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Solid organ transplantation is increasingly available in many westernized nations
for end-stage cardiac, pulmonary, liver, and kidney disease. The number of overall
organ transplants is increasing as is the number of transplant survivors, raising con-
cerns about complications that develop in the posttransplant stage, notably osteopo-
rosis and fractures. Bone loss after transplantation is a combined result of
compromised bone density prior to transplantation, poor nutrition before and after
receiving a new organ, hypogonadrotrophic hypogonadism developing before or
after surgery, and medications prescribed to address chronic health conditions asso-
ciated with organ failure, including loop diuretics and heparin-based products.
Some of these factors, combined with the negative effects of immunosuppressive
medications, put patients at a heightened risk for bone loss and new fractures.
Increasing attention has been given to evaluating and optimizing bone density prior
to organ transplant, but as the prior chapter noted, attention to this critical issue
often comes too late, long after bone loss has begun. This chapter considers the
epidemiology of osteoporosis following solid organ transplantation as well as non-
pharmacologic and pharmacologic interventions administered at the time of and
following transplant which are specifically aimed at preventing further bone loss
while potentially increasing bone density.

General Mechanisms of Bone Loss After Organ
Transplantation

Kulak et al. [1] divide the process of bone loss into two phases: the first six months
after organ transplantation constitute the early phase, and the subsequent year
(approximately 6-18 months following transplant) represents the later phase.
Steroids (glucocorticoids) at their highest doses, administered immediately follow-
ing receipt of a new organ, inhibit osteoblast function as evidenced by decreased
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serum osteocalcin levels, while they simultaneously increase osteoclastogenesis,
thereby creating an environment that favors bone breakdown over bone formation.
Glucocorticoid doses, often 0.5 mg/kg/day for the first month and then 5 mg/day for
2—-6 months following transplant, also disrupt the hypothalamic—pituitary adrenal
axis in such a way as to decrease levels of sex hormones that assist in building bone
[2]. Moreover, glucocorticoids inhibit intestinal calcium absorption as well as renal
transport of calcium, both of which indirectly result in increased levels of PTH.

Immunosuppressive agents are central to survival of the transplanted organ in its
new environment. Calcineurin inhibitors, specifically cyclosporine A and tacroli-
mus, are nephrotoxic. Detrimental to the bone in the same manner as glucocorticoid
agents, they are often used in liver and cardiac transplant but are also administered
after other types of transplants [3, 4]. Of the two agents, cyclosporine A has more
commonly been associated with lower bone density and higher fracture rates than
has tacrolimus [5]. These factors contributing to posttransplantation bone loss are
influential in varying degrees, depending on the particular organ being transplanted.
Four of the most frequent organ transplants—cardiac, lung, liver, and kidney—will
be considered in this chapter.

Cardiac Transplant

While the number of transplants is increasing worldwide, organ availability, espe-
cially for those needing a heart transplant, remains scarce. An increasing number of
patients opt to undergo an intermediate procedure by inserting a left ventricular
assistive device (LVAD) [6]. The implantation of such a device is challenging, and
many recipients have difficulties not only in achieving desired anticoagulation lev-
els but also in dealing with such adverse effects as gastrointestinal bleeding, ortho-
static hypotension, and physical debility that limits weight-bearing activities and
general mobility. Patients who ultimately undergo heart transplantation after first
receiving an LVAD have additional osteoporotic risk factors, including prolonged
use of anticoagulants and high-dose proton pump inhibitors as well as nutritional
compromise. Indeed, this group may have even more risk factors for osteoporosis
than patients who receive a transplant directly, due to the use of the above medica-
tions for potentially an indefinite period of time.

Bone Loss and Osteoporosis (Posttranplant
Immunosuppression)

Following cardiac transplant, patients experience increased rates of rapid bone loss
in the spine and hip, particularly in the femoral neck. At the same time, osteoporosis
may already exist prior to transplant: According to Shane et al., osteopenia or osteo-
porosis, as defined by the World Health Organization criteria, is present in approxi-
mately half of patients awaiting cardiac transplant, despite relatively normal mean
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T- and Z-scores [7]. In the six months following cardiac transplant, the rate of bone
loss in the lumbar spine for patients with or without preexisting osteoporosis ranges
between 6 and 10 %. Bone density declines by 6—11 % in the femoral neck during
the same time interval [8]. Some studies suggest no further decline in the lumbar
spine occurs beyond six months, but losses in the hip persist up to the end of the first
year; there is limited evidence that partial recovery of lumbar spine BMD may take
place in later years [9]. In a population of 41 cardiac transplant patients, Chou et al.
found that 49 % were osteopenic and 17 % were osteoporotic [10]. Comparing two
locations of common bone loss after a minimum of two years follow-up, the authors
reported that 66 % of patients had either osteopenia or osteoporosis of the femoral
neck and 26 % had one of these conditions in the lumbar spine. Osteoporosis can
also exist in survivors of adolescent cardiac transplant as a result of not only preex-
isting osteoporosis and immunosuppressive therapy but also renal insufficiency,
secondary hyperparathyroidism, and increased bone turnover [11].

Reduction in osteocalcin, a marker of bone formation, is found immediately fol-
lowing transplantation and continues to rise for the first year. In addition, levels of
urinary telopeptides that reflect bone resorption are elevated shortly after transplan-
tation but start to normalize after six months [12].

Fractures

The risk of vertebral fractures ranges from 22 to 35 % in the first three years after
cardiac transplantation [2], with the percentage and timing of the fractures varying
depending on the trial. A prospective study by Shane et al. [13] found that despite
calcium and vitamin D supplementation, 36 % (7 women and 10 men) of 47 subjects
sustained a fracture following cardiac transplantation; 85 % of this number did so in
the first six months, with the highest risk found among those with low hip BMD
prior to transplant. Similar trends for fracture risk in transplant recipients with pre-
transplant BMD below the fracture threshold were identified by Lee et al. [14] and
Chou et al. [10]. These findings were supported by a European investigation
five years later [15] that showed a 27 % incidence of vertebral fractures in the first
two years after transplant among a group of 105 patients. During the investigation’s
7-year course, 33 % of subjects had vertebral fractures, and of those, two-thirds had
multiple vertebral fractures. In an analysis of femoral neck fractures [13], only 4 %
of patients experienced a fracture, all due to falls.

