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This review article investigates solid organ transplantation-induced osteoporosis, a critical yet often overlooked issue, emphasizing 
its significance in post-transplant care. The initial sections provide a comprehensive understanding of the prevalence and multifacto-
rial pathogenesis of transplantation osteoporosis, including factors such as deteriorating post-transplantation health, hormonal chang-
es, and the impact of immunosuppressive medications. Furthermore, the review is dedicated to organ-specific considerations in 
transplantation osteoporosis, with separate analyses for kidney, liver, heart, and lung transplantations. Each section elucidates the 
unique challenges and management strategies pertinent to transplantation osteoporosis in relation to each organ type, highlighting 
the necessity of an organ-specific approach to fully understand the diverse manifestations and implications of transplantation osteo-
porosis. This review underscores the importance of this topic in transplant medicine, aiming to enhance awareness and knowledge 
among clinicians and researchers. By comprehensively examining transplantation osteoporosis, this study contributes to the develop-
ment of improved management and care strategies, ultimately leading to improved patient outcomes in this vulnerable group. This 
detailed review serves as an essential resource for those involved in the complex multidisciplinary care of transplant recipients.

Keywords: Transplantation; Bone loss; Osteoporosis; Fractures; Bone mineral density

Received: 16 January 2024, Revised: 23 February 2024,  
Accepted: 28 February 2024

Corresponding author: Ki-Hyun Baek
Division of Endocrinology and Metabolism, Department of Internal Medicine, 
Yeouido St. Mary’s Hospital, College of Medicine, The Catholic University of 
Korea, 10 63-ro, Yeongdeungpo-gu, Seoul 07345, Korea 
Tel: +82-2-3779-1400, Fax: +82-2-780-3132, E-mail: drbkh@catholic.ac.kr

*These authors contributed equally to this work.

Copyright © 2024 Korean Endocrine Society
This is an Open Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (https://creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribu-
tion, and reproduction in any medium, provided the original work is properly 
cited.



Kim KJ, et al.

Copyright © 2024 Korean Endocrine Society268 www.e-enm.org

INTRODUCTION

Solid organ transplantation has revolutionized the landscape of 
medical therapeutics, offering a lifeline for patients with end-
stage renal, liver, cardiac, and pulmonary diseases [1,2]. Over 
the past two decades, remarkable advances in immunosuppres-
sive agents and surgical techniques have significantly improved 
patient and graft survival rates [3]. The success of solid organ 
transplantation has led to a steady rise in transplant procedures, 
with the number nearly doubling since 1988 and surpassing 
25,000 annually in the United States alone [3]. However, as pa-
tients increasingly benefit from transplantation, certain major 
complications should be considered with significant attention, 
particularly transplantation-induced osteoporosis [4,5].

Osteoporosis, a condition characterized by compromised 
bone strength and increased susceptibility to fracture, is a perva-
sive concern in the transplant community [6]. Approximately 
half of all transplant recipients exhibit signs of osteoporosis, and 
some centers report vertebral fractures in nearly one-third of 
their patients [7]. Organ dysfunction is associated with pro-
nounced adverse effects on skeletal integrity, as evidenced by 
marked decreases in bone mineral density (BMD), deterioration 
of microstructural quality, and a consequent reduction in biome-
chanical strength, cumulatively increasing the risk of osteopo-
rotic fractures even before transplantation [8]. The most precipi-
tous decline in BMD typically occurs within the first 6 to 12 
months following transplantation, marked by a striking surge in 
fracture risk [9,10]. Recent research underscores the gravity of 
this issue, revealing that the hazard ratio for osteoporosis after 
solid organ transplantation is approximately five times higher 
than that for non-transplant patients [9]. Several key risk factors 
contribute to the development of transplantation osteoporosis, 
with pre-transplant bone disease and post-transplant immuno-
suppressive therapy emerging as the primary culprit [7,11,12]. 

Aging, tobacco use, alcohol consumption, nutritional deficien-
cies, immobility, and hypogonadism are additional factors that 
compound the risk [2].

This review article aims to expound on the significant prob-
lems associated with transplantation-related osteoporosis. This 
study provides a comprehensive overview of the prevalence of 
osteoporosis and fractures in transplant recipients, elucidates the 
underlying etiological factors, and examines the natural history 
of this condition. Furthermore, this review focuses on the latest 
advancements in prevention and treatment strategies, offering a 
beacon of hope for transplant recipients at risk of this debilitat-
ing complication.

PREVALENCE OF TRANSPLANTATION 
OSTEOPOROSIS

Bone loss after solid organ transplantation
Cross-sectional studies have provided comprehensive insights 
into osteoporosis prevalence, the rate of bone loss, and the fre-
quency of fractures following various types of organ transplan-
tation, highlighting the significant bone health challenges in 
these patients (Table 1) [1,10]. In kidney transplant recipients, 
osteoporosis prevalence is reported to be 17% to 49% at the 
lumbar spine, 11% to 56% at the femoral neck, and 22% to 52% 
at the radius [13]. Bone loss rates are highest in the first 6 to 18 
months post-transplantation, ranging from 4% to 10% in the 
lumbar spine and 5% to 8% in the femoral neck [14]. Despite 
not being consistently linked to factors such as sex, patient age, 
or cumulative glucocorticoid (GC) dose, BMD remains low 
even up to 20 years after transplantation [10]. Lung transplant 
recipients exhibit a high osteoporosis prevalence (up to 73%) 
[10]. During the first year after transplantation, bone loss in the 
lumbar spine and femoral neck ranges from 2% to 5% [13]. 
Cardiac transplant recipients undergo the most rapid bone loss 

