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The impact of pre-transplant parathyroid hormone (PTH) levels on early or long-term kidney function after kidney transplantation is subject of debate. We assessed whether severe hyperparathyroidism is associated with delayed graft function (DGF), death-censored graft failure (DCGF), or all-cause mortality. In this single-center cohort study, we studied the relationship between PTH and other parameters related to bone and mineral metabolism, including serum alkaline phosphatase (ALP) at time of transplantation with the subsequent risk of DGF, DCGF and all-cause mortality using multivariable logistic and Cox regression analyses. In 1,576 kidney transplant recipients (51.6 ± 14.0 years, 57.3% male), severe hyperparathyroidism characterized by pre-transplant PTH ≥771 pg/mL (>9 times the upper limit) was present in 121 patients. During 5.2 [0.2–30.0] years follow-up, 278 (15.7%) patients developed DGF, 150 (9.9%) DCGF and 432 (28.6%) died. A higher pre-transplant PTH was not associated with DGF (HR 1.06 [0.90–1.25]), DCGF (HR 0.98 [0.87–1.13]), or all-cause mortality (HR 1.02 [0.93–1.11]). Results were consistent in sensitivity analyses. The same applied to other parameters related to bone and mineral metabolism, including ALP. Severe pre-transplant hyperparathyroidism was not associated with an increased risk of DGF, DCGF or all-cause mortality, not supporting the need of correction before kidney transplantation to improve graft or patient survival.
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INTRODUCTION
Hyperparathyroidism is a frequent complication of advanced chronic kidney disease (CKD) [1]. While a moderate increase in plasma parathyroid hormone (PTH) may be indicative of an appropriate compensatory response to maintain normal calcium balance, very high PTH levels have been associated with reduced quality of life and an increased risk of cardiovascular and bone disease and premature mortality in patients with kidney failure [2–4].
Kidney transplantation may at least in part resolve metabolic disturbances including hyperparathyroidism [5]. However, the presence of severe hyperparathyroidism at the time of transplantation may induce both short- and long-term adverse effects to the kidney. Early after successful kidney transplantation, persistently elevated levels of the phosphaturic hormones PTH and fibroblast growth factor-23 in the context of restored kidney function can induce high urinary concentrations of calcium and phosphate, which may lead to the deposition of calcium-phosphate and, consequently, acute tubular necrosis [6–8]. On the longer term, persistent or recurrent abnormalities in mineral metabolism have been associated with death-censored graft failure (DCGF), progression of vascular calcification and premature mortality [9, 10]. Similar to PTH, pretransplant serum total alkaline phosphatase, calcium and phosphorus levels have been associated with an increased risk of unfavorable outcomes after kidney transplantation [7, 9, 11, 12]. For these reasons, current Kidney Disease Improving Global Outcomes (KDIGO) guidelines suggest to not transplant patients with severe hyperparathyroidism until they are adequately treated, with PTH levels in the range of approximately 2–9 times the upper normal limit for the assay [13–15]. In contrast, the European Renal Association recommended in 2013 that a deceased donor allograft should not be refused only because of uncontrolled hyperparathyroidism in the recipient [15]. These conflicting recommendations urge for large cohort studies to examine the association between pre-transplant PTH level and clinically important post-transplant outcomes [13] including graft and patient outcomes.
Therefore, the aim of the present study was to assess whether patients with higher pre-transplant plasma PTH levels, and particularly those with severe hyperparathyroidism, have a higher risk of delayed graft function (DGF), death-censored graft function (DCGF), or all-cause mortality. We addressed this aim in a large contemporary cohort of kidney transplant recipients, and also studied associations of other mineral parameters (total alkaline phosphatase, calcium, and phosphate), measured before transplantation, with post-transplant outcomes.
MATERIALS AND METHODS
For the current study, all patients who underwent kidney transplantation at the University Medical Center Groningen (UMCG), Netherlands, between April/1986-December/2019 were considered eligible for inclusion. Of patients who had undergone multiple kidney transplantations, only data regarding the first kidney transplantation were used (N = 1,717). Patients with missing pre-transplant plasma PTH (N = 29) or if pre-transplant plasma PTH measurement was measured longer than 90 days before transplantation (N = 112) were excluded, leaving 1,576 patients for the DGF analysis. Furthermore, we excluded patients who developed graft failure or died within 3 months after transplantation (N = 67) [10], leaving 1,509 patients for the DCGF and all-cause mortality analysis (Supplementary Figure S1). The study protocol has been approved by the Institutional Review Board (METc 2014/077), was performed under the Strengthening the Reporting of Observational Studies in Epidemiology guidelines [16], adheres to the local UMCG Biobank Regulations, and is in accordance with the WMA Declarations of Helsinki and Istanbul.
Laboratory Data
Routine laboratory measurements were extracted from the laboratory information system of the UMCG. Plasma PTH, calcium, phosphate, total alkaline phosphatase (ALP), creatinine, and albumin concentrations were measured at outpatient visits. Plasma calcium was corrected for albumin according to the following formula: corrected calcium (mg/dL) = measured calcium (md/dL)+0.025*(40–[albumin (g/dL)]). All routine measurements before March 2006 were performed on the Merck Mega Analyzer (Merck); measurements after March 2006 were performed on the Roche Modular (Roche Ltd.). Laboratory measurements prior to March 2006 were converted according to the equations [17] listed in Supplementary Table S1. The last PTH measurement prior to the kidney transplant procedure was used for analyses. Reference values for plasma-corrected calcium were 8.8–10.4 mg/dL (2.20–2.60 mmol/L) and for plasma phosphate 2.17–4.64 mg/dL (0.70–1.50 mmol/L) [10]. At each individual measurement, patients were classified as having hypo-, normo-, or hypercalcemia and hypo-, normo-, or hyperphosphatemia according to these definitions. Creatinine-based eGFR was calculated according to the CKD Epidemiology Collaboration Equation (EPI) equation [18, 19]. Primary cytomegalovirus (CMV) infection was defined as CMV viremia demonstrated by PCR in the absence of CMV-specific IgG antibodies. All other measurements were performed using standard laboratory techniques.
Follow-Up