Treatment Options
Physical Therapy
Resistive exercises and other forms of weight-bearing exercise are helpful in main-

taining overall mobility and bone density following LVAD implantation [16].
Physicians must take advantage of any therapy possible to keep the bones and
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muscles of these patients optimized should they require future medical treatments.
Instituted in the early postoperative phase, a 2015 study of the effect of the exercise
training phase in 12 patients with LVAD devices has demonstrated improved func-
tional capacity, albeit in a small number of subjects [17]. The ability to walk on a
treadmill continuously for six minutes was a key goal, followed by an increase in
the treadmill’s speed to improve aerobic capacity. Subjects were necessarily limited
by the need to carry the 2-2.5 kg batteries and controller, emphasizing the impor-
tance of close monitoring. Nonetheless, the researchers believe that the ability to
achieve this objective by the time of discharge augurs well for adaptation to the
daily needs of the posttransplant patient.

With regard to those who have undergone a full cardiac transplant, resistive train-
ing has been shown to maintain and, in some instances, restore bone mineral density
losses following surgery. Braith and colleagues compared the 6-month outcomes of
eight patients who underwent standard postoperative care, including a walking pro-
gram, with another eight who performed structured resistance exercises (lumbar
extension, duo decline chest press, and various other core muscle strengthening
regimens); each group began two months after transplant and concluded six months
posttransplant [18]. At two months posttransplant, both control and exercise groups
demonstrated significant loss of bone density in the lumbar spine and femoral neck,
relative to their baseline measurements immediately after surgery. In the resistance
training group, BMD of the lumbar spine returned to within 1.9 % of immediate
posttransplant levels, while the femoral neck improved to within 3.6 % of the origi-
nal baseline level. By contrast, the control group saw no improvement in BMD
between the 2-month and 6-month postoperative DXA scans.

Medications Alone and with Activity-Based Therapies

Over the last decade, combination therapies involving resistance training and alen-
dronate or calcitonin have been investigated. Braith and colleagues performed a
variant on the study described above by combining calcitonin and resistance exer-
cises [19]. Six months of calcitonin therapy, initiated 48 h after transplant, was were
compared with six months calcitonin therapy combined with resistance exercises
beginning two months after transplant, a time when more aggressive activity is
considered safe after sternotomy [20]. Although both groups lost 10-11 % of BMD
in the first two months, femoral BMD in the calcitonin-alone group declined by
3.3 % at eight months post surgery, but BMD was maintained in the combined ther-
apy cohort at the pretransplant BMD level. For the lumbar spine (L2 and L3), BMD
in the group with calcitonin alone declined by 16.9 % eight months after transplant
but only by 5% in the mechanical loading group. Because both groups lost BMD
early after transplant, it is unclear if the resistance group would have returned to
baseline had the study extended further; however, once resistance training was per-
mitted in the combination therapy group, subjects showed steady improvement.
Although this study was limited by a small number of participants, it showed early
promise of the value of physical exercise after transplant.
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Alendronate has been examined in a similar manner by Braith et al. in a 2003 study,
again combining resistance training with pharmacologic agents aimed to reduce bone
loss [21]. Twenty-five participants were divided into three groups: The first was
administered 10 mg daily alendronate beginning two months after surgery and the
second received the same alendronate protocol but also participated in resistance train-
ing exercises (1-2 days/week). The third group was given no pharmacologic interven-
tion or resistance exercises but did receive standard-of-care activities, including a
walking program. DXA scans were performed at baseline, two months posttransplant,
and eight months posttransplant. Results found that all three groups lost significant
amounts of total body skeletal mass two months posttransplant (before interventions
began) and showed regional bone losses of 5—6 % in the femoral neck and 11.2-12.5%
in the lumbar spine. While the total body BMD declined between months two (by
5.1%) and eight (by 6.5 %) in the group receiving no pharmacologic intervention, the
total body BMD loss of 5.3% in the alendronate-only group at two months (prior to
starting the drug) remained steady, neither improving nor declining by the end of the
study. But when alendronate was combined with resistance training, the 5.6 % loss of
BMD seen two months into the study had improved to a much smaller loss from base-
line BMD of only 2.1 % by the end of the study, eight months following transplant.

In the lumbar spine, similar trends were found, except the decline at two months
after transplant was in a significantly greater range of 12 %. Treatment with alendro-
nate alone, given between months 2 and 8, only brought the BMD value up to a loss
of 10.5 %. In contrast, patients receiving alendronate plus physical training involv-
ing lumbar extension exercises regained the majority of the lost bone, coming to
within 3.4 % of the pretransplant BMD value.

Trials involving only bisphosphonates in the treatment of osteoporosis posttrans-
plant have also been performed, with results measured over a longer time period.
Again the studies were small and involved primarily pamidronate. For example,
Shane et al. [13] examined the effect of a single intravenous infusion of pamidronate
(60 mg) within two weeks of transplant, followed by oral etidronate and oral calcitriol
in 18 patients compared with 52 subjects receiving only calcium and vitamin D
supplementation. At 12 months after transplant, the pamidronate-etidronate therapy
group experienced virtually no lumbar spine bone loss (0.2 %) in contrast to a signifi-
cant decline in those without bisphosphonate therapy (6.8 %). Femoral neck fell by
only 2.7% in the therapy patients in contrast to 10.6 % in the non-therapy group.
Whereas the therapy subjects experienced only three vertebral fractures, 17 patients
in the non-bisphosphonate therapy group had 30 vertebral fractures, one hip fracture,
and three episodes of rib fractures. Another trial by Krieg et al. [22] focused on the
impact of a 3-year treatment of quarterly injections of 6 mg pamidronate; at the end
point, the increase in BMD in the lumbar spine reached 18.3% (14.3 % compared
with BMD at the time of surgery), while bone loss in the femoral neck, which declined
in the first posttransplant year by 3.4 %, completely recovered.

