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and its different subtypes on long 
term graft outcome: a single 
Transplant Center cohort study
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Purpose: We studied the association between parathormone (PTH) levels and 
long-term graft loss in RTx patients (RTx-p).

Methods: We retrospectively evaluated 871 RTx-p, transplanted in our unit 
from Jan-2004 to Dec-2020 assessing renal function and mineral metabolism 
parameters at 1, 6, and 12  months after RTx. Graft loss and death with functioning 
graft during follow-up (FU, 8.3[5.4–11.4] years) were checked.

Results: At month-1, 79% had HPT, of which 63% with secondary HPT (SHPT) and 
16% tertiary HPT (THPT); at month-6, HPT prevalence was 80% of which SHPT 
64% and THPT 16%; at month-12 HPT prevalence was 77% of which SHPT 62% 
and THPT 15%. A strong significant correlation was found between HPT type, PTH 
levels and graft loss at every time point. Mean PTH exposure remained strongly 
and independently associated to long term graft loss (OR 3.1 [1.4–7.1], p  =  0.008). 
THPT was independently associated with graft loss at month-1 when compared 
to HPT absence and at every time point when compared to SHPT. No correlation 
was found with RTx-p death. Discriminatory analyses identified the best mean 
PTH cut-off to predict long-term graft loss to be  between 88.6 and 89.9  pg/
mL (AUC  =  0.658). Cox regression analyses highlighted that THPT was strongly 
associated with shorter long-term graft survival at every time-point considered.

Conclusion: High PTH levels during 1st year of RTx seem to be associated with 
long term graft loss.
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Introduction

Mineral and bone disorders (MBD) are frequent from the early 
stages of CKD and strongly influence the morbidity and mortality of 
CKD patients. Even in the presence of an RTx, some mineral 
metabolism (MM) alterations can persist, also in the presence of 
complete renal function recovery and are responsible for post-renal 
transplant MBD (post-RTx-MBD) (1).

In around 60% of cases, even in the presence of a well-functioning 
graft, a persistent increase of PTH can be  seen (2–7). The actual 
pathophysiological mechanism is yet to be clearly defined, even if 
dialysis vintage, pre-RTx calcimimetic use, pre-RTx PTH levels >300, 
obesity and hypercalcemia at RTx seems to be the main risk factors in 
post RTx hyperparathyroidism (HPT) development (7–11).

The impact of persistent HPT on graft outcome is still debated. In 
some studies HPT after RTx was associated with graft loss and mortality 
(8–12). Some other evidence pointed out that post-RTx HPT increases 
the risk for kidney stones formation, graft disfunction and cognitive 
impairment (13). Anyways, the optimal PTH value to achieve in RTx-p 
is still to be  defined, and precise guidelines about post-RTx HPT 
monitoring and management are lacking (14). On the contrary, there are 
also some works in the literature that did not find a relationship between 
post-RTx HPT and long-term graft outcome (8, 15).

This issue of secondary and tertiary HPT in RTx has been 
reviewed by our group (16, 17). To follow-up that initial work, 
we performed a retrospective observational cohort study to better 
understand the potential role of HPT in our cohort of RTx patients 
(RTX-p).

Materials and methods

Study design and characteristics

We performed a retrospective cohort study including 871 RTx-p 
transplanted and followed in our Department (Unit of Nephrology, 
Dialysis and Kidney Transplantation, Fondazione IRCCS Ca' Granda 
Ospedale Maggiore Policlinico di Milano, Milan, Italy) from January 2004 
to December 2020. Patients that did not manage to achieve 1 year of FU 
were excluded from the study; in particular, the global characteristics of 
these patients did not siginifically differ from included and studied 
patients. At RTx, for each of the 871 RTx-p examined, anamnestic and 
anthropometric characteristics were recorded. Urinary and blood 
evaluations were performed after 12 h of fasting at the Transplant Clinic 
of Our Department and analyzed by the Central Laboratory of our 
Hospital. Clinical and biochemical data were then recorded at 1st (T1) 
and 12th (T12) month after RTx. In particular, the following data 
regarding MBD were considered: alkaline phosphatase (ALP), serum 
calcium, 25-OH Vitamin D and 1,25-OH Vitamin-D. Mean (T1-T6-T12) 
PTH level was also considered in statistical analyses.

All data used were derived from our dataset, only if complete data 
collection was available. All incomplete data were not considered in 
our analyses.

