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Abstract
Background  Hypercalcemia is highly prevalent in kidney transplant recipients with hyperparathyroidism. However, its 
long-term impact on graft function is uncertain.
Methods  We conducted a prospective cohort study investigating adverse graft outcomes associated with persistent hypercal-
cemia (free calcium > 5.2 mg/dL in ≥ 80% of measures) and inappropriately elevated intact parathyroid hormone (> 30 pg/
mL) in kidney transplant recipients. Asymptomatic mild hypercalcemia was monitored unless complications developed.
Results  We included 385 kidney transplant recipients. During a 4-year (range 1–9) median follow-up time, 62% of kidney 
transplant recipients presented persistent hypercalcemia. Compared to kidney transplant recipients without hypercalcemia, 
there were no significant differences in graft dysfunction (10% vs. 12%, p = 0.61), symptomatic urolithiasis (5% vs. 3%, 
p = 0.43), biopsy-proven calcium deposits (6% vs. 5%, p = 1.0), fractures (6% vs. 4%, p = 0.64), and a composite outcome 
of urolithiasis, calcium deposits, fractures, and parathyroidectomy indication (16% vs. 13%, p = 0.55). In a subset of 76 
kidney transplant recipients, subjects with persistent hypercalcemia had higher urinary calcium (median 84 [43–170] vs. 38 
[24–64] mg/day, p = 0.03) and intact fibroblast growth factor 23 (median 36 [24–54] vs. 27 [19–40] pg/mL, p = 0.04), and 
lower 25-hydroxyvitamin D levels (11.3 ± 1.2 vs. 16.3 ± 1.4 ng/mL, p < 0.001). In multivariate analysis, pretransplant intact 
parathyroid hormone < 300 pg/mL was associated with a reduced risk of post-transplant hypercalcemia (OR 0.51, 95% CI 
0.32–0.80).
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Conclusions  Long-term persistent mild hypercalcemia (tertiary hyperparathyroidism) was frequent in kidney transplant recip-
ients in our series. This condition presented with lower phosphate and 25-hydroxyvitamin D, and higher urinary calcium and 
intact fibroblast growth factor 23 levels compared to kidney transplant recipients without hypercalcemia, resembling a mild 
form of primary hyperparathyroidism. Despite these metabolic derangements, the risk of adverse graft outcomes was low.

Graphical abstract

Keywords  Tertiary hyperparathyroidism · Calcium · Post-transplant hyperparathyroidism · Transplant · Mineral bone 
disease

Abbreviations
KTR	� Kidney transplant recipient.
IQR	� Interquartile range.
PTH	� Parathyroid hormone.
iPTH	� Intact parathyroid hormone.
DSA	� Donor-specific HLA-antibodies.
eGFR	� Estimated glomerular filtration rate.
ESRD	� End stage renal disease
iFGF23	� Intact fibroblast growth factor 23.
OPG	� Osteoprotegerin.
OC	� Osteocalcin.
OPN	� Osteopontin.
25(OH)D	� 25-Hydroxyvitamin D.
IL-6	� Interleukin-6.
BMD	� Bone mineral density.
DEXA	� Dual-energy X-ray absorptiometry.
CV	� Coefficient of variation.
SD	� Standard deviation.
ROC	� Receiver operating characteristic.

AUC​	� Area under the curve.
URL	� Upper reference limit.
CI	� Confidence interval.
ALP	� Alkaline phosphatase.
CKD	� Chronic kidney disease.
ADPKD	� Autosomal dominant polycystic kidney 

disease.
SLE	� Systemic lupus erythematosus.
HLA	� Human leukocyte antigen

Introduction

Persistent hyperparathyroidism is a frequent complication 
in kidney transplant recipients, even with adequate kid-
ney function [1–5]. There is significant controversy about 
the impact of persistent hyperparathyroidism after transplan-
tation, with reports suggesting a slight increase in mortal-
ity and graft dysfunction rates. However, this association 
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still needs to be clarified due to confounding factors such as 
comorbidities, dialysis vintage, delayed graft function, and 
imprecise assessment of calcium status using total calcium, 
among others [6].