Table 1. Prevalence of Osteoporosis and Fracture Frequency after Solid Organ Transplantation

Organ transplant type
After transplantation

Prevalence of osteoporosis Prevalence of fracture Bone loss in the first year

Kidney Lumbar spine: 17%–49% 
Femur neck: 11%–56% 

Radius: 22%–52%

Overall: 7%–44% Lumbar spine: 4%–10% 
Femur neck: 5%–8%

Liver Overall: 46% Fracture rate: 24%–65% Lumbar spine: 2%–24%

Heart Overall: 50% Vertebral fracture: 33%–36% Lumbar spine: 6%–10% 
Femur neck: 6%–11%

Lung Overall: 73% Fracture rate: 18%–37% Lumbar spine & Femur neck: 2%–5%
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within the first year post-transplant, with spinal BMD declining 
by 6% to 10% in the first 6 months and femoral neck BMD de-
creasing by 6% to 11% in the first year [15,16]. Bone loss is as-
sociated with vitamin D and testosterone deficiency in men [16]. 
After liver transplantation, the highest rates of bone loss and 
fractures are observed during the first 6 to 12 months [13]. Ear-
lier studies reported a spine BMD decline of 2% to 24% in the 
first year, although more recent studies have revealed lower 
rates of bone loss [10]. After solid organ transplantation, large 
decreases in BMD at the lumbar spine and femoral neck are ob-
served during the first year, mainly in the first 3 to 6 months, 
likely related to large doses of GCs used immediately after 
grafting [14-18]. Rates of lumbar spine bone loss slow thereaf-
ter, with stabilization by 6 to 12 months and even some recovery 
after liver, lung, and heart transplantation [7].

Fracture outcomes after solid organ transplantation
Fractures are more common in appendicular sites than in axial 
sites and are especially prevalent within the first 3 years post-
transplant, with women and patients transplanted for diabetic 
nephropathy at an increased risk [19]. The fracture rates during 
this period after lung transplantation are high, between 18% and 
37% [15]. Vertebral fracture incidence in cardiac transplant re-
cipient ranges from 33% to 36% in the first 1 to 3 years post-
transplant [20]. The fracture rates after liver transplantation 
range from 24% to 65%, primarily affecting the ribs and verte-
brae [10]. Women with primary biliary cirrhosis are at the great-

est risk of pre-liver transplantation spinal and femoral neck 
BMD, with preexisting vertebral fractures being predictive of 
post-transplant fractures [21]. For heart and liver transplant re-
cipients, the occurrence of fractures is most common in the year 
following transplantation, closely mirroring the periods of most 
significant BMD loss [20,22,23]. This indicates a critical phase 
where bone health is notably at risk. In kidney transplant recipi-
ents, the risk of fractures remains high, aligned with a continu-
ous decrease in BMD [24]. 

The nature of fractures varies by the type of transplant: lung, 
heart, and liver transplant patients are more prone to fractures in 
the spine and ribs, while kidney transplant patients frequently 
experience fractures in the hip and ankle/foot [15,19,23]. Key 
factors increasing fracture risk post-transplant include older age, 
a history of fractures prior to the transplant, postmenopausal sta-
tus, and a lower body mass index [20,22-24]. For kidney trans-
plant patients, additional risks involve diabetes mellitus and ex-
tended dialysis [25]. This highlights the need for tailored ap-
proaches to manage and mitigate fracture risks in transplant re-
cipients. 

MULTIFACTORIAL PATHOGENESIS OF 
TRANSPLANTATION OSTEOPOROSIS

Various factors play a role in the development of osteoporosis 
following solid organ transplantation (Fig. 1) [7,26]. Contribu-
tors to this condition include pre-transplant bone disorders, use 

Fig. 1. Pathophysiology of transplantation-induced osteoporosis.
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of immunosuppressive drugs, dietary and lifestyle habits, and 
imbalances in the parathyroid-calcium-vitamin D and pituitary-
gonadal axes [7]. Patients awaiting organ transplantation fre-
quently experience fractures and/or osteoporosis. Factors such 
as advanced age, inadequate nutrition, limited mobility, hypo-
gonadism, cachexia, and lifestyle habits such as smoking and 
excessive alcohol consumption often play a significant role in 
the compromised bone health observed in patients with organ 
failure requiring transplantation. Moreover, specific pathophysi-
ological conditions associated with liver, lung, heart, and kidney 
failure uniquely affect bone health before transplantation.

Declining health conditions
As patients endure longer waiting periods for organ transplanta-
tion, they frequently experience worsening health conditions 
characterized by reduced physical activity, inadequate nutrition, 
and muscle loss [7,27]. If not properly managed, these factors 
can detrimentally affect bone health. A notable observation is 
the association between the extent of bone loss and the duration 
of post-transplant hospital stay.

Hormonal changes after transplantation
Regarding the effects of the hypothalamic-pituitary-gonadal 
(HPG) axis related to transplantation, an initial decline occurs in 
testosterone levels, which typically normalizes within the first 
year, specifically in cardiac transplant recipients [16]. Despite 
experiencing significant changes in the HPG axis and sex hor-
mone metabolism, liver transplant recipients usually regain nor-
mal physiological functions post-transplantation [28]. In wom-
en, particularly in those treated for acute liver failure, regular 
menstrual cycles resume in most cases [29]. Kidney transplants 

effectively remedy hyperprolactinemia caused by uremia, lead-
ing to normalization of the HPG axis in many male and pre-
menopausal female patients [30]. 

