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Summary: Bone disease after kidney transplantation is associated with an increased risk of fractures, morbidity,

and mortality. Its pathophysiology is complex, involving multiple contributors including pretransplant bone disease,
immunosuppressive medications, and changes in the parathyroid−bone−kidney axis. Risk scores, bone turnover
markers, and noninvasive imaging modalities are only able to partially predict the fracture risk in kidney transplant
recipients. The optimal management of bone disease after kidney transplantation has not yet been established,
with only a limited number of randomized clinical trials evaluating the efficacy of treatment regimens in kidney trans-
plant recipients. This review focuses on the pathophysiology, evaluation, prevention, and treatment of post−kidney
transplant mineral and bone disease as guided by recent evidence.
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C
hronic kidney disease (CKD) is associated with
abnormalities in bone turnover, mineralization,
and an increased risk of fractures.1 Fractures in

patients with advanced CKD and end-stage kidney disease
may be associated with increased mortality compared with
the general population.2,3 Kidney transplantation (KT) is
the treatment of choice for patients with end-stage kidney
disease. It is associated with improved survival and quality
of life compared with dialysis, but mineral bone disease
and fractures remain an issue after transplantation.4-6 Bone
loss after transplantation is not unique to kidney transplant
recipients (KTRs), and is seen in patients who receive
other solid-organ transplants.6

However, bone disease after KT is unique in its patho-
physiology because of its multifactorial contributors
such as pretransplant bone disease, immunosuppressive
medications, alterations in mineral metabolism, and
changes in the parathyroid−bone−kidney axis.7 In this
article, we review the epidemiology, pathophysiology,
fracture risk assessment, and evidence regarding treat-
ment of bone disease after KT.

EPIDEMIOLOGY

Bone mineral disorders and fractures are common in
KTRs. Many studies have shown a significant decrease
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in bone mineral density (BMD) in the first 6 months after
KT, followed by stabilization or improvement after the
first year.8-10 KTRs have a more than four-fold risk of
fractures compared with the general population, and a
higher risk in the first 3 years after KT compared with
patients on dialysis.11,12

Fractures in KTRs occur most commonly in periph-
eral locations, such as the ankle, and are associated with
increased mortality.12,13 Peripheral fractures are atypical
for osteoporotic fractures, which suggests that their pre-
dominance likely reflects a significant contribution from
renal osteodystrophy to fracture risk.7 However, more
recent data suggest that BMD loss and the incidence of
fractures in KTRs is lower than what has been reported
previously.14-17 That may be related to changes in
immunosuppression regimens combined with increased
screening for osteoporosis and treatment for patients
with fracture prevention therapies, as well as better man-
agement of hyperparathyroidism during CKD.17
PATHOPHYSIOLOGY

The pathophysiology of bone disease after KT involves
pre-existing renal osteodystrophy, immunosuppressive
medications, alterations in mineral metabolism, and
changes in the parathyroid−bone−kidney axis.7
Pretransplant Bone Disease

Bone disease before transplantation is associated with
hypocalcemia, hyperphosphatemia, 1,25-(OH)2 vitamin
D deficiency, and abnormalities in bone turnover rate,
likely related to parathyroid hormone (PTH). Figure 1
shows the normal physiology of the parathyroid−bone
−kidney axis, and Figure 2 shows changes in CKD.
Osteoporosis

Osteoporosis is characterized by bone fragility secondary
to low bone mass and disruption of bone microarchitecture.
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Figure 1. Normal physiology of the parathyroid−kidney−bone axis. Parathyroid hormone (PTH) stimulates phosphatu-
ria, calcium reabsorption, and 1,25-(OH)2 vitamin D activation by 1a-hydroxylase in the kidney. PTH also stimulates
calcium release from bone, bone resorption, and secretion of fibroblast growth factor 23 (FGF23) by osteocytes and
osteoblasts. FGF23 also stimulates phosphaturia but has an inhibitory effect on 1a-hydroxylase activity and PTH
secretion. 1,25-(OH)2 vitamin D inhibits PTH synthesis and stimulates bone resorption, FGF23 secretion, and intestinal
calcium and phosphate absorption. High serum calcium inhibits PTH secretion, while high phosphate stimulates PTH
secretion (not shown). Created with BioRender.com (Toronto, Canada).
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The diagnosis of osteoporosis is established by the occur-
rence of a fragility fracture or a T-score of 2.5 or less on
dual-energy X-ray absorptiometry (DXA). Osteoporosis
both before and after KT has been linked to an increased
risk of fractures in KTRs.18,19 Risk factors for osteoporosis
in the general population such as older age and glucocorti-
coid use are common in KTRs.20
Effects of Immunosuppression

