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Background

Osteoporosis and fractures increase morbidity and mortality rates after solid organ transplantation (SOT), but few studies have analyzed the risk of osteoporosis and related fractures after SOT. In this retrospective cohort study, we investigated the risk of osteoporosis and fractures in different SOT recipients.





Methods

This study was a retrospective cohort study using a nationally representative database in Taiwan. We collected the data of SOT recipients and used the propensity score matching method to obtain a comparison cohort. To reduce bias, we excluded patients who had been diagnosed with osteoporosis or fracture before inclusion. All participants were followed up until the date of diagnosis as having a pathological fracture, death, or the end of 2018, whichever occurred first. The Cox proportional hazards model was used to investigate the risk of osteoporosis and pathological fracture in SOT recipients.





Results

After adjustment for the aforementioned variables, SOT recipients were observed to have a higher risk of osteoporosis (hazard ratio (HR) = 1.46, 95% confidence interval (CI): 1.29–1.65) and fracture (HR: 1.19, 95% CI: 1.01–1.39) than the general individuals. Among the different SOT recipients, the highest risk of fractures was noted in heart or lung transplant recipients, with a HR of 4.62 (95% CI: 2.05–10.44). Among the age groups, patients aged >61 years had the highest HRs for osteoporosis (HR: 11.51; 95% CI, 9.10–14.56) and fracture (HR: 11.75, 95% CI: 8.97–15.40).





Conclusion

SOT recipients had a higher risk of osteoporosis and related fractures than the general population, with the highest risks observed in patients receiving heart or lung transplants, older patients, and patients with CCI scores of >3.
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Introduction

Solid organ transplantation (SOT) has been an established treatment for end-stage organ failure (1), including that of the kidney, liver, heart, and lung, over the past few decades (2). Compared with the healthy population, SOT recipients have a high risk of osteoporosis and fracture (3, 4).

Pretransplant bone mineral density (BMD) is considered an important determinant of subsequent osteoporosis development (5). Fractures are very common in patients referred for lung transplantation. Patients referred for lung transplantation have a high pretransplant prevalence of low BMD and osteoporotic fracture, further increasing their posttransplant fracture risk (6). BMD decline primarily occurs at the lumbar spine and femoral neck during the first year after transplantation (7). Typically, BMD decreases rapidly within the first 6 to 12 months after transplantation, accompanied by a marked increase in bone resorption (2). Posttransplantation bone disease is therefore a common and serious complication (8), with osteoporosis occurring in up to half of transplant recipients and vertebral fractures occurring in almost a third (9). Fractures commonly occur after SOT (7). Osteoporosis and fragility fractures significantly affect the quality of life and survival of SOT recipients (10–12).

Osteoporosis and fractures have been associated with considerable disability and are an important cause of morbidity and mortality after SOT. However, the risk of osteoporosis and fracture following SOT has remained unclear. In particular, large-scale epidemiological studies have examined osteoporosis and fracture risk among SOT recipients, especially based on a nationwide database (13). In this retrospective cohort study, we investigated the risk of osteoporosis and related fractures in different recipients of SOT from the National Health Insurance Research Database (NHIRD) in Taiwan from 2001 to 2018.





Materials and methods




Data sources

We analyzed the data from the NHIRD, maintained by the Health and Welfare Data Science Center (HWDC), Ministry of Health and Welfare (MOHW), Taiwan. The NHIRD includes details of beneficiaries enrolled in Taiwan’s National Health Insurance (NHI) program from 2001 to 2018, including NHI enrollment files and medical service data (diagnoses, prescription drugs, and examinations). The NHI program is a compulsory single-payer healthcare system providing comprehensive healthcare for >99% of the residents of Taiwan. The diagnostic data were coded using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) before 2016 and ICD-10-CM after 2016. The NHIRD can serve as a foundation for the procurement of real-world evidence to support clinical decisions and healthcare policy-making (14–17).