Biochemical analyses

For iPTH detection and quantification, we  used the electro-
chemiluminescence immune-assay (ECLIA) and the E170 module for 

the Modular Analytics (Roche Diagnostics, Basel, Switzerland), 
whereas serum vitamin D levels were assessed using an enzyme 
immune-assay (Kit EIA AC-57 FI, Immuno-Diagnostic System, 
Boldon, United Kingdom) with highly specific 25-hydroxivitamin D 
sheep antibody and enzyme-labeled avidin (horseradish peroxidase). 
Vitamin D status was classified as follows: deficiency if 
25-hydroxivitamin D < 20 ng/mL, insufficient if 25-hydroxivitamin D 
20–30 ng/mL, sufficient if 25-hydroxivitamin D > 30 nog/ml. 
Normality range for iPTH was 6.5–36.8 pg/mL.

All the other biochemical parameters were measured according 
to the routine methodology used in our central laboratory. The sCr 
assessed was done by Jaffe’s reaction, whereas eGFR was estimated 
using the Modification of Diet in Renal Disease (MDRD) formula (18, 
19). Urinary protein excretion was assessed by measuring the 24-h 
urinary collection protein through the immunoturbidimetric method.

HPT definition

HPT was defined by PTH levels above 36.8 pg/mL. HPT type was 
further defined by corrected serum calcium level. In particular SHPT 
was defined as PTH above 36.8 pg/mL and corrected serum Ca under 
10.4 mg/dL. THPT, instead, was defined as PTH above 36.8 pg/mL and 
corrected serum Ca above 10.4 mg/dL. Corrected calcium levels (Cca) 
were calculated according to the following formula Cca = calcium 
level + (40 − albuminemia)/40.

Immunosuppressive therapy and MBD 
related therapies

According to our internal protocol, the immune suppressive 
induction therapy was composed by Basiliximab or ATG according to 
the characteristics of the donor and recipient.

Almost all patients were treated with standard maintenance 
immunosuppression after induction (e.g., CNI, mycophenolate/
mycophenolic acid [MMF/MPA], steroids), as per international 
guidelines and Center protocols.

Regarding MBD therapies, most patients with HPT were left 
untreated, unless PTH values exceeded 2.5 times normal values. This 
approach did not change significantly during the years. Mineral 
metabolism anomalies were treated according to the clinical protocols 
of our Center (16).

Outcomes and follow up

Patients were followed up from Jan 2004 to Dec 2020 for a median 
time of 8.3[5.4–11.4] years.

At the end of follow up (FU), the following outcomes were 
evaluated: Graft loss (GL), defined by the need to restart dialysis; 
RTx-p death with functioning graft.

Statistical analyses

Continuous variables were expressed as median [25–75% ile]. 
Differences between the groups were determined using the Student’s 
t-test, the Wilcoxon-Mann–Whitney test, Kruskal Walls, ANOVA, the 
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Chi square test, and the Fisher test when indicated. Linear regression 
analyses model was used to determine the association between 
baseline biochemical and anthropometric parameters and PTH levels 
at different time points. Logistic regression models were performed 
for multivariate analyses. ROC curve was used to determine the best 
cut-off value for the variables examined. Survival analyses were 
performed using KM curves and statistical differences were evaluated 
with COX regression analysis. Statistical significance was set for 
p < 0.05 values. Statistical analyses were performed using Statistica® 
version 10 and SPSS 26®.

Ethical approval and informed consent

Treatments and procedures herein reported were in accordance 
with the ethical standards of the institutional committee at which it 
was conducted (Fondazione IRCCS Ca' Granda Ospedale Maggiore 
Policlinico Ethical Committee, Protocol ID 4759-1837/19), as well as 
with the 1964 Helsinki declaration and its later amendments, or 
comparable ethical standards. Given the observational and 
retrospective nature of the study, it was not necessary to obtain 
informed consent from patients. In any case, all the data were collected 
digitally, analyzed and reported in the results in a totally and 
anonymous manner.

Results

Anthropometric and baseline cohort 
characteristics

As depicted in Table 1 of the overall cohort composed of 871 
RTx-p, the majority were male (505, 58%). The cohort had a mean age 
at RTx of 49 ± 12. Most of RTx-p were subjected to hemodialysis (HD) 
before RTx, and 17% was transplanted from a living donor. Delayed 
graft function (DGF) defined as the need for dialysis during the first 
week after RTx was found in 15%.

Hyperparathyroidism (HPT) was highly prevalent in our cohort 
during the first year of RTx, ranging from 77 to 80%. In particular, 
secondary hyperparathyroidism (SHPT) was the main type of HPT 
(around 62–64% of the total cohort), while tertiary 
hyperparathyroidism (THPT) assessed around values of 15–16% 
of RTx-p.