In cases where heart transplant patients cannot tolerate bisphosphonate treatment
due to impaired renal function, denosumab may represent a viable alternative.
A study of denosumab therapy in 46 kidney, liver, and heart transplant patients over
amean duration of 1.25 years indicates a mean increase of 9.8 % in the lumbar spine
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BMD in 97 % of patients and a mean increase of 8.0 % BMD in the hip in all patients
[23]. However, these are very preliminary findings, and more extensive research
focused solely on heart transplant patients is needed.

These various therapies appear to be valuable in preserving bone density in heart
transplant patients. Yet, as with many other conditions, the emphasis is on preserv-
ing the overall health of the organ, limiting rejection episodes, and improving car-
diac conditioning. Preventing bone fractures and excess rapid bone loss that could
lead to hypercalcemia are essential components of an overall plan. In the early post-
operative phase, coordination of care among physiatrists, rehabilitation therapists,
cardiologists, and transplant surgeons remains essential to achieve optimal health of
the patient in the months and years following cardiac transplant.

Lung Transplant

Osteoporosis Prior to Transplant

Although far fewer transplants occur in lung disease than in heart, liver, and kidney,
osteoporosis is a prevalent complication, both before and after transplant. In a study
of 48 patients awaiting lung transplant, Jastrzebski et al. determined that osteoporo-
sis was present in half the study population, with osteopenia occurring in 40 % [24].
The greatest increase in bone loss was evident in COPD patients who are also
affected by both pancreatic insufficiency and reduced vitamin D and calcium
absorption [25]. Confirmed by other studies, preexisting osteoporosis has become a
matter of increasing concern. Growing recognition of its importance should enable
physicians to implement anti-osteoporotic strategies during the waiting period
before transplantation, ensuring that patients are in the best possible health at the
time of the procedure [26]. Evaluation of bone mineral density and counseling about
the risk of fracture posttransplant are now routinely recommended for patients with
low BMD or fracture pretransplant [27].

Osteoporosis and Fractures Post Lung Transplant

As in the case of other solid organ transplants, bone loss is accelerated in the early
months following lung surgery, primarily as a result of high doses of immunosup-
pressive medications that induce increased bone turnover. However improvement is
indicated in more recent trials.

Earlier studies pointed to a marked decrease in lumbar spine BMD of 3.5-24 %
occurring in the first 3-6 months. In their 1996 analysis of bone loss post lung trans-
plant, Aris et al. reported that 73 % of patients had BMDs of the spine and femur
below a fracture level defined as two SDs beneath the age-matched mean. The frac-
ture rate was approximately 225 fractures per 1000 person-years which is equal to
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or greater than that for women with postmenopausal osteoporosis who have already
experienced fractures. Biochemical markers of bone resorption were also signifi-
cantly higher [25]. Osteoporosis was attributed not only to the cumulative steroid
dose but also to the degree of preexisting bone demineralization—a condition that
was often not fully recognized.

Other studies confirmed bone loss and fracture occurrence in varying degrees.
Spira et al. [28] reported that the prevalence of osteoporosis increased from 54%
prior to lung transplant to 78% posttransplant. A lesser decrease in BMD of about
5% at both lumbar spine and femoral neck, as well as a high incidence of fractures
at 18 %, was recorded 6—12 months after transplant. On the basis of these findings,
the authors postulated that the modest decrease in BMD was still sufficient to impel
patients over the fracture threshold especially in those with preexisting low bone
mass, again emphasizing the importance of earlier screening and treatment. Women
with low pretransplantation BMD and a history of pretransplant glucocorticoid
therapy are at greater risk of fracture in the first year following transplant [29].

In this context, it is interesting to note that more recent investigations have pro-
duced better outcomes. In a 2014 study of a cohort of 210 lung transplant patients
[30], 17 subjects (8.0 %) experienced fractures after transplantation, with the median
time to first fracture occurring at 12 months and the mean time for fracture inci-
dence occurring at 18 months. Calcium and vitamin D supplementation as well as
glucocorticoid use did not differ in the fracture and nonfracture groups. Of the 17
who fractured, eight had COPD. Comprehensive bone care, including DXA scans;
vitamin D screening before and immediately after transplantation; early initiation of
antiresorptive therapy, at both the pretransplant and immediate posttransplant phase;
and improved clinician awareness could account for these improved results.

Treatment

Therapy for bone loss and fracture risk post lung transplant must necessarily involve
both the nonpharmacological and pharmacological strategies customarily used for
osteoporosis alone. Studies focusing specifically on lung transplant recipients are
limited in number and size; however, they do demonstrate the greater efficacy of
bisphosphonates, particularly intravenous pamidronate.

Nonpharmacologic Interventions

Calcium and Vitamin D Supplementation

Studies indicate that calcium and vitamin D supplementation in lung transplant
recipients appears to have little impact on glucocorticoid-induced osteoporosis. In a

comparison with the bisphosphonate pamidronate, Trombetti et al. [31] found that,
at one year, patients receiving only calcium and vitamin D supplementation had a
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Z-scores of —0.4+/—0.1 at lumbar spine and —0.04+/—0.1 at femoral neck, in con-
trast to comparable scores of +0.2+/0.1 at lumbar spine and +0.2+/—01at femoral
neck for bisphosphonate patients.

Exercise and Physical Therapy

In terms of exercise, weight-bearing and strengthening regimens are employed to
improve and maintain bone density, while spinal posture and movement patterns may
be beneficial in cases of vertebral fractures [32]. At the same time, exercise limitations,
present before transplant, can persist well after transplant, suggesting chronic muscle
deconditioning after lengthy pretransplant debilitation [33]. Cardiopulmonary exercise
testing (CPET), incorporating maximal oxygen uptake, has been used for over two
decades to assess aerobic capacity posttransplant, but results are mixed. Overall,
Dudley et al. have shown that the absolute VO, capacity after transplant appears to be
fixed at 50 % of predicted VO,, regardless of pretransplant capacity [34]. Factors affect-
ing exercise capacity include abnormalities in peripheral circulation and in skeletal
muscle oxidative capacity as well as the effect of immunosuppressive medications.

