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Abstract The prevention and treatment of osteoporosis is an
increasingly important topic in the solid organ transplant
(SOT) population. Compared to the general population, these
patients are at an elevated risk of developing osteoporosis due
to progressive disease, lifelong immunosuppressant therapy,
and malnutrition. As patients live longer after transplant,
chronic disease management is increasingly more important.
Supplementation with calcium and vitamin D is often neces-
sary in the SOT population due to a high incidence of vitamin
D deficiency. Bisphosphonate therapy is most commonly used
for prevention and treatment of osteoporosis, but therapy can
be limited by renal dysfunction which is common in transplant
recipients. Alternative agents such as teriparatide and calcito-
nin have not been shown to provide a significant impact on the
rate of fractures in this population. Additionally, denosumab
may be a promising treatment option due to its novel mecha-
nism of action, and is currently being studied in renal trans-
plant patients. Timely initiation of supplementation and treat-
ment, and minimizing glucocorticoid exposure prior to and
after transplantation will aid in the prevention and proper man-
agement of osteoporosis in these patients.
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Introduction

Solid organ transplantation has progressed tremendously since
the 1950s and is now considered a viable treatment option for
many end organ disease states. Advances in surgical tech-
niques and pharmacologic treatment have dramatically im-
proved 1-year graft survival to greater than 80 % across many
transplant types [1]. As patients live longer after transplanta-
tion, the adverse effects of lifelong immunosuppression are
becoming more apparent. Transplant-associated osteoporosis
is one complication that has increased concomitantly with the
increase in post-transplant life expectancy. In fact, the risk of
osteoporosis in the solid organ transplant (SOT) population
has been shown to be greater than five times that of the general
population [2]. Although the highest rate of bone loss is seen
within the first year following transplantation, the burden of
this disease has become more apparent as patients age and
their cumulative exposure to immunosuppressant therapy in-
creases [3, 4].With this increasing burden comes a demand for
therapy to prevent and treat this debilitating disease. This re-
view will investigate the pathogenesis of osteoporosis in the
adult solid organ transplantation population and discuss the
current and potential treatment options.

Pre-transplant risk factors

Often, patients who present for transplant workup have some
degree of baseline osteoporosis or osteopenia due to the path-
ophysiology of their chronic disease process. In postmeno-
pausal women and men 50 years of age and older, osteoporo-
sis is defined as a T-score of ≤−2.5, and low bone mass, or
osteopenia, is defined as a T-score between −1.0 and −2.5
measured at the femoral neck with dual-energy X-ray absorp-
tiometry (DXA). For premenopausal women, men less than
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50 years old, and children, Z-scores are used to define osteo-
porosis, where a Z-score of ≤−2 is described as below the
expected range for age, and a Z-score >−2 as within the ex-
pected range for age [5]. Abnormal bone formation and re-
sorption markers have been observed in patients suffering
from end-stage liver disease, and consequently, osteopenia
or osteoporosis has been reported in up to 73 % of liver trans-
plant candidates [4, 6]. Altered bone metabolism in patients
with chronic kidney disease (CKD) is complex and can be
attributed to altered hormonal levels, including parathyroid
hormone (PTH), electrolyte abnormalities, including
hyperphosphatemia and hypocalcemia, as well as vitamin D
deficiency and an increase in pro-inflammatory markers.
These dynamic processes result in alterations of bone resorp-
tion and turnover rates to varying degrees, placing dialysis
patients at an increased risk for developing fractures (Fig. 1)
[7]. The risk factors that predispose heart and lung transplant
patients to osteoporosis are associated with the pathophysiol-
ogy and treatment of congestive heart failure (CHF) and cystic
fibrosis (CF), respectively. Both populations may suffer from
hypogonadism, while CF patients likely have impaired calci-
um and vitamin D absorption. These factors contribute signif-
icantly to the osteopenia or osteoporosis that has been reported
in as many as 66 % of lung transplant candidates and 31 % of
heart transplant candidates [4, 8].

In addition to pathophysiologic changes that occur in pa-
tients with end-stage organ diseases, lifestyle and pharmaco-
logic risk factors are also present prior to transplant, contrib-
uting substantially to the risk of osteoporosis. Exposure to
both alcohol and nicotine are two important risk factors for
osteoporosis largely present in the liver and lung transplant
populations. Additional risk factors that exist for these popu-
lations include malnutrition and vitamin D deficiency, as well

as low body weight and extensive corticosteroid exposure,
especially in lung transplant candidates. Kidney transplant
patients may also be exposed to calcineurin inhibitors for
management of primary kidney disease such as glomerulone-
phritis prior to transplant, contributing to their osteoporosis
risk. Transplant candidates as a whole are likely to be of older
age, postmenopausal, suffer from some degree of immobility
and malnutrition, and have kidney dysfunction as a result of
other organ dysfunction (i.e., hepatorenal syndrome, conges-
tive heart failure). All of these factors put these patients at risk
for osteoporosis prior to transplant and contribute to their risk
of developing osteoporosis post-transplantation as well [4, 8].

Post-transplant risk factors

Regardless of which organ-specific factors are present prior to
transplant, the SOT population as a whole is at an elevated risk
for developing osteoporosis post-transplantation due to both
non-pharmacologic and pharmacologic reasons. Postopera-
tively, patients may be recovering in the hospital for weeks
to months and therefore immobile for an extended period of
time. Consequences of the surgery itself can result in acute or
chronic renal dysfunction, contributing to the risk of osteopo-
rosis due to altering the dynamic PTH, vitamin D, and calcium
equilibrium. With decreased kidney function, hypocalcemia
can occur as a result of phosphate retention and calcium-
phosphate precipitate formation as well as poor conversion
of vitamin D to its active form, 1,25-OH2-D. Hypocalcemia
leads to an increase in PTH secretion causing an increase in
osteoclast activity and bone resorption in an effort to increase
serum calcium levels.