Glucocorticoids (GCs) affect bone strength through
direct and indirect mechanisms. GCs increase osteoclas-
togenesis, reduce osteoblastogenesis, and increase apo-
ptosis of osteoblasts and osteocytes. GCs also decrease
calcium absorption and increase levels of receptor acti-
vator of nuclear factor-kB ligand, which results in
increases in bone-resorbing osteoclasts.21
GCs used for rejection treatment or maintenance immu-
nosuppression can have effects on bone health.22,23 One
study showed that each gram of GCs used for rejection
treatment was associated with a cumulative decline in tra-
becular density.22 For maintenance immunosuppression,
analysis of US Renal Data System data showed a 31%
reduction in fracture risk in patients on early corticosteroid
withdrawal (CSW) protocols.23 The effects of other immu-
nosuppressive agents on bone disease is not clear.24
Changes in Mineral Metabolism and Parathyroid
−Bone−Kidney Axis

Several changes in mineral metabolism and the parathy-
roid−bone−kidney axis occur after KT, related to the
kidney’s restored ability to excrete phosphate, increased
1a-hydroxylase activity, and restored effects of PTH



Figure 2. Parathyroid−kidney−bone axis in chronic kidney disease (CKD). In CKD, one of the earliest biomarkers of
mineral bone disorder is an increase in fibroblast growth factor 23 (FGF23) levels, likely as compensation for the
kidney’s reduced ability to excrete phosphorus. Increased FGF23 levels in combination with reduced kidney mass
result in lower 1a-hydroxylase activity, reduced 1,25-(OH)2 vitamin D levels, and less intestinal calcium absorption.
Hyperphosphatemia develops as CKD progresses despite the phosphaturic effects of FGF23 and parathyroid hormone
(PTH). Hypocalcemia, hyperphosphatemia, and low levels of 1,25-(OH)2 vitamin D stimulate PTH secretion. Hyper-
parathyroidism may have adaptive effects in the short term but chronically has maladaptive effects on bone health. Cre-
ated with BioRender.com (Toronto, Canada).
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and fibroblast growth factor 23 (FGF23) as shown in
Figures 3 and 4.21,25
Persistent hyperparathyroidism

PTH levels decrease after KT, although the magnitude of
decrease is variable across studies. The decrease in PTH
levels likely is owing to changes in calcium, phosphorus,
and 1,25-(OH)2 vitamin D levels.21,26 However, persis-
tent hyperparathyroidism (PHPT) is common after KT,
with a large prospective observational study reporting a
prevalence of PHPT of more than 80% in the first year
after KT in untreated patients. Although patients with
higher pretransplant PTH values (>300 pg/mL) experi-
enced a greater decrease in PTH levels compared with
patients with lower baseline PTH values (65-300 pg/
mL), the proportion of patients with PHPT was the same
in both groups. The mean PTH levels in both groups
remained increased at 12 months after KT.21

Higher PTH levels in KTRs are associated with
decreased BMD at the total hip and femoral neck.22 A
study evaluating high-resolution peripheral quantitative
computed tomography (HRpQCT), a new imaging
modality that can provide three-dimensional images to
better assess cortical and trabecular bone, showed that
PTH had different associations with cortical and trabecu-
lar bone. Higher PTH levels in KTRs are associated with
lower cortical area and thickness, while both PTH levels
less than 100 and greater than 140 pg/mL were associ-
ated with decreased trabecular bone density.22

Pretransplant PTH levels do not correlate with the ear-
lier-described findings. The bimodal nature of the associ-
ation between post-KT PTH levels and fracture risk may
reflect that both high- and low-turnover states are associ-
ated with fracture risk.26,27 At this time, the goal PTH
levels after KT to improve bone health and reduce frac-
ture risk remain unknown.22
FGF23 levels after transplantation

FGF23 is a hormone secreted by mature osteoblasts and
osteocytes that regulate phosphorus homeostasis.28 Its pri-
mary function is mediated by the receptor complex (Klotho
−FGF-receptor-1c), which is present on parathyroid chief