All patients who received a kidney transplant underwent a standardized follow-up regime. Patients received a standardized immunosuppression protocol, comprising triple therapy with tacrolimus or cyclosporine, in combination with mycophenolate mofetil and corticosteroids, as previously reported [20]. Shortly after transplantation, patients visit the outpatient department weekly. The frequency of visits is tapered to every 4–6 weeks during the first year after transplantation, and at least four times a year after the first year. End of follow-up was December 2020. Donor and recipient characteristics were collected as part of the TransplantLines registry [21]. The primary cause of kidney failure was categorized according to the European Renal Association Registry Coding System [22]. Acute rejection was defined according to the Banff criteria. There was no loss to follow-up.
Study Endpoints
The three co-primary outcomes were DGF, defined as the need for dialysis within the first 7 days posttransplant, DCGF, defined as return to dialysis or re-transplantation, censored for death, and all-cause mortality. Up-to-date follow-up was warranted through the continuous surveillance system of the outpatient clinic.
Statistical Analyses
Statistical analyses were performed using IBM SPSS version 23.0 (SPSS Inc., Chicago, IL). In all analyses p < 0.05 was considered significant. Variable distribution was evaluated by Kolmogorov Smirnov test. Categorical variables are presented as n (%), normally distributed variables as mean ± standard deviation (SD) and non-normally distributed variables as median with interquartile range (IQR). Skewed variables were log-transformed where appropriate. We handled remaining missing data for key variables using multiple imputation of variables with less than 10% missing data. Data of the following variables were imputed using multiple imputation by chained equations with five imputations: total alkaline phosphatase, calcium, phosphate, cold ischemia time, warm ischemia time, number of human leucocyte antigen (HLA) mismatches, body mass index (BMI), donor status, presence of diabetes, use of cinacalcet, and use of vitamin D. Results from analyses on each imputed data set were then pooled according to Rubin’s rules [23].
To analyze whether pre-transplant plasma PTH, ALP, calcium and phosphate were independently associated with DGF, DCGF and all-cause mortality, we performed logistic and Cox-proportional regression analyses, respectively. Plasma levels were analyzed as categorical variables and as (log-transformed) continuous variables. The proportional hazard assumption was tested using statistical tests and graphical diagnostics based on the scaled Schoenfeld residuals. For PTH, patients were clustered in three groups according to the KDIGO guidelines-recommended thresholds: ≤2 times (≤150 pg/mL), >2 and <9 times (>150 and <771 pg/mL), or ≥9 times (≥771 pg/mL) of the upper limit of normal for the assay [24], using the middle range as reference. For ALP, calcium and phosphate, patients were analyzed in quartiles. Since most patients had normal or elevated levels of ALP at time of transplantation, we defined the lowest quartile as reference category for this parameter. For calcium and phosphate, we used the second quartile as reference category, since both very high and very low levels may occur at transplantation and both might be associated with adverse outcomes. We performed multivariate Cox regression analyses, cumulatively adjusted for age and sex (Model 1), and further variables previously associated with outcomes after kidney transplantation and bone mineral metabolism such as primary cause of kidney failure, primary CMV infection, acute allograft rejection, dialysis vintage, preemptive transplant, number of HLA mismatches, donor age and sex, living donor status, cold and warm ischemia time, history of diabetes, body mass index, serum calcium, phosphate and albumin at transplantation time, cinacalcet, vitamin D use, history of parathyroidectomy and decade of transplantation (Model 2; Supplementary Figure S2). The associations of pre-transplant PTH levels with DGF, DCGF and mortality were further investigated using restricted cubic splines using fully adjusted models. We also evaluated whether pre-transplant plasma PTH and ALP contributed to prediction of mortality risk using ROC-curve analysis with determination of the area under the ROC-curve (AUC). Finally, we studied the relationship between PTH at 1 year post-transplantation and DCGF or mortality, both in continuous analysis and using quartiles (fully adjusted models as described above). In these analyses, patients who developed graft loss or died within the first year post-transplant were excluded.
Potential effect modification for the association between pre-transplant PTH and outcomes was explored using multiplicative interaction terms followed by prespecified subgroup analyses according to age, sex, use of vitamin D, use of cinacalcet, preemptive kidney transplant, dialysis vintage, donor status (living or deceased), serum calcium, phosphate and ALP. The p-values of interaction terms were considered significant when <0.05.
Finally, we performed sensitivity analyses for the DGF analysis, restricted to patients who received from a postmortal donor (as DGF is much more common after postmortal donor kidney transplantation), and for the mortality analyses after exclusion of individuals who died within the first year post-transplant, and restricted to patients transplanted after 2010.
RESULTS
Baseline Characteristics
A total of 1,576 kidney transplant recipients (KTRs) (age 51.6 ± 14.0 years, 57.3% male) were included in the primary analyses. Baseline patient and transplant characteristics are presented in Table 1. In brief, donor age was 51.2 ± 13.5 years, 785 (49.8%) patients received a graft from a living donor, median (IQR) dialysis vintage was 18.0 (0–40.0) months, and 535 (33.9%) patients underwent a pre-emptive transplantation. Median (IQR) pre-transplant plasma PTH concentration was 231 (122–425) pg/mL, with 121 (7.7%) of patients presenting with plasma PTH ≥771 pg/mL (median 942 [838–1,236]pg/mL). Calcimimetics were used at time of transplant by 198 (12.6%) patients, and vitamin D analogs by 58% of patients. There were few missing data points (Supplementary Table S2).
TABLE 1 | Baseline characteristics of the cohort.
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As shown in Table 2, 278 (17.6%) patients developed DGF. Upon fully adjusted logistic regression analysis with pre-transplant PTH as a continuous variable, no significant association was found with DGF. When analyzing patients in three groups (≤2 times, >2 and <9 times, ≥9 times the upper limit of normal for the assay of plasma PTH, corresponding with ≤150 pg/mL, >150 and <771 pg/mL, and ≥771 pg/mL, respectively), patients with pre-transplant PTH >771 pg/mL had a risk of DGF that was comparable to the reference group (Table 2). Interaction analysis revealed significant effect modification by sex (P-interaction = 0.03), as shown in Figure 1. The incidence of DGF was similar among men (18.6%) and women (16.3%, p = 0.15 vs. men). The fully adjusted association between plasma PTH and DGF was significant among women (HR 1.37 [95% CI 1.05–1.78], p = 0.02), but not among men. In a sensitivity analysis restricted to women who received a graft from a postmortal donor, the association between low PTH levels and DGF did not persist (HR 1.14 [95% CI 0.89–1.46], p = 0.30).
TABLE 2 | Association of pre-transplant PTH plasma levels with risk of DGF, DCGF and all-cause mortality.