Immunosuppressant agents, particularly glucocorticoids
and calcineurin inhibitors, play a dominant role in the devel-
opment of post-transplant osteoporosis. Treatment is recom-
mended for the prevention of osteoporosis in patients of any
age who have at least 3 months of anticipated steroid use at a
daily dose of prednisone 5 mg or higher [5, 9]. Transplant
recipients are specifically at an increased risk within the first
6 months post-transplant, when steroid doses are typically the
highest. Glucocorticoids induce bone disease directly by de-
creasing osteoblast production, inducing osteoblast apoptosis,
and promoting osteoclastogenesis through the receptor activa-
tor of nuclear factor-ĸB ligand (RANKL) system, resulting in
reduced bone formation and accelerated bone breakdown. In
addition, indirect effects of glucocorticoids including de-
creased intestinal calcium absorption and increased renal
wasting, as well as reduced gonadal function contribute to
the acute bone loss seen with high steroid use [3, 4]. The
calcineurin inhibitors cyclosporine and tacrolimus are the cor-
nerstone of immunosuppression in SOT recipients and have
likewise been associated with bone loss. Rat models have
demonstrated an increase in bone loss with these agents,

Fig. 1 Risk factors and bone formation. Illustrates the bone metabolism
cycle and the relationship with risk factors for osteoporosis present in the
solid organ transplant population. PTH parathyroid, RANKL receptor
activator of nuclear factor-ĸB ligand; green arrows represent increased
effect/activity and red represent decreased effect/activity

1426 Osteoporos Int (2016) 27:1425–1440



especially cyclosporine, caused by high-turnover osteoporo-
sis. The true impact of these agents on human bone formation
has been difficult to ascertain due to the fact that these medi-
cations are most commonly used in combination with gluco-
corticoids [3, 4]. In addition to a potential direct effect on bone
metabolism, nephrotoxicity caused by calcineurin inhibitors
can indirectly potentiate a patient’s osteoporosis risk by caus-
ing secondary hyperparathyroidism. Because of the high risk
transplant patients are at for bone loss, routine bone mineral
density (BMD) monitoring is recommended for each group of
patients depending on the transplant type (Table 1).

Treatment

Treatment guidelines specific to transplant recipients based on
organ type address osteoporosis and provide recommenda-
tions for each patient population. The summary of these
guidelines are shown in Table 2. As a whole, the guidelines
recommend supplementation with calcium (1000–1200 mg/
day) to achieve the recommended daily intake and vitamin D
(400–1000 IU/day) as necessary to maintain serum
hydroxyvitamin D >30 ng/mL. The International Society for
Heart and Lung Transplantation (ISHLT) guidelines provide
the most aggressive recommendation surrounding anti-
resorptive therapy in recommending its use in all heart trans-
plant patients for at least 1 year post-transplant [10]. The
American Association for the Study of Liver Diseases

(AASLD) guidelines reserve the recommendation to start
bisphosphonates for patients with osteoporosis or osteopenia,
as evidenced by T-score ≤−2.5 or T-score between −1.5 and
−2.5 with other risk factors [11]. The Kidney Disease Improv-
ing Global Outcomes (KDIGO) and the National Kidney
Foundation’s Kidney Disease Outcomes Quality Initiative
(KDOQI) have more complex recommendations due to the
fact that BMD does not predict the type of bone disease pres-
ent post-kidney transplant, nor does it accurately predict the
fracture risk in patients with stages 4–5 CKD compared to the
general population. Only patients with GFR >30 mL/min/
1.73 m2 and T-score consistent with osteopenia or osteoporo-
sis are recommended to consider using bisphosphonates with-
in the first year post-transplant [12, 13]. This recommendation
is most rigorous in the kidney transplant population because
patients with CKD are at an elevated risk of fractures due to
low bone mineral density on top of an underlying metabolic
bone disease that may be present. These patients may have a
high bone turnover bone disease due to secondary hyperpara-
thyroidism, or a low bone turnover, adynamic, bone disease.
Measurement of serum PTH and alkaline phosphatase can
help to distinguish whether a high or low bone turnover dis-
ease is present, but bone biopsy is currently the best way to
make this distinction and therefore remains the gold standard
for diagnosis. Because bone biopsies are rarely conducted in
clinical practice, bisphosphonates are not currently recom-
mended for use in patients with GFR <30 mL/min/1.73 m2

due to the risk of initiating treatment in a patient with

Table 1 Bone mineral density (BMD) screening guidelines

Pre-transplantation Post-transplantation

ISHLT [10] DXA of lumbar spine and femoral neck DXA of proximal femur and lumbar spine 1 year post-transplant

Reasonable to perform spine radiographs
to detect existing fractures

Annual DXA scans in patients receiving corticosteroids and/or
bisphosphonate therapy

Normal BMD: Repeat DXA in 3 years

Osteopenia: Repeat DXA in 2 years

Perform bone radiographs if any clinical suggestion of fracture

AASLD [11] No specific screening recommendations Normal BMD: DXA every 2–3 years for the first 5 years

Osteopenia: DXA annually for the first 5 years

Assess for risk factorsa if osteopenia/osteoporosis is confirmed or
atraumatic factors are present.

Screening beyond 5 years depends on BMD progression and the presence
of risk factors

KDIGO [12] No specific screening recommendations Measure BMD in patients with eGFR >30 mL/min/1.73 m2 within first
3 months post-transplant if they receive corticosteroids or have risk
factorsa for osteoporosis

Patients with stage 4–5 T CKD, routine BMD testing is not recommended

Reasonable to consider a bone biopsy to guide treatment, specifically before
the use of bisphosphonate

ISHLT International Society for Heart and Lung Transplantation,AASLDAmericanAssociation for the Study of Liver Diseases,KDIGOKidney Disease
Improving Global Outcomes, DXA dual-energy x-ray absorptiometry
a Risk factors include calcium intake, 25(OH)D levels, gonadal function, thyroid function, concomitant medications, and thoracolumbar radiography
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adynamic bone disease. Initiating anti-resorptive therapy in a
patient with adynamic bone disease would only further de-
crease the rate of bone turnover and potentiate the risk of
fracture [14–16].