Graft rejection had a consistent prevalence in our cohort. Indeed, 
62% of RTx-p experienced at least 1 rejection episode during the first 
year; this percentage further increased when considering graft 
rejection episodes after the first year, assessing around 72% of RTx-p. 
At the end of FU, 12% of RTx-p underwent graft loss, while 13% of 
them died. These percentages did not vary significantly in patients 
transplanted from a deceased donor (13.5% of GL and 13% of deaths) 
while was markedly lower in patients who received an organ from a 
living donor (8.5% of GL and 7% of deaths respectively).

In Supplementary Table S1 data regarding therapies aimed at 
controlling MBD in our cohort are listed. Of note, Cinacalcet use 
before RTx was found only in 5% of RTx-p. The vast majority of 
patients (around 90% at every time point) with low levels of 25-OH 
Vitamin D after RTx received supplemental therapy 
with cholecalciferol.

TABLE 1 Anthropometric, pre RTx and baseline characteristics of the 
cohort.

Variables Overall cohort (n  =  871)

Age at RTx (years) 49 ± 12.8

Dialysis vintage (months) 53.5 ± 52

Cold ischemia time (hours) 15 ± 12.4

Blood systolic pressure (mmHg)

T1 130 ± 16

T12 129 ± 16

Blood dyastolic pressure (mmHg)

T1 79 ± 10

T12 79 ± 10

BMI

T1 23.4 ± 3.8

T12 24.3 ± 3.8

Gender

M 505 (58)

F 366 (42)

Dialysis type

HD 618 (71)

PD 183 (21)

Pre-emptive 70 (8)

Transplant donor

Deceased 727 (83)

Living 144 (17)

Diabetes pre-RTx

Yes 669 (77)

No 202 (23)

DGF

Yes 131 (15)

No 740 (85)

Hyperparathyroidism T1

No 183 (21)

Secondary 549 (63)

Tertiary 139 (16)

Hyperparathyroidism T6

No 180 (20)

Secondary 552 (64)

Tertiary 139 (16)

Hyperparathyroidism T12

No 182 (23)

Secondary 541 (62)

Tertiary 131 (15)

Vitamin D status T1

Deficient 697 (80)

Insufficient 148 (17)

(Continued)
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In Table 2 are listed the main biochemical parameters collected in 
our cohort.

PTH levels were generally elevated at every time point, with mean 
1st year PTH of 60.3 [40.4–93.6]. However a trend toward a decreasing 
pattern was observed during 1st year. Concerning the other MBD 
parameters, calcium and 1,25-OH Vitamin-D were normal in average, 
while 25-OH Vitamin D was markedly low, even if a progressive 
increase in its values during 1st year was observed.

Risk factors for HPT development and HPT 
related disturbances during 1st year of RTx

As depicted in Table 3, we analyzed the eventual differences in 
PTH levels at different timepoints according to pre-RTx and baseline 
cohort characteristics. PTH levels were generally lower in pre-emptive 
patients and living donor graft was associated with markedly lower 
PTH levels at every timepoint. DGF correlated with significantly 
higher PTH levels especially at T1.

Cinacalcet therapy before RTx strongly related to higher PTH 
levels post-RTx, at every time-point considered.

Most importantly THPT strongly correlated with higher PTH 
levels at every time point.

In Tables 4A, 4B the associations between the remaining 
anthropometric and biochemical factors and PTH levels during 1st 
year of RTx are shown.

Dialysis vintage was directly associated with higher PTH levels at 
every time point.

eGFR, expressed with MDRD, did not show any significant 
association with PTH levels, and PTH did not appear to influence 
eGFR levels, during the first year. These results are also supported by 
further analyses reported in Supplementary Tables S4, S5. In 
Supplementary Table S4 is shown that with worsening CKD stage the 
proportion of patients with tertiary hyperparathyroidism significantly 
decreased at every time point considered. Moreover, there was no 
correlation between eGFR levels in different CKD stages and PTH 
levels, at every time point. So, hyperparathyroidism, especially tertiary 
hyperparathyroidism seemed to be associated with higher PTH levels 
and to be independent from eGFR during the first year of RTx. As for 
Prot-U any significant correlation with PTH was shown, apart 
from T6.

Uric acid and CRP were both directly associated with higher PTH 
levels at every time point. This relationship was particularly strong for 
uric acid, which was associated with higher PTH at all timepoints. 
Regarding mineral and bone metabolism parameters, the strongest 
association was found between 25-OH Vitamin D levels and PTH, 
with lower 25-OH Vitamin D levels associated with higher PTH levels. 
Moreover 25-OH Vitamin D status strongly correlated with higher 
PTH levels at every time point. 25-OH Vitamin D insufficiency was 
also correlated with significantly higher prevalence of THPT at every 
time point. On the contrary corrected serum calcium and alkaline 
phosphatase were associated with PTH in a direct proportionality 
fashion, as 1,25-OH Vitamin-D which was directly associated with 
HPT at T1 and T12.