Figure 3. Parathyroid−kidney−bone axis after kidney transplantation (KT). After KT, the allograft has increased 1a-
hydroxylase activity, is able to excrete phosphorus more efficiently, and is more responsive to parathyroid hormone
(PTH) and fibroblast growth factor 23 (FGF23). FGF23 and PTH levels decrease after KT, but PTH levels frequently
remain above the normal range. Persistent hyperparathyroidism in this setting results in hypophosphatemia and
increased bone resorption. Persistent hyperparathyroidism combined with increased 1,25-(OH)2 vitamin D levels and
increased intestinal calcium absorption results in hypercalcemia. Created with BioRender.com (Toronto, Canada).
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cells and kidney proximal tubular cells.29 It suppresses the
expression of the sodium phosphate transporters in the
proximal tubule, resulting in phosphaturia, and reduces lev-
els of 1,25-(OH)2 vitamin D by suppressing 1a-hydroxy-
lase and activating 24-hydroxylase.25,29 Its secretion is
stimulated by PTH, and through a feedback loop FGF23
reduces PTH expression and secretion (Fig. 1).30 There is
limited evidence from animal models that increased dietary
phosphate intake and increased serum inorganic phospho-
rus levels may be associated with increased FGF23 levels.31
Figure 4. Illustration of average changes in parathyroid hormo
(OH)2 vitamin D levels after kidney transplantation compared
et al.21 Created with GraphPad Prism 8.4.3. (Graphpad Softw
Recent evidence has shown that iron deficiency and eryth-
ropoietin also play a role in the regulation of FGF23 pro-
duction and cleavage.32

FGF23 levels increase early in the course of CKD,
likely as compensation for the kidney’s reduced ability
to excrete phosphorus.28,33 After KT, FGF23 levels
decrease rapidly despite PHPT.21 In KTRs, increased
FGF23 levels have been associated with lower serum
phosphate and 1,25-(OH)2 vitamin D levels, but do not
seem to correlate with bone biopsy findings.21,34
ne (PTH), fibroblast growth factor 23 (FGF23), and 1,25-
with pretransplant levels. Data for graph based on Wolf
are, San Diego, CA)



Table 1. Risk Factors Associated With Fractures After Kidney
Transplantation

Pretransplant risk factors
Age, >50 y
Female
BMI <18
Diabetes mellitus, types 1 and 2
Diabetic nephropathy as cause of ESKD
Pretransplant dialysis
Longer time on dialysis
Pretransplant osteopenia and osteoporosis
Hospitalization for fracture before transplant

Transplant risk factors
Deceased donor kidney transplant
Post-transplant osteopenia and osteoporosis
Proton pump inhibitor use
Reduced physical activity
Low peritransplant levels of 1,25-(OH)2 vitamin D
PTH levels >130 pg/mL at 3 months after KT
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Vitamin D levels after transplantation

Studies have shown that 25-OH vitamin D levels remain
unchanged or decrease slightly after KT compared with
pretransplant levels.21,26 Studies have shown that 25-OH
vitamin D deficiency is common in KTRs, with one study
reporting 29% of KTRs having levels less than 10 ng/
mL.35 Lower levels of 25-OH vitamin D are associated
with delayed mineralization on bone biopsy in KTRs.34

1,25-(OH)2 vitamin D absolute levels increase signifi-
cantly after KT, likely secondary to increased activity of
1a-hydroxylase.21,26 Studies have not shown a correla-
tion between 1,25-(OH)2 vitamin D levels and bone
biopsy findings, but lower peritransplant levels of 1,25-
(OH)2 vitamin D (<7.5 ng/L) have been associated with
fractures after KT.26,34
Corticosteroid-based maintenance immunosuppression
Cumulative glucocorticoid dose

Abbreviations: BMI, body mass index; ESKD, end-stage kidney
disease; KT, kidney transplantation; PTH, parathyroid hormone.
Calcium homeostasis after transplantation

Calcium levels increase significantly after KT, likely
related to increased 1a-hydroxylase activity, PHPT, and
allograft responsiveness to PTH. Hypercalcemia is most
prevalent and mean calcium levels peak approximately 2
to 3 months after KT.21 Patients with increased pretrans-
plant PTH levels are more likely to develop hypercalce-
mia after KT.21,34
Phosphorus homeostasis after transplantation