Calcium and vitamin D

Inadequate vitamin D stores are prevalent among candidates
on the transplant waiting lists of all organ types, with insuffi-
ciency reported in up to 91 % of patients and deficiency in
55% of patients. Furthermore, insufficiency has been reported
in up to 97 % of patients, and severe deficiency in up to 33 %
of patients post-transplantation [17]. Risk factors for vitamin
D deficiency in this population include decreased vitamin D
intake due to poor nutrition after transplant, decreased sun
exposure due to increased risk of skin cancer with immuno-
suppression, hepatic dysfunction, renal dysfunction, and glu-
cocorticoid use which can increase catabolism of 25(OH)D [3,
17]. Supplemental vitamin D is recommended for all solid
organ transplant recipients with deficiency in an effort to re-
duce osteoporosis risk. Vitamin D supplementation counter-
acts the deleterious effects of glucocorticoids by promoting
intestinal calcium absorption, reducing secondary hyperpara-
thyroidism, and promoting osteoblast differentiation. Notably,
the immune-modulating effects of vitamin D provide benefit
beyond that of osteoporosis protection by contributing to graft
survival and increasing time to rejection. Insufficient vitamin

D levels have been associated with increased episodes of re-
jection in liver, kidney, and lung transplant patients at
8 months, 10 years, and 1 year post-transplantation, respec-
tively [18–20]. Due to the vast amount of vitamin D insuffi-
ciency in this population and the numerous benefits seen with
normal serum levels, all transplant recipients should maintain
serum 25(OH)D >30 ng/mL. Either ergocalciferol or chole-
calciferol is appropriate for supplementation. Typically, pa-
tients require daily doses of 400–1000 IU of cholecalciferol
in order to achieve normal levels which can be easily obtained
without a prescription. When treating vitamin D deficiency,
however, prescription strength ergocalciferol 50,000 IU dosed
once weekly until 25(OH) D levels are approximately 30 ng/
mL is recommended and is a convenient, once weekly dosing
schedule. Treatment should continue for 8–12 weeks at which
point maintenance therapy with daily cholecalciferol can re-
sume [5]. The vitamin D analogue calcitriol is not recom-
mended as first line therapy due to the risks of hypercalcemia
and hypercalcuria, and subsequently the frequent urinary and
serum monitoring that is required [10–13, 17]. Calcium sup-
plementation is also recommended to optimize bone remod-
eling and mineralization at a dose of 1000–1200 mg divided
daily, with a maximum of 500 mg elemental calcium per dose
due to absorption limitations. Patients’ serum calcium, phos-
phorus, and PTH levels should be routinely monitored as well
as signs and symptoms of nephrolithiasis, especially in those
with renal dysfunction. Many combination calcium and vita-
min D products are available over the counter, which may be a

Table 2 Solid organ transplant osteoporosis treatment recommendations

Daily supplementation Anti-resorptive therapy Considerations

ISHLT [10] Calcium 1000–1200 mgb All heart transplant patients through the
first year

Active vitamin D metabolites not considered first line

Vitamin Da 400–1000 IU May discontinue anti-resorptive therapy if steroids have
been discontinued and T-score >1.5

AASLD [11] Calcium 1000–1200 mg
Vitamin Da 400–1000 IU

Consider if:
T-score ≤−2.5 or history of fracture OR
T-score −1.5 and −2.5 and other risk

factors present

Recommended anti-resorptive therapy is alendronate 70 mg
po weekly

Other oral agents may be as efficacious

IV zoledronic acid or ibandronate if cannot tolerate po

Hormone replacement therapy is an alternative for
postmenopausal women

KDIGO [12] Vitamin Da 400–1000 IU Consider within first 12 months if eGFR
>30 mL/min/1.73 m2 and low BMD

May consider bone marrow biopsy prior to bisphosphonate
use due to concern for adynamic bone disease

Frequently monitor calcium, phosphorus, PTH, alkaline
phosphatases, and 25(OH)D

Monitor serum calcium and phosphorus at least weekly until
stable immediately post-transplant

ISHLT International Society for Heart and Lung Transplantation,AASLDAmericanAssociation for the Study of Liver Diseases,KDIGOKidney Disease
Improving Global Outcomes
a As necessary to maintain serum 25-hydroxyvitamin D levels >30 ng/mL
bGuidelines last updated in 2010, since update the recommendation for the general public for calcium supplementation is a dose of 1000–1200 mg po
daily. The guidelines recommend for patients to receive the recommended daily allowance
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helpful treatment option in this population already bearing a
prescription medication burden. Calcium citrate should be
used in patients requiring acid suppressant therapy with pro-
ton pump inhibitors to provide adequate absorption.

Bisphosphonates

Robust literature supports the use of bisphosphonates because
of their protective effects on bone mineral density (BMD) in
the kidney, heart, and liver transplant populations. A summary
of the data for both the prevention and treatment of osteopo-
rosis and osteopenia with bisphosphonates in the SOT popu-
lation is shown in Tables 3 and 4. Although this evidence
demonstrates positive effects such as increasing BMD and
decreasing the rate of loss of BMD seen after transplant, the
beneficial effect on fracture rate is yet to be delineated [38].
Only two studies have demonstrated significant reductions in
fracture risk. The first, conducted in liver transplant patients
by Bodingbauer et al., used significantly higher zoledronic
acid doses than that is currently recommended for osteoporo-
sis treatment [34]. Additionally, Fahrleitner-Pammer et al.
showed a significant decrease in the rate of fractures compared
to supplementation alone with the use of IV ibandronate in
heart transplant patients. The annual cumulative corticosteroid
exposure in this study, however, was approximately 17 g
which is much higher than an average of <10 g, which has
been reported in other studies [24]. Adverse effects of
bisphosphonates often reported in these studies include dys-
pepsia with oral agents, infusion reactions, and flu-like symp-
toms with parenteral agents, as well as hypocalcemia. The
incidence of adverse events reported were generally not sig-
nificantly greater in one treatment group versus another, even
when compared to supplementation alone, indicating the rel-
ative safety of bisphosphonates.

