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Abstract
Background. Although current guidelines recommend the
evaluation of mineral and bone metabolism in patients with
all stages of chronic kidney disease (CKD), the prevalence
of altered mineral ion homeostasis in the pediatric post-
transplant population is unknown. Moreover, the contribu-
tion of abnormal mineral ion metabolism to graft outcomes
in this population has not been evaluated.
Methods. Serum calcium, phosphorus, 25(OH)vitamin D,
1,25(OH)2vitamin D, parathyroid hormone (PTH) and fibro-
blast growth factor 23 (FGF-23) levels were evaluated 4.9 6
0.5 years after transplantation in 68 stable pediatric renal allog-
raft recipients. Patients were subsequently followed for 2 years.
Results. At baseline, mean estimated glomerular filtration
rate (GFR) was 60 6 2 mL/min/1.73m2. Serum calcium
and phosphorus values were within the reference interval.
PTH values were elevated but did not differ by CKD
stage. 25(OH)vitamin D levels were low in nearly half
of all subjects. Tubular reabsorption of phosphate and
1,25(OH)2vitamin D values were lower, while FGF-23
and PTH values were higher in more advanced stages of
CKD. Thirty percent of patients with FGF-23 values >110
RU/mL had a decrease in GFR of >50% (P < 0.05) and
FGF-23 values predicted future episodes of rejection.
Conclusions. Despite normal serum calcium and phospho-
rus levels in the majority of prevalent pediatric renal trans-
plant recipients, abnormalities in PTH, 25(OH)vitamin D
and FGF-23 are common. FGF-23 levels may be associated
with increased risk for deterioration of kidney function and
episodes of rejection.
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Introduction

Successful renal transplantation corrects many of the ab-
normalities in mineral ion homeostasis and bone metabo-
lism that develop during the course of chronic kidney
disease (CKD). However, abnormalities in phosphate,
parathyroid hormone (PTH) and vitamin D metabolism

persist and may contribute to defects in skeletal minerali-
zation, poor growth and bone fragility that prevail in
children postrenal transplantation [1–3]. Current recom-
mendations suggest routine assessment and treatment of
hyperparathyroidism and hypovitaminosis D in CKD pa-
tients. Furthermore, levels of a new phosphaturic hormone,
fibroblast growth factor 23 (FGF-23), are increased in
patients with kidney transplants, perhaps as a result of cor-
ticosteroid therapy [4], and have recently been implicated
in the development of secondary hyperparathyroidism in
adult and pediatric patients with CKD [5]. However, the
prevalence of mineral abnormalities in long-term pediatric
renal transplant recipients has not been well characterized.

In addition to maintaining bone homeostasis, hormones
that regulate mineral metabolism have been implicated in
posttransplant graft function. Indeed, calcium, phosphorus
and parathyroid hormone (PTH) levels have been linked to
delayed graft function [6], while 25(OH)vitamin D and
1,25(OH)2vitamin D levels play a role in immune regula-
tion [7]. FGF-23 regulates phosphate, 1,25(OH)2 vitamin D
and potentially PTH levels [5,8] and has been linked to the
rate of declining renal function in predialysis CKD patients
[9]. However, the role of each of these hormones in long-
term pediatric renal allograft survival is unknown. Thus,
the current study was undertaken to characterize mineral
metabolism across the spectrum of prevalent pediatric renal
transplant recipients and to evaluate the effects of indices of
mineral metabolism on long-term allograft function.