Hypercalcemia is one of the mechanisms by which hyper-
parathyroidism after transplantation may increase the risk 
of adverse outcomes, including urolithiasis, fractures, graft 
dysfunction, vascular calcification, and even mortality [7, 
8]. Elevated calcium is widely recognized as a “toxin” that 
could potentially cause direct damage to the graft due to 
its hemodynamic effects, the proclivity to enhance extra-
skeletal calcium deposition, and the formation of kidney 
stones secondary to hypercalciuria, among other possible 
effects [9].

Assessing the hazards of hypercalcemia related to hyper-
parathyroidism in kidney transplant recipients is challeng-
ing. Previous cohorts presented many confounding factors, 
such as poor characterization of hypercalcemic kidney trans-
plant recipients, limited post-transplant follow-up periods, 
incorrect use of albumin-adjusted formulas to assess calcium 
status [10], and widespread use of calcimimetics to treat 
hypercalcemia [5, 11].

We conducted a long-term observational cohort study 
to understand the effects of persistent hypercalcemia after 
transplantation and to assess the graft outcomes associated 
with hypercalcemia related to hyperparathyroidism in kidney 
transplant recipients.

Materials and methods

Study design and subjects

We conducted a prospective observational cohort study of 
kidney transplant recipients who underwent kidney trans-
plantation between January 23, 2014, and February 6, 2023.

The study was conducted at Instituto Nacional de Cien-
cias Médicas y Nutrición Salvador Zubirán in Mexico City, 
Mexico. The institution’s transplant clinic measures bio-
chemical parameters every 3–6 months after transplantation 
and annual or biannual intact parathyroid hormone (iPTH) 
measurements. In addition, every kidney transplant recipi-
ent undergoes at least one protocol graft biopsy during the 
first year (3rd and 12th months), and annual monitoring of 
donor-specific HLA-antibodies along with graft biopsy for 
those with de-novo donor-specific antibodies. Furthermore, 
a graft biopsy is performed when graft dysfunction is iden-
tified, which is characterized by serum creatinine > 20% of 
baseline or proteinuria.

Due to financial constraints and a lack of insurance 
coverage, cinacalcet is not readily available for patients 
with uncontrolled hyperparathyroidism in our institution. 
Therefore, the institutional protocol recommends subtotal 

parathyroidectomy before transplantation in patients with 
tertiary hyperparathyroidism [12, 13]. After transplanta-
tion, vitamin D, oral calcium, or thiazide diuretics are sus-
pended when mild hypercalcemia (free [ionized] calcium 
5.2–6.0 mg/dL) is present. If hypercalcemia persists after 
these interventions, watchful waiting is indicated unless 
symptoms or complications appear. In such cases, the attend-
ing physician may consider a parathyroidectomy.

We included all subjects aged 18 years or older who 
underwent kidney transplantation and had at least two iPTH 
and free or total calcium measurements before and after the 
procedure. We excluded kidney transplant recipients who 
developed hypercalcemia caused by malignancy, active 
tuberculosis, granulomatous diseases, or other causes unre-
lated to iPTH. Additionally, we excluded subjects diagnosed 
with primary hyperparathyroidism and those with graft dys-
function within 3 months after surgery.

The study’s primary objectives were to assess the rates 
of graft dysfunction, symptomatic urolithiasis (identified 
through clinical symptoms or CT evidence in the graft), 
graft calcium deposits (detected through graft biopsy), and 
fractures in kidney transplant recipients with persistent 
hyperparathyroidism and hypercalcemia. Graft dysfunction 
was operationally defined as a sustained estimated glomer-
ular filtration rate (eGFR) below 30 mL/min/1.73 m2 for 
3 months or longer, as determined using the Chronic Kid-
ney Disease Epidemiology Collaboration (CKD-EPI) 2021 
formula [14]. We selected this specific eGFR limit to mini-
mize the potential confounding effects that could arise from 
poor allograft function on biochemical mineral metabolism 
measurements. A composite outcome was created to include 
urolithiasis, biopsy-proven calcium deposits, fractures, and 
a clinical indication of parathyroidectomy following kidney 
transplantation. Other graft outcomes of interest included a 
sustained ≥ 50% decrease in eGFR from nadir for 12 weeks 
and end-stage kidney disease (ESKD) defined as the initia-
tion of long-term dialysis for ≥ 90 days, or eGFR < 15 mL/
min/1.73 m2 sustained for ≥ 3 months.

