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ABSTRACT

In the past two decades, there has been a rapid increase in the number
of organ transplanted worldwide, including Brazil, along with an improve-
ment in survival and quality of life of the transplant recipients. Osteo-
porosis and a high incidence of fragility fractures have emerged as a
complication of organ transplantation. Many factors contribute to the
pathogenesis of osteoporosis following organ transplantation. In addi-
tion, most patients have some form of bone disease prior to transplanta-
tion, which is usually related to adverse effects of end-stage organ fail-
ure on the skeleton. This chapter reviews the mechanisms of bone loss
that occur both in the early and late post-transplant periods, as well as
the features specific to bone loss after kidney, lung, liver, cardiac and
bone marrow transplantation. Prevention and treatment for osteoporosis
should be instituted prior and in the early and late phase after transplan-
tation, and will also be addressed in this article. (Arq Bras Endocrinol
Metab 2006;50/4:783-792)

Keywords: Osteoporosis; Transplantation; Immunosuppressive agents;
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RESUMO

Osteoporose Pós Transplante.
Nas últimas décadas houve um grande aumento no número de trans-
plantes realizados no Brasil e no mundo, o que proporcionou uma me-
lhora na sobrevida e qualidade de vida dos pacientes transplantados. A
osteoporose e o aumento da prevalência de fraturas por fragilidade
óssea têm se mostrado como uma complicação do transplante. Muitos
fatores contribuem para a patogênese da osteoporose relacionada ao
transplante. Além disso, a maioria dos pacientes apresenta doença
óssea antes do transplante, a qual é secundária à doença grave de
base. Este artigo revisa os mecanismos da perda óssea que ocorre tanto
na fase precoce quanto na fase tardia após o transplante, como tam-
bém os fatores específicos envolvidos na perda óssea relacionados ao
transplante renal, pulmonar, cardíaco, hepático e de medula óssea. A
prevenção e o tratamento da osteoporose em todas as fases do trans-
plante também são abordados neste artigo. (Arq Bras Endocrinol Metab
2006;50/4:783-792)

Descritores: Osteoporose; Transplante; Agentes imunossupressores; Fra-
turas

WITHIN THE PAST TWO DECADES, organ transplantation has become
established as an important treatment option for several disease

states, including end-stage renal disease, chronic liver failure, end-stage
pulmonary disease and heart failure. The number of organs transplanted
yearly in Brazil has increased during this period; in 2005, more than
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15,000 organ transplants were performed, represent-
ing an 18% increase since 2002 (1). Concomitant with
the increasing number of organs transplanted, the sur-
vival of the transplant recipients has also improved.
Nowadays, many patients live more than 10 years after
transplantation. With the increase in life span, bone
disease has emerged as a common complication of the
transplantation process. Unfortunately, many trans-
plant recipients demonstrate a distinctive propensity
for low trauma fractures, which has a negative impact
upon their quality of life (2-6). Risk factors for osteo-
porosis are common among patients who are candi-
dates for transplantation, including older age, dietary
calcium deficiency, vitamin D deficiency, physical inac-
tivity, excessive use of tobacco and alcohol. Moreover,
medications such as loop diurectics, anticoagulants
and glucocorticoids are frequently present in the ther-
apeutic arsenal of these patients. Bone and mineral
homeostasis are also influenced by the diseased organ
before transplantation, particularly in the case of renal
or hepatic failure. However, it is generally considered
that post-transplantation immunosuppression plays
the pivotal role in the evolution of bone loss and inci-
dence of fractures in organ transplantation recipients
(7). Immunosuppressive therapy is required for all
transplant recipients in order to prevent rejection of
the transplanted organ. Triple immunosuppressive
therapy is most commonly used, including glucocorti-
coids, cyclosporine A (CsA), or tacrolimus (FK506),
and azathioprine or mycophenolate mofetil. Glucocor-
ticoids, which have well-known deleterious effects on
the skeleton (8-13), are commonly prescribed in high
doses (up to 60 mg of prednisone or its equivalent
daily) following the transplantation and during
episodes of severe rejection. In addition, CsA and
FK506 frequently cause nephrotoxicity (14-16), often
leading to secondary hyperparathyroidism and
increased bone turnover.

In this chapter, we will review the general
mechanisms of bone loss after the organ transplanta-
tion, as well as the specific features relevant to each
organ such as kidney, lung, heart, bone marrow and
liver. In addition, we also will address the therapeutic
measures recommended before, as well during the
early and late periods after transplantation.