Ethics approval

This study was conducted in accordance with the Declaration of Helsinki. This study protocol was approved by the Central Regional Research Ethics Committee of China Medical University, Taiwan (No. CSMUH CS2-21134). The data used in the present study are anonymous to protect the privacy of beneficiaries. Informed consent was not required given that the database in this study contains only de-identified data.





Study participants

We included the data of SOT recipients between 2002 and 2015, including those patients with renal (ICD-9-CM V42.0), liver (ICD-9-CM V42.7), heart (ICD-9-CM V37.51), or lung (ICD-9-CM: V42.6) transplantation. We excluded patients who had received more than one SOT, had been diagnosed as having osteoporosis or pathological fracture before SOT, and had missing information for study variables. Osteoporosis was identified using the following codes: ICD-9-CM 733.0 and ICD-10-CM M810, M816, and M818. The pathological fracture was identified using the following codes: ICD-9-CM 733.1 and ICD-10-CM M485, M800, M808, and M843–M846. The comparison cohort was made up of general patients who had no diagnosis of osteoporosis or pathological fracture before inclusion. To reduce selection bias, we used 1:4 propensity score (PS) matching for each patient with SOT to obtain a comparison cohort matched for sex, age, insured salary, urbanization, Charlson comorbidity index (CCI), and year of inclusion in the study. After matching, 10,783 SOT recipients and 43,132 controls were included in the study. The patient selection flowchart is presented in Figure 1.




Figure 1 | Patient selection process.







Study design

This study was a retrospective cohort study to examine the risk of osteoporosis and fracture in SOT recipients. The date of SOT was defined as the observation start date for SOT recipients. In terms of investigating the risk of osteoporosis, all participants were followed up until the date of diagnosis as having osteoporosis, death, or the end of 2018, whichever occurred first. In terms of investigating the risk of pathological fracture, all participants were followed up until the date of diagnosis as having a pathological fracture, death, or the end of 2018, whichever occurred first. The comorbidities in the study were defined with the outpatient department visits and hospital admission database in the past 2 years before the observation date. The comorbidities included hypertension (HTN) (ICD-9-CM 401-405; ICD-10-CM I13 and I15), left ventricular hypertrophy (LVH) (ICD-9-CM 429.3; ICD-10-CM I51.7), atrial fibrillation (AF) (ICD-9-CM 427.31; ICD-10-CM I48.0, I48.2, I48.91), hyperlipidemia (HPL) (ICD-9-CM 272; ICD-10-CM E78.4 and E78.5), rheumatoid arthritis (RA) (ICD-9-CM 714; ICD-10-CM M05-M06 and M45), depression (ICD-9-CM 311; ICD-10-CM F32.9), sleep disturbance (ICD-9-CM 307.4, 780; ICD-10-CM G47.8 and G47.9), gout (ICD-9-CM 274.9; ICD-10-CM M10.9), chronic obstructive pulmonary disease (COPD) (ICD-9-CM 490–492 and 494–496; ICD-10-CM J40–J44 and J47), hyperthyroidism (ICD-9-CM 242.9; ICD-10-CM E05.90), chronic kidney disease (CKD) (ICD-9-CM 585; ICD-10-CM N18), and diabetes mellitus (DM) (ICD-9-CM 250; ICD-10-CM E08-E13).





Statistical analysis

All statistical analyses in the study were conducted using SAS version 9.4. The difference in baseline characteristics between SOT recipients and the comparison cohort was analyzed via the Chi-square test and Fisher’s exact test. The Cox proportional hazards model was used to investigate the risk of osteoporosis and pathological fracture in SOT recipients with adjustment of the relevant variables, and the results are presented as hazard ratios (HRs) with 95% CIs. p <.05 was set as statistically significant.