Materials and methods

In order to characterize the prevalence of mineral abnormalities in stable
prevalent pediatric renal transplant recipients, a cross-sectional study was
performed in subjects between the ages of 2 and 20 years and who had
received their transplants at least 1 year previously. Stable allograft function
was defined by no change in serum creatinine >0.2 mg/dL within the
6 months prior to the study. Exclusion criteria included the following:
kidney transplantation within the past year, active infection, kidney trans-
plant rejection at the time of enrollment, growth hormone therapy within the
past 6 months, therapy with active vitamin D sterols within the past 6 months
and a history of multiple organ transplantation. At a routine transplant clinic
visit, a brief history and physical exam were performed and a list of current
medications, blood pressure, height and weight were collected. Blood and
urine samples were obtained at that visit for the determination of serum
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levels of calcium, albumin, phosphorus, alkaline phosphatase, 1,25(OH)2vi-
tamin D and 25(OH)vitamin D and ethylenediaminetetraacetic acid-plasma
levels of parathyroid hormone (PTH) and FGF-23, along with urine values of
calcium, creatinine and phosphorus. Serum determinations of creatinine,
calcium, albumin, creatinine, phosphorous and alkaline phosphatase and
urine values of calcium, creatinine and phosphorus were performed using
an Olympus AU5400 (Olympus America Incorporated, Center Valley, PA).
PTH levels were determined by a first PTH-IMA (NicholsR, San Clemente,
CA) that detects PTH(1-84) as well as amino-terminally truncated fragments
up to and including PTH(7-84), while FGF-23 was determined by the second
generation C-terminal assay (ImmutopicsR), which detects C-terminal as well
as intact FGF-23. The reference interval for this assay (1–48 RU/mL) was
determined from 26 healthy pediatric (11 males/15 females, age 12� 1 year,
73% Hispanic, 23% White, 4% other) controls recruited at our center during
the same time interval as the study. Serum calcium levels were corrected for
serum albumin levels by the formula: corrected calcium¼measured calcium
(mg/dL) 1 (0.8 3 [4 � serum albumin (g/dL)]). 1,25(OH)2vitamin D and
25(OH)vitamin D levels were determined by radioimmunoassay [10].
Glomerular filtration was calculated by the formula derived by Schwartz
et al. [11]. The tubular reabsorption of phosphate was calculated according
to urine and serum values of creatinine and phosphate [tubular reabsorption
of phosphate (TRP) ¼(1 � Ucreat 3 Uphos/Screat 3 Sphos) 3 100].

To assess the value of baseline circulating ion and mineral hormone
levels in predicting subsequent rejection episodes and renal function, all
subjects in the cross-sectional cohort were followed at 6-month intervals
for 2 years or until return to dialysis. During the follow-up period, calci-
neurin inhibitor levels were obtained to assess medication compliance and
kidney biopsies were performed as deemed necessary by the treating physi-
cian. Biopsy-proven rejection episodes, as defined by modified Banff 2007
criteria [12], were recorded. At the conclusion of the 2 years of follow-up, an
estimated glomerular filtration rate (GFR) was obtained in all subjects [11].

The study was approved by the UCLA Human Subject Protection
Committee and informed consent was obtained from all patients and/or
parents.

Statistical methods

Mean and standard error were used to summarize normally distributed
variables; the median and interquartile range were utilized to describe
variables with a skewed distribution (i.e. PTH, FGF-23 and alkaline phos-
phatase). Given the small number of patients with Stages 1 and 4 CKD, for
purposes of analysis, Stages 1 and 2 CKD were considered together, as
were Stages 3 and 4 CKD. Differences in variables were assessed using the
t-test, the Mann–Whitney test or chi-squared analysis. Multiple linear and
logistic regression analyses were used to determine interaction between
variables. Odds ratios, receiver operating curves (ROC) and log-rank
Kaplan–Meier survival curves were calculated to estimate predictive val-
ues of biochemical parameters for 2-year outcomes. Statistical analysis
was performed using SAS software and all tests were two-sided with
significance level P <0.05.