[image: Table 2][image: Figure 1]FIGURE 1 | Forest plot showing associations between pre-transplant plasma PTH level (per doubling) and delayed graft function (DGF) according to parameters at time of transplantation. In total, 278 (16.7%) kidney transplant recipients developed DGF. Abbreviations: N, number; Tx, transplant; ALP, alkaline phosphatase; HR, hazard ratio.
During median follow-up of 5.0 (range 0.2–29.5) years, 150 (9.9%) patients developed DCGF. In fully adjusted Cox regression analyses, pre-transplant plasma PTH levels were not associated with DCGF (Figure 2A). As shown in Table 2, patients with pre-transplant PTH ≤150 pg/mL or PTH >771 pg/mL had a risk that was comparable to the reference group (HR 0.98 [95% CI 0.87–1.67], p = 0.85; HR 1.01 [95% CI 0.45–2.25], p = 0.59, respectively). No significant effect modification was observed (Figure 3). Sensitivity analyses after exclusion of 39 individuals who developed DCGF within the first year after transplantation (N = 111, fully adjusted HR 0.94 [95% CI 0.83–1.08], p = 0.45) yielded similar results. At 1 year post-transplantation, the median PTH level was 110.5 (72.4–168.3) pg/mL. A higher PTH level at 1 year after transplantation was associated with an increased risk of DCGF (fully adjusted HR 1.31 [95% CI 1.03–1.69], p = 0.03) in continuous analysis (Supplementary Table S3). Patients in the highest quartile of PTH levels at 1 year post-transplant also had an increased risk of DCGF when compared with the lowest quartile (HR 2.64 [95% CI 1.21–5.80], p = 0.02).
[image: Figure 2]FIGURE 2 | Association of pre-transplant plasma PTH with risk of (A) DCGF and (B) all-cause mortality. The solid lines represent the fully adjusted hazard ratios (HRs) for DCGF (Cox regression Model 2) and all-cause mortality (Cox regression Model 2). The grey areas represent the 95% confidence intervals of the HRs.
[image: Figure 3]FIGURE 3 | Forest plot showing associations between pre-transplant plasma PTH levels (per doubling) and death censored graft function (DCGF) according to parameters at time of transplantation. In total, 150 (9.9%) kidney transplant recipients developed DCGF. Abbreviations: N, number; Tx, transplant; ALP, alkaline phosphatase; HR, hazard ratio.
During median follow-up of 5.2 (range 0.2–29.5) years, 432 (28.6%) patients died. In fully adjusted Cox regression analyses, pre-transplant plasma PTH levels were not associated with all-cause mortality (Table 2; Figure 2B). There was no significant effect modification in interaction analyses (Supplementary Figure S3). Sensitivity analyses after exclusion of 30 individuals who died within the first year post-transplant (N = 402, fully adjusted HR 1.03 [95% CI 0.95–1.12], p = 0.50), restricted to patients who were transplanted after 2010 (N = 197, HR 1.11 [95% CI 0.97–1.27], p = 0.12), or after exclusion of preemptive transplantation (N = 94, HR 0.99 [95% CI 0.82–1.19], p = 0.91) yielded similar results. An additional analysis in a limited number of patients with available PTH data from 6 to 12 months prior to transplantation (N = 187) showed no significant association with all-cause mortality (HR 0.78 [95% CI 0.55–1.16], p = 0.23). Finally, PTH at 1 year after transplantation showed a trend towards association with all-cause mortality (fully adjusted HR 1.14 [95% CI 0.99–1.32], p = 0.05) upon continuous analysis; patients in the highest PTH quartile (at 1 year post-transplant) had a higher risk of all-cause mortality than those in the lowest quartile (HR 2.64 [95% CI 2.20–5.81], p = 0.02).
Pre-Transplant ALP, Calcium, and Phosphate and Post-transplant Outcomes
Subsequently, we analyzed the associations of pre-transplant serum ALP levels with risk of DGF, DCGF and all-cause mortality. There were no significant associations between serum ALP and risk of DGF, or DCGF (Supplementary Table S4). In age- and sex-adjusted analyses, higher serum ALP was associated with an increased risk of all-cause mortality, but this association lost significance upon multivariable adjustment. Compared with patients in the first quartile of pre-transplant serum ALP (52.0 [46.0–57.0]U/L), patients in fourth quartile with median pre-transplant serum ALP of 126.0 [110.8–158.0]U/L had a higher risk of all-cause mortality in fully adjusted model (HR 1.27 [95% CI 1.00–1.87]). There was no effect modification by pre-transplant dialysis status (preemptive or not) in interaction analysis (HR 1.30 [95% CI 0.72–2.32], p = 0.39). ALP, either alone or combined with PTH, did not change risk prediction for mortality when added to a model with established risk factors (Table 3). Plasma calcium was not significantly associated with the risk of DGF, DCGF, or all-cause mortality (Supplementary Table S5). Compared with patients in the second quartile of pre-transplant serum phosphate (4.2 [3.8–4.7]mg/dL), those in the fourth quartile with median pre-transplant serum phosphate of 6.5 [5.7–12.9]mg/dL had an increased risk of DGF in the fully adjusted model 2.21 [95% CI 1.21–4.03, p < 0.01] (Supplementary Table S6). Interaction analysis revealed significant effect modification by donor status (P-interaction<0.001). The fully adjusted association between plasma phosphate and DGF was significant among recipients of post-mortal draft (HR 1.5 [95% CI 1.03–2.33], p = 0.03), but not among recipients from a living donor. Plasma phosphate at transplantation was not associated with DCGF or mortality.
TABLE 3 | Receiver operating characteristic (ROC) curve analysis for all-cause mortality.
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From 121 patients with severe hyperparathyroidism before transplantation, only 12 (10%) remained with elevated PTH (≥771 pg/mL) at 1 year post-transplant (Figure 4A). At baseline, almost one-third of patients had a calcium value outside the reference (13% hypocalcemia and 12% hypercalcemia). At 1 year after transplantation, 4.2% of patients presented with hypocalcemia, while 14.4% presented with hypercalcemia (Figure 4B). At time of transplantation more than half of patients had hyperphosphatemia (873 [55.6%] patients). At 1 year after transplantation, the prevalence of hyperphosphatemia had decreased to 3%. On the other hand, hypophosphatemia had a prevalence of 2% at baseline and of 10% at 1 year after transplantation (Figure 4C).
[image: Figure 4]FIGURE 4 | Distribution of proportion of patients with median plasma (A) PTH (B) calcium and (C) phosphate within, below or above the reference range for the first 24 months after kidney transplantation. Values are expressed as percentages. Abbreviations: PTH, parathyroid hormone; PTx, parathyroidectomy.
DISCUSSION
In this cohort of 1,576 primary stable kidney transplant recipients, we observed no associations between pre-transplant serum PTH levels and risk of DCGF, DGF and all-cause mortality in the primary analyses. Further, one-year post-transplant PTH levels were associated with DCGF and all-cause mortality. Interestingly, pre-transplant serum ALP levels higher than 126.0 (110.8–158.0) U/L were associated with higher risk of all-cause mortality, while serum phosphate levels higher than 6.5 (5.7–12.9) mg/dL were associated with higher risk of DGF; serum calcium levels at transplantation were not associated with post-transplant outcomes.