MECHANISMS OF POST-TRANSPLANT BONE LOSS

The natural history of post-transplantation osteoporo-
sis suggests that there are two main phases, I Early and
II Late, and that the factors affecting the skeleton dif-

fer between the two phases (figure 1). In the early
phase (figure 1A), which generally encompasses the
first 6 months after transplantation, steroids doses are
generally high. This causes marked suppression of
osteoblast-mediated bone formation and the inhibi-
tion of osteoblast synthetic function, an effect clearly
supported by the literature on transplantation osteo-
porosis that consistently reports decreased serum
markers of bone formation, especially osteocalcin. Also
during this phase, there is an increase in bone resorp-
tion, probably multifactorial in etiology and secondary
to the suppressive effect of glucocorticoids on the
hypothalamic-pituitary-gonadal axis and on calcium
transport across intestinal, renal tubular and parathy-
roid cell membranes, leading to a rise in serum
parathyroid hormone (PTH). In addition, glucocorti-
coids also decrease synthesis of osteoprotegerin by
osteoblasts, thus permitting an increase in binding of
RANK-L and to the RANK receptor on precursor and
mature osteoclasts, and stimulating osteoclastogenesis.
In addition to the deleterious effects of the glucocor-
ticoids, the administration of tacrolimus and
cyclosporine also plays a role in the mechanism of
bone loss. Both drugs have nephrotoxic effect and the
associated decline in renal function leads to decreased
synthesis of 1,25(OH)2D and secondary increases in
parathyroid hormone secretion, which in turn increas-
es osteoclast-mediated bone resorption. The concomi-
tant administration of high doses of glucocorticoids
and cyclosporine (or FK506) is associated with uncou-
pling of resorption and formation, rapid bone loss and
high rates of fracture.

Later during the post-transplant period, when the
glucocorticoid doses are tapered to below 5 mg per day,
there is recovery of osteoblast function and consequent-
ly, an increase in bone formation and recoupling of bone
remodeling activity. However, both the direct and the
indirect effects of cyclosporine and FK506 continue to
influence the skeleton, resulting in secondary hyper-
parathyroidism and increased bone resorption. During
this later phase, rates of bone loss slow and there may
even be some recovery, particularly at sites comprised
predominantly of cancellous bone (17).

KIDNEY TRANSPLANTATION

End-stage renal disease (ESRD) is associated with a
form of bone disease that is generically referred to as
“renal osteodystrophy” (18-20). Many mechanisms
are involved in its pathophysiology including calcitriol
deficiency, hypocalcemia, hyperphosphatemia, sec-
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ondary hyperparathyroidism, metabolic acidosis, and
aluminum overload. It is important to note that the
measurement of bone mineral density (BMD) and the
World Health Organization criteria cannot be used to
diagnose osteoporosis in patients with ESRD. This is
because any of the several possible histological forms
of renal bone disease — hyperparathyroidism, osteo-
malacia, adynamic bone disease, mixed renal osteody-
strophy, aluminum bone disease — may all be associ-
ated with low, normal or even elevated BMD. Kidney
transplantation is the treatment of choice for ESRD
and the demand for this procedure has grown in part
because it is associated with higher long-term survival
rates and improved quality of life when compared to
patients on dialysis. Restoration of renal function after
kidney transplantation rectifies many of the distur-
bances that lead to renal osteodystrophy. There is a

resolution of hyperphosphatemia, an increase in serum
1,25(OH)2D levels and a rapid decline in the high lev-
els of PTH, although they may never completely nor-
malize. In the first few months after kidney transplan-
tation, PTH-dependent hypercalcemia and hypophos-
phatemia may develop. In addition, post-transplant
hypophosphatemia may also be related to a primary
defect in renal phosphate handling, due to increased
serum concentrations of circulating factors (phospha-
tonins) (19).

Prospective studies indicate that lumbar spine
and hip bone loss during the first 3 to 18 months after
renal transplantation vary from 4% to 9% and 5% to 9%,
respectively (21-23). Although low estradiol and
testosterone levels have been associated with accelerat-
ed bone loss (24), bone loss has not been consistently
related to gender, patient age, cumulative GC dose,
rejection episodes, activity level, or PTH levels. Some
longitudinal studies document ongoing, though less
rapid bone loss, several years after kidney transplanta-
tion, while others do not. Despite the improvements
in BMD after the first post-transplant year noted in
some reports, most studies demonstrate that BMD
remains low up to 20 years after transplantation.