Results

Study participants

Between October 2005 and February 2006, 68 prevalent
pediatric renal transplant recipients—32 with living-related
and 36 with deceased donor allografts—were qualified for
and agreed to participate in the study. The demographic
data for this cohort are displayed in Table 1. Briefly, the
majority of subjects were Hispanic (62%) and male (56%)
and had a normal body mass index. The majority of patients
(87%) had Stages 2 and 3 CKD and the average estimated
GFR for the entire cohort was 62 � 3 mL/min/1.73m2 (1.04
� 0.05 mL/s/1.73m2). The time since transplantation var-
ied between 1.0 and 18.4 years with a median of 3.1 years.
Patients with more advanced stages of CKD tended to be
older and had a longer time since transplantation. At time of
transplantation, all subjects had received induction therapy
with either daclizumab or anti-thymocyte globulin. After

transplantation, the majority of study subjects were receiv-
ing standard maintenance immunosuppressive therapy, in-
cluding steroids, calcineurin inhibition (cyclosporin or
tacrolimus) and an antimetabolite (mycophenolate mofetil
or azathioprine); a minority (22%) of patients were main-
tained on a steroid-free regimen, identical to standard ther-
apy minus prednisone. One patient with Stage 3 CKD
ingested calcium carbonate on a daily basis for acid reflux;
no other participants were on any phosphate binder medi-
cations, active vitamin D sterols or 25(OH)vitamin D
supplementation.

Of the 68 patients in the initial cohort, 2-year follow-up
data were available in 64 patients. Of the four lost to
follow-up, average baseline GFR was 62 (range 43–82)
mL/min/1.73m2 [1.04 (range 0.72–1.37 mL/s/1.73m2)].
Baseline calcium, phosphorus, PTH, 25(OH)vitamin D,
1,25(OH)2vitamin D and FGF-23 levels were no different
in those lost to follow-up from those included in the 2-year
analysis.

Cross-sectional analysis: biochemical parameters

Baseline biochemical values are displayed in Table 2. Se-
rum calcium levels were in the reference interval through-
out all stages of CKD and all values, when corrected for
serum albumin, were <10.2 mg/dL (2.55 mmol/L). Serum
phosphorus levels were also within the reference interval in
all stages of CKD; three patients (one with Stage 1; one
with Stage 2 and one with Stage 3 CKD) displayed values
<3 mg/dL (0.97 mmol/L), while 12 patients (two with
Stage 1; five with Stage 2; four with Stage 3 and one with
Stage 4 CKD) had values �5 mg/dL (1.62 mmol/L). PTH
levels were increased in all stages of CKD—57% of the
patients had plasma PTH levels above currently recommen-
ded target ranges for respective stages of CKD [13, 14].
PTH values did not differ between stages of CKD.

Serum 25(OH)vitamin D levels were <30 ng/mL (75
nmol/L) in 33 of the 68 study participants [5 had values
between 5 and 14 ng/mL (12 and 37 nmol/L), while the
other 28 patients maintained levels between 15 and 29 ng/
mL (38 and 74 nmol/L)]. 25(OH)vitamin D values were not
related to circulating values of 1,25(OH)2vitamin D. In-
deed, consistent with previous studies, 1,25(OH)2vitamin

Table 1. Demographics

CKD 1 and 2
(n ¼ 33)

CKD 3 and 4
(n ¼ 35)

Age (years) 13.3 6 0.9 16.7 6 0.6a

Gender (n) (male/female) 16/17 22/13
Time since transplant (years) 3.1 6 0.5 6.6 6 0.8a

Race 9 9
Caucasian 1 1
Black 21 24
Hispanic 0 1
Asian 2 0
Other

Steroid-based immunosuppression (%) 67 91a

Body mass index (kg/m2) 21.2 6 1.0 22.3 6 0.9

aP <0.05 between CKD Stages 1 and 2 (combined) and Stages 3 and 4
(combined).
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D levels were lower in more advanced stages of CKD,
while 25(OH)vitamin D levels were higher in patients with
Stages 3 and 4 CKD [5, 15]. PTH and alkaline phosphatase
levels were higher in individuals with lower 25(OH)vita-
min D concentrations.