As Seoane et al. have observed [35], the 6-min walk test (6-MWT) has essen-
tially replaced CPET in evaluating lung disease itself, but only recently has it been
applied to posttransplant patients. In their study of 49 lung transplant patients, they
describe a normal distribution for the 6-MWT distance at six months following
transplant, with improved distances continuing for a year. Although 6-MWT does
not predict survival, it may have an as-yet undetermined predictive value for mor-
bidity. However, its limitations, specifically the inability to determine peak oxygen
uptake which, in turn, hinders assessment of the relative factors contributing to
exercise capability, have led the American Thoracic Society to recommend that the
6-MWT be regarded as complementary to, but not a substitute for, CPET [34, 36].

To what extent is exercise beneficial for lung transplant patients? In a 2010
review of seven studies applying different forms of aerobic and resistance exer-
cise, Wickerson et al. [37] concluded that a period of structured exercise train-
ing can have a positive effect on maximal and functional exercise capacity,
skeletal muscle strength, and lumbar spine BMD. Several of the studies covered
in the review and one completed more recently are noted here. A 6-month pro-
gram of lumbar extension exercise [38] aimed at reversing vertebral osteoporo-
sis post lung transplant revealed that lumbar BMD in the exercise group
increased significantly (+9.25) over the period, whereas a control group lost
bone mass, decreasing to 19.5 % less than pretransplantation levels. The lumbar
spine was singled out because nearly all lung transplant patients have reduced
BMD at that site, with lumbar spine compression fracture being the most debili-
tating consequence of glucocorticoid therapy and resulting in continued BMD
loss. Another trial involving lung patients more than six months posttransplant
reported that a period of normal daily activities exerted no impact on exercise
performance in contrast to six weeks of aerobic endurance training which sig-
nificantly improved submaximal and peak exercise performance [39]. A 2012
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trial not only confirmed the benefits of exercise training in lung transplant
patients but also added important information relating to broader health out-
comes, specifically the impact of exercise on cardiovascular morbidity [40]. In
patients between 40 and 65 years of age with an uncomplicated postoperative
condition, those who underwent a 3-month structured exercise program (walk-
ing, stair climbing, cycling, and resistance training) immediately after the trans-
plant, realized three major benefits:

1. After one year, walking time averaged 85 min per day versus 54 min for a con-
trol group.

2. Quadriceps force, GOMWT distance, self-reported physical functioning, and qual-
ity of life were improved in the intervention group.

3. The average 24-hour diastolic and systolic blood pressure was significantly
lower in the exercise group, with positive implications for cardiovascular health.

Although lung transplant patients may be unable to attain full exercise capacity
or maximum skeletal muscle strength, the benefits of exercise are indisputable.
Further studies of the safety and efficacy of more intensive training programs as
well as of the impact of exercise on patients with a more complicated postoperative
experience, possibly involving comorbidities, are anticipated [37].

Pharmacologic Treatment

Long regarded as a mainstay of osteoporosis treatment, bisphosphonates have not
been extensively studied in the lung transplant population and have recently been
the subject of several safety advisories from the FDA. In a highly cited trial involv-
ing posttransplant cystic fibrosis patients, Aris et al. [25] found that in contrast to
controls, intravenous pamidronate combined with calcium and vitamin D supple-
mentation produced an 8.8 % gain in BMD at the lumbar spine and an 8.2 % gain in
femur BMD at the end of two years; however, there was no difference in fracture
rates between the two groups. A pilot study directed at bone loss and osteoporotic
fracture in lung transplant patients [41] demonstrated that aggressive therapy with
pamidronate and supplements reduced incident symptomatic fracture in the first
year, with only 4 % of the 45 patients evidencing fracture. Lumbar spine and hip
bone density remained stable or improved in 65% and 86 % of patients, respec-
tively, but significant bone loss was still apparent in 42 % of patients in the year
following transplant. It is unclear when or whether bone remodeling normalizes in
this population, indicating that the need for therapy may persist indefinitely. For the
present, however, bisphosphonate use for 12 months prior to and posttransplant is
generally recommended.

Possible combination regimens have also been examined. An analysis of alen-
dronate together with mechanical loading [42] has shown that the blended prophy-
laxis produced a significantly increased lumbar spine BMD, with values
10.84/—-2.3 % greater than that prior to transplant, thus demonstrating that an anti-
resorptive agent plus resistance exercise is more effective than the agent alone.



332 Chapter 15: Osteoporosis as a Complication of Transplant Medicine

Other treatments have shown limited efficacy. Short-term therapy with cal-
citriol or cyclical etidronate may be partially effective in reducing bone loss after
lung transplant, but their use requires monitoring of calcium levels [43]. The
application of parathyroid hormone and denosumab requires further investigation
as does the potential of immune tolerance, which may be particularly difficult to
achieve in pulmonary transplant recipients, given such factors as lack of bron-
chial artery circulation posttransplant and an imperfect barrier against invading
pathogens [44].

Liver Transplant

Statistics compiled by the US Department of Health and Human Services indicate
that the number of patients actively awaiting liver transplant far exceeds those on
the waiting list for heart and lung together and is surpassed only by the extremely
large number, over 66,000, registered for a kidney transplant. Here again osteoporo-
sis is apparent before surgery. As recently as 2012, Kaemmerer et al. reported that
the number of patients evidencing osteoporosis before transplantation ranged from
12 to 55 % and those with bone fractures from 3 to 35 % [45]. Moreover, low BMD
or bone fractures before transplantation increase the risk of BMD loss and particu-
larly vertebral fractures after transplantation.

Post Liver Transplant Osteoporosis

As Eberling has observed [46], bone loss and fracture rates are highest in the first
6—12 months after transplant but at times can occur as early as the first three months.
However, recent trials have shown conflicting results with regard to bone loss. A
2002 study by Ninkovic et al. demonstrated a significant absence of bone loss and
reduced fracture occurrence of 8 %, although it still found significant bone loss at
the femoral neck of 4 %, compared to baseline, during the first three months [47]. In
the authors’ view, the decrease in both bone loss and fracture occurrence were most
likely linked to the lower doses and reduced duration of glucocorticoids now in use,
better bone health, and possibly the decision to implement the transplant option
earlier in the course of chronic liver disease.