Fracture prevalence varies from 7 to 11% in non-
diabetic renal transplant recipients, but is considerably
higher in patient transplanted because of diabetic
nephropathy and in those who receive kidney-pancreas
transplants (25-29). Fractures occur relatively late in
the post-transplant period, usually more than three
years after transplantation, involving commonly the
long bones or metatarsals than the vertebral bodies or
ribs (30). A large study realized with 101,039 patients
with ESRD demonstrated that kidney transplantation
was associated with a 34% greater risk of hip fracture
than continued dialysis (31). A Brazilian study evaluat-
ed a prevalence of low bone mineral density, fractures
and the associated risk factors in 191 kidney transplan-
tation patients for 3 years (32). This study demonstrat-
ed a high prevalence of a 24% of either a vertebral or
appendicular fracture among the kidney recipients.

A number of studies have been conducted to
evaluate the efficacy of bisphosphonates or other drugs
in the prevention of bone loss after renal transplanta-
tion (33-36). Although the antireabsorptive agents
may help improve BMD and reduce fractures, there is
a widespread concern that bisphosphonates may
increase the risk of adynamic bone disease in ESRD
patients, and they are not approved for the treatment
of these patients (2). Despite these concerns, however,
we recommend their use after renal transplantation, at
least during the first year when rates of bone loss are

Figure 1. (A) Mechanisms of bone loss in the early post-trans-
plantation period. (B) Mechanisms of bone loss in the later
post-transplantation period, after glucocorticoid doses are
tapered. [With permission from Kulak CAM & Shane E. Trans-
plantation osteoporosis: Biochemical correlates of patho-
genesis and treatment. In: Seibel MJ, Robins SP, Bilezikian JP
(eds.) Dynamics of bone and cartilage metabolism, 2nd

edition. San Diego: Academic Press, 2006. pp. 515-26]
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most rapid. Nowacka-Cieciura et al. evaluated 66
patients who presented osteopenia or osteoporosis
before renal transplantation and treated them with
alendronate or risedronate, starting 1 month after
transplantation and followed by 12 months. The treat-
ed patients had an increase of spine and femur neck
BMD while the group that did not receive bisphos-
phonates had a significant BMD reduction (33).
Another prospective randomized study investigated
different treatment drugs for the prevention of pos-
transplant bone loss. All patients received 500 mg of
calcium carbonate and were randomized in four
groups: group I received daily alfacalcidol 0.5 microg
PO; group II received oral alendronate 5 mg/day;
group III intranasal salmon calcitonin 200 UI every
other day and group IV was considered a control
group. After 12 month, lumbar spine, femur neck and
forearm BMD increased in groups I, II, and III, while
BMD decreased significantly at all sites in control
group. Regarding the other parameters of bone
metabolism, intact PTH levels decreased significantly
in those patients who received alfacalcidol, improving
their secondary hyperparathyroidism, while its reduc-
tion in the other groups was insignificant (34). Besides
the early bone loss after transplantation, there is also
an evidence for significant ongoing bone loss follow-
ing the first year of the transplant, a slower bone loss
of 2% in long term kidney transplant recipients
(35,36), indicating the need of a treatment also in this
late period after transplantation.

In summary, patients who undergo renal trans-
plantation sustain early, rapid bone loss and have an
increased incidence of fragility fractures. While use of
bisphosphonates is controversial in kidney transplant
recipients, we regard them as useful to prevent bone
loss during the first post-transplant year.

LUNG TRANSPLANTATION

Patients who are candidates for lung transplantation
are highly likely to have osteoporosis even before
surgery for several reasons such as hypoxemia, malnu-
trition, vitamin D deficiency, smoking; decreased
immobility and low body weight (37,38). In addition,
most of the patients who undergo lung transplantation
have experienced prior glucocorticoid therapy (6). A
retrospective study in patients with diffuse parenchy-
mal lung disease (DPLD) referred for lung transplan-
tation, revealed that approximately 70% had low bone
density prior the transplantation, and 13% met WHO
criteria for osteoporosis at at least one site (38). In this

specific cohort, lower BMD was associated with lower
body mass index, whereas there was no association
with other clinical factors. Another study conducted
with 70 patients awaiting lung transplantation demon-
strated that just 34% had normal spine BMD and 22%
had normal hip BMD, while the prevalence of verte-
bral fractures was 29% in patients with chronic
obstructive pulmonary disease and 25% in patients
with cystic fibrosis (37). In addition, serum levels of
25-hydroxyvitamin D were at low end of the normal
range, whereas 20% presented levels compatible to a
vitamin D deficiency, a situation that may have con-
tributed to their bone fragility. Cystic fibrosis, a com-
mon disease for which patients undergo lung trans-
plantation, is associated with a rate of vertebral com-
pression and rib fractures 100 and 10 times, respec-
tively, more often than expected (39-42).