Phosphorus levels decrease rapidly after KT, reaching a
nadir approximately 4 weeks after KT, after which levels
begin to increase.21,26 Patients with significantly
increased PTH levels (>300 pg/mL) develop more hypo-
phosphatemia after KT compared with patients with
lower levels of PTH.21 The decrease in phosphorus lev-
els likely is related to improved glomerular filtration rate
(GFR), PHPT, and allograft responsiveness to PTH and
FGF23. Lower phosphorus levels are associated with
bone biopsy findings of delayed mineralization in
KTRs.34
Fracture risk assessment

The available tools to assess fracture risk include clinical
information, laboratory studies, noninvasive imaging,
and bone biopsy. Clinical risk factors associated with
increased fracture risk in KTRs are shown in Table 1.11-
13,18,19,22,23,26,27,36-38
The World Health Organization Fracture Risk
Assessment Tool

The Fracture Risk Assessment Tool (FRAX; World
Health Organization, Geneva, Switzerland) estimates the
10-year risk of osteoporotic fractures in the general pop-
ulation. It initially was thought to not be useful in pre-
dicting fracture risk in KTRs because of the different
pathophysiology of bone disease compared with the gen-
eral population. However, initial data suggest that the
FRAX score correlates well with observed rates of frac-
tures in KTRs and further studies are warranted to vali-
date this score in KTRs.39
PTH, vitamin D, and bone turnover biomarkers

There is no strong evidence that pretransplant PTH lev-
els correlate with bone turnover markers or fracture risk
after KT, and therefore they should not be used as part of
the fracture risk assessment.22,40 As discussed earlier,
the relationship between PTH after KT and fracture risk
may be bimodal, but it is clear that PTH values greater
than 130 pg/mL at 3 months after KT, as well as
lower peritransplant levels of 1,25-(OH)2 vitamin D
(<7.5 ng/L), are associated with an increased risk of
fracture after KT.26,27

Several bone turnover markers have been evaluated in
the post-KT setting. Higher PTH levels in KTRs were
associated with increased levels of several bone turnover
markers, including bone-specific alkaline phosphatase,
procollagen of type 1 N-terminal propeptide, and colla-
gen type 1 cross-linked C-telopeptide (CTX-1). The lev-
els of most bone turnover markers tend to decrease in the
first 3 months after KT.21 There was no significant asso-
ciation between bone turnover marker levels and bone
loss on DXA, but higher bone turnover marker levels
have been associated with decreases in cortical area,
thickness, and density on HRpQCT.22 Bone-specific
alkaline phosphatase and CTX-1 levels also have been
shown to correlate with biopsy findings of increased
turnover and bone resorption, respectively, in KTRs.34,41

However, there is no evidence at this time that bone turn-
over markers (especially CTX-1, procollagen of type 1
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N-terminal propeptide) help predict fracture risk in
KTRs.26 Sclerostin is a bone anti-anabolic protein that
currently is being evaluated as a biomarker of bone dis-
ease in KTRs.42
Noninvasive Imaging

A DXA scan is a useful imaging modality that measures
BMD and helps diagnose osteoporosis. The T-score at
the femoral neck has been shown to decrease after KT,
but does not seem to correlate with bone biopsy
findings.26,43 There is evidence from retrospective stud-
ies that osteopenia and osteoporosis are associated with
increased fracture risk in KTRs.19 Important limitations
to DXA imaging include that it provides a two-dimen-
sional image and cannot differentiate between high- and
low-turnover states.

Trabecular bone score (TBS) is a new method to eval-
uate trabecular microarchitecture using a gray-scale tex-
tural analysis of DXA images that has been shown to
predict osteoporotic fractures in postmenopausal women
independently of BMD.44,45 Recent data suggest it may
be a useful noninvasive measure of bone strength in
KTRs and that it can reclassify KTRs with normal BMD
as being at increased risk for fractures.46 Older age and
pre-KT dialysis are associated with lower TBS scores at
baseline. A proposed reason for the discrepancy between
DXA and TBS, despite both being derived from the
same images, is that vascular calcifications affect DXA
but not TBS.46 TBS in combination with the FRAX score
may be helpful in predicting fracture risk in KTRs, but
has yet to be validated in this population.47

HRpQCT is a new imaging modality that can provide
three-dimensional imaging of bones and has shown changes
in trabecular and cortical bone in KTRs. It has been incorpo-
rated into many studies looking at bone disease in KTRs.
Although promising, it remains a research tool and is not
widely available for clinical use at this time.22
Bone Biopsy