Plasma FGF-23 levels were above the reference interval
in 80% of all subjects and values were increased in the
majority of patients in each stage of CKD. FGF-23 levels
were lower in patients with Stages 1 and 2 CKD than in
CKD Stages 3 and 4 and the urinary TRP was lower in
more advanced CKD stages. Interestingly, five patients had
FGF-23 values >500 RU/mL. These five patients were
between 2.5 and 16.3 years posttransplantation, tended to
be older (17.8 � 1.2 years of age) and had varying degrees
of renal dysfunction [from 29 to 62 mL/min/1.73m2 (0.48–
1.04 mL/s/1.73m2)]. Serum phosphorus values in these five
individuals were 4.9 � 0.3 mg/dL (1.58 � 0.10 mmol/L),
the average TRP was 82.7 � 4.4% and 1,25(OH)2vitamin
D levels were 27.5 � 3.4 pg/mL (71.5 � 8.8 pmol/L).
Overall, FGF-23 values were inversely related to estimated
GFR (r ¼ �0.35, P < 0.01) but did not correlate with
serum 1,25(OH)2vitamin D values, serum phosphorus lev-
els or the tubular reabsorption of phosphate.

Multivariable analysis, considering calcium, phospho-
rus, PTH, FGF-23, 25(OH)vitamin D, 1,25(OH)2vitamin
D, estimated GFR and time since transplantation, revealed
that GFR alone predicted TRP, while time since transplan-
tation and 25(OH)vitamin D values were the sole signifi-
cant predictors of 1,25(OH)2vitamin D and PTH levels,
respectively.

Rejection episodes and deterioration of renal function
during 2 years of follow-up

Sixty-four of the 68 patients from the initial cohort were
followed for 2 years after the cross-sectional analysis of
mineral metabolism. At the end of 2 years, renal function
(estimated GFR) and the number of acute rejection epi-
sodes since entry into the study were assessed. Six of
the 64 patients followed for 2 years had a decrease in
GFR of �50% during the follow-up period, while 13 of
the 64 patients developed biopsy-proved acute rejection
[13 with acute cellular rejection/tubular interstitial type
and 5 with concomitant humoral (C4d1) rejection]. To
assess the role of biochemical markers as prognostic tools

for the progression of kidney disease and for number of
rejection episodes, ROC analysis was performed. Baseline
GFR obtained the highest area under the curve (AUC) for
predicting a decline in GFR over 2 years [AUC: 0.85; 95%
confidence interval (CI) 0.72–0.98; P < 0.01), followed by
circulating baseline FGF-23 values (AUC: 0.70; 95%
CI 0.51–0.91; P < 0.05). From the ROC analysis, a value
of 110 RU/mL was established as the cutoff yielding the
highest sensitivity and specificity for decline in GFR.
When patients with FGF-23 values �110 RU/mL were
compared to those with lower values, as have been previ-
ously evaluated in CKD patients [9] (Table 3), 30% of
patients with higher FGF-23 values had a decrease in
GFR of �50% at 2 years of follow-up, in contrast to only
one patient with an FGF-23 value <110 RU/mL. When
patients with FGF-23 values >110 RU/mL were compared
to those with lower values, the odds ratio for a �50%
decrease in GFR at 2 years of 8.3 (95% CI 1.2–54.8).
Similarly, time to first rejection was significantly shorter
in patients with plasma FGF-23 values >110 RU/mL than
in those with lower values (P < 0.05) (Figure 1). Apart
from baseline GFR and FGF-23, no other biochemical pa-
rameters were able to predict a decline in GFR over time or
future episodes of rejection.

Discussion

The current study demonstrates that alterations in mineral
metabolism are common in long-term pediatric renal trans-
plant recipients. Similar to predialysis CKD patients [5, 15],
serum calcium and phosphorus levels were within the refer-
ence interval in the vast majority of patients. However, ab-
normal values of 25(OH)vitamin D, PTH and FGF-23 were
present in �50% of the population. Although 25(OH)vita-
min D and PTH have previously been implicated in immune
regulation [7] and graft function [6], respectively, levels of
these hormones had no relationship to 2-year graft function.
Values of FGF-23, which have recently been demonstrated
to be elevated in pediatric patients with solid organ trans-
plantation [4], were elevated in all stages of post-transplant
CKD and were inversely related to estimated GFR. Further-
more, estimated GFR and FGF-23 were associated with an
increased risk of deterioration in renal function at 2 years
follow-up and risk of rejection.