Previous studies regarding the potential risk of (severe) hyperparathyroidism at time of transplantation have shown conflicting results. In line with our findings, a previous large study found no associations with graft failure or mortality [9]. While this study only included patients that had been on chronic dialysis before transplantation, our study extends their findings by also including pre-emptive transplantations. A prior study from the same group also did not find a significant relationship between PTH and allograft loss and death [25]. In contrast, another study with a smaller sample size did find that a higher pre-transplant plasma PTH level was associated with a higher risk of death-censored graft failure (DCGF), but not with DGF or premature mortality [26]. Our finding that PTH at 1 year post-transplant was associated with DCGF and mortality is in line with prior studies [27–29], underscoring the importance of closely monitoring PTH levels after kidney transplantation so that patients with persistent or new-onset HPT post-transplant can be treated appropriately. Furthermore, it is important to consider other outcomes beyond graft and patient outcomes. While, to the best of our knowledge, no prior studies addressed the association between PTH at transplantation and fractures after kidney transplantation, on the other hand, post-transplant hyperparathyroidism has been associated with an increased risk of fractures [30], and correction of hyperparathyroidism by parathyroidectomy improved bone mineral density (BMD) [31]. Unfortunately, we could not address these associations in the current study as data on fractures or BMD were unavailable.
Interestingly, we found a significant association between higher PTH levels and DGF in women, but not in men. It has been described in experimental studies that female mice display greater tolerance for ischemia-reperfusion injury in multiple organs, including the kidney, and that estrogen may play a role in this protective mechanism [32–34]. In humans, a large cohort study suggested that this sex-dependent response to injury may have clinical implications for DGF after kidney transplantation [35]. In that study, the risk of DGF was significantly higher in male recipients, even after adjusting for potential confounders [35]. In the present study, we only observed a small and non-significant difference in incidence of DGF in men vs. women (18.3% vs. 16.1%, p = 0.15). At the same time, the apparent sex-specific association of PTH with DGF did not translate into a sex-specific (or overall) association with DCGF, and it lost significance in a sensitivity analysis restricted to patients with a postmortal donor. Therefore, our results on a potential sex-specific association between PTH and DGF require confirmation by an independent study, and the implications for clinical practice could well be limited.
Our study revealed an association between higher pre-transplant serum ALP and an increased risk of mortality after kidney transplantation. This observation is in line with two prior studies, one from the United States [9] and one from Korea [11]. In the study of Molnar et al. [9], it was suggested that the association between ALP and mortality could be driven by high-bone turnover during the dialysis period, which may influence mortality risk after transplantation. However, in our study, more than one-third of the patients received a transplant before requiring dialysis, and we found no effect modification of the association between ALP and mortality by pre-transplant dialysis status (HR 0.94 [95% CI 0.87–1.01], p = 0.08; data not shown in tables).
Whether pre-transplant plasma calcium is associated with adverse post-transplant outcomes is controversial. In the present study, we found no association between pre-transplant plasma calcium and DGF, DCGF or all-cause mortality. These results are in line with one previous study [36], while another study did show an independent association between serum calcium and DGF [7]. Interestingly, Molnar et al [9] found that high pre-transplant serum calcium levels (>9.5 mg/dL) were associated with a lower risk of graft loss, and hypothesized that this protective effect could be related to the vitamin D use. However, interaction analysis in our study did not reveal any effect modification by vitamin D use for the association between calcium and DCGF, which in itself also did not reach statistical significance (HR 0.98 [95% CI 0.33–2.90], p = 0.98).
Our findings show that a higher plasma phosphate level was associated with an increased risk of DGF. Although this result is in contrast with two prior studies that had a null outcome [37, 38], hyperphosphatemia could increase the risk of DGF through tubular deposition of calcium-phosphate crystals, leading to tubular obstruction and subsequent tubular injury, inflammation, and endothelial cell damage [39].
In our cohort, severe hyperparathyroidism at transplantation was present in only a small fraction of the population (7.7%). Furthermore, we found persistent hypercalcemia in 14.4% and hypophosphatemia in 10% of kidney transplant recipients at 12 months following transplantation. Although previous data reported the persistence of hyperparathyroidism ranging between 17% and 90% of transplanted patients, it is important to mention the use of different approaches to classify hyperparathyroidism [37–40]. Persistent hypercalcemia after kidney transplantation is relatively common with a prevalence ranging between 10% and 12% [10, 40, 41]. Although high levels of serum calcium could be the result of a persistent hyperparathyroidism, adynamic bone disease in combination with tubular reabsorption of calcium could be another cause of hypercalcemia after transplantation, and so may the use of calcium or vitamin D supplements [42]. The occurrence of hypophosphatemia following kidney transplantation is well described in the literature since during the initial post-transplant period, the accumulated plasma levels of PTH and FGF-23, together with the restored renal excretory capacity, stimulate phosphate excretion [43, 44]. Clearly, the generally improved abnormalities in mineral metabolism may be partly driven by the fact that affected patients received treatment with calcimimetics or underwent parathyroidectomy [45].
Our study has several limitations and strengths. The observational nature of this study leaves the possibility of residual confounding. PTH measurements after 2006 were converted using an in-house established conversion formula, which could be considered a limitation even though adjustment for transplant era did not influence the results and a sensitivity analysis did not suggest that the change in assays affected our findings. The repeated measures could have led to selection bias since patients with abnormal values may have been more frequently tested; on the other hand, these patients were also at higher risk to die within the first 2 years after transplantation. The lack of data on fractures, bone density measurements or bone biopsies, which would have allowed us to investigate specific bone outcomes are another limitation. The small number of patients with very high PTH levels (>9x the upper limit of normal assay) can be also considered as a limitation, although it likely does reflect practice in our center similar to many centers elsewhere in the world. The population was predominantly Caucasian, which calls for prudence when extrapolating these results to different populations. On the other hand, strengths include the large sample size, good characterization allowing for adequate adjustment and sensitivity analyses, external validity [46], complete follow-up which was longer than previous studies [9, 26], and clinically relevant endpoints.