Results

Table 1 presents the basic characteristics of SOT recipients and a comparison after matching. PS matching yielded 53,915 participants, with 43,132 (80%) men and 10,783 (20%) women. The mean age of the SOT recipients was 47.12 ± 14.44 years and that of the controls was 48.80 ± 15.30 years. After PS matching, no between-group differences were observed in sex, age, insured salary, urbanization, and CCI (all p > 0.05). Among SOT recipients, 5,092 had HTN (47.22%), 2,123 had CKD (19.69%), 1,667 had HPL (15.46%), 1,259 had sleep disturbance (11.68%), 540 had gout (5.01%), 462 had COPD (4.28%), 92 had AF (0.85%), 77 had depression (0.71%), 67 had RA (0.62%), 53 had LVH (0.49%), 18 had hyperthyroidism (0.17%), and 2,347 had DN (21.77%).


Table 1 | Baseline characteristics of solid organ transplant recipients after matching.



Table 2 presents the double-variable analysis for each variable and the incidence of osteoporosis and pathological fracture. Among SOT recipients, 412 (3.82%) developed osteoporosis (incidence rate: 4.13 per 1,000 person-years), and the incidence rate was significantly higher than the comparison cohort (p < 0.001). Pathological fractures occurred in 241 (2.23%) of SOT recipients (incidence rate: 2.37 per 1,000 person-years), and the incidence rate was also significantly higher than the comparison cohort (p = 0.014). Compared with patients without comorbidities, those with HTN, HPL, RA, sleep disturbance, COPD, and CKD had a higher incidence rate of osteoporosis, and those with HTN, LVH, RA, sleep disturbance, gout, COPD, CKD, and DM had a higher incidence rate of pathological fracture (all p < 0.05).


Table 2 | The incidence rate of osteoporosis and pathological fracture.



After other relevant influencing factors were controlled for, SOT recipients had a higher risk of osteoporosis (HR: 1.46, 95% CI: 1.29–1.65) than controls (Table 3). Compared with patients <40 years old, the risk of osteoporosis was higher in those aged 41 to 50 years (HR: 3.49, 95% CI: 2.76–4.42), 51 to 60 years (HR: 7.08, 95% CI: 5.66–8.86), and ≥60 years (HR: 11.51, 95% CI: 9.10–14.56). Patients with a CCI score of >3 had a higher risk of osteoporosis than those with a CCI score of 0. Compared with patients without comorbidities, patients with RA (HR: 1.57, 95% CI: 1.18–2.07), sleep disturbance (HR: 1.27, 95% CI: 1.12–1.45), and COPD (HR: 1.35, 95% CI: 1.16–1.57) had a higher risk of osteoporosis. In comparison, patients with DM had a lower risk of osteoporosis (HR: 0.87, 95% CI: 0.77–0.98). We observed that kidney and liver transplant recipients had a higher risk of osteoporosis (HR: 1.45, 95% CI: 1.24–1.70 and HR: 1.46, 95% CI: 1.22–1.74, respectively).


Table 3 | Risk of incident osteoporosis and pathological fracture.



SOT recipients had a higher risk of pathological fracture HR of 1.19 (95% CI: 1.01–1.39) than controls. Compared with patients <40 years old, the risk of pathological fracture was higher in those aged 41 to 50 years (HR: 2.64, 95% CI: 2.00–3.50), 51 to 60 years (HR: 5.25, 95% CI: 4.04–6.82), and ≥60 years (HR: 11.99, 95% CI: 9.16–15.69). Patients with a CCI score of >3 had a higher risk of pathological fracture than those with a CCI score of 0. Patients with sleep disturbance had a higher risk of pathological fracture (HR: 1.36, 95% CI: 1.16–1.59). Patients with gout had a higher risk of pathological fracture (HR: 1.40, 95% CI: 1.09–1.79). We observed that liver and heart or lung transplant recipients had a higher risk of pathological fracture (HR: 1.44, 95% CI: 1.17–1.78 and HR: 4.62, 95% CI: 2.05–10.44, respectively).