Limitations to this therapy exist in this population most
notably for the recommendation to avoid use in patients with
renal dysfunction, Scr >2 mg/dL or CrCl <30–35 mL/min
according to the package inserts [39–43]. These agents have
not been studied extensively in patients with CrCl <30 mL/
min, and with this level of kidney disease, patients may be
suffering from low turnover bone and mineral disorder, in
which case an anti-resorptive therapy would not be appropri-
ate. A secondary analysis of patients with normal to severely
impaired renal function in the fracture intervention trial (FIT)
found that alendronate increased BMD regardless of CrCl,
without significant differences in adverse events. Because
bisphosphonates are renally excreted, using them in patients
with decreased renal function can lead to potentiated electro-
lyte abnormalities including hypocalcemia, but may also lead
to greater effects on BMD and fracture rates. This study found
that patients with CrCl <45 mL/min had a greater increase in
total hip BMD compared to those with CrCl >45 mL/min with

a similar increase in spine BMD and fracture reduction [44].
Only 10% of patients in this study had CrCl <45 mL/min, and
an even smaller number of patients had CrCl <30 mL/min,
therefore whether this data can be extrapolated to patients with
stage 4 or 5 CKD is unclear. Other studies have found an
association between prolonged bisphosphonate therapy with
the development of adynamic bone disease in patients with
stages 4–5 CKD [22].

In addition to the risk of developing adynamic bone dis-
ease, the use of IV bisphosphonate therapy has also been
associated with a risk of renal injury, predominantly in the
oncology population where high dose bisphosphonate therapy
is routinely used. The mechanisms behind the cause of renal
injury are not completely clear, but may be associated with
high exposure after IVadministration. Renal injury often man-
ifests as a transient increase in Scr within 10 days after IV
administration. Alternatively, patients may present with acute
renal failure and tubular necrosis, a slow progressive rise in
Scr, or rarely, focal segmental glomerulosclerosis. Renal inju-
ry has been more commonly reported with the use of IV
pamidronate and zoledronic acid for the treatment of metasta-
tic bone lesions than for osteoporosis. This is likely due to the
higher and more frequent dosing schedule recommended for
bone lesions; however, contribution from the underlying ma-
lignancy cannot be ignored, making the true risk from bis-
phosphonate therapy difficult to assess [45]. Nonetheless,
based on the frequency of renal toxicity reported with both
zoledronic acid and pamidronate in clinical trials and in case
reports of patients with breast cancer, prostate cancer, and
multiple myeloma, the package insert recommends long-
term Scr monitoring and adjusted dosing strategies for these
indications. The recommendation for zoledronic acid includes
evaluating the patient’s change in Scr prior to each dose ad-
ministration and implementing a gradual dose reduction from
the highest dose of 4 mg for patients with CrCl >60 mL/min to
3 mg for patients with CrCl = 30–39 mL/min. Zoledronic acid
should be administered over at least 15 min due to higher
increases in serum creatinine observed in clinical trials in pa-
tients who received zoledronic acid administered over only
5 min. An infusion time of 15 min is recommended in the
current package labeling in addition to the adjusted dosing
strategy based on CrCl. This dosing strategy was evaluated
in a study in multiple myeloma patients by Berenson et al.
who found that prolonging the infusion beyond 15 min did
not have a significant impact on Scr over time. Interestingly,
this study was conducted prior to the package label change;
therefore, all patients in this study received 4 mg regardless of
baseline renal function. Despite all patients receiving the 4 mg
IV dose, there was not a protective effect on the rise in Scr at
12 or 24 months by prolonging the infusion to 30 min [46]. Of
note, when treating hypercalcemia of malignancy, there is no
dosage reduction recommended for patients with Scr <4.5mg/
dL, likely due to the risk-benefit ratio of using an IV
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bisphosphonate in this setting [43, 47]. Pamidronate should be
administered at an even slower rate of 2 h and delivered in a
larger volume of 250 mL compared to 100 mL required for
zoledronic acid, in an effort to reduce renal injury. According
to the package insert, pamidronate may be used in patients
with CrCl <30 mL/min at a prolonged infusion rate of 3–
4 h, and a dose reduction may also be considered [47].
Pamidronate is not currently approved for the prevention or
treatment of osteoporosis, but has been studied for this pur-
pose in transplant patients. These studies typically excluded
patients with CrCl <30 mL/min; consequently, it is unknown
what the approved dosing recommendation will be for osteo-
porosis treatment in patients with renal dysfunction.