By contrast, a subsequent Mayo Clinic trial involving 360 posttransplant patients
over a 16-year period (1985-2001) [5] continued to show a cumulative fracture
incidence of 30% in the first 12 months with an occurrence of almost 46 % by
eight years. The greatest risk factors were pretransplant fracturing, primary binary
cirrhosis, and corticosteroids. The researchers maintained that although other stud-
ies may have demonstrated an increase in the bone mass of liver recipients with
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fewer fractures, as of 2007, 25% of patients in their trial still developed new frac-
tures in the posttransplant period. Another study focusing on BMD reported that
women with primary binary cirrhosis had decreased BMD at three months post liver
transplant followed by a subsequent increase, so that by 12 months, their median
BMD was similar to that in the pretransplant stage and by 24 months was higher by
5% [48].

Treatment
Nonpharmacologic Interventions

As in the case of other transplants, bone disease after a liver transplant was formerly
attributable to the high dose of corticosteroids used as immunosuppressive agents.
With corticosteroid administration now reduced to a minimum in favor of lower dos-
ages and other immunosuppressive drugs, improvements in bone density over time
are now being realized [49]. In addition to a decrease in the dose and duration of
corticosteroid treatment, other nonpharmacologic measures including improved nutri-
tion, cessation of smoking, and reduction of alcohol intake may improve bone health.

Vitamin D Supplementation

As Stein et al. have shown, severe vitamin D deficiency at the level of 250HD
<25 nmol/L existed in 30 % of 23 liver transplant recipients examined, while vitamin
D deficiency at the level of 250HD <50 nmol/L. was common in the remainder of
the cohort [50]. Levels are particularly low in liver recipients who experience
impaired hepatic 25-hydroxylation of vitamin D. At a time when bisphosphonates
are increasingly used following transplant, physicians should be aware that these
drugs are not optimally effective in cases of severe vitamin D deficiency and that IV
bisphosphonates may actually precipitate hypercalcemia in a deficient state.
Depending on individual vitamin D levels, liver recipients require supplementation
(generally administered with 1000 mg/day calcium) in varying dosages that will
enable them to achieve serum levels of vitamin D25 OH above 20 ng/mL.

The status of vitamin D levels at the time of transplantation is also a matter of
concern. A 2015 trial involving 127 patients receiving a transplant between July 2010
and July 2011 found that 84 % had vitamin D deficiency at the time of transplant
evaluation and 74 % remained deficient at the time of transplant [51]. While this
study found no association between vitamin D deficiency pretransplant and decreased
BMD or fracture risk posttransplant, further research is needed to determine what
effect the restoration of serum levels of vitamin D25 OH pretransplant might have on
such posttransplant outcomes as the level of immunosuppressive therapy needed.
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Physical Activity

In the past 15 years, increasing attention has been focused on the role of exercise in
treating osteoporosis post liver transplant, primarily with respect to its effect on
health-related quality of life. In conducting some of the earliest studies on this inter-
action, Painter et al. [52] observed that posttransplant conditions such as pain,
weakness, loss of range of motion, and osteoporosis, coupled with significant
weight gain, contribute to physical inactivity and adversely affect levels of physical
functioning. Just as exercise is important for the general population, it should not be
ignored in transplant patients.

Limited data is available on the direct effect of exercise on osteoporosis in post
liver transplant patients. Instead, generalized benefits of exercise following solid
organ transplant are extrapolated, taking into account the specific limitations
imposed by liver replacement surgery and its consequences. Initially, exercise in
these patients must be limited and carefully monitored to prevent complications
from both suture breakage and the fatigue that so often occur post liver transplant.
Several analyses have been conducted on potential physical activity programs for
this population, aimed primarily at improving exercise capacity, muscular strength,
and cardiorespiratory fitness, but beneficial to bones as well. In one trial, the “exer-
cise prescription” for home-based training included walking and cycling, with a
frequency of at least three times per week for a duration increasing to 30 minutes
per session [53]. Because subjects and their families fear damaging a new organ,
noncompliance with exercise results, making professional guidance essential in
developing and maintaining much-needed resistance and aerobic exercise programs
[54]. Additional studies are needed to develop the optimal exercise intervention for
osteoporosis in the post liver transplant period.

Pharmacologic Intervention
Bisphosphonates

Bisphosphonates are effective in treating post liver transplant bone loss, provided
that vitamin D deficiency is also addressed. Thus far, investigations of the effect of
bone-protective therapy in transplant patients have been hindered by their small
size, short duration, and insufficient power to compare different medications and
detect fractures. They do, however, demonstrate some benefits, particularly with
regard to pamidronate, alendronate, zoledronic acid (ZA), and ibandronate. A random-
ized 12-month study of 30 mg of IV pamidronate, administered with supplemental
calcium and vitamin D, resulted in a significant increase in lumbar spine BMD as
compared to controls, as well as a decrease in bone turnover. In a 12-month follow-
up, the efficacy of pamidronate appeared to be limited to trabecular bone, with no
effect on femoral neck bone loss [55].

Studies involving alendronate have produced limited positive results. A placebo-
controlled trial in patients with primary biliary cirrhosis showed that alendronate
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was able to increase BMD after one year, in comparison with placebo and indepen-
dent of concomitant estrogen therapy [56]. A nonrandomized investigation also
indicated that alendronate produced an increase in BMD within 24 months of trans-
plant [57]; another trial revealed significant increases of BMD at the lumbar spine,
femoral neck, and total femur at 12-24 months but did not appear to offer protection
against fractures [58].