TABLE 1 (Continued)

Variables Overall cohort (n  =  871)

Sufficient 31 (4)

Vitamin D status T6

Deficient 547 (71)

Insufficient 157 (18)

Sufficient 96 (11)

Vitamin D status T12

Deficient 522 (60)

Insufficient 218 (25)

Sufficient 131 (15)

Rejection episodes (1 or more)

1 yr 548 (63)

After 1 yr 627 (72)

Graft loss

Yes 105 (12)

No 766 (88)

Death

Yes 113 (13)

No 758 (87)

RTx, renal transplantation; HD, hemodialysis; PD, peritoneal dialysis; DGF, delayed graft 
function; BMI, body mass index. Numerosity is reported as number (percentage) while 
anthropometric values are listed as mean ± standard deviation.

TABLE 2 Main biochemical parameters at baseline and follow-up.

Variables T1 T6 T12

Prot-U (g/24 h) 0.20 [0.14–0.30] 0.17 [0.11–0.26] 0.17 [0.11–0.25]

MDRD (ml/min/

m2)

64.3 ± 26.8 63.0 ± 23.7 64.3 ± 23.6

Uric acid (mg/dl) 5.8 ± 1.6 6.5 ± 1.5 10.9 ± 1.4

Hemoglobin (g/dl) 10.9 ± 1.4 12.3 ± 1.5 12.8 ± 1.6

Albumin (g/dl) 4.1 ± 0.4 4.4 ± 0.4 4.4 ± 0.4

HbA1c (% of total 

Hb)

5.5 ± 0.7 5.8 ± 0.7 5.8 ± 0.7

CRP (mg/dl) 0.18 [0.08–0.56] 0.12 [0.07–0.3] 0.13 [0.07–0.34]

PTH (pg/ml) 86.8 ± 82 81.6 ± 79.6 77.5 ± 81

Corrected serum 

calcium (mg/dl)

9.7 ± 0.8 9.8 ± 0.7 9.8 ± 0.7

Serum phosphorus 

(mg/dl)

2.5 ± 0.9 3.1 ± 0.7 3.1 ± 0.6

Alcaline 

phosphatases (mg/

dl)

103 ± 63 107 ± 76.8 94 ± 55

25-OH vitamin D 

(ng/dl)

12.6 [8.6–18.8] 14.2 [9.1–21.4] 17.1 [10.5–24.5]

1,25-OH vitamin D 

(pg/dl)

38.2 ± 23.8 49 ± 20.8 52.5 ± 11.6

T, month of follow-up; Prot-U, 24-h proteinuria collection; MDRD, modification of diet in 
renal disease; HbA1c, glycated haemoglobyin; CRP, C-reactive protein; PTH, parathormone.
Anthropometric and biochemical values are listed as mean ± standard deviation or median 
[interquartile range] as needed.
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At multivariate analyses, lower 25-OH Vitamin D, uric acid levels 
and cinacalcet therapy before RTx confirmed their independent 
association with HPT development (data not shown).

Correlation of PTH with long term graft 
outcomes

We then evaluated the possible correlation between PTH levels 
during the 1st year after RTx and long-term graft outcome. As 
depicted in Figure 1 we found that PTH levels at all time points were 
strongly related to long term GL at T1 (GL+: 90.3 [50.6–165.6] vs. 
GL–: 61.7 [37.4–98.8], p < 0.0001), at T6 (GL+: 83.6 [47.1–152.4] vs. 
56.1 [38.3–89.7], p < 0.0001) and T12 (GL+: 69.8 [44–121.9] vs. GL–: 
54.6 [36.4–84.1], p = 0.008). The same trend of correlation was found 
between PTH and death for all causes, but a statistically significant 
relationship was found only at T12 (D+: 81.7 [45.4–130.8] vs. D–: 54.7 
[37.4–86.8, p = 0.005]); detailed description of the data reported above 
is available on Supplementary Table S2.

Finally, we aimed to evaluate if HPT type might relate to long-
term graft outcomes. In Supplementary Table S3 is shown that HPT 
in the first year after RTx, in particular THPT, strongly correlates with 
GL (T1: no HPT, 6% vs. SHPT, 11% vs. THPT 22%, p < 0.0001 – T6: 
no HPT, 9% vs. SHPT, 9% vs. THPT, 22%, p < 0.0001 – T12: no HPT, 
7% vs. SHPT, 9% vs. THPT 21%, p < 0.001).