Often, patients suffer from some degree of renal deficiency
post-transplantation which may arise immediately or develop
over time, due in part to chronic use of calcineurin inhibitors.
Since the rate of bone loss, and consequently the risk of frac-
tures, is the highest in the first 6–12 months after transplant,
this is the time that anti-resorptive therapy can have the
greatest benefit.When considering the use of bisphosphonates
in patients with CrCl <30 mL/min, the risks of developing low
bone turnover disease must be weighed against the benefit of
preserving bone mineral density. This risk-benefit comparison
will be different depending on the specific patient population
being considered. Kidney transplant patients who have suf-
fered from ESRD for an extended period of time prior to
transplant and continue to have renal dysfunction post-
transplantation are at a higher risk of having an underlying
metabolic bone disease. Consequently, the risks of bisphos-
phonate therapy may not outweigh the benefits and it may be
best to avoid these agents altogether for this particular popu-
lation. Furthermore, kidney transplant patients develop low
bone turnover over time so it may be more prudent to use
bisphosphonates solely for osteoporosis treatment rather than
prophylactically [22]. Whether adynamic bone disease as a
result of bisphosphonate therapy correlates to a fracture risk
in this population has yet to be demonstrated; however, this
provides another reason to exercise caution when using
bisphosphonates in kidney transplant patients. In transplant
recipients who have developed kidney dysfunction acutely
after transplant and have a T-score consistent with osteopenia
or osteoporosis, the benefit of bisphosphonate treatment on
BMD likely outweighs the risk of developing adynamic bone
disease, at least in the first 12 months post-transplantation. If
bisphosphonate therapy is used in a patient with CrCl <30mL/
min, it may be reasonable to use a one-time dose of 3 mg of
zoledronic acid, or pamidronate administered over a
prolonged infusion time with the consideration of decreasing
the dose as well to reduce the risk of hypocalcemia, which is
used in patients with this degree of renal dysfunction in the
oncology population.

The sustained duration of action of bisphosphonates com-
bined with the risks associated with prolonged use including

atypical fractures and osteonecrosis of the jaw has led to in-
vestigation into optimal treatment duration with these agents.
The fracture intervention trial long-term extension (FLEX)
was an extension of the FIT trial, and showed that 10 years
of treatment with alendronate led to significantly higher total
hip and spine BMD as well as a significant reduction in clin-
ically recognized vertebral fractures compared to ceasing
treatment after 5 years in postmenopausal women. Although
those who stopped treatment after 5 years still had mean hip
and spine BMD at or above pretreatment levels determined
10 years prior, and there was no significant difference in the
cumulative risk of nonvertebral fractures between the groups.
Notably, no cases of osteonecrosis of the jaw were reported in
either group, nor was there a significant difference in adverse
events between the groups [48]. This study implies that 5 years
of bisphosphonate therapy has some residual effects and that
extended use beyond 5 years may not provide additional sig-
nificant benefit on the rate of fractures other than for clinical
vertebral fractures. However, the increase in BMD demon-
strated with extended use in the study as well as the lack of
significant difference in adverse events indicates that extended
therapy may be considered in patients with an elevated frac-
ture risk. Current osteoporosis guidelines for postmenopausal
women recommend 10 year treatment duration followed by a
drug holiday for 1–2 years for high-risk patients [49]. Further-
more, a study by Schwarz et al. investigated the long-term
impact of zoledronic acid administered 2 weeks and 3 months
after kidney transplantation and found a significant improve-
ment in lumbar spine and femoral neck BMD in the treatment
group compared to placebo when measured at 6 months post-
transplantation. This significant increase in lumbar spine
BMD, however, was not sustained at 3 years. An initial sig-
nificant response was seen with zoledronic acid therapy, indi-
cating that prolonged treatment may have led to a sustained
impact on BMD [23]. Given the number of risk factors pre-
disposing solid organ transplant recipients to osteoporosis, an
extended course of 10 years of treatment may be reasonable,
although studies investigating extended treatment duration in
this population have yet to be conducted.

Teriparatide

The once-daily subcutaneous recombinant human parathyroid
hormone (PTH) injection, teriparatide, stimulates osteoblast
activity preferentially over osteoclast activity, resulting in
new trabecular and cortical bone formation. Physiologically,
teriparatide has the same effects on the kidneys and bones as
PTH, resulting in increased renal production of 1,25-
dihydroxyvitamin D3, intestinal absorption of calcium, and
an increased rate of release of calcium from bone into the
blood. Because teriparatide is administered at small daily
doses of 20 mcg, an anabolic effect is seen, resulting in bone

Osteoporos Int (2016) 27:1425–1440 1433



formation. Due to its mechanism of action, teriparatide should
be discontinued after 24 months. At this time, the anabolic
effects of teriparatide decline and patients should be
transitioned to anti-resorptive therapy [50]. Teriparatide has
been shown to increase BMD significantly greater than
alendronate and result in fewer vertebral fractures in patients
with glucocorticoid-induced osteoporosis; however, this effect
has not been demonstrated in the solid organ transplant pop-
ulation [51]. When compared to 1200 mg calcium and 800 IU
cholecalciferol daily in kidney transplant patients, femoral
neck BMD remained stable, but there was no improvement
in lumbar spine BMD. This study was actually stopped early
because of a greater improvement in lumbar spine BMD that
was seen in the placebo group. No significant adverse effects
were reported in the study [52]. Due to the nature of the med-
ication, no renal dose adjustment is required; however, the
daily subcutaneous injection may be cumbersome for some
patients. In addition, this medication requires a Risk Evalua-
tion andMitigation Strategy (REMS) to ensure that healthcare
providers are aware of the 24-month maximum duration
and patients are aware of the increased risk of osteosar-
coma seen in rat studies. This medication should there-
fore be avoided in patients at risk of developing osteo-
sarcoma (i.e., those with Paget’s or other bone disease,
prior radiation therapy, open epiphyses). Other common
side effects of the medication include angina, hypoten-
sion, hyperuricemia, and hypercalcemia.