Bone biopsy is the gold standard for identifying the histo-
pathology underlying bone disease. Although the static
parameters (eg, trabecular number and thickness) that it
provides may be replaced by the earlier-mentioned imag-
ing methods, biopsy remains the only tool able to evalu-
ate bone formation and mineral opposition rates.44

Studies looking at bone biopsy specimens in KTRs have
shown that they are abnormal in the majority of patients.
It was initially thought that most KTRs have low bone
turnover disease on biopsy, but this has not been consis-
tent across studies.34,48,49 There are no studies that have
evaluated the correlation between bone biopsy findings
and fracture risk. Because of its invasive nature and lim-
ited expertise in histomorphometry, bone biopsy is not
performed routinely in assessing bone disease in KTRs.24
PREVENTION AND TREATMENT

The Kidney Disease: Improving Global Outcomes 2017
guidelines recommend considering treating KTRs with
vitamin D, calcitriol, alfacalcidol, or antiresorptive
agents in the first 12 months after KT if they have low
BMD and an estimated GFR greater than 30 mL/min per
1.73 m2. They suggest using phosphorus, calcium, PTH,
and vitamin D levels to guide treatment, but do not pro-
vide more specific recommendations.50 Here, we provide
a review of the data behind the use of different preven-
tive and treatment strategies for bone disease in KTRs.
Pretransplant Mineral Bone Disorder Management

A recent retrospective study showed that KTRs in more
recent years had a lower fracture risk and were more
likely to have pre-KT 25-OH vitamin D levels greater
than 30 mg/L and pre-KT PTH in the range of two to
nine times the upper limit of normal.40 Based on that and
the Kidney Disease: Improving Global Outcomes 2017
guidelines, it is reasonable to target 25-OH vitamin D
levels greater than 30 mg/L and a PTH level between
two and nine times the upper limit of normal.40,50
Reducing Glucocorticoid Use

The effects of various CSW protocols on BMD and frac-
ture risk have shown different degrees of improvement
across studies. For early CSW, one randomized clinical
trial (RCT) showed that it was associated with a signifi-
cant increase in BMD at the lumbar spine (LS) compared
with the corticosteroid maintenance (CSM) protocol,
while a more recent single-arm observational study
showed it was associated with stable BMD in the central
skeleton, but decreased BMD in the peripheral
skeleton.22,51 For late CSW, RCTs have shown that it is
associated with an increase in BMD at the LS and total
hip compared with the CSM protocol.52,53 The discrep-
ancies seen between some of the early CSW studies may
be owing to the data being focused on BMD at the cen-
tral skeleton and a reduction in the total amount of ste-
roids used post-transplantation over time.

An analysis of 7 years of US Renal Data System data
showed a 31% fracture risk reduction in KTRs on early
CSW protocols.23 Early CSW are appealing for the pre-
vention of bone disease after KT, but cannot be used in
all KTRs, especially in patients at high risk for allograft
rejection.
Vitamin D and Its Analogs

Vitamin D is known to have effects on bone mineraliza-
tion, intestinal absorption of calcium and phosphate, pro-
teinuria, and the immune system.54 There are no
placebo-controlled RCTs evaluating the effects of chole-
calciferol or calcitriol supplementation on BMD or
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fracture risk. In a trial comparing calcitriol with alendro-
nate in KTRs, both groups had a statistically significant
increase in BMD at 12 months, but there was no statisti-
cally significant difference between the two groups.55

Paricalcitol is a vitamin D−receptor agonist similar to
calcitriol that has less of a stimulatory effect on intestinal
calcium and phosphate absorption.56 In a cross-over
RCT, paricalcitol treatment was associated with a sig-
nificant reduction in PTH and bone turnover marker
levels, and a small increase in LS BMD compared
with no treatment. The study also found a small reduc-
tion in proteinuria and estimated GFR during parical-
citol treatment, which was thought to be related to
either increased generation or reduced tubular secre-
tion of creatinine as opposed to a true reduction in
GFR.57 More studies are needed to determine the
effects of paricalcitol on fracture risk, GFR, and long-
term allograft outcomes.
Anabolic agents