Prospective studies have also demonstrated
changes in bone mass and fractures incidence in
patients who have received a lung transplant (43-47).
Spira et al. evaluated BMD in 28 patients prior and 6
to 12 months post lung transplantation. All patients
received calcium (1 g per day) and vitamin D (400 UI
per day) after the transplantation. There was a 5%
reduction in BMD of both lumbar spine and femur
neck, which was associated with cumulative steroid
dose after transplantation. In addition, 18% sustained
osteoporotic fractures, despite vitamin D and calcium
supplementation. Another prospective study (45) eval-
uated BMD and fracture incidence in a group of 30
lung-transplant recipients who received antiresorptive
therapy shortly after transplantation. Despite therapy,
37% of the patients sustained a total of 54 atraumatic
fractures and 50% sustained significant bone loss dur-
ing the first post-transplant year. Pre-transplantation
lumbar spine BMD was significantly lower in those
who sustained fractures. Fracture patients had longer
prior glucocorticoid therapy. In summary, fragility
fracture seems to be an important problem in the first
year following lung transplantation even in patients
who receive therapy for preventing bone loss. Low
bone mass and history of glucocorticoids therapy
before the lung transplantation increase the risk.

CARDIAC TRANSPLANTATION

Bone loss and osteoporosis are recognized complica-
tions of heart transplantation, occurring most often in
the first 6 to 12 months after the transplant (48).

Vertebral fractures occur in about 10% to 30%
of patients by 3 years. By the time of cardiac trans-
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plantation, 10% of the patients already have osteo-
porosis, probably related chronic illness, poor nutri-
tion, limited mobility, weight loss, gonadal dysfunc-
tion and medications detrimental to the skeleton.
Besides that, renal insufficiency, secondary hyper-
parathyroidism and abnormal vitamin D metabolism
may contribute to bone loss (2,17,48,49).

The hallmarks of osteoporosis after cardiac
transplantation are the high rate of bone loss during
the first year (2 to 20%) along with a high rate of frac-
tures, which occur at higher bone mineral density
(BMD) that would be expected in healthy subjects
(48,50). Cross sectional and longitudinal studies
reported a prevalence of vertebral fractures ranging
from 18 to 50%, with lower pre-transplant BMD and
female gender as risk factors. After cardiac transplanta-
tion lumbar spine BMD falls by 3–10% during the first
6 months after transplantation and hip BMD fell
5–15% below pre-transplant levels in 1 year. The rate
of bone loss slows after the first year and spine BMD
may increase after the third year (2,17,51). Bone
remodeling markers are increased after cardiac trans-
plantation and are correlated to intact PTH (49,52).
Serum osteoprotegerin, an antiresorptive cytokine,
declines during immunosuppressive therapy and
accounted for 67% of the variance of lumbar spine
bone density changes during the first 6 months post-
transplantation (53).

Bisphosphonates can prevent or at least
decrease the rate of bone loss and fractures after car-
diac transplantation and should be used with replace-
ment doses of calcium and vitamin D (54,55). Cal-
citriol at a dose of 0,5 µg/day reduced bone loss, how-
ever the effect on fracture prevention was not signifi-
cant (56).

BONE MARROW TRANSPLANTATION

Bone marrow transplant (BMT) recipients have many
known risk factors for developing decreased bone min-
eral density (BMD) after transplantation (57-59). The
pathogenesis of bone disease following BMT differs
from other forms of post-transplantation osteoporosis;
recipients are usually younger and the time from the
diagnosis to the BMT does not exceed 2 years; a his-
tory of prolonged bed rest is uncommon. Total body
radiation without gonadal shield, a routine procedure
in the past, causes hypogonadism and growth hor-
mone deficiency. Immunosuppressive drugs are used
in relatively low doses and for short periods of time.
Glucocorticoid use is restricted to the treatment of

graft-versus-host disease (GVHD) (60,61).
Patients studied after chemotherapy and before