Changes in serum 25-hydroxyvitamin D and parathyroid 
hormone after transplantation
Further insights from prospective studies on lung, heart, and liv-
er transplant recipients have revealed that serum 25-hydroxyvi-
tamin D (25OHD) levels generally increase from low pre-trans-
plant levels to normal levels, a trend possibly linked to vitamin 
D supplementation [16,31,32]. Liver transplant recipients ex-
hibit a progressive rise in serum parathyroid hormone (PTH) 
concentration, whereas cardiac transplant recipients usually ex-
hibit no significant change in their mildly elevated PTH levels 
[16,32]. The causes of these elevated PTH levels remain unclear 
but could be related to a decrease in renal function observed in 
some transplant recipients. In kidney transplant recipients, a 
progressive decrease in serum PTH concentration is observed in 
the first 6 months post-transplantation [33]. However, persistent 
hyperparathyroidism is still observed, possibly because of the 
slow regression of hyperplastic parathyroid glands [34]. Factors 
influencing ongoing hyperparathyroidism include the duration 
of pre-transplant dialysis, higher pre-transplant PTH levels, and 
post-transplant conditions such as reduced glomerular filtration 
rate, cyclosporine usage, and low serum 25OHD levels [34].

Immunosuppressive medications
Immunosuppressive medications, including GCs, calcineurin 
inhibitors, and mammalian target of rapamycin (mTOR) inhibi-
tors, may influence bone metabolism (Table 2) [35]. Assessing 
the direct impact of these agents on bone health is more compli-

Table 2. Effects of Immunosuppressive Drug on Bone in Transplant Patients

Drug type Key mechanisms Net effect on bone

Glucocorticoids Inhibit osteoblasts 
Stimulate osteoclasts 
Disrupt intestinal and renal calcium transport 
Decreased gonadal function

Early: increased bone resorption 
Late: decreased bone formation and remodeling

Calcineurin inhibitors  
(cyclosporine, tacrolimus)

Inhibit cytokine transcription in T lymphocytes Less bone loss compared to glucocorticoids, variable effects on 
bone turnover

mTOR inhibitors  
(sirolimus, everolimus)

Inhibit mTOR, affecting lymphocyte response Potential reduction in bone resorption, bone-protective effects 
observed in some studies

Others (MPA, azathioprine) Inhibit lymphocyte proliferation and antibody  
production (MPA); antagonize purine  
metabolism (Azathioprine)

Indirect protective effect on bone health by reducing the need for 
glucocorticoids, but specific effects on bone less clear

mTOR, mammalian target of rapamycin; MPA, mycophenolic acid.



Bone Loss after Solid Organ Transplantation

Copyright © 2024 Korean Endocrine Society www.e-enm.org 271

cated because the severity of post-transplantation bone disorder 
is also correlated with the debilitating nature of the disease be-
fore transplantation [36]. Moreover, immunosuppressants may 
have long-term negative effects on bone health [37]. 

In the post-transplant setting, GCs are essential but vary in 
dosage depending on the organ transplanted and the number of 
rejection episodes [3]. Initially administered at high doses im-
mediately after transplantation, these doses are rapidly tapered 
off but may be increased during periods of graft rejection [3,10]. 
The most significant bone loss, predominantly in trabecular 
bone sites, occurs within the first 3 to 12 months post-transplan-
tation [10]. Recent advances in immunosuppressive therapies 
have curtailed the use of GCs, consequently reducing the rate of 
post-transplant bone loss [10]. However, epidemiological stud-
ies have demonstrated that even small doses of GCs are linked 
to a marked increase in fracture risk because of their impact on 
bone metabolism [38,39]. The pathogenesis of GC-induced os-
teoporosis involves direct and indirect mechanisms that affect 
bone tissue [39]. GCs disrupt the balance between bone resorp-
tion and formation, leading to a net loss of bone mass and dete-
rioration of bone strength. At the cellular level, GCs enhance the 
activity of osteoclasts by stimulating the production of receptor 
activators of nuclear factor kappa B ligand while simultaneous-
ly decreasing the production of its decoy receptor, osteoprote-
gerin. This results in the increased differentiation, activation, 
and survival of osteoclasts. Additionally, GCs prolong the lifes-
pan of osteoclasts by inducing the production of macrophage 
colony-stimulating factors. GCs also severely affect osteoblasts, 
significantly reducing their number and function, leading to im-
paired bone formation. Furthermore, GCs inhibit the function of 
mature osteoblasts, suppress the synthesis of type I collagen, 
and disrupt insulin-like growth factors 1 (IGF-1) critical for 
bone formation. They also inhibit Wnt-β-catenin signaling and 
promote apoptosis in osteoblasts and osteocytes, contributing to 
a disproportionate reduction in bone strength relative to BMD 
loss. GCs counteract the effects of vitamin D, reducing intesti-
nal calcium absorption and renal tubular calcium reabsorption 
[40]. This disruption of calcium metabolism is exacerbated by 
GC-induced alterations in hormonal pathways, including those 
of growth hormones, IGF-1, gonadotropins, and PTH [41]. The 
immediate post-transplantation period is characterized by en-
hanced bone remodeling with increased levels of bone resorp-
tion markers, often accompanied by secondary hyperparathy-
roidism [10]. This condition can be further aggravated by low 
vitamin D levels commonly observed in patients before trans-
plantation. The negative effects of GCs on muscle and sex hor-

mone levels indirectly affect bone health, muscle strength, and 
balance, thereby increasing the risk of fractures [42]. Current 
therapeutic approaches in transplant medicine emphasize the 
use of the lowest effective dose of GCs to ensure graft survival. 
The overall reduction in GCs post-transplantation appears to be 
beneficial for skeletal health. However, further prospective 
studies are needed to confirm this and evaluate the long-term ef-
fects of such treatment strategies.