Discussion

Our main findings were that SOT recipients had a higher risk of osteoporosis and associated pathological fractures than the general population. To compare the risk of different recipients of SOT, the highest risk of fractures was noted in patients receiving heart or lung transplants. We also found that SOT recipients comorbid with RA, sleep disturbances, gout, and COPD had a higher risk of osteoporosis or fractures. In addition, SOT recipients who scored high on the CCI had a high HR for developing osteoporosis and fractures, and women had a higher risk than men.

Osteoporosis is a frequent and devastating complication after SOT (18) and is caused by multiple pathophysiologic mechanisms (7). Increased risk of posttransplant fracture in SOT recipients is mainly due to posttransplant bone remodeling due to reduced bone formation and continued bone erosion resulting in bone mineralization (19). Posttransplantation osteoporosis and fracture are associated with alterations in the receptor activator of the nuclear factor B ligand (RANKL)/osteoprotegerin (OPG) system (18) (20),. OPG is an antiresorptive cytokine that competes with RANKL for binding to RANK and inhibits osteoclast differentiation. OPG plays a central role in the development of transplantation osteoporosis and fracture (21).

In our study, SOT recipients had a higher risk of osteoporosis and related fractures than the general population. The loss of bone mass is particularly prominent during the first 3 to 6 months after heart, lung, and liver transplantation and during the first 6 to 18 months after kidney transplantation (22). The reduction in BMD varies between 2% and 12% in the first posttransplant year in all transplantations (23). A wide range of osteoporosis (11%–57%) and fracture rates (14%–65%) have been reported during the first posttransplant year, depending on the transplant organ and follow-up duration (24–26).

Some previous studies have shown that kidney transplant recipients have a higher risk of fracture than the general population (11, 27, 28). However, in our cohort study, kidney transplant patients had a higher risk of osteoporosis than the general population but not fracture risk. A Canadian cohort study using healthcare databases also demonstrated that the cumulative incidence of fracture in kidney transplant recipients was lower than in previously reported literature (29). This study suggested that despite the metabolic bone changes and use of steroids following kidney transplantation, recipients may not be a high-risk group for fracture. Explanations for the lower-than-expected fracture incidence may be associated with changes in maintenance immunosuppressive regimens (29). There has also been a trend toward decreasing corticosteroid doses after kidney transplantation. Corticosteroids are well known to be associated with a decrease in bone mineral density (30).

Posttransplantation bone disease is a major cause of morbidity among kidney transplant recipients, with a significantly higher risk of subsequent fractures, which are associated with a greater increase in mortality rates (31). Within the first 5 years after transplantation, an estimated 22.5% of kidney transplant recipients experience a fracture, an incidence that was four times higher in the general population (32). This risk remains significantly elevated in transplant recipients even after 10 years, suggesting that biochemical abnormalities of disordered mineral metabolism are common in recipients with kidney failure and may persist after a successful renal transplant (31).

We can also find that liver transplant recipients had a higher risk of osteoporosis and pathological fractures than the general population. Studies have concluded that most liver transplant recipients already have abnormal BMD at the time of transplantation or have had fractures before the transplant (33, 34). BMD may improve mainly in the second year after surgery, but approximately one-third of liver transplant recipients’ BMD remains under the fracture threshold (35). Low BMD before transplantation is a major risk factor for posttransplant fractures (36). The reason for BMD reduction in the early posttransplant period may be due to the pre- and posttransplant changes in bone turnover state. A meta-analysis indicated that liver transplant recipients have a fivefold increased risk of both osteoporosis and fractures compared with non-LT recipients (37). The main risk factors for postliver transplant fractures include the presence of pretransplant fractures, decreased BMD, posttransplant glucocorticoid dose, and primary biliary cholangitis (38).