PTH association with long-term graft loss

In our analyses, we aimed to evaluate the eventual independent 
association of PTH and HPT type with GL. Therefore, we built several 
multivariate models including in the first model type (model 1) T12 
eGFR (through MDRD), T12 Prot-U, dialysis vintage, T12 Uric Acid 
along with mean 1st year PTH levels or HPT type at different time 
points. In the second model type (model 2) we included also graft 
rejection episodes during 1st year. The choice of these variables 
derived from preliminary analyses (not reported) testing which factors 
were more strongly associated with long-term GL.

TABLE 3 Analysis of difference in PTH levels at different timepoints concerning baseline and pre-RTx patients’ characteristics.

Variables PTH T1 PTH T6 PTH T12

Sex

M 66 [40.6–106] 62.7 [40.6–98.9] 58.9 [37.4–91.2]

F 62.2 [37.1–101.9] 55.1 [37.5–88.7] 52.5 [36.7–81.7]

Dialysis type

Pre-emptive 44.8 [29.5–74.5] 49 [30.9–80.5] 45 [28.1–78.3]

PD 61.7 [39.8–106.0] 54.6 [36.6–85.9] 55 [38–80.6]

HD 67.4 [40–108.3]§§ 62.6 [40.5–99.3]§§ 58.3 [38–90.9]**

Transplant donor

Cadaveric 66.8 [41.9–110.1] 62.1 [40–98.8] 58.3 [39.7–91.6]

Living 48.3 [30.6–77.3]## 49 [35.8–79.8]§§ 43.6 [30.9–74.3]##

Diabetes pre-RTx

Yes 68 [39.4–100] 63.3 [39.8–100.9] 55.5 [36–89.3]

No 63.1 [37.6–105.7] 56.6 [38.1–94.4] 54.9 [36.5–87.6]

DGF

Yes 83.4 [46.9–138.4] 67.0 [38.5–113.7] 63.8 [38–104.3]

No 61.2 [37.8–98.1]§§ 57.6 [39.4–91.5] 55.3 [37.2–86.8]

Cinacalcet use before RTx

Yes 101 [69.7–187.9] 110.3 [52.4–183.0] 105 [74.8–139.8]

No 65.7 [39.8–110.1]§§ 57.1 [38.1–95.1]## 52.9 [36.5–83.4]##

Hyperparathyroidism type T1 T6 T12

SHPT 71.9 [51.3–105.3] 64.2 [48.6–95.3] 64 [49.1–91.2]

THPT 116 [73.8–175.8]## 105.2 [74.3–154.3]## 97.8 [64.4–129.7]##

Vitamin D status T1 T6 T12

Deficient 66.8 [39.6–110.1] 67.8 [45.8–106] 64.9 [42.7–103.5]

Insufficient 50.4 [33.5–79.5] 48.9 [36.4–66.7] 44.4 [31–68]

Sufficient 40.9 [25.4–66.8]## 36 [28.7–58.4]## 38.7 [28.7–53.3]##

RTx, renal transplantation; PTH, parathormone; HD, hemodialysis; PD, peritoneal dialysis; DGF, delayed graft function. PTH values are reported as median [interquartile range].
**p < 0.05; §§p < 0.001; ##p < 0.0001.
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As described in detail in Table 5, the main result was that mean 
1st-year PTH was strongly and independently associated with long-
term GL both in model 1 and model 2.

Concerning THPT, stratified analyses were performed, comparing 
it first with HPT absence, and secondly with SHPT, in terms of long-
term GL. In model 1, when compared to absence of HPT, THPT was 
independently associated to an increased odd of GL at T1 and T12. 
When model 2 was performed, THPT was independently associated 
with GL only at T1. Instead, when compared to SHPT, THPT was 

independently associated with an increased risk of graft failure at 
every time-point considered, both in model 1 and model 2.

PTH reliability as marker of increased risk 
of long-term graft failure

We aimed at testing if mean PTH levels could have a predictive 
value concerning graft damage progression. So, we performed a 

TABLE 4A Association between main anthropometric and biochemical factors at baseline and during 1st year of RTx with PTH levels, weighted for 
kidney function.