Table 2. Biochemical parameters according to CKD stage

Biochemical parameter CKD 1 and 2 (n ¼ 33) CKD 3 and 4 (n ¼ 35)

Calcium, mg/dL (mmol/L) 9.6 6 0.1 (2.40 6 0.03) 9.6 6 0.1a (2.40 6 0.03)
Albumin, g/dL (g/L) 4.1 6 0.1 (41 6 1) 4.1 6 0.1 (41 6 1)
Phosphorus, mg/dL (mmol/L) 4.4 6 0.2 (1.42 6 0.13) 4.1 6 0.1 (1.32 6 0.06)
Alkaline phosphatase (IU/L)a 184 (87, 232) 114 (79, 189)b

1st PTH-IMA (pg/mL)a 77 (53, 130) 72 (54, 118)
25(OH)D, ng/mL (nmol/L) 26 6 2 (65 6 5) 35 6 2b (87 6 5)
1,25(OH)2D (pg/mL) (pmol/L) 54 6 4 (140 6 10) 39 6 3b (101 6 8)
FGF-23 (RU/mL)a 77 (34, 113) 151 (78, 217)b

Urine Ca/Cr, mg/mg (mmol/mmol) 0.08 6 0.01 (0.26 6 0.03) 0.06 6 0.01b (0.19 6 0.03)
TRP (%) 88 6 1 82 6 2b

aExpressed as the median (interquartile range).
bP < 0.05 between CKD Stages 1 and 2 (combined) and Stages 3 and 4 (combined).
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The high prevalence of abnormalities in vitamin D, PTH
and FGF-23 in the present study highlights the need for
the application of current KDIGO bone and mineral metab-
olism recommendations in the renal transplant population.
Indeed, nearly half of all subjects, irrespective of renal
function, had serum 25(OH)vitamin D levels below the cur-
rently recommended reference interval [16]. Although
further studies are required to assess the longer-term conse-
quences of 25(OH)vitamin D stores in this population, vita-
min D metabolism has been implicated in immune function
and bone strength and low levels in this immunosuppressed
population may have long-term deleterious implications for
the control of infection, malignancy and fractures [17]. In-
deed, the higher alkaline phosphatase levels in patients with
CKD Stages 1 and 2, occurring simultaneously with lower
25(OH)vitamin D values in these patients, as well as the
inverse relationship between 25(OH)vitamin D and PTH

values, suggest that 25(OH)vitamin D deficiency negatively
impacts bone and mineral metabolism in stable transplant
recipients.

As has been previously demonstrated [4], and similar to
patients with predialysis CKD [5], FGF-23 values were
increased in the majority (80%) of patients with all stages
of CKD and were highest in those with the most advanced
stages of kidney disease. FGF-23 was inversely correlated
with GFR, as estimated by the Schwartz formula [11]; thus,
it is possible that increased FGF-23 levels were attributable
to poorer kidney function to some degree in these individ-
uals. However, it is interesting to note that other factors
must also contribute to increased FGF-23 levels in kidney
transplant recipients since five subjects had high FGF-23
values (>500 RU/mL), despite a wide range in estimated
GFR [ranging from 29 to 62 mL/min/1.73m2 (0.48–1.04
mL/s/1.73m2)], no exposure to vitamin D sterols for at least
6 months prior to entering the study and serum phosphate
values in the reference interval. Pereira et al. [18] have
demonstrated that skeletal expression of FGF-23 is in-
creased in patients with CKD, suggesting that circulating
levels of FGF-23 in patients with CKD may reflect both
increased production and decreased clearance of the hor-
mone. Moreover, consistent with the findings of Bacchetta
et al. [4], steroid therapy was more common in patients
with higher FGF-23 levels, suggesting a potential role for
these agents in the modulation of skeletal FGF-23
synthesis.