Cyclosporine and tacrolimus, key calcineurin inhibitors, are 
central to immunosuppressive therapy post-solid organ trans-
plantation. These drugs bind to cytoplasmic proteins and selec-
tively inhibit calcineurin, impeding the transcription of cyto-
kines such as interleukin-2, tumor necrosis factor-alpha, and in-
terferon-gamma in T lymphocytes [43]. Earlier studies have 
suggested that cyclosporine may reduce bone resorption and 
boost osteoblastic function [44]. Kidney transplant recipients 
who followed a post-transplantation regimen including cyclo-
sporine but excluding GCs reportedly experienced less bone 
loss and a reduced fracture rate [45]. However, a significant re-
duction in BMD was initially associated with tacrolimus [46]. 
Tacrolimus-based regimens, which may limit GC use, are be-
lieved to cause a more modest reduction in BMD than cyclo-
sporine [47]. Animal studies have demonstrated that tacrolimus 
increases bone volume and reduces osteoclast numbers [48]. 
However, comparative studies in rodents have indicated that, 
while cyclosporine may enhance both bone formation and re-
sorption, leading to high-turnover bone loss, tacrolimus pre-
dominantly enhances bone resorption, resulting in bone loss. In 
light of these findings, BMD monitoring is recommended for 
patients receiving calcineurin inhibitors, as these agents have 
demonstrated dose-dependent effects on bones in preclinical 
models [49].

Sirolimus and everolimus are macrolide immunosuppressants 
that inhibit mTOR and affect T- and B-lymphocyte responses to 
cytokines, unlike earlier immunosuppressants such as cyclospo-
rine and tacrolimus [50]. These mTOR inhibitors have demon-
strated potential benefits for bone health in preclinical studies. 
They upregulate osteoprotegerin in bone marrow cells and re-
duce cathepsin K levels in human osteoclasts, suggesting de-
creased bone resorption [51]. However, high mTOR inhibitor 
levels may negatively affect osteoblast differentiation [52]. 
Clinical studies, particularly in oncology, suggest that mTOR 
inhibition with everolimus suppresses bone turnover irrespec-
tive of prior treatments or bone metastases [53]. In kidney trans-
plant recipients, sirolimus-based immunosuppression is linked 
to reduced bone turnover markers and inhibition of osteoclast 
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formation, offering an advantage over calcineurin inhibitors 
[54]. Further research is needed to fully understand the impact 
of mTOR inhibitors on the skeleton; however, current evidence 
suggests their potential in reducing osteoporosis risk in trans-
plant patients and lessening the dependence on GCs. Particular-
ly, sirolimus has been identified as a bone-sparing agent, with 
everolimus exhibiting promise in suppressing bone resorption 
and exerting bone-protective effects.

Mycophenolic acid (MPA) and azathioprine are the key im-
munosuppressants used in transplant medicine. MPA, used for 
its ability to inhibit B- and T-lymphocyte proliferation, is avail-
able as mycophenolate mofetil and enteric-coated mycopheno-
late sodium and has fewer gastrointestinal side effects and po-
tential bone marrow suppression [55]. Azathioprine, a purine 
metabolism antagonist, also reduces lymphocyte numbers and 
immunoglobulin synthesis, with similar risks of bone marrow 
suppression [56]. The precise effect of these agents on bone fra-
gility in transplant recipients is not well defined; however, they 
are hypothesized to indirectly protect bone health by reducing 
the need for concurrent GC administration [10]. However, this 
protective effect requires confirmation in future studies.

ORGAN-SPECIFIC CONSIDERATIONS 

Kidney transplantation
In patients with chronic kidney disease (CKD), an imbalance in 
bone remodeling leads to predominant bone resorption influ-
enced by the uremic environment and upregulation of receptor 
activator of nuclear factor kappa-b ligand (RANKL), contribut-
ing to renal osteodystrophy or CKD-metabolic bone disease 
(CKD-MBD), which is associated with a high fracture risk, par-
ticularly end-stage renal disease (ESRD) [57]. This risk is ele-
vated in Caucasian and female dialysis patients and is correlated 
with increased mortality [58]. Following renal transplantation, 
this high fracture risk persists, with incidence rates ranging from 
7% to 44% in the post-transplant period, particularly within the 
first 3 years and predominantly at appendicular sites such as 
hips and ankles [2,25,59,60]. Studies indicate a 3.6- to 3.8-fold 
increase in fracture risk compared to the general population, 
with improvements in immunosuppressive therapy contributing 
to a decline in hip fracture rates since 1997 [60]. 

Kidney Disease Improving Global Outcomes (KDIGO) 
guidelines recommend BMD assessments in patients with CKD, 
as these patients have a heightened risk of fractures and mortali-
ty [57]. CKD-MBD typically involves cortical bone loss associ-
ated with peripheral fractures. The pharmacological manage-

ment for CKD-MBD is not well defined; however, a period of 
observation is suggested before initiating anti-fracture treat-
ments and post-mineral disorder correction. The efficacy of 
treatments such as bisphosphonates in reducing fracture risk in 
CKD is not well established, and most antiosteoporotic medica-
tions are not recommended for patients with an epidermal 
growth factor receptor below 30 mL/min [61]. Denosumab is 
promising in improving BMD in patients with CKD but re-
quires monitoring for the occurrence of hypocalcemia [62]. 