BMT show a normal BMD in 72% (17). The preva-
lence of bone loss increases after the first year following
BMT to rates of 2–9% at the lumbar spine and 6–11%
at the femoral neck (62). In a study of long-term fol-
low-up of bone loss after BMT, Schulte et al. observed
that lumbar spine BMD begins to recover after 12
months of BMT, returning to baseline levels at 48
months. The extent of recovery at the femoral neck is
less (61). High levels of bone marrow interleukin-6
during the immediate post-BMT period were related to
the bone loss (63). The presence of chronic graft-ver-
sus-host disease (GVHD) was another factor associated
with a higher risk of osteoporosis in BMT recipients
(64-66). Kreutz et al. observed a marked decline in the
serum levels of 1,25-dihydroxyvitamin D3 and 25-
hydroxyvitamin D3 in the course of allogeneic BMT.
Whether the suppression of 1,25-dihydroxyvitamin D3
and 25-hydroxyvitamin D3 is just another epiphenom-
enon of GVHD pathophysiology, or contributes to the
immediate post-BMT bone loss is not clear (66).

LIVER TRANSPLANTATION AND OSTEOPOROSIS

Liver transplantation is a well-established procedure
with 5-year survival rates of over 70% in most centers
(67). Osteoporosis and fractures are common findings
in patients with chronic liver disease (68) and increase
the risk for fracture after surgery. Bone loss is a com-
mon complication after liver transplantation. Estimates
of the prevalence or incidence of fragility fracture fol-
lowing transplantation have varied widely. This may
vary due to a number of factors including differences
in patient selection, immunosuppressive regimens and
the diagnostic criteria used for vertebral fracture. A
wide range of vertebral fracture rates (3–44%) has been
reported among cirrhotic patients and the disparities
among the studies are probably due to differences in
the populations examined (69). Reduced bone forma-
tion in chronic liver disease has been ascribed to sever-
al factors. Additional contributory factors include vita-
min D deficiency, glucocorticoid use, reduced physical
activity, low body weight and reduced muscle mass
(68). The natural history of bone loss after liver trans-
plantation is characterized by a marked decrease in
lumbar spine BMD by 3.5–24%, primarily during the
first 3–6 months, with gradual improvement there-
after. Fracture incidence is also highest in the first year
(69). The vertebrae and ribs are the most common
fracture sites. The balance of the biochemical data
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reported suggests that the state of low bone turnover
observed in many patients with liver failure converts to
a high turnover state that persists indefinitely after liver
transplantation. The biochemical change from low to
high bone turnover has been confirmed by quantita-
tive histomorphometry (71). Type of liver disease, glu-
cocorticoid exposure, and markers of bone turnover
do not reliably predict fracture risk.

PREVENTION AND MANAGEMENT OF 
TRANSPLANTATION OSTEOPOROSIS

Pre-transplantation measures
All transplant candidates should be evaluated and treat-
ed before transplantation, as bone disease is common in
patients awaiting organ transplantation. Patients must
be encouraged to modify lifestyle factors with adverse
effects on the skeleton, such as immobilization, smok-
ing and alcohol abuse. Other factors that can be cor-
rected include hypogonadism, vitamin D deficiency and
secondary hyperparathyroidism. In addition, the use of
glucocorticoids should be minimized to the extent pos-
sible. An evaluation of BMD and some parameters of
bone and mineral metabolism should be performed
prior to the organ transplantation. This previous evalu-
ation could be helpful to select patients who would ben-
efit from an immediate therapy. For patients with end-
stage renal disease, an evaluation and treatment for renal
osteodystrophy according to accepted guidelines is
highly recommended (71).

All patients should receive the recommended
daily allowance for calcium (1,000–1,500 mg/d) and
vitamin D (400–800IU/d).

Prevention of early and late 
post-transplantation bone loss
The lack of reliable clinical predictors to identify indi-
vidual patients who will experience osteoporotic frac-
tures renders all transplant recipients candidates for
preventive therapy. It is well known that the rates of
bone loss and fracture incidence are highest immedi-
ately following transplantation. Therefore, preventive
and therapeutic measures should be instituted at that
time and without delay.

Measures such as exercise, calcium and vitamin
D, calcitriol and antireapsortives agents have been
considered for prevention of early post-transplantation
bone loss.