Hypercalcemia due to persistent hyperparathyroidism 
(tertiary hyperparathyroidism) was defined as a free cal-
cium level > 5.2 mg/dL and an inappropriately normal or 
elevated iPTH (> 30 pg/mL). We selected this definition 
because many cases of hyperparathyroidism with hypercal-
cemia present with normal iPTH levels, caused by an inap-
propriately unsuppressed parathyroid hormone in response 
to hypercalcemia [15, 16].

The cohort was categorized according to the presence 
of persistent hypercalcemia (≥ 80% of free calcium meas-
urements during the follow-up period with hypercalcemia), 
transient hypercalcemia (≥ 2 consecutive free calcium meas-
urements with hypercalcemia) that resolved after discontinu-
ing medications, such as oral calcium, vitamin D supplemen-
tation, or thiazide diuretics, and no hypercalcemia (kidney 
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transplant recipients who did not fulfill any of the previous 
definitions). In a subgroup of participants (n = 76), we meas-
ured several biomarkers of bone and mineral metabolism 
to be investigated as secondary outcomes, including 24-h 
urinary calcium levels, intact fibroblast growth factor 23, 
osteoprotegerin, osteocalcin, osteopontin, 25-hydroxyvita-
min D, and interleukin-6.

The hospital Institutional Review Board (Comité de Ética 
en Investigación) approved the study (NMM-4220-22-23-1), 
which complies with the Helsinki Declaration. Participants 
who underwent biomarker assessment provided informed 
consent.

Assays

Serum free calcium was measured by the potentiometric 
method with ion-selective electrodes by ABL90 instru-
ments standardized at pH 7.40 (Radiometer Medical, 
Copenhagen, Denmark). The reference range for free cal-
cium was 4.3–5.2 mg/dL (1.07–1.3 mmol/L), with lim-
its of 0.8–40.04 mg/dL (0.2–9.98 mmol/L). When free 
calcium was unavailable (n = 4158/9242, 45%), we uti-
lized a formula validated in our center to estimate free 
calcium levels (free calcium (mmol/L) = 0.541 + (total 
calcium [mmol/L]   *  0.441)   −  (serum albu-
min  [g /L]   *   0 .0067)   −   ( se r um phospha te 
[mmol/L]  *  0.0425)  −  (CO2 [mmol/L]  *  0.003)) [17]. 
Total calcium was assayed using the Arsenazo III reagent 
colorimetric method (reference values 8.6–10.3  mg/dL 
[2.15–2.57 mmol/L], Beckman Coulter, Brea, CA, USA). 
Plasma iPTH was measured using an immunoradiometric 
assay (reference value 12–88  pg/mL [1.3–9.3  pmol/L], 
Beckman-Coulter, Brea, CA, USA). The concentrations of 
osteoprotegerin, intact fibroblast growth factor 23, osteoc-
alcin, osteopontin, and interleukin-6 were determined using 
the Magpix system (HBNMAG-51K-04) and the xPonent 4.2 
software (Luminex Corporation, Austin, TX, USA). Serum 
total 25-hydroxyvitamin D was measured via chemilumi-
nescence using the Diasorin Liason assay (Saluggia, Italy). 
Bone mineral density was measured by dual-energy X-ray 
absorptiometry using a Lunar densitometer (Hologic QDR-
4000). Protocol graft biopsies were performed in all patients 
at least once. A renal pathologist reviewed all biopsies and 
reported them according to the BANFF classification.

Statistical analysis

Continuous variables are expressed as mean ± standard 
deviation (SD) for normally distributed data and median 
with interquartile range (IQR) for non-normally distributed 
data; categorical variables are expressed as frequencies and 
percentages.

