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Renal Phosphate Loss in Long-Term Kidney
Transplantation
Supinda Sirilak,* Kamonwan Chatsrisak,* Atiporn Ingsathit,* Surasak Kantachuvesiri,* Vasant Sumethkul,*
Wasana Stitchantrakul,† Piyanuch Radinahamed,* and Sinee Disthabanchong*

Summary
Background and objectives Renal phosphate wasting occurs early postkidney transplantation as a result of an
accumulation of parathyroid hormone and ﬁbroblast growth factor 23 from the CKD period. Serum phosphate,
parathyroid hormone, and ﬁbroblast growth factor 23 return to baseline 1 year postkidney transplantation. What
happens beyond this period is unknown.
Design, setting, participants, & measurements Mineral parameters were obtained from 229 kidney transplant
recipients at least 1 year posttransplantation; 46 normal subjects and 202 CKD patients with similar GFR served as
controls. Factors associated with phosphate metabolism were analyzed.
Results Despite the reduced graft function, most kidney transplant recipients had lower serum phosphate than
normal subjects accompanied by renal phosphate loss. Fibroblast growth factor 23 was mostly lower or
comparable with normal subjects, whereas parathyroid hormone was elevated in most patients. Hyperparathyroidism is also more common among kidney transplant recipients compared with CKD patients. Both
parathyroid hormone and ﬁbroblast growth factor 23 showed relationships with renal phosphate excretion, but
only parathyroid hormone displayed an independent association. Parathyroid hormone showed the highest area
under the curve in predicting renal phosphate leak. When patients were categorized according to parathyroid
hormone and ﬁbroblast growth factor 23 levels, only subset of patients with high parathyroid hormone had an
increased renal phosphate excretion.
Conclusions Relatively low serum phosphate from renal phosphate leak continued to present in long-term kidney
transplantation. Both parathyroid hormone and ﬁbroblast growth factor 23 participated in renal tubular
phosphate handling, but persistent hyperparathyroidism seemed to have a greater inﬂuence in this setting.
Clin J Am Soc Nephrol 7: 323–331, 2012. doi: 10.2215/CJN.06380611

Introduction
Hypophosphatemia commonly occurs early after kidney transplantation (KT) as a result of renal phosphate
(Pi) wasting (1). In CKD, as GFR declines, phosphaturic
hormones such as parathyroid hormone (PTH) and ﬁbroblast growth factor 23 (FGF-23) accumulate in an
attempt at inhibiting renal tubular Pi reabsorption
counteracting Pi retention (2). Thus, serum Pi is kept
within the normal range until later in the course of
CKD. With a profound reduction of the kidney mass,
despite a marked increase in FGF-23 and PTH, hyperphosphatemia ensues (3). As kidney function recovers
after KT, the accumulated FGF-23 and PTH exaggerate
renal tubular Pi leak, leading to Pi depletion (4,5). Serum Pi gradually increases, reaching the normal limits
within 12 months in association with the decline in
PTH and FGF-23 toward baseline (1,4).
What happens to Pi metabolism beyond this ﬁrst year
is not known. Serum Pi seems to be within the normal
range, and PTH and FGF-23 may have reached the
baseline. The data on renal tubular Pi handling in this
later period is not well characterized. The present study
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explored Pi metabolism in long-term KT recipients who
were at least 1 year postsurgery. Factors associated with
renal Pi handling were analyzed. Normal subjects and
CKD patients with equivalent GFR served as controls.