In conclusion, in this large contemporary cohort of kidney transplant recipients, we found no association between severe hyperparathyroidism at the time of transplantation and the risk of DCGF or all-cause mortality. The observation that higher PTH levels are associated with an increased risk of DGF in women, but not in men, requires further investigation. Our finding that PTH levels at 1 year post-transplant were associated with DCGF and mortality underscores the importance of closely monitoring patients after transplantation to provide adequate treatment for persistent or new-onset hyperparathyroidism. Overall, although further studies are needed to address the impact on bone outcomes, our findings do not support the requirement of a pre-transplant parathyroidectomy to improve graft or patient survival in transplant candidates with severe hyperparathyroidism.
DATA AVAILABILITY STATEMENT
The data supporting the findings of this study are available upon reasonable request.
ETHICS STATEMENT
The study protocol was approved by the Institutional Review Board of Groningen UMC (METc 2014/077)]. The study was performed under the Strengthening the Reporting of Observational Studies in Epidemiology guidelines [17], adheres to the local UMCG Biobank Regulations, and is in accordance with the WMA Declarations of Helsinki and Istanbul. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
FR and MB designed the study; FR conducted data analyses and wrote the manuscript. WV and DK conducted the study and data collection. CS and AV conducted data analysis. RP and SK discussed and enriched the manuscript. IH, SB, and MD supervised and reviewed the manuscript. All authors contributed to the article and approved the submitted version.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontierspartnerships.org/articles/10.3389/ti.2024.11916/full#supplementary-material
REFERENCES
 1. Levin, A, Bakris, GL, Molitch, M, Smulders, M, Tian, J, Williams, LA, et al. Prevalence of Abnormal Serum Vitamin D, PTH, Calcium, and Phosphorus in Patients With Chronic Kidney Disease: Results of the Study to Evaluate Early Kidney Disease. Kidney Int (2007) 71(1):31–8. doi:10.1038/sj.ki.5002009
 2. Tentori, F, Blayney, MJ, Albert, JM, Gillespie, BW, Kerr, PG, Bommer, J, et al. Mortality Risk for Dialysis Patients With Different Levels of Serum Calcium, Phosphorus, and PTH: The Dialysis Outcomes and Practice Patterns Study (DOPPS). Am J Kidney Dis (2008) 52(3):519–30. doi:10.1053/j.ajkd.2008.03.020
 3. Kalantar-Zadeh, K, Kuwae, N, Regidor, DL, Kovesdy, CP, Kilpatrick, RD, Shinaberger, CS, et al. Survival Predictability of Time-Varying Indicators of Bone Disease in Maintenance Hemodialysis Patients. Kidney Int (2006) 70(4):771–80. doi:10.1038/sj.ki.5001514
 4. Bozic, M, Diaz-Tocados, JM, Bermudez-Lopez, M, Forné, C, Martinez, C, Fernandez, E, et al. Independent Effects of Secondary Hyperparathyroidism and Hyperphosphataemia on Chronic Kidney Disease Progression and Cardiovascular Events: An Analysis From the NEFRONA Cohort. Nephrol Dial Transplant (2022) 37(4):663–72. doi:10.1093/ndt/gfab184
 5. Evenepoel, P, Claes, K, Kuypers, DR, Debruyne, F, and Vanrenterghem, Y. Parathyroidectomy After Successful Kidney Transplantation: A Single Centre Study. Nephrol Dial Transpl (2007) 22(6):1730–7. doi:10.1093/ndt/gfm044
 6. Traindl, O, Langle, F, Reading, S, Montesinos, M, Romar, A, and Martinez de Osaba, MJ. Role of Secondary Hyperparathyroidism in the Development of Post-Transplant Acute Tubular Necrosis. Nephron (1996) 73(1):67–72. doi:10.1159/000189002
 7. Boom, H, Mallat, MJK, de Fijter, JW, Paul, LC, Bruijn, JA, and van Es, LA. Calcium Levels as a Risk Factor for Delayed Graft Function. Transplantation (2004) 77(6):868–73. doi:10.1097/01.TP.0000116417.03114.87
 8. Traindl, O, Längle, F, Reading, S, Franz, M, Watschinger, B, Klauser, R, et al. Secondary Hyperparathyroidism and Acute Tubular Necrosis Following Renal Transplantation. Nephrol Dial Transpl (1993) 8(2):173–6. 
 9. Molnar, MZ, Kovesdy, CP, Mucsi, I, Salusky, IB, and Kalantar-Zadeh, K. Association of Pre-Kidney Transplant Markers of Mineral and Bone Disorder With Post-Transplant Outcomes. Clin J Am Soc Nephrol (2012) 7(11):1859–71. doi:10.2215/CJN.01910212
 10. van der Plas, WY, Gomes Neto, AW, Berger, SP, Pol, RA, Kruijff, S, Bakker, SJL, et al. Association of Time-Updated Plasma Calcium and Phosphate With Graft and Patient Outcomes After Kidney Transplantation. Am J Transplant (2021) 21(7):2437–47. doi:10.1111/ajt.16457
 11. Jang, Y, Park, S, Lee, H, Kim, YH, Lee, JP, Park, SK, et al. Prognostic Value of Pre- And Post-Serum Alkaline Phosphatase Among Renal Transplant Recipients. Transpl Proc (2022) 7:678–84. doi:10.1016/j.transproceed.2022.02.001
 12. Sapir-Pichhadze, R, Parmar, K, and Kim, SJ. Pretransplant Serum Phosphate Levels and Outcomes After Kidney Transplantation. J Nephrol (2012) 25(6):1091–7. doi:10.5301/jn.5000100
 13. Chadban, SJ, Ahn, C, Axelrod, DA, Foster, BJ, Kasiske, BL, Kher, V, et al. KDIGO Clinical Practice Guideline on the Evaluation and Management of Candidates for Kidney Transplantation. Transplantation (2020) 104(4S1):S11–S103. doi:10.1097/TP.0000000000003136
 14. Kidney Disease: Improving Global Outcomes (KDIGO) Transplant Work Group. KDIGO Clinicalpractice Guideline for the Care of Kidney Transplant Recipients. Am J Transpl (2009) 9:S1–S155. doi:10.1111/j.1600-6143.2009.02834.x
 15. Abramowicz, D, Cochat, P, Claas, F, Dudley, C, Harden, P, Heeman, U, et al. European Renal Best Practice Guideline on Kidney Donor and Recipient Evaluation and Perioperative Care. Nephrol Dial Transplant (2013) 28(2):ii1–ii71. doi:10.1093/ndt/gft218
 16. von Elm, E, Altman, DG, Egger, M, Pocock, SJ, Gøtzsche, PC, Vandenbroucke, JP, et al. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement: Guidelines for Reporting Observational Studies. J Clin Epidemiol (2008) 61(4):344–9. doi:10.1016/j.jclinepi.2007.11.008
 17. van Londen, M, Aarts, BM, Deetman, PE, van der Weijden, J, Eisenga, MF, Navis, G, et al. Post-Transplant Hypophosphatemia and the Risk of Death-Censored Graft Failure and Mortality After Kidney Transplantation. Clin J Am Soc Nephrol (2017) 12(8):1301–10. doi:10.2215/CJN.10270916
 18. National Kidney Foundation. CKD-EPI Creatinine Equation (2021). Available from: https://www.kidney.org/professionals/kdoqi/gfr_calculator/formula (Accessed April 12, 2022). 
 19. Delgado, C, Baweja, M, Crews, DC, Eneanya, ND, Gadegbeku, CA, Inker, LA, et al. A Unifying Approach for GFR Estimation: Recommendations of the NKF-ASN Task Force on Reassessing the Inclusion of Race in Diagnosing Kidney Disease. Am J Kidney Dis (2022) 79(2):268–88.e1. doi:10.1053/j.ajkd.2021.08.003