Exercise. The importance of physical activity in
restoring BMD was demonstrated in three prospec-
tive, randomized, albeit very small, studies conducted

in heart (72,73) and lung (74) transplant recipients.
The type of training consisted of supervised exercises
of the lumbar extensor muscles (1 day/week) and
upper and lower body (2 days/week), started 2
months following transplantation and continued for 6
months.

Calcium and vitamin D. Although the replace-
ment of calcium and vitamin D fails to prevent clini-
cally significant bone loss after the transplantation, as
demonstrated by virtually all studies (44,47), repletion
of calcium and vitamin D remains very important in
these patients. In our opinion, all transplant recipients
should receive 1,000 mg elemental calcium and at
least 400 IU of vitamin D daily.

Active vitamin D metabolites. Calcium and cal-
cidiol (25-OHD) were effective in maintaining bone
mass in heart transplantation patients (75) and renal
transplant recipients (76). The efficacy of calcitriol in
preventing bone loss in the early period after transplan-
tation was well demonstrated at doses ≥ 0.5 µg daily
(55,56). In addition, its use in the late period after
transplantation has also been demonstrated to prevent
bone loss in renal transplant recipients (77). However,
in other studies, active vitamin D metabolites are of lim-
ited effectiveness. In addition, hypercalcemia and hyper-
calciuria, common side effects of vitamin D metabolites,
may develop at any point during treatment. Frequent
monitoring of urine and serum is required. In our opin-
ion, active vitamin D metabolites should not be select-
ed as first-line treatment because of their limited effec-
tiveness and narrow therapeutic window.

Calcitonin. Although ineffective in preventing
early bone loss, calcitonin may have some benefit in
the later post-transplant period in liver (78) and renal
(79) transplant recipient and can be considered if
other agents are contraindicated or poorly tolerated.

Gonadal hormone replacement. Few studies have
approached the replacement of sex steroids for trans-
plant recipients. Isoniemi et al. (80), in an uncon-
trolled study of postmenopausal liver transplantation
recipients, demonstrated that the use of transdermal
estradiol was effective in increasing BMD of lumbar
spine and femur neck over a period of two years.

Bisphosphonates. These potent antiresorptive
agents are an obvious option in preventing the rapid
bone loss, that occurs mainly in the early phase after
transplantation and that is associated with increased
bone resorption. Studies using intravenous pami-
dronate (0.5 mg/kg), given at the time of renal trans-
plantation and 1 month later, prevented bone loss at
the apparent 4 years after transplantation (82). Similar
results have been reported in a controlled randomized
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study of 34 patients with cystic fibrosis (83), and in
non-randomized studies of heart (84), lung (47), and
liver transplant recipients (85).

The use of pamidronate was also effective in the
prevention of the ongoing bone loss when initiated 2
years after transplantation in 13 cardiac and 21 liver
transplant recipients (86). Another intravenous bisphos-
phonate, zoledronic acid, has been used in a randomized
double-blind, placebo-controlled trial of 62 patients
after liver transplantation. It was administrated in a dose
of 4 mg 7 days before and 1, 3, 6 and 9 months after the
transplantation. At the end of 12 months, it was demon-
strated that zoledronic acid had effectively prevented
bone loss (87). Several studies conducted in transplant
recipients demonstrated that the use of oral alendronate
(10 mg daily) was effective in reducing bone loss at the
femoral neck and lumbar spine in both early and late
periods after transplantation (58,88-90). In summary,
oral or intravenous bisphosphonates, in conjunction
with calcium and vitamin D, are effective in preventing
post-transplantation bone loss when started shortly after
grafting. The optimal dose, timing, and frequency, par-
ticularly of intravenous bisphosphonate administration,
remain to be determined.

CONCLUSIONS

Patients with end-stage organ failure and candidates for
all types of transplantation have significant risk factors
for osteoporosis and abnormal mineral metabolism
before the organ transplantation. The exposure to high
doses of glucocorticoids and calcineurin inhibitors such
as cyclosporine A and tacrolimus, is associated with
rapid bone loss and high fracture incidence immediate-
ly after transplantation. Effective therapies should incor-
porate pre-transplant measures to treat preexisting bone
diseases and also aggressive prevention of bone loss dur-
ing the first six to 12 months transplantation. The opti-
mal dose, timing and frequency of administration of
these therapies remain to be determined. At present,
most controlled trials lack sufficient statistical power to
demonstrate efficacy for fracture prevention. More stud-
ies are required to determine the best agent and route
of administration to prevent this common complication
of organ transplantation.
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