Surprisingly, in the current study of 68 pediatric renal
transplant recipients, FGF-23—by either bivariate or
multivariable analysis—did not correlate with any other
biochemical parameter. This is in contrast to data from the
predialysis CKD population and from renal allograft
recipients in the first year posttransplantation, in which
higher FGF-23 values were correlated with increased
phosphate excretion and decreased circulating 1,25(OH)2-

vitamin D levels [4, 5]. Although it is possible that a
relationship between FGF-23 and other markers of
mineral metabolism may have been evident in this popu-
lation given a larger sample size, similarly sized cross-
sectional studies in adult predialysis CKD patients have

Table 3. Demographic and biochemical characteristics of patients based on FGF-23 values

FGF-23 > 110 (n ¼ 32) FGF-23 < 110 (n ¼ 36) P-value

Patient age 16.1 6 0.8 15.1 6 0.8 NS
Time since transplantation (years) 5.5 6 0.9 4.4 6 0.7 NS
Gender (% male) 60 56 NS
% Living related transplant 53 47 NS
% On tacrolimus 80 79 NS
% On prednisone 90 67 <0.05
Mean tacrolimus level 5.8 6 0.2 6.2 6 0.3 NS
% With first transplant 100 94 NS
HLA mismatch (n) 2.9 6 0.3 3.1 6 0.3 NS
Calcium, mg/dL (mmol/L) 9.7 6 0.1 (2.43 6 0.03) 9.5 6 0.1 (2.38 6 0.03) <0.05
Phosphorus, mg/dL (mmol/L) 4.4 6 0.2 (1.42 6 0.06) 4.1 6 0.1 (1.32 6 0.03) NS
PTH (pg/mL) 116 6 14 88 6 12 NS
1,25(OH)2vitamin D, pg/mL (pmol/L) 42 6 4 (110 6 9) 48 6 4 (126 6 11) NS
25(OH)vitamin D, ng/mL (nmol/L) 32 6 2 (81 6 6) 29 6 2 (72 6 6) NS
GFR, mL/min/1.73m2 (mL/s/1.73m2) 56 6 19 (0.94 6 0.32) 67 6 24 (1.12 6 0.40) <0.05
FGF-23 (RU/mL) 194 (148, 298) 60 (22, 86) <0.05

Fig. 1. Kaplan–Meier survival curve comparing time to first episode
of acute rejection in patients with baseline plasma FGF-23 greater than
110 RU/mL (dashed line) versus those with baseline plasma FGF-23
values <110 RU/mL (solid line). The asterisk signifies P <0.05 between
groups.

3782 K. Wesseling-Perry et al.



demonstrated relationships between these parameters [5],
suggesting that the lack of relationship may, in fact, be
due to something intrinsic to renal transplant recipients.
Although Bacchetta et al. described the associations be-
tween FGF-23 and mineral metabolism in a large cohort
of pediatric CKD patients, many of whom had undergone
kidney transplantation, a separate analysis considering
transplant recipients alone was not performed. Thus, the
current study is the first to evaluate this relationship ex-
clusively in pediatric patients with stable renal allografts.
Interestingly, Bacchetta et al. described that CKD patients
receiving glucocorticoid therapy had higher FGF-23 val-
ues than, other CKD patients, a finding which was con-
firmed in the current study, suggesting that glucocorticoid
use may directly stimulate bone FGF-23 production and
alter the relationship between FGF-23 values and other
biochemical variables. Other immunosuppressive agents,
many of which affect bone biology [20–25], may also
affect skeletal FGF-23 expression, although studies are
needed to evaluate this potential effect. Despite the lack
of a direct relationship between FGF-23 and any biochem-
ical parameter, elevated FGF-23 values may have contrib-
uted to some of the changes in mineral metabolism that
were observed in later stages of CKD, including lower
values of TRP and 1,25(OH)2vitamin D, and a larger
sample size in which potential confounding factors, such
as immunosuppressive regimens and age, could have been
more optimally controlled may have revealed these
relationships.