 20. Boxma, PY, van den Berg, E, Geleijnse, JM, Laverman, GD, Schurgers, LJ, Vermeer, C, et al. Vitamin K Intake and Plasma Desphospho-Uncarboxylated Matrix Gla-Protein Levels in Kidney Transplant Recipients. PLoS One (2012) 7(10):e47991. doi:10.1371/journal.pone.0047991
 21. Eisenga, MF, Gomes-Neto, AW, van Londen, M, Ziengs, AL, Douwes, RM, Stam, SP, et al. Rationale and Design of TransplantLines: A Prospective Cohort Study and Biobank of Solid Organ Transplant Recipients. BMJ Open (2018) 8(12):e024502. doi:10.1136/bmjopen-2018-024502
 22. Venkat-Raman, G, Tomson, CRV, Gao, Y, Cornet, R, Stengel, B, Gronhagen-Riska, C, et al. New Primary Renal Diagnosis Codes for the ERA-EDTA. Nephrol Dial Transpl (2012) 27(12):4414–9. doi:10.1093/ndt/gfs461
 23. Buuren, SV, and Groothuis-Oudshoorn, K. Mice: Multivariate Imputation by Chained Equations in R. J Stat Softw (2011) 45(3). doi:10.18637/jss.v045.i03
 24. Ketteler, M, Block, GA, Evenepoel, P, Fukagawa, M, Herzog, CA, McCann, L, et al. Executive Summary of the 2017 KDIGO Chronic Kidney Disease–Mineral and Bone Disorder (CKD-MBD) Guideline Update: What’s Changed and Why It Matters. Kidney Int (2017) 92(1):26–36. doi:10.1016/j.kint.2017.04.006
 25. Wolf, M, Molnar, MZ, Amaral, AP, Czira, ME, Rudas, A, Ujszaszi, A, et al. Elevated Fibroblast Growth Factor 23 Is a Risk Factor for Kidney Transplant Loss and Mortality. J Am Soc Nephrol (2011) 22(5):956–66. doi:10.1681/ASN.2010080894
 26. Roodnat, JI, van Gurp, EAFJ, Mulder, PGH, van Gelder, T, de Rijke, YB, de Herder, WW, et al. High Pretransplant Parathyroid Hormone Levels Increase the Risk for Graft Failure After Renal Transplantation. Transplantation (2006) 82(3):362–7. doi:10.1097/01.tp.0000228923.75739.88
 27. Wang, R, Price, G, Disharoon, M, Stidham, G, McLeod, MC, McMullin, JL, et al. Resolution of Secondary Hyperparathyroidism After Kidney Transplantation and the Effect on Graft Survival. Ann Surg (2023) 278(3):366–75. doi:10.1097/SLA.0000000000005946
 28. Crepeau, P, Chen, X, Udyavar, R, Morris-Wiseman, LF, Segev, DL, McAdams-DeMarco, M, et al. Hyperparathyroidism at 1 Year After Kidney Transplantation Is Associated With Graft Loss. Surgery (2023) 173(1):138–45. doi:10.1016/j.surg.2022.07.031
 29. Prytula, A, Shroff, R, Krupka, K, Deschepper, E, Bacchetta, J, Ariceta, G, et al. Hyperparathyroidism Is an Independent Risk Factor for Allograft Dysfunction in Pediatric Kidney Transplantation. Kidney Int Rep (2023) 8(1):81–90. doi:10.1016/j.ekir.2022.10.018
 30. Perrin, P, Caillard, S, Javier, RM, Braun, L, Heibel, F, Borni-Duval, C, et al. Persistent Hyperparathyroidism Is a Major Risk Factor for Fractures in the Five Years After Kidney Transplantation. Am J Transplant (2013) 13(10):2653–63. doi:10.1111/ajt.12425
 31. Cruzado, JM, Moreno, P, Torregrosa, JV, Taco, O, Mast, R, Gómez-Vaquero, C, et al. A Randomized Study Comparing Parathyroidectomy With Cinacalcet for Treating Hypercalcemia in Kidney Allograft Recipients With Hyperparathyroidism. J Am Soc Nephrol (2016) 27(8):2487–94. doi:10.1681/ASN.2015060622
 32. Hu, H, Wang, G, Batteux, F, and Nicco, C. Gender Differences in the Susceptibility to Renal Ischemia-Reperfusion Injury in BALB/c Mice. Tohoku J Exp Med (2009) 218(4):325–9. doi:10.1620/tjem.218.325
 33. Park, KM, Kim, JI, Ahn, Y, Bonventre, AJ, and Bonventre, JV. Testosterone Is Responsible for Enhanced Susceptibility of Males to Ischemic Renal Injury. J Biol Chem (2004) 279(50):52282–92. doi:10.1074/jbc.M407629200
 34. Kher, A, Meldrum, K, Wang, M, Tsai, B, Pitcher, J, and Meldrum, D. Cellular and Molecular Mechanisms of Sex Differences in Renal Ischemia–Reperfusion Injury. Cardiovasc Res (2005) 67(4):594–603. doi:10.1016/j.cardiores.2005.05.005
 35. Aufhauser, DD, Wang, Z, Murken, DR, Bhatti, TR, Wang, Y, Ge, G, et al. Improved Renal Ischemia Tolerance in Females Influences Kidney Transplantation Outcomes. J Clin Invest (2016) 126(5):1968–77. doi:10.1172/JCI84712
 36. Krüger, B, Schnitzbauer, AA, Böger, CA, Hoffmann, U, Banas, B, Farkas, S, et al. Pretransplant Calcium Levels Have No Predictive Value for Delayed Graft Function, Long-Term Graft Function, Cardiovascular Events, or Graft and Patient Survival in Renal Transplantation. Transpl Proc (2006) 38(3):697–700. doi:10.1016/j.transproceed.2006.01.032
 37. Sampaio, MS, Molnar, MZ, Kovesdy, CP, Mehrotra, R, Mucsi, I, Sim, JJ, et al. Association of Pretransplant Serum Phosphorus With Posttransplant Outcomes. Clin J Am Soc Nephrol (2011) 6(11):2712–21. doi:10.2215/CJN.06190611
 38. Rodrigo Calabia, E, Ruiz San Millán, JC, Gago, M, Ruiz Criado, J, Piñera Haces, C, Fernández Fresnedo, G, et al. Changes in the Pre-Transplant Bone-Mineral Metabolism Do Not Affect the Initial Progress of the Renal Graft. Nefrologia:publicacion oficial de la Sociedad Espanola Nefrologia (2009) 29(2):143–9. doi:10.3265/Nefrologia.2009.29.2.5006.en.full
 39. Evenepoel, P, Lerut, E, Naesens, M, Bammens, B, Claes, K, Kuypers, D, et al. Localization, Etiology and Impact of Calcium Phosphate Deposits in Renal Allografts. Am J Transplant (2009) 9(11):2470–8. doi:10.1111/j.1600-6143.2009.02792.x
 40. Muirhead, N, Zaltman, JS, Gill, JS, Churchill, DN, Poulin-Costello, M, Mann, V, et al. Hypercalcemia in Renal Transplant Patients: Prevalence and Management in Canadian Transplant Practice. Clin Transpl (2014) 28(2):161–5. doi:10.1111/ctr.12291
 41. Evenepoel, P, Claes, K, Kuypers, D, Maes, B, Bammens, B, and Vanrenterghem, Y. Natural History of Parathyroid Function and Calcium Metabolism After Kidney Transplantation: A Single-Centre Study. Nephrol Dial Transplant (2004) 19(5):1281–7. doi:10.1093/ndt/gfh128
 42. Borchhardt, K, Sulzbacher, I, Benesch, T, Födinger, M, Sunder-Plassmann, G, and Haas, M. Low-Turnover Bone Disease in Hypercalcemic Hyperparathyroidism After Kidney Transplantation. Am J Transplant (2007) 7(11):2515–21. doi:10.1111/j.1600-6143.2007.01950.x
 43. Baia, LC, Heilberg, IP, Navis, G, and de Borst, MH, NIGRAM investigators. Phosphate and FGF-23 Homeostasis After Kidney Transplantation. Nat Rev Nephrol (2015) 11(11):656–66. doi:10.1038/nrneph.2015.153
 44. Evenepoel, P, Meijers, BKI, de Jonge, H, Naesens, M, Bammens, B, Claes, K, et al. Recovery of Hyperphosphatoninism and Renal Phosphorus Wasting One Year After Successful Renal Transplantation. Clin J Am Soc Nephrol (2008) 3(6):1829–36. doi:10.2215/CJN.01310308
 45. van der Plas, WY, El Moumni, M, von Forstner, PJ, Koh, EY, Dulfer, RR, van Ginhoven, TM, et al. Timing of Parathyroidectomy Does Not Influence Renal Function After Kidney Transplantation. World J Surg (2019) 43(8):1972–80. doi:10.1007/s00268-019-04952-w
 46. Tentori, F, Wang, M, Bieber, BA, Karaboyas, A, Jacobson, SH, Andreucci, VE, et al. Recent Changes in Therapeutic Approaches and Association With Outcomes Among Patients With Secondary Hyperparathyroidism on Chronic Hemodialysis: The DOPPS Study. Clin J Am Soc Nephrol (2015) 10(1):98–109. doi:10.2215/CJN.12941213
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2024 Rodrigues, Van Der Plas, Sotomayor, Van Der Vaart, Kremer, Pol, Kruijff, Heilberg, Bakker, TransplantLines Investigators and De Borst. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/ti-37-11916-g004.gif