The primary measure of exposure was the presence of 
hypercalcemia during follow-up. Analysis of variance or 
non-parametric Wilcoxon tests were used to investigate the 
differences between groups according to the three observed 
free calcium trajectories. Cross-tabulated data were analyzed 
with chi-square or Fisher tests. Graft and survival curves 
were drawn using the Kaplan–Meier estimate and compared 
using the log-rank test. We performed a logistic regression 
analysis to assess predictors of persistent hypercalcemia. 
The levels of urinary calcium, 25-hydroxyvitamin D, and 
bone biomarkers between groups were compared with 
the T test or Mann–Whitney U test according to distribu-
tion. We calculated the area under the receiver operating 
characteristic curve (AUC) to identify pretransplant iPTH 
cut-offs to diagnose persistent hypercalcemia. We used 
the repeated measures model for statistical comparisons 
of repeated biochemical parameters between groups. All 
longitudinal analyses for free calcium and other biochemi-
cal measurements were censored when graft dysfunction 
occurred (eGFR < 30 mL/min/1.73 m2) or when a subject 
underwent parathyroidectomy. To analyze the risk associ-
ated with iPTH levels before transplantation, we categorized 
our cohort according to the iPTH goals proposed by Kid-
ney Disease Improving Global Outcomes (KDIGO) (low, 
normal, or high according to iPTH < 2 ×, 2–9 ×, and > 9 × 
the upper reference limit, respectively) [18]. We compared 
the levels between the persistent hypercalcemia and non-
hypercalcemia groups and between the iPTH strata for each 
biochemical parameter. We also evaluated the primary 
outcomes in subjects with overt hypercalcemic hyperpar-
athyroidism (iPTH levels above the upper reference limit 
[> 88 pg/mL] and hypercalcemia [free calcium > 5.2 mg/
dL]). The differences with 95% confidence intervals (CIs) 
and p values were estimated for the comparison. Multivari-
ate analyses were adjusted for the following risk factors: age, 
sex, preoperative iPTH, free calcium, phosphate, dialysis 
type, and vintage. Analyses were conducted using SPSS 24.0 
(IBM, Armonk, New York, USA) and GraphPad Prism 9.5.0 
(GraphPad Software, San Diego, USA). A two-sided signifi-
cance threshold was set at p < 0.05.

Results

We included 385 of 409 subjects who underwent kidney 
transplantation at our institution. Patients who experienced 
early graft dysfunction (within 3 months of surgery) due 
to acute immunological rejection (n = 10) or vascular com-
plications (n = 8), primary hyperparathyroidism (n = 4), and 
hypercalcemia not related to iPTH (n = 2) were excluded 
from the analysis. The median follow-up period was 4.1 
(IQR 1–8.2, range 1–9) years, and the median total num-
ber of graft biopsies per subject was 3 (IQR 2–4). Before 
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transplantation, calcitriol, cinacalcet, sevelamer, and calcium 
carbonate were prescribed in 137 (36%), 2 (0.5%), 67 (17%), 
and 91 (24%) kidney transplant recipients, respectively. The 
immunosuppression regimen included tacrolimus, mycophe-
nolate mofetil, and prednisone in 373 (97%), 300 (78%), and 
385 (100%) kidney transplant recipients, respectively.

Mild hypercalcemia (free calcium between 5.21 to 6.0 mg/
dL) occurred in 50–70% of the cohort after 12 months of 
kidney transplantation, as documented by at least one meas-
urement (Fig. 1). Among the kidney transplant recipients, we 
observed three patterns of calcium trajectory: normocalce-
mia (n = 76, 20%), persistent hypercalcemia (n = 240, 62%), 
and transient hypercalcemia (n = 69, 18%) that resolved after 
discontinuing medications, such as oral calcium, vitamin D 
supplementation, or thiazide diuretics. Table 1 presents the 
characteristics of the groups according to calcium trajectory. 
After transplantation, iPTH levels ≥ 2 × the upper reference 
limit (≥ 176 pg/mL) were detected in 22%, 21%, 3%, and 2% 
of kidney transplant recipients at 6, 12, 24, and 36 months of 
follow-up, respectively. However, in all cases of persistent 
hypercalcemia, the iPTH level was inappropriately normal 
or elevated (> 30 pg/mL) throughout the follow-up period. 
The median [IQR] levels of iPTH were significantly higher 
in kidney transplant recipients with persistent hypercalcemia 
compared to those without this finding after transplantation 
(113.5 [77.5–172.9] vs. 99.1 [63.7–142.1], p = 0.017). None 
of the subjects with persistent hypercalcemia received cina-
calcet, and only 3 (0.1%) underwent parathyroidectomy due 
to symptomatic urolithiasis.

Although persistent hypercalcemia was a frequent find-
ing following transplantation, the risk of adverse outcomes 
did not increase significantly during the follow-up period. 