Consistent with data from the predialysis CKD popula-
tion [9], elevated FGF-23 values were associated with an
increased risk of �50% decline in GFR within the 2 years
of follow-up. Interestingly, there was also an increased
risk of subsequent biopsy-proven acute rejection and de-
cline in renal function in those patients with higher base-
line levels of FGF-23. In the current analysis, the cutoff
level for FGF-23 as a predictor of future renal deteriora-
tion was determined by ROC analysis and it is interesting
to note that the value of 110 RU/mL determined by the
current analysis was very similar to the level of 104 RU/
mL reported by Fliser et al. [9]. Moreover, the use of 104
RU/mL as a cutoff value does not change the findings of
the current study. It is unclear whether elevated FGF-23
values predisposed to rejection, thus leading to a decline
in renal function or whether increased FGF-23 levels may
have led to a decline in renal function from some other
etiology, such as interstitial fibrosis, which prompted the
biopsy and led to the diagnosis of acute rejection. Since
protocol biopsies were not performed in the current study,
it is not possible to distinguish between these possibilities.
However, FGF-23 binds to the FGFR1, the same receptor
that is upregulated by anti-HLA class I antibodies and
which may lead to vascular endothelial cell proliferation,
atherosclerosis and renal fibrosis [26]. Alternatively,
FGF-23 levels may be another marker of decreased
GFR. Indeed, in ROC analysis, FGF-23 and estimated
GFR had similar predictive value for both deterioration
in renal function and subsequent acute rejection episodes.
The correlation between estimated GFR and circulating
FGF-23 values was imperfect, possibly reflecting the fact
that the GFR was estimated by the Schwartz formula

which has been shown to overestimate GFR in early
stages of CKD [11, 27].

In conclusion, altered mineral ion homeostasis is com-
mon in the posttransplant period, even in patients with
stable renal allograft function for >1 year, highlighting
the need to apply KDIGO guidelines for bone metabolism
and mineral ion homeostasis in the renal transplant popu-
lation. Consistent with data from adult renal transplant re-
cipients [28, 29], 25(OH)vitamin D deficiency and
secondary hyperparathyroidism are highly prevalent in
the pediatric renal transplant population, despite normal
calcium and phosphorus levels. FGF-23 values are higher
in more advance stages of post-transplant CKD, while se-
rum 1,25(OH)2vitamin D levels and TRP values are lower.
Elevated FGF-23 values may be associated with increased
loss of kidney function and higher risk for rejection within
2 years of follow-up. Whether this represents a direct effect
of FGF-23 on renal tissue or whether FGF-23 levels them-
selves are a marker of transplant renal dysfunction is un-
known and further prospective studies are warranted to
assess the role of FGF-23 in renal function postrenal
transplantation.
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Abstract
Background. The aim of this study was to determine the
relationship between single-nucleotide polymorphisms
(SNPs) in MRP2 genes and mycophenolic acid (MPA)
pharmacokinetics in renal transplant recipients of the Sym-
phony Pharmacogenomic substudy.
Methods. Sixty-six renal transplant recipients of eight
Spanish centres were randomized into four branches of

immunosuppressive regimen: low dose of cyclosporine,
standard dose of cyclosporine, tacrolimus and sirolimus,
all in addition to mycophenolate mofetil and steroids.
Fifty-five patients were genotyped for SNPs in MRP2,
C24T and C3972T. Pharmacokinetic sampling was done
before MPA administration and up to 12 h post-dose at Day
7, 1 month and 3 months post-transplant. Relationships of
area under the curve (AUC) of MPA and MPAG plasma
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