Materials and Methods
This study was approved by the ethical committee
for research involving human subjects of the Faculty
of Medicine, Ramathibodi Hospital, Mahidol University, and it was conducted according to the Declaration of Helsinki. Informed consents were obtained
from all participants.
Study Population
All patients were from the outpatient clinic of
Ramathibodi Hospital and recruited consecutively
according to the following inclusion criteria: KT
recipients at least 1 year post-transplantation and
predialysis CKD patients with serum creatinine $1.1
mg/dl in female or $1.2 mg/dl in male patients. Exclusion criteria were acute illness, acute kidney injury,
Copyright © 2012 by the American Society of Nephrology
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or change of serum creatinine .10% within the past
3 months. None of the patients received noncalcium-containing
phosphate binder, vitamin D analog, or calcimimetic,
because the availability of these drugs in Thailand was limited. Active vitamin D available was calcitriol or alfacalcidol. Normal subjects were healthcare personnel of
Ramathibodi Hospital who had a normal urinalysis and
did not have a history of diabetes and/or kidney disease.
Biochemical Assessments
Fasting blood samples were collected between 7:00 and
9:00 am in all subjects. Serum calcium (Ca) was corrected
based on the following equation: corrected Ca (mg/dl) =
serum Ca + [(40 2 serum albumin)/(10 3 0.8)]. Estimated
GFR was calculated using an Modiﬁcation of Diet in Renal
Disease formula: eGFR (mL/min per 1.73 m2) = (186.3 3
serum Cr21.154 3 age20.203)(30.742 if female). FGF-23 was
analyzed by a two-site ELISA, which detected both intact
molecules and C-terminal fragments (Immutopics, San
Clemente, CA). The assay has been used in KT and CKD
populations (2,5–8). 25-Hydroxyvitamin D (25-OH-D) was
determined by a chemiluminescent immunoassay. 1,25Dihydroxyvitamin D (1,25-OH-D) was measured in KT recipients who were not receiving active vitamin D and had
sufﬁcient blood samples for analysis (n=126) by a radioimmunoassay (Diasorin, Vercelli, Italy). Fractional excretion
of Pi (FePi) was calculated from a 24-hour urine collection
(between 7:00 am on the previous day and 7:00 am the next
day) using the following equation: FePi (%) = [UPi 3 PCr 3
100]/[PPi 3 UCr], as described previously (9,10). Tubular
maximum Pi reabsorption/GFR was calculated as follows:
tubular maximum phosphate reabsorption (TmP)/GFR
(mg/dl) = serum Pi 2 (urine Pi/urine Cr) 3 serum Cr (11).
Statistical Analyses
Data are presented as mean 6 SD or median (interquartile range) depending on if they pass a normality test. A t
test was used to compare differences between two continuous variables. For non-normal distribution data, a Mann–
Whitney U test was applied. The signiﬁcance of trend of
multiple groups was derived from linear by linear association in a chi-squared test. Univariate and multivariate regression analyses were used to assess associations between
baseline demographics and all laboratory values. Log
transformation was applied to non-normal distribution
data. Receiver operating characteristic (ROC) curves
were used to determine the area under the curve (AUC)
of factors predicting renal Pi excretion. P,0.05 is considered statistically signiﬁcant. All computations were performed using the PASW Statistics 18 (SPSS, Chicago, IL).

Results
Baseline Parameters
Baseline characteristics and laboratory values of all
subjects are shown in Table 1. Serum Pi was within normal
limits in 213 (93%) patients, below in 13 (6%) patients, and
above in 3 (1%) patients. Serum Ca was within the normal
range in 193 (84%) patients, low in 20 (9%) patients, and
high in 16 (7%) patients. PTH was within normal limits
(15–65 pg/ml) in 89 (39%) patients and high in 140 (61%)
patients. FGF-23 was above 50 RU/ml in 22 (9.6%) patients