Variables PTH T1 beta p PTH T6 beta p PTH T12 
beta

p

Age at RTx (years) 0.035 0.40 −0.014 0.71 0.021 0.58

Dialysis vintage (months) 0.211 <0.0001 0.167 <0.0001 0.198 <0.0001

Cold ischemia time (hours) −0.059 0.21 −0.068 0.148 −0.04 0.40

BMI (Kg/m2)

T1 0.128 0.001 0.037 0.336 0.058 0.141

T12 0.047 0.229

Prot-U (g/24 h) **

T1 0.072 0.05 0.046 0.23 0.032 0.40

T6 0.089 0.020 0.031 0.42

T12 0.013 0.73

MDRD (ml/min)

T1 0.10 0.78 0.06 0.13 0.02 0.056

T6 0.008 0.83 −0.006 0.87 0.001 0.98

T12 −0.04 0.00 0.99 0.003 0.94

Hemoglobin (g/dl)**

T1 −0.051 0.18 −0.023 0.54 −0.059 0.13

T6 0.023 0.54 0.021 0.58

T12 −0.024 0.54

HbA1c (% of total Hb)

T1 −0.080 0.09 −0.080 0.10 −0.099 0.04

T6 −0.035 0.46 −0.108 0.02

T12 −0.097 0.04

Albumin (g/dl)

T1 −0.086 0.025 −0.039 0.31 −0.051 0.19

T6 −0.128 0.001 −0.054 0.17

T12 −0.026 0.51

Uric Acid (mg/dl)

T1 0.142 0.001 0.086 0.041 0.054 0.21

T6 0.159 <0.0001 0.164 <0.0001

T12 0.154 <0.0001

CRP (mg/dl)

T1 −0.116 0.004 −0.100 0.015 −0.087 0.036

T6 −0.018 0.667 0.016 0.71

T12 0.093 0.027

Beta, linear regression analysis coefficient; RTx, renal transplantation; PTH, parathormone; T, month of follow-up; BMI, Body Mass Index; MDRD, modifcation of diet in renal disease; HbA1c, 
glycated hemoglobin; CRP, c-reactive protein. Bold values indicate significance at p values.
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FIGURE 1

Comparison of PTH levels at different time points between different long-term patients’ outcomes. PTH, parathormone; T, month of follow-up. PTH 
values are reported as median [interquartile range].

TABLE 4B Association between main mineral metabolism parameters at baseline and during 1st year of RTx with PTH levels, weighted for kidney 
function.

Variables PTH T1 beta p PTH T6 beta p PTH T12 
beta

p

Corrected serum calcium (mg/dl)

T1 0.272 <0.0001 0.379 <0.0001 0.275 <0.0001

T6 0.287 <0.0001 0.279 <0.0001

T12 0.198 <0.0001

Serum phosphorus (mg/dl)

T1 −0.395 <0.0001 −0.421 <0.0001 −0.395 <0.0001

T6 −0.417 <0.0001 −0.385 <0.0001

T12 −0.398 <0.0001

Alcaline phosphatases (mg/dl)

T1 0.368 <0.0001 0.270 <0.0001 <0.0001

T6 0.373 <0.0001 <0.0001

T12 <0.0001

25-OH vitamin D (ng/dl)

T1 −0.255 <0.0001 −0.163 <0.0001 −0.214 0.001

T6 −0.350 <0.0001 −0.322 <0.0001

T12 −0.308 <0.0001

1,25-OH vitamin D (pg/ml)

T1 0.164 0.003 0.040 0.49 0.011 0.85

T6 0.232 <0.0001 0.185 0.001

T12 0.280 <0.0001

Beta, linear regression analysis coefficient; RTx, renal transplantation; PTH, parathormone; T, month of follow-up. Bold values indicate significance at p values.
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ROC curve evaluating if a mean PTH cut-off for increased risk of 
long-term graft damage could be derived. The results are shown in 
Figure 2.

The curve showed a good predictive value for PTH in relationship 
to GL risk, since the area under curve (AUC) was 0.65 with a 
p-value < 0.0001. After finding the Youden index the best mean PTH 
cut off in terms of specificity was 88.6 pg/mL (specificity 0.75, LR+ 
2.04, increase in the probability of long-term graft failure of 15% above 
this threshold).

Impact of PTH and HPT type on long-term 
graft outcomes

As depicted in Figure 3, we performed survival analyses testing 
the influence of different HPT status during the 1st year of RTx on 
long-term GL. We found that, at every time point HPT, especially 
THPT, was strongly and significantly associated with worse long-term 
graft outcomes (Log-rank Mantel Cox T1, p = 0.003 – T6, p = 0.009 – 
T12, p = 0.004). In particular, in subgroups analyses no significant 
difference between HPT absence and SHPT was found at every time 
point. Instead, when comparing SHPT and THPT in terms of long-
term GL, THPT was strongly and significantly associated with GL at 

every time point (Log-rank Mantel Cox T1, p = 0.011 – T6, p = 0.005 
– T12, p = 0.009).