Examinations of the impact of ZA and ibandronate have shown somewhat
greater efficacy but still inconsistent findings. Although Crawford et al. reported
that zoledronic acid prevented bone loss by 3.8—4.7 % at the lumbar spine, femoral
neck, and total hip within the first year of transplant. They also found that it
induced temporary secondary hyperparathyroidism and hypocalcemia; the trial
was insufficiently powered to assess fractures [59]. Similar results were reported
in a subsequent, randomized controlled trial by Bodingbauer et al. who compared
ZA, combined with calcium and vitamin D, to controls receiving only calcium and
vitamin D. The end points of fracture and death occurred in 26 % of patients on
ZA and 46 % in controls. In addition, 75 % event-free survival time was achieved
for 360 days in the ZA group compared to 200 days in the control group [60].

Most recently, an examination of bone disease in liver transplantation involved
both pre- and posttransplant treatment with ibandronate [45]. An oral monthly dose
of ibandronate (150 mg), combined with calcium and vitamin D, was administered
to patients awaiting transplant, with follow-ups at 3-, 6-, 12-, and 24-months post
surgery. BMD of the lumbar spine was measured both before and after transplant:
the percentage change from baseline to 3 months was 13.59, reaching 17.1 % at
six months, 18.78 % at 12 months, and 24.26 % at 24 months. Femoral neck BMD
increased by 3.1 % at 3 months and 5.1 % at 6 months in the same cohort. A second-
ary end point in this study, the prevalence of fracture occurrence, was 3.2 % post-
transplant. The results of this study warrant further examination, but it appears that
immediate postoperative bone loss after liver transplantation can be significantly
reduced by pretreatment.

Although much research remains to be done, bisphosphonates, particularly the
more potent ZA and ibandronate, have demonstrated the importance of early treat-
ment, as well as the need for a spinal x-ray prior to transplant to identify the status
of bone mass. Clinical risk factors should also be considered as an integral part of
the transplantation process. Large multicenter, randomized clinical trials are needed
to produce more definitive findings.

Renal Transplant

The kidney is the most commonly transplanted solid organ in the United States and
throughout the world, resulting in bone disorders caused by posttransplant condi-
tions as well as those persisting from the pretransplant phase. As Bia has observed,
bone loss in kidney transplantation differs from that for the heart, lung, and liver
because of several factors: the presence of renal osteodystrophy which leads to low
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Fig. 1 Factors which contribute to posttransplant bone disease. Posttransplant steroid use plays a
major role in bone loss, although other metabolic derangements, especially in kidney transplant
patients, may also contribute (Source: Bia [61])

BMD; the location of fractures, which are more frequent in appendicular sites
(lower limbs, feet, and hip) in kidney transplants than in axial sites (spine and ribs)
as in other solid organ transplants; and the potential adverse effects of bisphospho-
nates that tend to cause “oversuppression” of bone turnover in kidney recipients
(Fig. 1) [61].

Whereas patients with heart, lung, and liver disease tend to have preexisting
osteoporosis, those with end-stage kidney diseases have what is termed renal osteo-
dystrophy, which is an integral part of chronic kidney disease—metabolic bone syn-
drome (CKD-MBS) — also known as chronic kidney disease—mineral and bone
disorder (CKD-MBD). This condition is marked by active vitamin D deficiency
(low vitamin D-1.25-OH), hyperphosphatemia, secondary hyperparathyroidism,
and excess aluminum levels—all of which may lead to reduced BMD and fractures
but are distinct from osteoporosis as such [61]. While the magnitude of many of
these metabolic abnormalities is lessened by kidney transplantation, some aspects
of the CKD-MBS such as parathyroid hyperplasia are likely to remain [2]. Failure
of enlarged parathyroid glands to involute means that PTH concentrations remain
elevated after transplantation, a scenario true in 75 % of patients one year after renal
transplant [62, 63]. In addition patients with end-stage kidney disease tend to be
hypogonadal and thus could have already received treatment with immunosuppres-
sive therapy (glucocorticoids or cyclosporine A) that will continue posttransplant
[64]. Finally, transplant patients frequently still have chronic kidney disease with its
attendant complications.
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In addition to the standard risk factors for osteoporosis including age and female
gender, kidney transplant patients face other challenges, ranging from time since
transplantation to the immunosuppressive regimen and graft dysfunction.
Ahmadpoor et al. reported an incidence of osteoporosis at 26 % (20 of 77 patients
who had undergone transplantation in the previous 6 months—2 years), with the
most common sites being the hip and spine [65]. In a cohort of 44 patients followed
up to 12 months posttransplant, Orzel et al. identified 43 % as osteopenic, 11 % as
osteoporotic, and 46 % as normal, with younger age and high intact pretransplant
parathyroid hormone levels as the principal risk factors [66].

As in the case of other transplants, improved results for BMD in kidney patients
are evident in more recent studies. Whereas a 1991 investigation reported a BMD
decline of 4-10 % in the first six months following transplant [67] due to the toxic
effect of glucocorticoids, Bouquegneau et al. have pointed to newer trials that reveal
a bone loss of only 0.1-5.7 % in the lumbar spine, reflecting reduced immunosup-
pressive therapy [68]. In 2014, a large trial (n=326) to assess long-term changes in
BMD following kidney transplant used extensive DXA measurements to demon-
strate that BMD typically improved or remained stable over a period of 8.2 years,
with baseline values only slightly above average for age and sex. It should be noted,
however, that baseline measurements did not begin until six months after transplan-
tation, allowing for the well-established decline in BMD within the early posttrans-
plant period. Over the long term, the single factor leading to a significant increase
in mean BMD at all sites was osteoporosis treatment [69].

Similarly the results of later trials on fracture occurrence demonstrate improve-
ment over earlier findings, mainly attributable to a reduction in the use of immuno-
suppressive agents; time after transplantation and the presence of diabetes are other
contributing factors. Data from the US Renal Data System (USRDS) demonstrate that
the demographic-adjusted incidence of hip fractures in kidney transplant recipients
has declined significantly to the point where it is 45 % lower in patients transplanted
in 2010 than in 1997 [70]. Explanations for this decline include not only changes in
immunosuppressive regimens but also an altered lifestyle (smoking cessation, reduced
alcohol consumption, enhanced physical activity) and increased bisphosphonate use,
which, as noted later, remains a matter of concern in kidney transplant patients.