Teriparitide is a recombinant human PTH that has ana-
bolic effects on the human skeleton and has been shown
to increase BMD and reduce fracture rates in postmeno-
pausal women.58 One small RCT randomized 26 KTRs
to receive daily subcutaneous teriparatide injections for
6 months versus placebo. Both groups received calcium
and vitamin D supplementation. The results showed
that BMD at the femoral head decreased in the placebo
group but remained stable in the teriparatide group.
However, there were no differences in the BMD at LS
and distal radius/ulna or histomorphometric parameters
between the two groups. The risk of fracture was not
evaluated in the study.49 At this time, the role of teri-
paratide in treating bone disease in KTRs remains
unclear.
Calcimimetics

Cinacalcet inhibits PTH secretion by increasing the sen-
sitivity of the calcium-sensing receptor to calcium in the
parathyroid glands. One RCT of 114 KTRs with PHPT
and hypercalcemia comparing cinacalcet with placebo
showed that patients in the cinacalcet group had a statis-
tically significant decrease in corrected calcium and
PTH levels compared with the placebo group, but the
effect disappeared when cinacalcet was discontinued for
4 weeks. There was no significant difference in BMD
change between the two groups. Fracture risk was not
assessed in the study.59

Another RCT that randomized 30 patients to subtotal
parathyroidectomy or cinacalcet found that patients who
had a subtotal parathyroidectomy were more likely to be
normocalcemic, had a greater reduction in PTH levels,
and an increase in femoral neck BMD than patients
treated with cinacalcet.60 More studies are needed to
determine the long-term effects of cinacalcet on bone
health and fracture risk in KTRs. At this time, cinacalcet
is not approved for the treatment of hyperparathyroidism
in KTRs but is considered clinically in patients with per-
sistent hypercalcemia owing to increased PTH after
transplantation.50
Denosumab

Denosumab is a monoclonal antibody against receptor
activator of nuclear factor-kB ligand that decreases bone
resorption and has been shown to be effective in increas-
ing BMD and reducing fractures in postmenopausal
women.61,62 One advantage of denosumab is that it is
not cleared by the kidney and can be used safely in
patients with reduced estimated GFR without an
increased risk of adverse events.62-64 However, a risk
of rebound fractures has been reported when denosu-
mab is discontinued, so switching to a bisphosphonate
after denosumab discontinuation is frequently per-
formed.65 One open-label RCT comparing denosumab
with placebo in KTRs showed that denosumab treat-
ment was associated with an increase in BMD at the
LS and total hip and lower bone turnover marker lev-
els compared with the control group. Urinary tract
infections, diarrhea, and asymptomatic hypocalcemia
were more common in the denosumab group. The
study did not assess fracture risks.66 Denosumab is a
promising treatment for bone disease in KTRs, but
studies evaluating its effect on fracture risk in these
patients are needed.
Bisphosphonates

Bisphosphonates are antiresorptive agents that inhibit
osteoclast farnesyl pyrophosphate synthase, resulting in
osteoclast apoptosis and reduced bone resorption.7,43

Several trials evaluating the efficacy of different
bisphosphonates in KTRs have been performed and are
summarized in Table 2.14,43,55,67-77 The trials listed
showed that bisphosphonates were not associated with
adverse allograft outcomes in KTRs with an estimated
GFR greater than 30 mL/min per 1.73 m2. Most trials
showed that bisphosphonates were associated with sta-
ble or improved BMD at various sites, although they
may not have much additional benefit in patients
already on calcium and vitamin D supplementation.
Different studies have shown variable outcomes in
terms of risk of adynamic bone disease (ABD). One
study reported that all patients on pamidronate devel-
oped ABD, while another study reported no new cases
of ABD in patients on risedronate. Several studies also
showed a nonsignificant trend toward reduced fracture
risk in KTRs. Trials powered to detect a difference in
fracture risk and evaluating the risk of ABD in KTRs
are needed.14,43,55,67-77



Table 2. Randomized Controlled Trials of Bisphosphonates in Kidney Transplant Recipients

Study Subjects, n Treatment in Both Groups Additional
Treatment

Follow Up
Period,
mo

Findings Notes

Kovac et al75 12 PO calcium carbonate 2,000 mg/d
and calcitriol 0.25 mg/d

PO alendronate 10
mg/d

6 Patients in alendronate group had an increase
in LS BMD at 6 months, while patients in the
control group had a decrease in LS BMD
However, LS BMD at 6 months was not signifi-
cantly different between the two groups

Small sample size
Open-label study
No description of randomization
Fracture risk not evaluated