Discussion

The main findings of our research were: (1) HPT has an important 
prevalence post-RTx. The most frequent form of HPT in the 1st year 
after RTx is SHPT, even if THPT has also a considerable prevalence. 
(2) Main risk factors in HPT development after RTx resulted pre-RTx 
Cinacalcet therapy, uric acid levels, hypovitaminosis-D. SHPT seems 
to be the one most associated with worse eGFR, while PTH levels and 
THPT seems to be independent from renal function during the 1st 
year. (3) High mean PTH levels during 1st year of RTx appear to 
be independently associated with long-term GL. Furthermore, mean 
PTH levels during the first year seems to have a good predictive power 
regarding long-term graft-loss. Of note, THPT seems to have the 
strongest association to graft damage development, especially when 
compared to SHPT. (4) The relationship between PTH, HPT and 
death for all-causes appeared to be  less strong according to our 
analyses, therefore, more extensive analyses are needed to clarify 
these observations.

Our data are in accordance with many of the data present in the 
literature. Also, in our case the strongest risk factors for post-RTx HPT 
were longer dialysis vintage, pre-RTx Cinacalcet use, and lower 25-OH 
Vitamin-D levels (4–6, 20–22).

The apparent link between inflammatory and oxidative stress 
markers highlighted by our results tags along a rising body of evidence 
that links inflammation to HPT and Chronic Kidney Disease Mineral 
Bone Disorder (CKD-MBD) (23–30). On this matter, most 
interestingly, the relationship between Uric acid and high PTH levels 
is supported by some evidence in literature. In particular, a recent 
work performed on 8,316 patients, highlighted that, after adjusting for 
age, sex, dietary factors, glomerular filtration rate (GFR), and other 
potentially related biomarkers (calcium, phosphorus, alkaline-
phosphatase, 25-hydroxyvitamin D), higher PTH seemed to 
be  independently associated with higher uric acid levels. This 
relationship was particularly evident when considering patients at 
higher CKD stages (31).

In our work no significative difference in MDRD when compared 
with PTH levels and HPT status were found, during 1st year of RTx. 

TABLE 5 Association between 1st year HPT and long-term graft loss.

Dependent variable Variables Model 1 Model 2

OR p OR p

Graft loss

Mean-1st year PTH (pg/ml) 2.62 (1.18–5.82) 0.018 2.82 (1.23–6.45) 0.014

THPT vs. No HPT (T1) 2.63 (1.06–6.41) 0.037 2.60 (1.01–6.84) 0.049

THPT vs. SHPT (T1) 2.5 (1.35–4.65) 0.003 2.24 (1.18–4.27) 0.014

THPT vs. No HPT (T6) 2.04 (0.89–4.54) 0.094 1.83 (0.77–4.40) 0.172

THPT vs. SHPT (T6) 2.81 (1.5–5.29) 0.001 2.1 (1.08–4.08) 0.028

THPT vs. No HPT (T12) 2.38 (1.03–5.46) 0.042 2.27 (0.93–5.55) 0.061

THPT vs. SHPT (T12) 2.60 (1.36–4.95) 0.004 2.23 (1.12–4.4) 0.02

HPT, hyperparathyroidism; T, month of follow-up; OR, odds ratio (multivariable logistic regression model); PTH, parathormone; THPT, tertiary hyperparathyroidism; SHPT, secondary 
hyperparathyroidism.
Model 1: model of analysis including dialysis vintage, T12 uric acid, T12 24-h proteinuria, renal function (MDRD) and mean 1st year PTH.
Model 2: model of analysis including dialysis vintage, T12 uric acid, T12 24-h proteinuria, renal function (MDRD), graft rejection during 1st year and mean 1st year PTH.  
Bold values indicate significance at p values.

FIGURE 2

ROC curve analysis of 1st year PTH vs. long-term graft loss. ROC, 
receiver-operator curve; PTH, parathormone; AUC, area under curve.
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The absence of difference in PTH levels according to baseline eGFR 
could be  explained by the fact that in our cohort, mean baseline 
MDRD was above 60 mL/min, reducing the impact of renal function 
in determining PTH levels. In the study from Araujo et  al. (11) 
persistent HPT was associated with lower MDRD at 6 months and at 
1 year. The same observation was found also in the study from Isakov 
et al. (10) where eGFR was significantly lower 1 year after RTx and at 
5 years-FU, but the threshold of PTH used for comparing patients was 
very high (>150 pg/mL). In both cases, this could have caused a bias, 
considering that very high PTH levels could be a direct consequence 
of a more severely impaired renal function at baseline, possibly 
weakening the significance of the association between PTH and 
graft function.