OPS/images/ti-37-11916-t001.jpg
Baseline characteristics

Age at time of kidney transplantation, years
Sex (male), n (%)

Decade of transplantation
1980-1989, n (%)
1990-1999, n (%)
2000-2009, n (%)
2010-2019, n (%)

BMI, kg/m?

Primary kichey disease

Glomerulonephritis, 1 (%)

Interstitial nephritis, n (%)

Cystic kidney disease, n (%)

Diabetes Melitus, n (%)

Renal vascular disease, excluding vasculits, n (%)
Other congenitalhereditary kidney disease, n (%)
Other mutisystem diseases, n (%)

Other, n (%)

Unknown, n (%)

Medication use

Cinacalcet, n (%)

Vitamin D, n (%)

Antihypertensives, n (%)

Statins, 1 (%)

Laboratory parameters
PTH, pg/mL

Calcium, mg/L.

Phosphate, mg/dL.

Total alkaline phosphatase, U/L
Albumin, g/dL

Transplantation data
Pre-emptive transplant, 1 (%)

Dialysis vintage, months.

Living donor, n (%)

Donor age, years

Donor sex (male), n (%)

Number of HLA mismatches (A/B/DR)
Cold ischemia time, hours

Second warm ischemia time, minutes
Acute rejection, n (%)

CMV infection, 1 (%)

Total n = 1,576

51.6 + 140
903 (57.3)

29(1.8)
87 (5.5)
411 (26.1)
1,049 (66.6)
262 +102

443 (28.1)
264 (16.8)
211 (13.4)
72 (4.6)
82 (5.2)
110 (7.0
78 (4.9)
59 3.7)
257 (16.3)

198 (12.6)
909 (57.7)
1,270 (80.6)
427 (27.1)

231 (122-425)
9608
48:15

100 (80-140)
43205

535 (33.9)
18.0 (0-40.0)
785 (49.8)
512135
808 (51.2)
2.0 (1.0-3.0)
5.0 (2.0-14.0)
4142120
256 (16.2)
687 (43.5)

PTH <150 pg/mL° n = 496

517 £ 136
271 (64.6)

20 4.0)
53 (10.7)
130 (26.2)
293 (69.1)
266 £ 4.7

149 (30.0)
67 (13.5)
76 (15.3)
29(58)
3265
26(5.2)
2448
15 3.0)
78 (15.7)

32 (64)

238 (48.0)
373 (75.2)
117 (236)

85 (49-117)
97:08
46:14
69 (55-89)
43105

154 (31.0)
18.0 (0-38.0)
243 (49.0)
500 +14.4
252 (508)
30 (2.0-4.0)
77 (26-15.3)
42£119
77 (15.5)
224 (452)

Categories correspond to <2x, 2-9x°, and >9x° upper limit of normal for the assay.
Data are presented as mean = standard deviation (SD), median (IQR) or number (%). Abbreviations: BM, body mass index; PTH, parathyroid hormone; HLA, human leukocyte antigen;

CMV, cytomegalovine.