Giannini et al76 40 First 12 months: PO calcium
980 mg/d (dietary)
Last 12 months: PO calcium
carbonate 500 mg/d and calci-
triol 0.5 mg/d

PO alendronate
10 mg/d (started
at 12 months)

24 Patients in alendronate group had a statistically
significant increase in BMD at the spine, FN,
and total femur compared with control group
BTMs decreased significantly in alendronate
group, but did not change significantly in con-
trol group

Small sample size
Open-label study
Patients were followed up for 12
months before and after alendr-
onate initiation

Jeffrey et al55 117 1,000 mg of dietary calcium plus
PO calcium carbonate 500 mg/d

PO alendronate
10 mg/d versus
PO calcitriol 0.25
mg/d

12 Each group had a significant increase in LS and
femur BMD compared with pretreatment
BMD, but there was no difference in the BMD
increase between the two groups

Open-label study
Significant difference in baseline
eGFR and time from transplan-
tation between the two groups

Grotz et al70 80 PO 1,000 mg dietary calcium or
calcium 500 mg supplement
daily (if unable to tolerate dairy)
PO cholecalciferol 10,000 IU if
25-OH vitamin D level <15 ng/
mL

IV ibandronate
(1 mg before KT
and 2 mg at 3, 6,
and 9 months after
KT)

12 Patients in ibandronate group had a higher BMD
at the LS, FN, and midfemoral shaft compared
with control group
One vertebral and one arm fracture occurred
in each group
Less incidence of acute rejection in ibandro-
nate group but no difference in graft function
at 12 months

All patients were on cyclosporine

Smerud et al74 129 PO calcitriol 0.25 mg/d and cal-
cium 500 mg twice daily

IV ibandronate 3 mg
every 3 months for
12 months

12 Compared with placebo group, treatment with
ibandronate was associated with improved
BMD at the femur and ultradistal radius, and
lower levels of P1NP, OC, and BALP
There was no difference in LS BMD between
the two groups One vertebral fracture was
reported in each group

Walsh et al67 125 PO calcium carbonate 500 mg
and cholecalciferol 400 IU/d

IV pamidronate
1 mg/kg (perioper-
atively then at 1, 4,
8, and 12 months
post-KT)

24 Patients in the pamidronate group had a signifi-
cant increase in BMD at the LS and TH com-
pared with the control group, in which BMD
decreased in both
There were no differences in FN BMD or lev-
els of BALP or CTX-1
Two fractures occurred in pamidronate group
and 6 in control group

All patients were on cyclosporine

Torregrosa et al69 39 PO calcium 1,000 mg and chole-
calciferol 800 IU/d

IV pamidronate
30 mg (one dose
at 7-10 days then
a second dose 3
months after KT)

12 Patients in the pamidronate group had stable
BMD at the LS, while the control group had a
statistically significant decrease in LS BMD
There were no differences in fracture inci-
dence or in BMD at the FN or TH between the
two groups

Small sample size
All patients had osteopenia and
were on cyclosporine

Coco et al73 72 PO calcitriol and calcium (doses
not reported)

IV pamidronate
60 mg within
48 hours of KT

12 Treatment with pamidronate was associated
with less decrease in LS BMD but no signifi-
cant difference in TH BMD or BTMs compared

Not placebo controlled
More women and patients with

(continued on next page)
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Table 2 (Continued)

Study Subjects, n Treatment in Both Groups Additional
Treatment

Follow Up
Period,
mo

Findings Notes

followed by 30 mg
at 1, 2, 3, and 6
months

with control group
ABD was present in 50% of all patients at
baseline
At 6 months, 100% of patients in pamidronate
group had ABD compared with 50% in control
group
One vertebral fracture occurred in pamidro-
nate group and two occurred in control group

GN as etiology of ESKD in
pamidronate group

Torregrosa et al68 101 PO calcium carbonate 1,500 mg
and cholecalciferol 400 IU/d

PO risedronate
35 mg/wk (dura-
tion not specified)

12 Patients in the risedronate group had a higher
LS BMD at all points and a higher FN BMD at
6 months only compared with the control
group
Four vertebral fractures occurred in risedro-
nate group and six in control group

Open-label study
Findings at LS confounded by
significantly lower baseline LS
BMD in control group

