (2005) Activated injectable
Vitamin D and hemodialysis survival. A historical cohort study. /
Am Soc Nephrol 16: 1115-25

West SL, Swan V], Jamal SA (2010) Effects of calcium on
cardiovascular events in patients with kidney disease and in a
healthy population. Clin | Am Soc Nephrol 5 (Suppl 1): S41-S47

World Health Organization (1994) Assessment of fracture risk and its
application to screening for postmenopausal osteoporosis. Technical
report series 843: World Health Organization, Geneva

KEY POINTS

m Osteoporosis and chronic kidney disease are both common in old age, often
coexisting fogether, and both are associated with increased fracture risk.

m  (hronic kidney disease is associated with a range of different metabolic bone
diseases.

B A fracture in a patient with chronic kidney disease may indicate osteoporosis,
another bone disorder or just an age-related decrease in glomerular filtration rate.

B In patients with early chronic kidney disease (stage 1-3) fractures are more likely
to be the result of osteoporosis than a specific form of chronic kidney disease-
mineral bone disorder.

B Measurement of bone mineral density by DEXA (dual energy X-ray absorptiometry)
is of limited benefit in predicting fracture risk in patients with severe stage 4-5
chronic kidney disease but has good value in stage 1-3 chronic kidney disease.

m Several pharmacological agents are approved for the management of osteoporosis
in patients with chronic kidney disease stage 1—3 but there is a lack of clinical trial
data in patients with severe chronic kidney disease.

m Bisphosphonates have limited efficacy and safety data in patients with severe
chronic kidney disease if creatinine clearance <30 ml/min, but are conraindicated
in adynamic bone disease.

®  Denosuma is effective and safe in patients with glomerular filtration rate up to
15ml/min/1.73m? but serum calcium and vitamin D levels need to be monitored.
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