The high fracture risk in patients with CKD results from a 
combination of traditional osteoporosis risk factors and those 
specific to CKD, such as age, sex, diabetes, and GC use [58]. 
The fracture risk assessment tool can assess fracture risk in non-
dialysis patients with CKD; however, conditions such as scolio-
sis or osteoarthritis may overestimate lumbar spine BMD, ne-
cessitating spine radiography or vertebral fracture assessment 
by dual X-ray absorptiometry for accurate evaluation [63]. The 
trabecular bone score (TBS) is also useful in enhancing fracture 
risk prediction in both ESRD and kidney transplant recipients 
[64].

Bone turnover markers are negatively correlated with volu-
metric hip BMD; however, they are limited by biological vari-
ability, retention in worsening kidney disease, and other factors 
[65]. Bone-specific alkaline phosphatase, procollagen type 1 N-
terminal propeptide, and tartrate-resistant acid phosphatase may 
be useful in differentiating bone turnover rates [66]. Additional-
ly, the correlation between PTH levels and fracture rates, which 
are indicative of different bone disorders, is significant. PTH 
values less than 150 pg/mL are markers of adynamic bone dis-
ease, and those above 600 pg/mL denote high-turnover hyper-
parathyroid bone disease, each linked to an increased likelihood 
of fractures [58]. Effectively controlling PTH levels can en-
hance bone mineralization and reduce the levels of bone turn-
over markers. Emerging biomarkers such as sclerostin and fi-
broblast growth factor 23 are still under investigation [58]. His-
tomorphometric analysis of bone biopsies remains the gold 
standard for diagnosing CKD-MBD; however, its practical im-
plementation in clinical settings remains challenging [67]. 

In kidney transplant recipients, a range of bone and mineral 
abnormalities, including hypophosphatemia, hypercalcemia, 
hyperparathyroidism, osteomalacia, osteopenia, and osteoporo-
sis, are commonly observed post-transplantation [68]. Despite 
transplantation, bone disease often does not improve. The first 
year post-transplantation, especially the initial 3 to 6 months, is 
critical for bone loss, predominantly in trabecular bone-rich ar-
eas [14]. This loss is influenced by high doses of GC and cyclo-
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sporine during the early post-transplant months and can be more 
substantial than the typical annual rate of decline in postmeno-
pausal women [69]. Factors such as lower body weight, older 
age, lower glomerular filtration rate, GC treatment, and pre-
transplantation diabetes are associated with lower BMD, which 
is associated with fracture rates [70]. Long-term, post-transplant 
recipients continue to exhibit lower BMD than healthy controls, 
but the trabecular microarchitecture and bone mechanical prop-
erties may not differ significantly [71]. Persistent secondary hy-
perparathyroidism remains a risk factor for bone loss in trans-
plant recipients, with elevated baseline levels of PTH and phos-
phate improving post-transplant [14]. Bone turnover decreases 
over time, and recipients often develop low bone turnover or 
adynamic bone disease, which is potentially exacerbated by 
bisphosphonates [72]. Bone biopsies indicate reduced turnover 
and impaired mineralization, with changes in trabecular number 
and separation and improvements in cortical thickness. Overall, 
conventional laboratory tests, imaging, and fracture risk assess-
ment tools should be interpreted cautiously in the post-trans-
plantation setting owing to the lack of standardization [68]. 

Various treatments, including calcitriol, alfacalcidol, and 
bisphosphonates such as clodronate, alendronate, risedronate, 
pamidronate, ibandronate, zoledronic acid, denosumab, and 
teriparatide have been explored for managing bone diseases in 
kidney transplant recipients [1]. However, randomized con-
trolled trials evaluating these treatments are underpowered to 
assess their impact on fracture risk reduction, with fracture data 
often not reported or only captured as adverse events. Conse-
quently, the efficacy of these agents is primarily inferred from 
their effects on BMD as a surrogate marker of bone strength. 
Most studies have demonstrated preservation or an increase in 
BMD with antiresorptive agents; however, their anti-fracture ef-
ficacy in transplant recipients remains controversial [73]. Treat-
ments with denosumab improve areal BMD, TBS, and volumet-
ric BMD [74]. However, the impact on trabecular bone loss and 
connectivity varies, with some agents, such as zoledronic acid, 
only partially attenuating trabecular bone loss [75]. Despite 
their potential benefits, safety concerns exist regarding the use 
of anti-osteoporotic agents in transplant recipients. Bisphospho-
nates should be used with caution because of the risk of nephro-
toxicity and the exacerbation of adynamic bone disease. A risk 
of hypocalcemia and secondary hyperparathyroidism also exists 
with bisphosphonate administration, and denosumab is associ-
ated with an increased risk of urinary tract infections and hypo-
calcemia [76,77]. Additionally, long-term use of bisphospho-
nates may be associated with atypical femur fractures and jaw 

osteonecrosis [78]. Vitamin D supplementation, including cal-
citriol and alfacalcidol, has been demonstrated to improve post-
transplantation bone loss [76]. However, their utility may be 
limited owing to persistent hyperparathyroidism and hypercal-
cemia. 

The 2017 KDIGO CKD-MBD guidelines recommend BMD 
testing in kidney transplant recipients if it influences treatment 
decisions [57]. Treatment options for the first 12 months post-
transplantation include vitamin D, calcitriol/alpha-calcidol, and/
or antiresorptive agents. However, data to guide treatment after 
the first year are insufficient, and bone biopsy should be consid-
ered before starting antiresorptive or other osteoporosis thera-
pies to determine the most appropriate treatment based on the 
type of bone disease [1].