Compared to those without persistent hypercalcemia, kid-
ney transplant recipients with persistent hypercalcemia did 
not show significant differences in rates of graft dysfunc-
tion defined as a sustained eGFR below 30 mL/min/1.73 m2 
(10% vs. 12%, p = 0.61), symptomatic urolithiasis (5% vs. 
3%, p = 0.43), calcium deposits in graft biopsy (6% vs. 5%, 
p = 1.0), fractures (6% vs. 4%, p = 0.64), sustained decrease 
in eGFR ≥ 50% (4% vs. 4%, p = 1.0), and incidence of ESKD 
(3% vs 3%, p = 1.0). Of the 385 kidney transplant recipients, 
57 (15%) experienced a composite outcome of urolithiasis, 
biopsy-proven calcium deposits, fractures, or an indication 
of parathyroidectomy. Nevertheless, the composite out-
come was not statistically different between the two groups 
(38/240, 16%, vs. 19/145, 13%, p = 0.55). Figure 2 presents 
the odds ratios and 95% CIs for principal outcomes. Simi-
larly, graft and overall survival rates did not differ signifi-
cantly between the two groups (Fig. 3a and b). Moreover, 
110 (29%) kidney transplant recipients developed overt 
hypercalcemic hyperparathyroidism (iPTH levels above 
the upper reference limit [> 88 pg/mL] and hypercalcemia 
[free calcium > 5.2 mg/dL]). These subjects did not have an 
increased risk of graft dysfunction (10% vs. 11%, p = 0.85), 
symptomatic urolithiasis (5% vs. 4%, p = 0.77), calcium 
deposits in graft biopsy (8% vs. 5%, p = 0.22), fractures (6% 
vs. 5%, p = 0.51), or the composite outcome (20% vs. 13%, 
p = 0.08) compared to those without hyperparathyroidism.

We also measured urinary calcium, bone biomarkers, and 
25-hydroxyvitamin D in a sample of 76 subjects from the 
original cohort. Compared to those without persistent hyper-
calcemia, kidney transplant recipients with persistent hyper-
calcemia showed higher levels of urinary calcium (median 
84 [IQR 43–170] vs. 38 [IQR 24–64] mg/day, p = 0.03) and 

Fig. 1   Prevalence of hypercal-
cemia after kidney transplanta-
tion. The graph portrays the 
categories of calcium status 
according to free calcium, as 
documented by at least one 
measurement
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higher levels of intact fibroblast growth factor 23 (median 
36 [IQR 24–54] vs. 27 [IQR 19–40] pg/mL, p = 0.04). In 
contrast, the group with persistent hypercalcemia had lower 

25-hydroxyvitamin D levels (11.3 ± 1.2 vs. 16.3 ± 1.4 ng/
mL, p < 0.001) and more cases with 25-hydroxyvitamin D 
< 12 ng/mL (25 [52%] vs 7 [25%], p < 0.001). Hypercalciuria 

Table 1   Characteristics of the kidney transplant recipients according to free calcium trajectory

BMD bone mineral density, eGFR estimated glomerular filtration rate, ESKD end stage kidney disease, IQR interquartile range, SLE systemic 
lupus erythematosus, iPTH intact parathyroid hormone, ALP alkaline phosphatase, KTR kidney transplant recipient
† The p-value refers to differences between the three groups as determined by analysis of variance, non-parametric Wilcoxon test, chi-square test, 
or Fisher test according to the type of variable
*According to iPTH < 2 ×, 2–9 ×, and > 9 × the upper reference limit [URL]
**BMD measurements were performed within 2 years after transplant in 14, 23, and 15 KTRs per group, respectively
***The composite outcome included urolithiasis, biopsy-proven calcium deposits, fractures, and an indication of parathyroidectomy after trans-
plantation

Baseline characteristics Normocalcemia, 
n = 76 (20%)

Persistent hypercalcemia, 
n = 240, (62%)