In one of the largest studies of fracture incidence in kidney transplant patients
yet undertaken (n=4821) [71], Naylor et al. estimated the cumulative incidence
of nonvertebral fractures at 3, 5, and 10 years in the period between 1994 and
2009 with the following results. The overall 3-year cumulative incidence of
nonvertebral fractures was 1.6 %, with the number increasing over that time
period; the hip fracture rate alone was 0.4 %. The overall 5- and 10-year cumu-
lative incidence of nonvertebral fractures was 2.7 % and 5.5 %, respectively,
with hip fractures alone at 1.7 % at the 10-year mark. The most common fracture



338 Chapter 15: Osteoporosis as a Complication of Transplant Medicine

site was the lower leg. These findings bear out the 2004 observation by Sprague
et al. that “the more time since transplantation, the higher the reported fracture
rate,” but with fracture occurrence at a much lower level than the rates of 5-44 %
cited in this earlier study [72]. To explain the lower fracture incidence now
observed, Naylor et al. [71] cite the fact that earlier studies could not take into
account patients transplanted after the year 2000 when decreased prednisone
doses, as well as the use of bisphosphonates and vitamin D supplementation,
came into play.

Another approach to reducing fracture risk in kidney transplant is early cortico-
steroid withdrawal. A study of 430 patients receiving transplants between 2000 and
2006 demonstrated that 31 % of patients discharged from the hospital without corti-
costeroids had a decreased risk of fracture compared with those discharged on a
corticosteroid regimen — a finding that became significant at 24 months posttrans-
plant [73]. Despite these encouraging signs, kidney recipients still have a nonverte-
bral fracture rate of 1.6% compared with 0.5% for the comparable healthy
population; women aged 50 and over sustain the highest cumulative 3-year increase
of 3.1% [71].

Is there an association between low BMD and fractures in kidney transplant?
In a study conducted over 20 years ago, Grotz et al. [74] showed that many trans-
plant recipients did not experience fractures, concluding that low BMD values at
the lumbar spine could, at best, only partially explain fracture occurrence. DXA
measurements at the femoral neck indicated no relation to fractures. Findings
that BMD assessment does not discriminate between patients with fractures and
those without have led to increasing interest in measurements of bone quality,
achieved with newer three-dimensional imaging techniques such as quantitative
computed tomography. Recent evidence that lower femoral neck BMD may be
linked with increased fracture risk in chronic kidney disease [75] calls for
increased efforts to develop simplified, less invasive, and more cost-effective
ways to conduct bone biopsies [76].

Diabetes compounds the fracture risk for patients with kidney transplants.
Epidemiologic studies show that pretransplantation diabetes can more than dou-
ble the risk for fracture after a kidney transplant [73]. Hypoinsulinemia, hypergly-
cemia, and other diabetic complications including peripheral neuropathy can all
decrease bone strength. However, new research finds that a simultaneous
pancreas—kidney transplant, as opposed to a kidney transplant alone, can result in
lower fracture rates in kidney transplants, particularly in men [77]. Apparent
within three months of transplantation, overall fracture incidence was 31 % lower
in men over a 5-year period but was not significantly different in women. Higher
levels of circulating estrogen in women under the age of 50, less severe bone loss
at the lumbar spine and femoral neck, and prior medication aimed at fracture
prevention may, in part, account for this difference. As the authors emphasize,
further studies to determine the mechanisms underlying coincident type 1 diabe-
tes and chronic kidney disease are required to serve as the basis for new fracture
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prevention strategies that can be used in men, concurrently with the combined
transplantation, as well as to advance other therapies that will help to prevent
fractures in women.

Treatment

Both nonpharmacologic and pharmacologic therapies have been employed to pre-
vent bone loss posttransplant. In cases where the effect of these therapies have not
been examined in kidney recipients directly, findings have been extrapolated from
relevant trials involving other types of transplants, keeping in mind the special
circumstances that define bone loss in the post-kidney transplant population.
Given the sharp decline in bone loss that occurs in kidney as well as in other trans-
plants immediately after surgery, therapeutic measures should be initiated at the
earliest point.

Nonpharmacologic Regimens
Calcium and Vitamin D Supplementation

Hyperparathyroidism, abnormal vitamin D metabolism, and the use of prednisone
all lead to reduced calcium absorption and further contribute to bone loss post kid-
ney transplant. At the same time, calcium supplementation alone is ineffective in
maintaining BMD or reducing fracture risk [78]. A Cochrane Database Review of
24 trials found that no individual intervention with either vitamin D, calcitonin, or
bisphosphonates was associated with reduced fracture risk but that when the results
of all trials were combined, any one of these treatments proved effective against
fracture risk and all had a beneficial effect on BMD at the lumbar spine [79]. This
study supports the concurrent use of vitamin D (with or without calcium) and
bisphosphonates to reduce the deleterious effects of immunosuppressive therapy on
bone density after transplant and indicates that any intervention to alter bone metab-
olism can reduce fracture risk in the year following surgery. With respect to calcium
supplementation, Torres et al. report that intermittent-dose calcitriol during the first
three months posttransplant, followed by oral calcium supplementation during the
first year, decreased the rate of bone loss at the total hip compared with calcium
supplementation alone, without any adverse effect on hypercalcemia levels [80].
The relation between vitamin D and hypercalciuria admits of mixed findings.
A recent study reported that hypercalciuria occurred more frequently in a vitamin D
supplementation group, leading to a reduction in the dosage or treatment discon-
tinuation in 30 % of patients; calcium supplementation was also cited as a possible
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cause of hypercalciuria. It is clear that additional randomized controlled trials are
required to determine the most effective dose and optimal duration of supplementa-
tion as well as to assess the specific impact on fracture risk [81]. Until then, the level
of calcium and vitamin D supplementation is determined on an individual basis
taking into account regular screening results to determine the extent of bone dam-
age, as well as the severity of the disease and existing comorbidities such as
diabetes.