Calcitonin

Intranasal calcitonin has been studied in kidney transplant
patients after showing success in improving lumbar BMD in
both postmenopausal women and men suffering from idio-
pathic osteoporosis. The data that exists in the solid organ
transplant population is also promising, although no data dem-
onstrates a significant effect on fracture prevention in any
population. Daily intranasal calcitonin improved BMD in kid-
ney transplant patients with baseline osteoporosis, demon-
strated by improvement in DXA T-score evaluated 3 months
after baseline T-score of <−2.5 [53]. Furthermore, a study in
cardiac transplant patients demonstrated a protective effect on
BMD within the first year post-transplant when compared to
calcium and vitamin D alone. This study followed patients for
>7 years post-transplant, but did not find a significant differ-
ence in BMD after the first year [54]. Compared to
pamidronate, a significantly higher BMD was seen with
pamidronate treatment. Although pamidronate showed a
greater protective effect on BMD than calcitonin did initially
after transplantation, this effect was no longer significant
18 months after transplantation, verifying the point that bone
loss is most significant within the first year [55]. This data
suggests that calcitonin may be considered as an adjunctive

therapy to calcium and vitamin D in patients who may
not be able to tolerate bisphosphonate therapy. Although
no significant adverse effects were reported in these stud-
ies, hypocalcemia is a potential side effect of calcitonin
therapy and an increased risk of malignancies has also
been reported with the nasal formulation [56]. These
studies are limited by their small sample sizes, so larger
studies in other organ transplant groups need to be con-
ducted in order to better distinguish the role of calcitonin
in osteoporosis prevention and treatment.

Denosumab

Little data exists examining the use of denosumab in the solid
organ transplant population. Its use in postmenopausal women
has shown a reduction in hip and nonvertebral fractures as
well as changes in BMD and bone turnover markers [57,
58]. Its unique mechanism as a RANKL inhibitor prevents
the formation, function, and survival of osteoclasts, resulting
in decreased bone resorption and increased bone mass and
strength [59]. An increase in osteoclast activity contributes
to the mechanism of post-transplant bone loss due to the ef-
fects of calcineurin inhibitors on osteoclast activity and glu-
cocorticoid activation of the RANKL pathway. Denosumab
has also been studied in rheumatoid arthritis patients treated
concurrently with glucocorticoids, at an average daily predni-
sone dose of 4–5 mg (range 1–15 mg). This study showed a
significant increase in spine, hip, and femoral neck BMD at
12 months follow up compared to placebo regardless of con-
current steroid therapy as well as a decrease in bone turnover
markers [60]. Approximately 20 % of patients in this study
receiving denosumab were also being treated with
bisphosphonates; therefore, the effects of denosumab mono-
therapy in patients on chronic steroid therapy need to be fur-
ther investigated. Theoretically, denosumab could play a
major role in the transplant population due to its mech-
anism of action in addition to the fact that it does not
need to be dose adjusted for renal function, has no
known drug interactions, and is a subcutaneous injection
administered every 6 months. Possible side effects in-
clude hypocalcemia, hypophosphatemia, arthralgia, and
aseptic necrosis of the jaw. In addition, serious infections
leading to hospitalization were reported more frequently
in a clinical trial in patients treated with denosumab
compared to placebo. Although the overall incidence of
infections between the two groups was similar, clinicians
should be aware of this safety risk in immunocompro-
mised patients. Currently, there is an ongoing clinical
trial investigating its use in kidney transplant patients
which could potentially impact the future of osteoporosis
therapy in the transplant population [61].
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Bone turnover markers

Monitoring markers of bone turnover including serum
procollagen type 1 N-propeptide (PINP) and C-terminal
telopeptide of type 1 collagen (CTX), which are markers for
bone formation and resorption respectively, may be an alter-
native tool to BMD to assess treatment response. These
markers have been recommended by the International Osteo-
porosis Foundation and International Federation of Clinical
Chemistry and Laboratory Medicine to be used as references
in assessing bone turnover in clinical trials. Evaluating indi-
vidual patient response rather than a large group response is
currently more valuable due to wide inter-patient variability.
The within-patient variability is less, although still present,
and should be taken into account when evaluating treatment
response. Baseline levels should always be drawn in order to
make a meaningful assessment. Monitoring these markers has
limitations in that there are currently no reference standards,
there are both inter-patient and within-patient variability that
must be accounted for, BTM levels are impacted by a number
of factors (e.g., age, gender, renal impairment, medications),
and their ability to predict fracture risk is still unclear. Typi-
cally, studies that have reported impacts on fracture rate have
used inconsistent statistical analyses to evaluate the associa-
tion between fracture rates and changes in BTM. One large
advantage with BTM monitoring is that changes can be seen
more quickly than changes in BMD. Bisphosphonate therapy,
for example, can lead to BTM changes in approximately
4 weeks, which can allow for early assessment of treatment
response and adherence [62]. Continued research in this area
is necessary to develop international research standards and
better establish the relationship between BTM and fracture
risk. The opportunity to use BTM to evaluate treatment re-
sponse provides a possibility to better guide treatment deci-
sions and duration of therapy especially in patients in whom
BMD is a weaker predictor of fracture risk such as the trans-
plant population

Hormone replacement therapy

Hormone replacement therapy is a treatment option for oste-
oporosis in patients with hypogonadism, but its use has not
been thoroughly investigated in the solid organ transplant
population. Raloxifene treatment has been shown to increase
BMD and reduce the risk of vertebral fractures in postmeno-
pausal womenwith normal renal function (Scr <2.5 mg/dL) as
well as improve lumbar spine BMD in postmenopausal wom-
en on hemodialysis [63, 64]. Despite this evidence in the post-
menopausal population, these trials excluded patients treated
with steroids, making it difficult to extrapolate this data to a
population maintained on glucocorticoids for an extended pe-
riod. In postmenopausal liver transplant patients, 2 years of

treatment with transdermal estrogen beginning 6 months after
transplant increased BMD in the lumbar spine and femoral
neck, with the largest improvements seen within the first year
[65]. Hypogonadism is also a concern in men post-transplant
particularly within the first 6 months, when it is more common
to see low serum testosterone levels. In one study investigat-
ing hormone replacement in hypogonadal heart transplant pa-
tients, there was no difference in BMD with the addition of
calcitriol to calcium alone. This lack of difference was attrib-
uted to hormone supplementation for hypogonadal patients in
both groups [66]. On the other hand, another study investigat-
ing alendronate and calcitriol in heart transplant patients did
not find a correlation between testosterone levels and rates of
bone loss [67]. This conflicting evidence indicates that there
may not be a true advantage in using testosterone post-
transplantation to aid in the prevention of osteoporosis when
using another effective agent. Furthermore, estrogen replace-
ment may only be beneficial in postmenopausal transplant
patients until further studies indicate otherwise. Before hor-
mone replacement therapy is recommended, the risks of breast
cancer, endometrial cancer, venous thromboembolism, and
stroke should be weighed against the potential benefits of
therapy.