Transient hypercalcemia, 
n = 69 (18%)

p†

Male, n (%) 32 (42) 143 (60) 39 (57) 0.03
Age, years (IQR) 33 (26–46) 38 (28–48) 36 (28–52) 0.36
Parathyroidectomy prior to transplantation, n (%) 6 (8) 20 (8) 11 (16) 0.06
Dialysis vintage, years (IQR) 2 (0.3–5) 2 (1–5) 2 (1–5) 0.93
Diabetes, n (%) 16 (21) 56 (23) 19 (28) 0.87
SLE, n (%) 14 (18) 24 (10) 10 (14) 0.13
Second kidney transplantation, n (%) 10 (13) 22 (9) 7 (10) 0.62
Pre-transplant laboratory tests
iPTH, pg/mL (IQR) 357 (252–724) 567 (262–861) 332 (112–704) 0.001
KTRs categorized based on iPTH levels* (%)
 < 2 ×, n (%) 13 (17) 36 (15) 25 (36) 0.001
 2–9 ×, n (%) 48 (63) 130 (54) 30 (44)
 > 9 ×, n (%) 15 (20) 74 (31) 14 (20)

Free calcium, mg/dL (IQR) 4.8 (4.5–5.1) 4.9 (4.6–5.1) 4.8 (4.6–5.1) 0.28
Total calcium, mg/dL (IQR) 9.1 (8.6–9.7) 9.5 (8.9–10.1) 9.2 (8.7–10.1) 0.34
Total ALP, IU/L 102 (78–149) 119 (78–181) 115 (84–170) 0.34
Phosphorus, mg/dL (IQR) 4.9 (3.6–5.6) 5.4 (4.3–6.7) 4.8 (4.0–6.0) 0.001
Pre-operative renal replacement therapy
Peritoneal dialysis, n (%) 24 (32) 87 (36) 26 (38) 0.71
Source of donor kidney
Living, n (%) 32(42) 120 (50) 35 (51) 0.30
Shared HLA haplotypes
0, n (%) 53 (70) 160 (67) 49 (71) 0.98
1, n (%) 18 (23) 59 (25) 15 (22)
2, n (%) 5 (7) 21 (8) 5 (7)
Outcomes
Graft dysfunction as ≤ 30 mL/min/1.73 m2, n (%) 9 (12) 24 (10) 8 (12) 0.29
Symptomatic urolithiasis, n (%) 1 (1) 11 (5) 3 (4) 0.42
Calcium deposits in graft biopsy, n (%) 3 (4) 14 (6) 5 (7) 0.69
Fractures, n (%) 4 (5) 14 (6) 2 (3) 0.62
Decrease in eGFR ≥ 50%, n (%) 4 (5) 10 (4) 2 (3) 0.53
ESKD, n (%) 3 (4) 6 (3) 2 (3) 0.80
BMD L1-L4 T-score, ± SD** − 1.42 ± 0.9 − 1.63 ± 1.1 − 1.54 ± 0.8 0.33
BMD total hip T-score** − 0.78 ± 0.9 − 1.13 ± 1.0 − 0.98 ± 0.9 0.19
Composite outcome***, n (%) 9 (12) 38 (16) 10 (14) 0.73
Parathyroidectomy after transplantation, n (%) 0 (0) 3 (1) 0 (0) 0.98
Mortality, n (%) 6 (8) 8 (3) 5 (7) 0.17
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> 230 mg/day was present in 10 (13%) kidney transplant 
recipients with persistent hypercalcemia. Supplementary 
Table 1 provides further details on the other studied bio-
markers. Moreover, the group of kidney transplant recipi-
ents with persistent hypercalcemia exhibited slightly 
higher eGFRs during follow-up. In addition, phosphate 
levels were significantly lower in the group with persistent 
hypercalcemia compared to those without hypercalcemia 
at 12 (3.04 ± 0.56 vs. 3.37 ± 0.66 mg/dL, p < 0.0001), 24 
(3.14 ± 0.57 vs. 3.41 ± 0.54 mg/dL, p < 0.0001), and 36 
(3.05 ± 0.50 vs. 3.37 ± 0.68 mg/dL, p = 0.001) months after 
transplantation (Fig. 4). No differences in the femoral neck 
and lumbar spine bone mineral densities were observed 
between groups.

The cohort was also categorized based on iPTH levels 
before transplantation. The predictive performance of pre-
transplant iPTH levels for persistent hypercalcemia after 
transplantation was low, with an AUC-ROC of 0.61 (95% 
CI 0.55–0.67). Persistent hypercalcemia was observed in 
36 (49%), 130 (63%), and 74 (72%) subjects with pre-
transplant iPTH levels of < 2 ×, 2–9 ×, and > 9 × the upper 
reference limit for iPTH, respectively. In a multivariate 
analysis adjusted for sex, age, dialysis vintage, baseline 
free calcium and phosphate levels, and diabetes, lower pre-
transplant levels of iPTH (< 300 pg/mL) were associated 
with a reduced risk of persistent hypercalcemia after trans-
plantation (OR 0.51, 95% CI 0.32–0.80). In contrast, iPTH 
levels < 9 × the upper reference limit were not associated 
with a significant risk reduction of persistent hypercalce-
mia (OR 0.68, 95% CI 0.40–1.19).