Physical Activity

As in the case of dietary supplementation, exercise programs must be tailored to
individual needs of the individual and, to the extent possible, should encompass
mechanical loading, stretching, and strengthening regimens. Although the primary
goal of exercise in the posttransplant phase is to reduce cardiovascular risk and
improve graft function [81], the benefits of exercise extend to increasing BMD and
preventing fractures by advancing motor fitness, improving balance, and decreasing
fall risk. However, analyses of the efficacy and effectiveness of exercise post renal
transplant are few in number, and the lack of evidence, in itself, represents one of
the principal factors contributing to low exercise rates [82]. Gordon et al. point to
several other reasons underlying reduced physical activity: (1) lack of motivation
and interest, coupled with fear of injuring the graft, (2) limited knowledge of the
benefits of exercise on the part of healthcare professionals faced with what they
consider to be more immediate and compelling concerns, and (3) inadequate reim-
bursement for physical activity programs and counseling on the part of insurance
carriers. Exercise may be particularly difficult to initiate in older renal transplant
recipients with reduced physical performance prior to transplant, as well as in
younger patients who have been shown to be less physically active pretransplant by
a measure of 25 % in comparison with healthy subjects [83].

The guidelines adopted by Kidney Disease: Improving Global Outcomes
(KDIGO) recommend that at least 30 min of moderate-intensity exercise (walking,
cycling, slow jogging) be undertaken on most, preferably all, days of the weeks, as
adapted to the needs and capacity of the individual [84]. In a highly cited random-
ized clinical trial, Painter et al. found that one year after transplant, an exercise inter-
vention group increased its regular physical activity from 50 to 67 %, whereas the
“usual care” group experienced a decline from 47 to 36 %; in addition the exercise
group realized significantly greater gains in peak oxygen uptake (VO,), muscle
strength, and physical functioning [85]. Although guidelines and studies such as
these have not directly addressed bone disease in renal transplant, they do raise
awareness of the need to develop exercise regimens directed to individual needs as
well as to conduct new empirical research on the safety and efficacy of specific
exercise training programs with respect to the different outcomes of the transplant
process including osteoporosis. Recent findings on the correlation between low
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physical activity and the risk of cardiovascular and all-cause mortality in renal trans-
plant [86] may well stimulate further examinations of the impact of exercise on
mineral and bone disorders as well as on fracture risk, leading to an improved quality
of life.

Pharmacologic Measures
Bisphosphonates

As noted at the outset of this section, the value of bisphosphonates in kidney trans-
plant is tempered by their potential to oversuppress bone metabolism. Given that
concern, the general consensus is that bisphosphonates should not be used in kid-
ney patients with low bone turnover that could be further exacerbated by these
drugs, possibly increasing fracture risk. Studies of the effect of alendronate, pami-
dronate, and zoledronic acid have demonstrated benefits in terms of increased
BMD.

In a 12-month analysis of kidney patients receiving 10 mg/day of alendronate
plus calcitriol and calcium issued in 2001, BMD increased significantly by 5% at
the lumbar spine and 4 % at the femoral neck and bone turnover normalized; at the
same time, bone continued to be lost due to prednisone treatment and persistent
hyperparathyroidism [87]. Two intravenous doses of pamidronate given to male
patients at the time of transplantation and one month later prevented early rapid
bone loss, with no significant reduction at the lumbar vertebrae and femoral neck
[88]. The regimen was well tolerated and easy to administer, with no detrimental
effect on renal function and no discernible side effects. A subsequent study con-
firmed the efficacy of IV pamidronate in preserving bone mass but did observe an
increased risk of low bone turnover [89].

A trial involving the third-generation bisphosphonate, zoledronic acid (ZA)
reported that, at six months, two infusions of IV ZA increased trabecular calcium
content significantly, with no change in BMD at the femoral neck. However, as
Fratianni et al. have observed, the early bone-sparing effects of short-term ZA could
not be sustained at three years after transplantation [90]. In addition, FDA warnings
concerning the deterioration of renal function and renal failure resulting from ZA
must also be taken into account, with dose reduction as recommended.

Still in their infancy, comparative analyses of these medications are impaired by
the small sample sizes and the heterogeneous nature of the research, particularly
with respect to time duration following transplant. Based solely on randomized con-
trolled trials, a recent meta-analysis of bisphosphonates posttransplant [91] con-
cluded that they were beneficial to BMD at the lumbar spine but not at the femoral
neck. Although changes in vertebral and nonvertebral fractures or in adverse events
were not associated with their use; bisphosphonates were not found to reduce fracture



342 Chapter 15: Osteoporosis as a Complication of Transplant Medicine

incidence. As a result of this study, the largest database on the use of bisphospho-
nates in patients undergoing renal transplantation is now in place and can serve as the
basis for further analyses of their efficacy and safety as new information is obtained.

Other Medications

In general, bisphosphonates which are renally excreted are not recommended for
kidney transplant patients with moderate to severe renal insufficiency. As an alterna-
tive, denosumab, the fully human monoclonal antibody against RANKL, has
recently been investigated to determine its effect on BMD in renal transplant, with
results indicating that it significantly increased areal BMD at vertebral and nonver-
tebral sites [92]. Unlike bisphosphonates it improved cortical volumetric BMD and
thickness at the distal tibia and radius while decreasing levels of blood and urine
biomarkers in bone turnover. Although associated with more frequent episodes of
urinary tract infections, denosumab has the potential to improve bone health post-
transplant and to sustain bone retention with long-term use. Synthetic parathyroid
hormone (PTH) in the form of teriparatide does not improve BMD early after kid-
ney transplantation, nor do histological analyses or bone markers provide evidence
of improved bone turnover or mineralization [93].

The challenges of managing kidney recipients are many, emphasizing the impor-
tance of regular monitoring to determine the status of bone loss. Reduced doses of
immunosuppressive therapy as well as early corticosteroid withdrawal, calcium and
vitamin D supplementation as needed, increased physical activity, and the prudent
use of bisphosphonates targeted at high-fracture risk recipients must be weighed
carefully by an interdisciplinary team responsible for the care of transplant patients.
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