Liver transplantation
Managing and preventing osteoporosis and bone fractures are 
paramount in liver transplant recipients. Before liver transplan-
tation, cirrhosis can lead to bone loss due to various underlying 
causes, such as alcoholic liver disease, viral infections, non-al-
coholic steatohepatitis, or autoimmune disorders [79]. More-
over, several medications prescribed for managing liver diseas-
es, such as GCs, loop diuretics, ribavirin, and tenofovir, ad-
versely affect bone health. Additionally, malnutrition and vita-
min D deficiency are frequently observed in patients with liver 
disease, which further contribute to bone-related issues [79]. 
Following transplantation, calcineurin inhibitors and GCs are 
the primary contributors to bone loss [79]. After liver transplan-
tation, BMD decreases rapidly, primarily within the first 3 to 6 
months [2,80]. Bone histology studies suggest that bone loss 
halts at approximately 6 months post-transplantation, with a 
subsequent increase in BMD, especially in the lumbar spine 
[81]. This leads to recovery of bone mass within 2 years post-
surgery [2,81]. The increase in BMD is significantly more pro-
nounced in premenopausal women than in perimenopausal and 
postmenopausal women, possibly due to the protective effects 
of estrogen on the skeleton [82]. 

The incidence of post-liver transplantation fractures remains 
high, ranging from 10% to 43% [20,22]. Most fractures occur 
within the first 2 years post-transplant, predominantly affecting 
the lumbar spine and ribs [8,83]. Women with primary biliary 
cirrhosis and those with severe bone conditions before liver 
transplantation are at the highest risk [8]. A major risk factor for 
post-transplant fractures is preexisting low BMD. Additionally, 
pre-transplant fractures, older age, type of liver disease, and re-
transplantation also contribute to fracture risk [84]. Immunosup-
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pressive drugs, including tacrolimus, cyclosporine, and cortico-
steroids, are essential for suppressing organ rejection after trans-
plantation. However, these medications have been associated 
with negative outcomes for bone health [2,85]. Tacrolimus and 
cyclosporine have been identified as contributors to rapid tra-
becular bone loss in liver transplant recipients [2]. 

Calcium and vitamin D supplementation is essential for treat-
ing osteopenia in patients after liver transplantation. Therefore, 
all patients are recommended to have adequate daily calcium 
intake along with vitamin D supplementation to maintain serum 
calcium levels above 20 to 30 ng/mL [8]. Specific recommenda-
tions for calcium and vitamin D intake have not yet been estab-
lished for Korean transplant recipients. However, the general 
Korean population is recommended to consume 800–1,000 mg 
of calcium and 800–1,000 IU of vitamin D daily to improve 
bone health [86,87]. In transplant recipients, owing to potential 
changes in dietary calcium intake and absorption, a higher in-
take of calcium, possibly >1,200 mg, may be recommended 
[2,8]. Transplant recipients are required to consult their health-
care providers for personalized nutritional advice, considering 
their unique health needs and conditions. Calcitriol, an active 
vitamin D metabolite, is often preferred because of its efficacy 
in patients with liver diseases and is typically prescribed at a 
dose of 0.25 μg twice daily [88]. Alendronate (70 mg weekly) 
has demonstrated positive effects on BMD in liver transplant 
recipients, significantly more than treatment with calcium and 
calcitriol alone [89]. Studies have also highlighted the benefits 
of ibandronate (150 mg monthly) combined with vitamin D and 
calcium for improving BMD and reducing fracture rates in liver 
transplant patients [90]. The antiresorptive action of zoledronic 
acid (4 mg monthly infusion) has been recognized for its benefi-
cial effects on bone mineralization and fracture reduction [91]. 
Raloxifene, a selective estrogen receptor modulator, can in-
crease BMD; however, its efficacy in patients with liver disease 
requires further investigation [92]. Hormonal therapy for wom-
en and testosterone therapy for men are typically not advised 
because of potential risks, including malignancy and other ad-
verse effects [79]. Moreover, the effectiveness of hormonal and 
testosterone therapies after transplantation has not been docu-
mented.

In a retrospective study by Brunova et al. [93] involving 63 
post-solid organ transplant patients, denosumab (60 mg every 6 
months) significantly reduced the prevalence of osteoporosis 
and improved bone density over an average treatment period of 
1.65 years. Particularly effective in transplant recipients with 
kidney failure or bisphosphonate intolerance, denosumab pres-

ents risks such as hypocalcemia or osteonecrosis of the jaw [93]. 
Zavatta et al. [94] reported that denosumab significantly re-
duced bone turnover markers in post-liver transplantation osteo-
porosis, although only a modest increase in the total hip BMD 
was observed during the observation period. Further studies are 
required to determine the efficacy of denosumab in liver trans-
plant recipients. Similarly, evidence for the use of anabolic 
agents, such as teriparatide or romosozumab, in this patient 
group is lacking, underscoring the need for further research to 
confirm their efficacy.

Cardiac transplantation
Osteoporosis is in patients with end-stage heart disease and is 
often marked by a significant decrease in BMD before cardiac 
transplantation [36]. This bone loss accelerates in the first year 
post-transplantation, begins to stabilize, and potentially increas-
es from the second year onwards [95]. Fragility fractures are 
common in cardiac transplant recipients, with the incidence 
ranging between 22% and 44% within the first 3 years post-
transplantation, and the risk of vertebral fractures is particularly 
high in the first year [20,96]. BMD and fractures are not strong-
ly correlated because fractures can occur even at normal BMD 
levels [23]. Therefore, diagnostic challenges persist in accurate-
ly assessing post-transplantation bone fragility, with cross-sec-
tional studies suggesting that the standard densitometric criteria 
may not be reliable [97]. 