Among the recipients of different SOTs, the highest risk of fractures was noted in patients receiving heart or lung transplants. Bone mass loss and fragility fractures are important complications after a heart transplant. Significant bone loss occurs after heart transplantation, and is associated with an increased risk of fracture-related morbidity and mortality rates (1). In heart transplant recipients, the incidence of fractures was highest in the first year after transplantation (39). Lung transplant recipients have a higher risk of osteoporosis and pathologic fractures than kidney, liver, and heart transplant recipients (13). This may be because lung transplant recipients are required more intensive administration of high doses of immunosuppressants to improve patient survival (40).

Our study revealed that patients with higher scores on the CCI were also at higher risk, especially those with CCI scores of >3. In addition, women had a higher risk than men. Many factors contribute to the development of bone disease and osteoporosis after SOT, including immunosuppressive agents and lifestyle risk factors (7). Typically, older adults, women, and recipients of dialysis have an increased risk of fracture (28). CCI is associated with increased mortality in fragility fracture patients (41). The CCI score may be applicable for predicting fracture risk.

We found that patients comorbid with RA, sleep disturbances, gout, and COPD had a higher risk of developing osteoporosis or fracture. The prevalence of osteoporosis in RA is approximately 30% (up to 50% in postmenopausal women), which might be a twofold increase over the general population (42, 43).

A cross-sectional study indicated that bone density is associated with sleep quality and duration (44). Sleep disorders are associated with an increased risk of osteoporosis, especially in women and older adults (45). A population-based epidemiologic study indicated that gout modestly increases the risk of osteoporosis (46). Bone disorders can develop before any organ transplantation; however, they seem to be pronounced in patients with chronic lung diseases (47, 48). COPD is associated with an increased risk of osteoporosis, regardless of the exposure period (49). Osteoporosis is highly prevalent in patients referred for lung transplantation, especially among patients with COPD (4). Evidence regarding vertebral fracture (VF) risk in patients with T2DM has been less conclusive, providing results ranging from lower risk to no association with higher prevalent or incident VF to increased risk (50–55). However, our study discovered that patients comorbid with T2DM had a lower risk of developing osteoporosis but no association with fracture. In a sample of 37,292 patients with T2DM, there was a lower risk of prevalent VF (OR: 0.84, 95% CI: 0.74–0.95) without evidence of heterogeneity across studies. In a sample of 738,018 patients with T2DM, there was an increased risk of incident VF (OR: 1.35, 95% CI: 1.27–1.44) with no evidence of heterogeneity across studies (56).

The present study has several strengths. First, we included the entire Taiwanese population in this study; thus, the sample size is large and highly representative of the general population, thus increasing statistical power. The combination of NHIRD with multiple data sources can be a powerful research tool. The large-scale nationwide data include comprehensive demographic data and long-term follow-up duration. Second, we also investigated related risk factors for comorbidities and the risk of incident osteoporosis and fracture following transplantation.

Our study also had certain limitations. First, dual-energy X-ray absorptiometry (DXA) is currently considered the gold standard for the assessment of BMD and, thus, osteoporosis diagnosis. However, the NHIRD does not contain data on bone density Z-scores or T-scores, precluding the confirmation of osteoporosis diagnosis. Second, the NHIRD does not contain detailed information regarding family history of systemic diseases and socioeconomic status, which may be risk factors for osteoporosis or pathologic fracture. Finally, the NHIRD also lacks information on other risk factors for osteoporosis and osteoporotic fractures, such as body mass index, smoking, vitamin D intake, calcium intake, diet supplementation, and physical activity.





Conclusion

SOT recipients had higher incidence rates and risks of osteoporosis and fractures than the general population. Among different recipients of SOT, the highest risk of fractures was noted in patients receiving heart or lung transplants. In addition, patients who scored high on the CCI had a higher risk. Patients who were comorbid with RA, sleep disturbance, gout, and COPD had a higher risk of osteoporosis or fractures.
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arthritis; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; DM, diabetes mellitus.