Regarding HPT impact on long-term GL many studies have 
obtained results that are similar to ours. Lou et al. found that treatment 
of HPT during 1st year of RTx was associated with reduced long-term 
GL. The same could be derived from the studies performed by Araujio 
and Isakov et al. as reported above (6, 10, 11). A recent work by Okada 
et  al. performed in 892 RTx-p showed that death-censored graft 
survival after KTx was significantly lower in the normocalcemic-HPT 
group than in the HPT-free group. Cox hazard analysis also revealed 
that normocalcemic hyperparathyroidism was an independent risk 
factor for graft loss. Most importantly, the cohort characteristics were 
very similar to the one described in our study, especially in terms of 
HPT prevalence and FU time (32).

Differently from our study Pihlstrøm et al. found an association 
between HPT post-RTx and all-cause mortality. Interestingly, in this 
case, PTH levels were collected averagely at 5 years after RTx, 
suggesting that a prolonged exposure to high PTH levels could be the 
drive for an increased mortality rate (12). This observation is partially 
in accordance with our results. In fact, even if 1st year PTH was 
generally not associated to long-term mortality, the only significant 
correlation was found between PTH at 1 year and death for all causes.

Still there are some works that have found evidence in contrast 
with this hypothesis. Wolf et  al. found no relationship between 
post-RTx HPT and long-term GL. However, in this case, PTH 
collection was not conducted at precise timepoints, but randomly 
during FU (8). Accordingly, Marcen et  al. found no association 
between HPT during RTx and GL. Nevertheless, only univariate 
analyses were performed so the reported results were not adjusted for 
possible confounders (15).

Our study has some limitations. First, its retrospective design 
does not allow for a precise measure of risk association between PTH 
and graft outcome; Second complete data about patients’ pre-RTx 
status are lacking. This is due to the fact that the patients referred to 
our Transplant Center come from many different dialysis hubs from 
which it is difficult to collect data, especially in a standardized 
manner. Still data derived from our study, even if monocentric in 
nature, are collected from a really large cohort. Moreover, it has to 
be said that previous studies, of a similar nature and for number of 

FIGURE 3

Survival analyses of long-term graft outcomes according to different PTH status. PTH type impact on long-term GL at different time points: 
(A) 1-month; (B) 6-months; (C) 12-months; HPT, hyperparathyroidism; SHPT, secondary hyperparathyroidism; THPT, tertiary hyperparathyroidism; FU, 
Follow-up.
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patients, showed similar results. So, as said before, our study confirms 
what has been previously reported in the literature, but more detailed 
research is needed. Still, we  managed to correct and test our 
observation for the main confounding factors in determining GL, so 
the strength of our evidence is strong. Another important factor in 
reducing biases of our observation is that PTH levels in our laboratory 
have been measured using the same validated method for many years. 
In future studies we aim to evaluate also the relationship between 
HPT and PTH levels with eGFR throughout all FU, as this would 
better elucidate and strengthen the associations reported. Moreover 
we also aim to evaluate the eventual relationship between HPT, bone-
mineral density, CKD-MBD and overall graft outcome.

In conclusion, high PTH levels during first year of RTx were 
strongly associated to long-term GL. THPT was associated with 
increased risk of long-term GL when compared with HPT absence at 
T1 and T12, while it was associated with an increased risk of GL when 
compared to SHPT at every time point and after correction for all 
possible confounding factors. Moreover, in time-to-event analyses 
THPT was strongly associated with lower overall long-term graft 
survival at every time point considered.
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Glossary

AUC Area Under Curve

BMI Body Mass Index

CKD Chronic Kidney Disease

CKD-MBD Chronic Kidney Disease Mineral Bone 

Disorder

CPP Calciprotein particles

CRP C-reactive protein

D Death

DGF Delayed graft function

ECLIA electro-chemiluminescence immune-assay

eGFR estimated Glomerular Filtration Rate

ESRD End Stage Renal Disease

FGF-23 Fibroblast Growth Factor 23

FU Follow-up

GL Graft Loss

HbA1c Glycated Hemoglobin

HPT Hyperparathyroidism

IL-6 Interleukin-6

LR Likelihood Ratio

MBD Mineral Bone Disorders

MDRD Modification of Diet in Renal Disease

MM Mineral Metabolism

Nf-Kb Nuclear factor Kb

Prot-U 24-h proteinuria

PTH Parathormone

ROC Receiver-Operator-Curve

RTx Renal Transplant

RTx-p Renal Transplant patients

sCr serum creatinine

SHPT Secondary Hyperparathyroidism

T month of follow-up

THPT Tertiary Hyperparathyroidism

VC Vascular calcifications
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