In cardiac transplantation candidates with end-stage heart 
failure, a higher prevalence of impaired bone strength is ob-
served [36,98], largely due to heart failure-associated factors 
such as immobilization, reduced renal function, secondary hy-
perparathyroidism, nutritional deficiencies, and the use of cer-
tain medications such as loop diuretics, angiotensin-converting 
enzyme inhibitors, or proton pump inhibitors [99-101]. Longi-
tudinal studies have highlighted that pre-transplant BMD (par-
ticularly in the lumbar spine), history of fractures, and age are 
significant predictors of bone loss or fracture after transplanta-
tion [20,102]. The pathophysiology of bone loss following car-
diac transplantation is characterized by the disruption of bone 
remodeling, a delicate process typically balanced between bone-
resorbing and bone-forming activities. This imbalance is pri-
marily driven by immunosuppressive treatments, notably corti-
costeroids, and calcineurin inhibitors (such as cyclosporine, ta-
crolimus, or rapamycin), which are key factors in diminished 
bone strength [99]. Earlier studies have suggested that within 
the first year after transplantation, BMD tends to stabilize or 
slowly improve, although this occurs less rapidly than in the ini-
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tial months following surgery [8,103]. The decrease in the rate 
of bone loss after cardiac transplantation is likely due to the 
gradual lowering of corticosteroid doses in the immunosuppres-
sive therapy regimen [104]. 

Studies on pharmacological interventions for bone loss after 
heart transplantation are limited. Specific guidelines for calcium 
and vitamin D intake for cardiac transplant recipients have not 
yet been established. Generally, daily consumption of 800–
1,000 mg calcium and 800–1,000 IU vitamin D is suggested to 
enhance bone health in the Korean population [86,87]. Trans-
plant recipients may need to consume more than 1,200 mg of 
calcium because of possible alterations in the daily dietary cal-
cium intake and absorption capacity of calcium [2,8]. Resis-
tance exercises have been suggested to play a beneficial role in 
preventing bone loss after cardiac transplantation [105]. In car-
diac transplant recipients, low doses of calcitriol (0.25 μg/day) 
have been found to be ineffective in preventing lumbar spine 
bone loss [106]. Sambrook et al. [107] discovered that in lung 
or cardiac transplant patients, doses of calcitriol between 0.5 
and 0.75 μg/day were effective in reducing bone loss in the 
femoral neck compared with a placebo. Studies have highlight-
ed the effectiveness of bisphosphonates in reducing bone loss in 
patients undergoing heart transplantation. Shane et al. [108] dis-
covered that administering alendronate at a dose of 10 mg/day 
resulted in lower bone loss in both the lumbar spine and total 
hip compared with treatments involving only calcitriol (0.5 μg/
day). In a study on male cardiac transplant patients, intravenous 
ibandronate was found to preserve bone mass, reduce the risk of 
vertebral fracture, and maintain balanced bone turnover [109]. 
In a 1-year study, cardiac transplant patients receiving either a 
single 5-mg infusion of zoledronic acid or alendronate (70 mg 
weekly) were compared for their effect on BMD. Both treat-
ments prevented bone loss at the hip; however, while zoledronic 
acid maintained stable spine BMD, alendronate decreased spine 
BMD [110]. Nevertheless, evidence regarding the efficacy of 
denosumab in cardiac transplant recipients is limited. Uzquiano 
et al. [111] observed that denosumab (60 mg every 6 months) 
effectively improved lumbar spine BMD, suggesting that it is a 
viable option for treating bone loss in cardiac transplant recipi-
ents. The risk of hypocalcemia during denosumab administra-
tion can be reduced by adjusting calcium levels before initiating 
treatment [111]. In a phase 3 study, romosozumab exhibited a 
higher risk of cardiovascular events than alendronate [112]. 
Consequently, romosozumab has not undergone clinical trials 
for treating bone loss in heart transplant recipients, and its use in 
this group appears inadvisable until more definitive conclusions 

are drawn regarding its impact on cardiovascular events. The 
use of teriparatide in cardiac transplant recipients is limited. Re-
ports on its use in patients with low bone turnover and concur-
rent renal disease have been made [113]; however, additional 
evidence is required to fully support its application in cardiac 
transplant recipients.

Lung transplantation
Osteoporosis is prevalent among lung transplantation candidates, 
particularly those with chronic obstructive pulmonary disease 
(COPD) [114]. The prevalence of osteoporosis and osteopenia in 
patients with COPD ranges from 9%–69% and 27%–67%, re-
spectively [115]. Factors contributing to this include older age, 
female sex, low body mass index, malnutrition, history of frac-
tures, tobacco exposure, and steroid consumption [115,116]. Af-
ter lung transplantation, bone loss in the lumbar spine and femo-
ral neck varies between 2% and 5% in the first year, with pre-
transplant BMD being an important predictor of subsequent 
bone loss [102]. However, research on fracture risk after lung 
transplantation is limited. The incidence of fractures after lung 
transplantation is estimated to be between 5% and 37% in the 
first year and can reach up to 53% within 5 years [117-119]. 
However, the long-term implications of fractures in lung trans-
plant recipients have not been thoroughly investigated.

Bone loss following lung transplantation is attributed to fac-
tors such as a low body mass index, frailty, diabetes, and chron-
ic hypoxia, along with the ongoing use of immunosuppressive 
therapy [120,121]. GCs and calcineurin inhibitors (cyclosporine 
or tacrolimus), integral to immunosuppressive regimens, ad-
versely affect bone homeostasis [6,7]. Consequently, osteoporo-
sis prevention, including the use of calcium, vitamin D, and 
bisphosphonates, is a standard component of lung transplanta-
tion protocols [122]. In the realm of solid organ transplantation, 
patients undergoing lung transplantation are particularly suscep-
tible to low BMD, underscoring the importance of addressing 
bone loss and fractures both before and after the transplant pro-
cedure [123]. 