Alternative immunosuppressant regimens

Evidence behind the benefits of glucocorticoid-sparing regi-
mens is controversial. In one longitudinal study of 57 simul-
taneous kidney-pancreas transplant recipients, no patients
were found to have osteoporosis 4 years post-transplantation.
Patients in this study were on triple immunosuppressant ther-
apy, although 26% of patients had steroid-free regimens at the
end of the first year. All patients were concomitantly treated
with vitamin D, calcium, and bisphosphonates as appropriate;
however, the lack of prolonged steroid therapy likely played a
large part in the improvement in T-score seen overtime [68].
Vincenti et al. found that an early steroid withdrawal regimen,
ending steroids at day 7 post-transplant, led to a trend in im-
proved lumbar spine and hip BMD at 1 year after kidney
transplant, although this was not significant compared to pa-
tients receiving a standard steroid regimen [69].With regard to
preventing fractures, one study demonstrated a significant re-
duction in the composite endpoint of avascular necrosis and/or
fractures measured at 5 years post-kidney transplant in pa-
tients whose immunosuppression regimen included only
7 days of steroid therapy compared to a standard steroid reg-
imen. Individually, these outcomes were not significantly im-
proved in the steroid withdrawal group, although there
was a trend for decreased rates of both [70]. Alternative-
ly, another study of kidney, pancreas, and liver transplant
recipients that limited glucocorticoid therapy to 6 months
post-transplantation found a fracture rate of 24–42 %,
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which is similar to what has been previously reported
with traditional immunosuppressant regimens [71]. Al-
though these trials may not demonstrate convincing evi-
dence that early steroid withdrawal is directly associated
with improvements in BMD and fracture rates, it is im-
portant to note that these studies did not show significant
differences in long-term graft function between those
limited to 7 days of steroids compared to a standard
steroid taper. Limiting steroid exposure in patients that
are eligible for steroid-sparing regimens may not only
lead to improvements in bone complications but also
reduce insulin requirements, weight gain, and triglyceride
levels without compromising graft survival.

In addition to limiting glucocorticoid use, consideration
may be given to the inclusion of the mTOR inhibitors,
sirolimus and everolimus, as part of maintenance immunosup-
pression. One trial investigating the effects of calcineurin in-
hibitors, mycophenolate mofetil, and sirolimus on osteoclast
activation and function found that sirolimus inhibits osteoclast
formation and therefore may have the ability to counteract the
osteoclast promoting effects of glucocorticoids and calcine-
urin inhibitors [72]. The impact of sirolimus on osteoclast
activity was determined using bone resorption biomarkers.
Therefore, outcome data on BMD and fracture risk needs to
be investigated before understanding the place for sirolimus
and everolimus in the protection against osteoporosis.

Adherence

With the number of different treatment options available, cost
and dosage formulations should also be considered. Table 5
provides a summary of the costs of current treatment regi-
mens. Oral bisphosphonates are available in daily, weekly,

or monthly dosing options. The convenience of taking a med-
ication only monthly or weekly may improve adherence in
patients who already have a large daily pill burden. Of the
available oral bisphosphonates, the generic version of the
weekly alendronate formulation is the least expensive. Paren-
teral bisphosphonates are administered even less frequently
and can be better tolerated for patients who complain of gas-
trointestinal upset with the oral agents. Both parenteral op-
tions, ibandronate and zoledronic acid, cost approximately
$300 per dose; however, zoledronic acid only requires one
dose annually, whereas ibandronate is administered every
3 months, equating to an annual cost of $1200. Alternative
options, such as calcitonin, teriparatide, and denosumab, are
available as intranasal and subcutaneous formulations, respec-
tively. Intranasal calcitonin is the least expensive, whereas
teriparatide is the most costly, at an average wholesale price
of over $2000 per month. Denosumab is relatively expensive
as well, approximately $1000 per dose, but is only adminis-
tered every 6 months [73]. In addition to cost, side effects and
intensity of patient monitoring can also be barriers to adher-
ence. Table 6 summarizes the side effects, contraindications,
monitoring parameters, and recommended dosage adjust-
ments for most of the agents discussed above. Taking all of
these factors into consideration can also help to determine an
optimal treatment regimen that aligns with patient preference
in order to achieve excellent adherence.

Conclusion

Osteoporosis continues to place a heavy burden on solid organ
transplant patients. Numerous risk factors both prior to and
after transplantation, including immunosuppressive therapy,
contribute to the increased likelihood that patients will

Table 5 Cost comparison of osteoporosis treatment

Generic name Brand name Available
generic

Dosing regimen WAC Package Price [73] Day Supply

Alendronate Fosamax Y 5 mg or 10 mg po daily
35 mg or 70 mg po weekly

$263.40 (daily dose)
$12.78 (35 mg weekly)
$16.02 (70 mg weekly)

90

Ibandronate Boniva Y 150 mg po monthy 3 mg IV
Q 3 months

$416.18 (PO) $300.00 (IV) 90

Risedronate
Risedronate DR

Actonel
Atelvia

N 5 mg po daily 35 mg po weekly
35 mg DR po weekly
150 mg po monthly

$265.67 (daily dose)
$209.21 (weekly dose)
$232.46 (Atelvia DR)
$223.80 (monthly dose)