PTH >150 < 771 pg/mL® n = 959

519+ 142
556 (58.0)

8(08)
30 (3.1)
233 (24.9)
688 (71.7)
271486

266 (27.7)
173 (18.0)
121 (12.6)
40 (4.2)
48 (5.0)
69 (7.2)
50 (6.2)
33 (3.4)
159 (16.6)

123 (12.8)
595 (62.0)
798 (83.2)
281 (20.3)

311 (215-451)
95+07
49+15
79 (62-102)
4304

345 (36.0)
16.0 (0-39.0)
498 (51.9)
525+ 130
494 (51.5)
30 (20-4.0)
37 (26-13.9)
4155122
163 (17.0)
415 (43.9)

PTH 2771 pg/mL° n = 121

478139
76 (62.8)

108
433
48 (39.7)
68 (56.2)
274 £50

28 (23.1)
14 (11.6)
69 (57.0)
3(2.5)
2(1.7)
15 (12.4)
4(39)
110.1)
20 (16.5)

43 (35.5)
76 (62.8)
99 (81.8)
29 (24.0)

942 (838-1,236)
9608
53x14

111 (83-158)
43204

36 (20.8)
34.0 (0-63.0)
44 (36.4)
480 = 133
62(51.2)
30 (2.0-4.0)
118 (2.9-16.3)
406 = 105
16 (13.2)
48(39.7)





OPS/images/ti-37-11916-g002.gif





OPS/images/ti-37-11916-g003.gif
il

%8 =

-






OPS/images/ti-37-11916-t002.jpg
Pre-transplant plasma PTH (pg/mL)

DGF

Pre-KTx PTH, per doubling
Pre-KTx PTH (pg/mL), groups
PTH <150 pg/mL®

PTH >150 < 771 pg/mL

PTH 2771 pg/mL®

DCGF
Pre-KTx PTH, per doubling
Pre-KTx PTH (pg/mL), groups
PTH <150 pg/mL®

PTH >150 < 771 pg/mL

PTH >771 pg/mL®

All-cause mortalty

Pre-KTx PTH, per doubling
Pre-KTx PTH (pg/mL), groups
PTH <150 pg/mL®

PTH >150 < 771 pg/mL

PTH 2771 pg/mL®

2X of upper limit of normal for assay.
"9X of upper imit of normal for assay.

Events

278/1,576

69/496
189/959
20/121

150/1,509

56/475
83/921
16/113

432/1,509

157/485
248/921
27/113

Model 1: Adjusted for age + sex

Model 2: Fully adjusted

HR (95% CI) P

1.2 (1.07-1.42) <001

1.40 (1.03-1.89) 0.09 (p-trend)
Reference

1.19 (0.69-2.05)

0.98 (0.89-1.08) 068

0.98 (0.70-1.39) 0.78 (p-trend)
Reference

0.80 (0.43-1.50)

1.06 (0.99-1.12) 047

099 (0.66-1.51) 0.14 (p-trend)
Reference

1.22 (0.82-1.81)

HR (95% CI)

1.06 (0.90-1.25)

0.82 (0.50-1.35)
Reference

0.56 (0.24-1.32)

098 (0.87-1.13)

1.03 (0.62-1.67)
Reference
1.01 (0.45-2.25)

1.02 (0.93-1.11)

0.84 (0.63-1.12)
Reference
0.56 (0.31-1.03)

P

0.48

0.35 (p-trend)

0.86

0.98 (p-trend)

0.66

0.10 (p-trend)

Model 1-adfusted for age, sex; Model 2-Model 1+ Primary kidney dlisease, cytomegalovirus (CMV) infection, acute allograft rejection, dialysis vintage, preemptive transplant, number of
HLA, mismatches, donor age and sex, lving donor status, cold and warm ischemia time, history of diabetes, body mass indeex, serum calcium, phosphate, total akaline phosphatase and
albumin at time of transplantation, cinacalcet and vitamin D use, history of parathyroidectomy and decade of ransplantation. Abbreviations: DGF, delayed grait function; DCGF, death
censored graft failure; PTH, parathyroid hormone;: KTx, kidney transplantation; HR, hazard ratio; Cl, confidence interval.





OPS/images/ti-37-11916-t003.jpg
Model 1
Model 2
Model 3
Model 4

AuC

0.752
0.752
0.763
0.763

SE

0.015
0.015
0.015
0.015

95% CI

0.723-0.780
0.723-0.780
0.732-0.793
0.733-0.793

p-value (for change)’

0.61
0.31
0.45

AUC, area under curve; SE, standrdized error; Cl, confidence interval.
ersus Model 1.
Mode! 1: recipient age, corected serum calcium, serum phosphate, serum abumin,
preemptive transplantation, donor age, total cold ischemia, vitamin D use. Model 2:
Mode! 1 + plasma PTH, at transplantation time. Model 3: Model 1 + serum ALP, at
transplantation time. Model 4: Model 1 + plasma PTH, and ALP, at transplantation time.





OPS/xhtml/nav.xhtml
Contents

		Cover

		Pre-Transplant Hyperparathyroidism and Graft or Patient Outcomes After Kidney Transplantation		Introduction

		Materials and Methods		Laboratory Data

		Follow-Up

		Study Endpoints

		Statistical Analyses





		Results		Baseline Characteristics

		Pre-Transplant Plasma PTH Levels and Post-transplant Outcomes

		Pre-Transplant ALP, Calcium, and Phosphate and Post-transplant Outcomes

		Post-Transplant Course of Plasma PTH, Calcium and Phosphate





		Discussion

		Data Availability Statement

		Ethics Statement

		Author Contributions

		Supplementary Material

		References









OPS/images/cover.jpg
( ESOT

€ Transplant
International






OPS/images/ti-37-11916-.gif
Pre-transplant hyperparathyroldism and graft or patient outcomes
terkidney transplantation

i,
y

o S o o PR3 R0 B 30 3, XK o ot

R s ke P e A Ky o s e R e e

OORGUEE 73w 7 ok N
oot i~

=






OPS/images/ti-37-11916-g001.gif
i

.
p= e
.
. .
= s

5 " -









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
é ESOT

( Transplant
International