Similar to other solid organ transplants, maintaining proper 
calcium and vitamin D levels in patients undergoing lung trans-
plantation is crucial. The optimal calcium and vitamin D intake 
levels in patients who have undergone lung transplantation re-
main unknown. Generally, an adequate daily calcium intake of 
800 to 1,000 mg or more, along with vitamin D supplementa-
tion (800 to 1,000 IU), is recommended to maintain serum cal-
cium levels above 20 to 30 ng/mL [2,8]. Bisphosphonates are 
commonly used to manage bone loss after lung transplantation. 
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Intravenous pamidronate has been effective in preventing bone 
loss in both the lumbar spine and femoral neck in lung trans-
plant recipients [124]. Additionally, the use of alendronate (10 
mg/day), either alone or in combination with mechanical load-
ing, increases spinal BMD post-transplantation [125]. Owing to 
the more pronounced bone loss observed after lung transplanta-
tion than after other organ transplants, prophylactic zoledronic 
acid is occasionally used before transplantation [126]. Ng et al. 
[126] studied 60 patients who were administered zoledronic 
acid 6 months before transplantation and discovered that the 
prophylactic use of zoledronic acid effectively prevented bone 
loss post-transplantation. A few reports have suggested the ef-
fectiveness of denosumab post-lung transplantation. However, 
caution is advised owing to the possibility of hypocalcemia after 
denosumab administration [127]. As in other post-organ trans-
plant settings, the use of anabolic agents, such as teriparatide or 
romosozumab, is still not well supported by evidence and 
should be reserved for future studies.

CONCLUSIONS

Transplant recipients face a significant risk of rapid bone loss 
and high fracture rates, particularly during the early post-trans-
plantation period. This critical phase is often characterized by 
high doses of GCs and calcineurin inhibitors, leading to uncou-
pled bone turnover, with increased bone resorption and de-
creased bone formation. Owing to the lack of reliable clinical 
predictors of post-transplant fractures and the possibility of 
fractures in patients with normal pre-transplant BMD, all trans-
plant recipients should be considered for early preventive osteo-
porosis therapy, particularly long-term recipients with osteopo-
rosis on densitometry evaluation or those who have already ex-
perienced fractures. 

The pathogenesis of this condition is not completely under-
stood; however, preexisting bone disorders and transplant-spe-
cific therapies play a significant role. Moreover, the rate of bone 
loss or fracture post-transplantation varies according to gender, 
ethnicity, and clinical factors; however, the current evidence 

Fig. 2. Assessment and management of bone health in post-transplant patients: a summary. 25OHD, 25-hydroxyvitamin D; BMD, bone 
mineral density; PTH, parathyroid hormone; IV, intravenous.

Solid organ transplantation recipients 

All transplantation recipients

• Ensure adequate calcium intake by consuming 800–1,000 mg daily, preferably through dietary sources
•  Maintain serum 25OHD levels at ≥20–30 ng/mL by administering a daily dose of 800–1,000 IU of  

cholecalciferol
• Encourage participation in physical activities, particularly resistance exercises

Candidates for pharmacological intervention

If a post-transplant fracture occurs or osteoporosis is diagnosed, initiate appropriate pharmacological  
intervention

•  Oral bisphosphonate or IV bisphosphonate (especially zoledronic acid)  
•  Denosumab
•  Consider adding calcitriol as there have been encouraging results with calcitriol administration 

Assessments

• Recommend evaluating bone metabolism, including BMD, preferably before transplantation
• Measure BMD 3 to 6 months post-transplant if BMD was not assessed before transplantation
•  Recommend monitoring biochemical markers such as Ca, P, alkaline phosphatase, PTH, 25OHD,  

and bone turnover markers concurrently for a comprehensive assessment
•  Consider a referral to an endocrinologist if the patient exhibits fracture, rapid bone loss or has an  

exceptionally low BMD, indicated by a T-score of –3.0 or lower
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base is insufficient. This underscores the need for further inves-
tigations to explore these potential variations. No definitive 
standard exists for preventing and treating osteoporosis and 
fractures after transplantation; however, early intervention with 
vitamin D and/or bisphosphonates has been associated with a 
reduced incidence of these conditions. Calcium and vitamin D 
supplements are essential in transplant recipients; however, the 
specific requirements for each transplant context remain unclear 
owing to limited evidence. Considering the unique clinical 
needs of each patient, a personalized approach should be adopt-
ed. The optimal calcium and vitamin D levels in transplant re-
cipients can vary among individuals. Owing to the absence of 
definitive evidence guiding the exact dosage, adhering to the 
general guidelines for calcium and vitamin D intake is recom-
mended to maintain bone health until further targeted research 
provides more specific directions (Fig. 2). Oral or parenteral 
bisphosphonates are currently the most effective agents for pre-
venting and treating post-transplant osteoporosis. Additionally, 
active vitamin D metabolites have demonstrated the potential to 
reduce hyperparathyroidism, especially after kidney transplan-
tation. Denosumab has also been under consideration. However, 
further research is vital to verify the effectiveness of these vari-
ous therapeutic approaches and develop comprehensive clinical 
guidelines for managing bone disorders in organ transplant re-
cipients. Given their mechanisms of action, the anabolic agents 
teriparatide and romosozumab are expected to be effective in 
some post-transplant patients. However, evidence supporting 
their efficacy and safety in this specific patient population re-
mains unclear, necessitating further studies (Fig. 2). 
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