Coco et al43 42 PO calcitriol 0.25 mg/d PO risedronate
35 mg/wk for 12
months

12 There were no differences in BMD or BTMs
between the two groups overall
Risedronate treatment was associated with a
decrease in bone activity on biopsy but no
patients developed ABD
Two vertebral fractures occurred in risedro-
nate group and none in control group
The effect of risedronate on BMD and bone
activity on biopsy may differ between men and
women

Small sample size
More women and higher BMI in
control group

Haas et al71 20 PO calcium citrate 1,000 mg/d IV zoledronic acid
4 mg (first dose
within 2 weeks
and second dose
at 3 months)

6 Patients in zoledronic acid group had a signifi-
cant increase in LS and stable FN BMD, while
control group had a significant decrease in
both LS and FN BMD

Small sample size

Schwarz et al77 20 PO calcium citrate 1,000 mg/d for
the first 6 months

IV zoledronic acid
4 mg (first dose
given 2 weeks and
second dose 3
months after KT)

36 Each group had a significant increase in FN
BMD at 3 years compared with 6 months, but
there was no significant difference in the BMD
increase between the two groups
There was no statistically significant differ-
ence in LS BMD or levels of BTMs between
the two groups at 3 y

Small sample size
All patients were on
cyclosporine

Marques et al14 32 PO cholecalciferol 50,000 IU/mo IV zoledronic acid
5 mg (one dose at
the time of KT)

12 Patients in zoledronic acid group had a signifi-
cant increase in LS and FN BMD by DXA
compared with control group There was no
significant difference in the incidence of ABD
or levels of BALP and sclerostin between the
two groups

Small sample size
Living donor KTRs only
Fracture risk not evaluated

Abbreviations: ABD, adynamic bone disease; BALP, bone-specific alkaline phosphatase; BMD, bone mineral density; BMI, body mass index; BTM, bone turnover marker; CTX-1, collagen
type 1 cross-linked C-telopeptide; DXA, dual-energy X-ray absorptiometry; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; FN, femoral neck; GN, glomerulone-
phritis; IV, intravenous; KT, kidney transplantation; KTR, kidney transplant recipient; LS, lumbar spine; OC, osteocalcin; PO, orally; P1NP, procollagen of type 1 N-terminal propeptide; TH,
total hip.
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CONCLUSIONS

Bone disease after KT is the result of pretransplant renal
osteodystrophy and post-transplant bone loss related to
multiple factors including glucocorticoid use and PHPT.
Risk scores, bone turnover markers, and noninvasive
imaging modalities have been studied in an attempt to
risk-stratify the KTR risk for fractures, but these only
partially help in predicting fracture risk. Wide practice
variation exists in whom to obtain DXA imaging and in
the frequency of testing.78 At this time, there is insuffi-
cient high-quality data to make evidence-based recom-
mendations about the timing and frequency of
monitoring BMD and PTH levels after kidney transplan-
tation. Further studies are needed to validate an accurate
fracture risk prediction tool to help guide management.
Several studies have evaluated regimens for the treat-
ment and prevention of post-KT bone disease. Denosu-
mab, bisphosphonates, and active vitamin D analogs
have shown improvement in BMD, but no improvement
in fracture risk, although many studies likely were under-
powered to evaluate their effects on fracture risk. Further
research is needed to evaluate the efficacy of these treat-
ment options on fracture prevention.

Based on the limited available evidence, we recom-
mend measurement of PTH, phosphorus and 25-OH vita-
min D levels at 3 months after KT. We also recommend
DXA imaging in the first 6 months after KT in patients
at higher risk for fractures including patients on CSM
immunosuppression regimens, those treated for rejec-
tion, those with PTH levels greater than 130 pg/mL, or
with pretransplant osteopenia or osteoporosis. We do not
routinely recommend bone biopsy given its invasive
nature and lack of evidence that it correlates with frac-
ture risk in KTRs. Bone biopsy can be considered in
patients with recurrent fractures.

We recommend treatment of pretransplant renal
osteodystrophy targeting a PTH level of two to nine
times the upper limit of normal in addition to post-trans-
plant 25-OH vitamin D supplementation to a target level
greater than 30 mg/L and minimizing GC exposure
because these interventions may be associated with
improved BMD and reduced risk of fracture. In patients
who develop post-transplant fractures or osteoporosis on
DXA imaging, we recommend targeting PTH levels
less than 130 pg/mL with active vitamin D analogs or
cinacalcet, depending on serum calcium levels, and
consideration of treatment with a bisphosphonate or
denosumab.
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