Fig. 2   Forest plot of outcomes 
associated with hypercalcemia. 
Odds ratio and 95% confidence 
interval for each outcome. 
Graft dysfunction was defined 
as eGFR < 30 mg/mL/1.73 m2 
for > 3 months. The composite 
outcome included urolithiasis, 
biopsy-proven calcium deposits, 
fractures, and an indication of 
parathyroidectomy after trans-
plantation

Fig. 3   Graft and overall survival times. a Graft survival curve. The Kaplan–Meier curve shows graft dysfunction incidence (defined as an eGFR 
< 30 mg/mL/1.73 m2 for > 3 months). b Overall survival curve. Kaplan–Meier curve showing overall survival
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Discussion

In this cohort of 385 kidney transplant recipients, almost 
two-thirds had persistent hypercalcemia due to hyperparath-
yroidism, lasting for many years after transplantation. Persis-
tent hypercalcemia rates were high throughout the follow-up 
period, but symptoms were uncommon; therefore, they were 
usually left untreated. Although kidney transplant recipients 
with persistent hypercalcemia had a higher rate of complica-
tions in the composite outcome (urolithiasis, calcium graft 
deposits, fractures, and parathyroidectomy indication), the 
small number of occurrences did not result in statistically 
significant differences compared to non-hypercalcemic 
subjects.

Our cohort differs from previously published studies. 
Most of our patients had elevated iPTH levels before trans-
plantation; nearly a third had extremely high iPTH levels 
(more than nine times above the upper reference limit). 
Moreover, only one-fifth of the kidney transplant recipients 
had both normocalcemia and iPTH within normal range after 

a median follow-up of 4 years, and they did not receive cal-
cimimetics, calcitriol or active vitamin D. These character-
istics differ from other cohorts, in which either a significant 
number of kidney transplant recipients received calcimimet-
ics [5, 11], the follow-up time was less than 2 years, calcium 
status was not assessed by free calcium levels [4], or most 
subjects underwent transplantation with iPTH levels within 
the range recommended by the K-DIGO guidelines [3–5]. 
Treating hyperparathyroidism after a kidney transplant can 
be challenging, and cohort studies with treatment based on 
symptoms and other manifestations (wait-and-see strategy) 
are scarce [19].

It has been hypothesized that kidney transplant recipi-
ents with post-transplant hyperparathyroidism will eventu-
ally experience a reduction of the hyperplastic parathyroid 
tissue [20]. Furthermore, some authors have speculated that 
after transplantation, the calcium threshold for iPTH secre-
tion may be modified due to changes in the calcium-sensing 
receptor expression in parathyroid cells, similar to that seen 
in patients with familial hypocalciuric hypercalcemia [2]. 

Fig. 4   Trajectory of a phosphate, b total alkaline phosphatase, and c eGFR in subjects with and without persistent hypercalcemia. Mean values 
and 95% CI are presented for each group
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This condition may present with mild hypercalcemia with 
elevated iPTH levels, up to twice the upper reference limit, 
but without hypercalciuria or an increased risk of lithiasis 
or fractures. Another hypothesis suggests calcineurin inhibi-
tors may increase bone resorption, leading to hypercalcemia 
[21]. At difference, our findings show that kidney transplant 
recipients with persistent mild hypercalcemia have inappro-
priate iPTH levels, low phosphate and 25-hydroxyvitamin D 
serum levels, and slightly elevated calciuria, a biochemical 
profile resembling mild primary hyperparathyroidism.