30

Pamidronate Aredia N 30 or 90 mg IV monthly $16.57 (30 mg vial)
$36.96 (90 mg vial)

30

Zoledronic acid Reclast Y 5 mg IVyearly $420.00 365

Teriparatide Forteo N 20 mcg subcutaneous daily $2424.96 30

Calcitonin Fortical Y 200 IU intranasal daily $89.84 30

Denosumab Prolia N 60 mg subcutaneous Q 6 months $1109.70 180

1436 Osteoporos Int (2016) 27:1425–1440



Table 6 Safety and monitoring of recommended treatment options

Medication Dose adjustments Side effects Monitoring Contraindications

Calcium [5]
Calcium

carbonate
Calcium citrate

None Constipation, flatulence,
hypercalcemia, myocardial
infarction, urolithiasis

Ca, Ph, PTH, 25(OH)D Hypercalcemia

Vitamin D [5]
Ergocalciferol
Cholecalciferol

Adjust dose based on
serum Ca
concentration

Discontinue if serum
Ca >10.2 mg/dL or
hyperphosphatemia
persists despite
phosphate binder
treatment

Constipation, nausea,
vomiting, hypercalcemia,
hypervitaminosis D

Ca, Ph, and 25(OH)D Hypervitaminosis D,
hypercalcemia

Bisphosphonates
[39–43, 47]

Alendronate
Ibandronate
Pamidronate
Risedronate
Zoledronic acid

CrCl <30 mL/min
(ibandronate,
risedronate: not
recommended)

CrCl <35 mL/min
(alendronate: not
recommended)

Scr >3 mg/dL or CrCl
<30 mL/min:
prolong infusion over
4–6 h and consider
reducing initial
dose (pamidronate)

Abdominal pain, constipation,
diarrhea, nausea,
indigestion, esophageal
stricture, gastric
ulcer; hypocalcemia,
hypokalemia,
hypomagnesemia;
aseptic necrosis of the jaw,
bone pain, osteonecrosis;
nephrotoxicity

Scr, Ca, 25(OH)D CrCl <35 mL/min
(zoledronic acid);
hypocalcemia

Oral formulations:
esophageal
abnormalities,
inability to stand or
sit upright for 30
(alendronate,
risedronate) to 60
(ibandronate)
minutes after
administration

Teriparatide [50] None Constipation, diarrhea,
indigestion, nausea,
vomiting; hypotension,
syncope, angina; rash;
hyperuricemia; arthralgia,
spasm; dizziness;
pharyngitis, rhinitis, cough

Black box warning: dose and
duration dependent
increased incidence in
osteosarcoma in rats. Do
not prescribe in patients at
increased risk for
osteosarcoma

REMS: 2 year maximum
lifetime duration of
treatment. Potential risk
of osteosarcoma.

Ca; uric acid; urine Ca;
signs and symptoms
of osteosarcoma

None

Calcitonin [56] None Flushing, injection site
reaction; nausea;
arthralgia; epistaxis,
rhinitis, sinusitis;
hypocalcemia; seizure

Ca, Scr

Denosumab [59] None Diarrhea, nausea, vomiting,
pancreatitis;
hypercholesterolemia,
hypocalcemia,
hypophosphatemia;
anemia; arthralgia,
backache, aseptic necrosis
of bone; headache; cystitis;
nasopharyngitis

Ca, Ph, Mg, 25(OH)D Hypocalcemia;
pregnancy

Ca calcium, Ph phosphorus, Mg magnesium, PTH parathyroid hormone, Scr serum creatinine
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develop osteoporosis compared to the general population.
Many treatment modalities have been investigated to
combat the complex mechanisms leading to osteoporosis
in this population. It is clear that all patients should
maintain normal serum calcium and vitamin D levels
which can be achieved through daily supplementation if
required. Maintenance of normal calcium and phosphorus
is imperative for parathyroid hormone homeostasis. At
this point, treatment with bisphosphonates has the most
robust evidence for increasing hip and spine BMD and
preventing the loss in BMD that occurs immediately after
transplantation. Patients’ renal function must be evaluat-
ed upon initiation and throughout treatment, and the risk
of adynamic bone disease should be weighed against the
potential benefits of using bisphosphonates especially in
those recovering from years of end-stage CKD. Evidence
for the use of subcutaneous teriparatide in the transplant
population is yet to be shown, and while treatment may
not result in significant adverse effects with short-term
use, it is unlikely any true benefit will result in this
population. Intranasal calcitonin is also a possible ad-
junctive therapy with calcium and vitamin D in those
who cannot tolerate bisphosphonate therapy. On the other
hand, denosumab should theoretically result in improved
BMD in this population based on its mechanism of ac-
tion, and is currently being investigated for use in kidney
transplant patients. Hormone replacement therapy may be
an option for postmenopausal women or patients with
hypogonadism; however, the evidence for its efficacy in
this population is limited. Immunosuppressant regimens
that reduce the intensity of steroid treatment have been
associated with a number of potential benefits, some of
which may be improvements in BMD and rates of frac-
tures, and should be utilized whenever appropriate. Al-
ternatively, adding sirolimus to maintenance regimens
may help to improve BMD as well, although studies
directly evaluating benefits on BMD and rates of frac-
tures need to be conducted. Overall, most studies in this
population are limited by small sample sizes, so addi-
tional evidence for novel therapies is required before
the full benefit of these treatments can be assessed. The
optimal dosing and duration of bisphosphonate therapy,
as well as the true impact on fracture rates in transplant
patients, still remain unanswered. Working with a phar-
macist to evaluate the risks and benefits of each treat-
ment option in an effort to determine the most appropri-
ate therapy would be beneficial when treating this com-
plex patient population.
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