The increased intact fibroblast growth factor 23 levels 
in the persistent hypercalcemia group could be explained 
by a direct, positive effect exerted by calcium and iPTH, 
both stimulators of intact fibroblast growth factor 23 produc-
tion [22, 23]. Among other causes, a sustained decrease in 
25-hydroxyvitamin D synthesis could be attributed to the 
persistent elevations in intact fibroblast growth factor 23 lev-
els in the hypercalcemic group [24] and to the effect of PTH 
on 1-alpha- hydroxylase, findings described in other kidney 
transplant recipient cohorts with hypercalcemia related to 
hyperparathyroidism [25]. Elevated intact fibroblast growth 
factor 23 levels and hypovitaminosis D could represent an 
adaptive response that reduces the severity of hypercalcemia 
and hypercalciuria, yet this mechanism may have long-term 
effects on bone density [26].

Even though urinary calcium values in kidney transplant 
recipients with persistent hypercalcemia were lower com-
pared to subjects with high risk for urolithiasis (> 4 mg/kg), 
they were near the upper reference limit and significantly 
higher than in the kidney transplant recipients without per-
sistent hypercalcemia. Urinary calcium levels > 230 mg/day, 
a cut-off value proposed by some authors as a predictor of 
urolithiasis in patients with primary hyperparathyroidism 
[27], were observed in 13% of kidney transplant recipients in 
the hypercalcemic group. It is possible that if subjects with 
persistent hypercalcemia underwent a 25-hydroxyvitamin 
D correction > 20 ng/mL (the recommended 25-hydroxyvi-
tamin D target for many experts), their serum and urinary 
calcium levels would increase, thereby fulfilling the clas-
sic criteria for autonomous hyperparathyroidism (tertiary 
hyperparathyroidism) [28]. Although the risks associated 
with mild hypercalcemia following transplantation may be 
minor, they should be avoided. A successful transplantation 
program should aim for a zero de novo lithiasis rate, includ-
ing calcium deposits in renal biopsies.

Achieving K-DIGO goals for controlling hyperparathy-
roidism before transplantation may not be sufficient to 
prevent post-transplant hypercalcemia. In our cohort, only 
pretransplant iPTH levels below 300 pg/mL were associ-
ated with a lower risk of hypercalcemia, in keeping with a 
recent report that found the same cut-off value associated 
with developing tertiary hyperparathyroidism after trans-
plantation [29]. These findings suggest that aiming for lower 

pretransplant PTH levels, as recommended by the K-DOQI 
decades ago, could prevent hypercalcemia after transplanta-
tion [30].

Our study has limitations. Given the low number of 
patients who reached the various outcomes, the sample size 
may need to be expanded. Our statistical power was 41% 
for the composite outcome, notwithstanding criticisms of 
retrospective cohort power calculations [31]. Still, a study 
with 80% statistical power would need more than 1200 
“untreated” hypercalcemic kidney transplant recipients, a 
number difficult to achieve, unless with multicenter or mul-
tinational trials, and extended follow-up periods.

Another limitation in our study is the possibility that 
some kidney transplant recipients with normocalcemia 
and slightly elevated iPTH could have been misclassified. 
We identified about one-fifth of subjects who experienced 
transient hypercalcemia, which occurred while taking vita-
min D supplements or thiazides. It is known that patients 
with high iPTH and normocalcemia may have occult 
autonomous hyperparathyroidism that is only revealed 
when hypovitaminosis D is corrected [32]. As a result, the 
actual prevalence of hyperparathyroidism may be underes-
timated. Another limitation is the insufficient availability 
of dual-energy X-ray absorptiometry scan or imaging data to 
assess vascular calcification. Nevertheless, specific markers 
directly linked to the burden of calcification, such as osteo-
protegerin [33], were not elevated in the group of patients 
with persistent hypercalcemia. Also, we did not measure 
1,25-dihydroxy vitamin D, which some researchers reported 
to rise due to abnormal 1-alpha-hydroxylase activity in tubu-
lar graft cells, causing hypercalcemia [3].

In conclusion, following transplantation, persistent hyper-
calcemia mediated by  tertiary hyperparathyroidism was a 
frequent finding. Even though the overall number of cases 
reaching the composite outcome of urolithiasis, graft calci-
fications, or fractures was higher in the group with persistent 
hypercalcemia, its incidence was low and did not achieve 
statistical significance compared to kidney transplant 
recipients without hypercalcemia. We must emphasize that 
hypercalcemia associated with hyperparathyroidism after 
kidney transplantation is a common and underdiagnosed 
problem, carrying a relatively low risk of adverse graft out-
comes in the long term. However, while rare, severe conse-
quences of this condition can potentially occur and must be 
prevented.
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