and 100 RU/ml in 7 (3.1%) patients; 30% had 25-OH-D
levels .30 ng/dl, 62% had levels between 15 and 30 ng/dl,
and 8% had levels ,15 ng/dl. According to the Kidney
Disease Outcomes Quality Initiative guideline, 5 (2.2%) KT
patients were in CKD stage 1, 95 (41.5%) patients were in
stage 2, 106 (46.3%) patients were in stage 3, 20 (8.7%)
patients were in stage 4, and 3 (1.3%) patients were in
stage 5 (12). The average GFR of KT was higher than the
GFR of CKD, because more KT recipients were in CKD
stages 1 and 2 and fewer were in stages 3–5. All patients
received corticosteroid with calcineurin inhibitors and/or
mammalian target of rapamycin (mTOR) inhibitors. The
third drug was mycophenolate mofetil or azathioprine.
Mineral Parameters
To characterize Pi metabolism in KT, mineral parameters
were ﬁrst compared with normal subjects according to the
stages of allograft function (Figure 1). Serum Pi was mostly
lower than the serum Pi of normal subjects (stages 1 and 2:
3.260.5 mg/dl, P,0.001; stage 3: 3.360.6 mg/dl, P,0.001)
until stage 4 (3.960.8 mg/dl, P=0.6) when the difference
became insigniﬁcant. Despite the lower serum Pi, 24-hour
urine Pi (normal versus all KT, P=0.05) and FePi (normal
versus all KT, P,0.001) were higher, and TmP/GFR (normal
versus all KT, P,0.001) was lower, suggesting renal Pi leak.
FGF-23 level was lower than the level of normal subjects in
stages 1 and 2 (13 [9–23] RU/ml, P=0.009), comparable in
stage 3 (22 [12–33] RU/ml, P=0.93), and only became elevated in stages 4 and 5 (35 [13–66] RU/ml, P=0.004) corresponding to serum Pi. However, PTH (normal versus all KT,
P,0.001) as well as serum Ca (normal versus all KT,
P,0.001) was higher than PTH and serum calcium of normal subjects at all levels of allograft function, indicating
hyperparathyroidism (HPT). Despite the dysregulation of
mineral metabolism, the relationship between the decline in
allograft function and the increase in serum Pi, FePi, FGF23 and PTH were preserved, denoted by the signiﬁcance of
P values for trends. Because of the presence of HPT and the
absence of increased FGF-23 in most KT recipients, the magnitude of HPT was compared with predialysis CKD with
equivalent GFR. CKD patients were slightly older and
more diabetic compared with KT (P,0.01). Because there
was no CKD patient in stage 1, ﬁve KT patients in stage 1
were excluded from the comparison. Three KT patients in
stage 5 were analyzed together with those patients in stage
4. Serum PTH in KT was higher than in CKD at all levels of
kidney function (Table 2). HPT is also more common among
KT recipients. Higher PTH was associated with lower serum
Pi and higher serum Ca in most KT patients, indicating a
more severe degree of HPT. 25-OH-D in KT was mostly
higher than in CKD, and vitamin D deﬁciency was less
common among KT. FGF-23 in CKD was not obtained because of the absence of elevated FGF-23 in most KT recipients. Studies in predialysis CKD have documented a rise
in FGF-23 starting from CKD stage 2; therefore, the lack of
an increase in FGF-23 in KT argued against its accumulation in this later period (6,13,14).
Factors Associated with Pi Metabolism in KT
Regression analyses were performed to determine important factors associated with Pi metabolism in KT
(Table 3). In univariate analysis, serum Pi showed an
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Table 1. Baseline characteristics and laboratory values of all subjects

Parameters
Age (year)
Male sex (n/%)
Body weight (kg)
DM (n/%)
Cadaveric KT (n/%)
Duration of KT (yr)a
Active vitamin D (n/%)
Nutritional vitamin D (n/%)
Calcium supplement (n/%)
Immunosuppressive drugs
corticosteroid (n/%)
calcineurin inhibitor (n/%)
mTOR inhibitor (n/%)
Laboratory values
calcium (mg/dl)b
phosphate (mg/dl)
albumin (g/l)
PTH (pg/ml)a
FGF-23 (RU/ml)a
25-OH-D (ng/dl)
1-25-OH-D (pg/ml)c
24-hour urine Pi (g/day)
FePi (%)
TmP/GFR (mg/dl)
eGFR (ml/min per 1.73 m2)d
CKD stages (n/%)
stages 1 and 2
stage 3
stages 4 and 5

KT (n=229)
48.9611.7
149 (65)
63612.1
58 (25.3)
109 (48)
5.7 (2.4–10)
21 (9.2)
0 (0)
56 (12)
229 (100)
201 (88)
31 (13)
9.660.7
3.360.6
40.564.5
75 (54–110)
19 (11–29)
26.168.6
48.5625.5
0.5360.2
22.3610
2.660.6
55.7619.3
100 (43.7)
106 (46.3)
23 (10)

Normal (n=46)
45.569.2
22 (47.8)
62.8619.5
—
—
—
—
—
—

CKD (n=202)
54.5611.5
128 (63.4)
68.5614.7
104 (51.5)
—
—
6 (3)
19 (9.4)
47 (23.3)

—
—
—

—
—
—

960.4
3.860.5
42.662.9
36 (29–42)
18 (14–24)
—
—
0.4560.2
8.263.2
3.560.5
99.4622.3

9.360.5
3.760.6
37.965.6
60 (39–84)
—
22.168.7
—
—
—
—
43.5616.3

—
—
—

30 (14.9)
126 (62.3)
46 (22.8)

KT, kidney transplantation; DM, diabetes mellitus; mTOR, target of rapamycin; PTH, parathyroid hormone; FGF-23, ﬁbroblast growth
factor 23; 25-OH-D, 25-hydroxyvitamin D; 1,25-OH-D, 1,25-dihydroxyvitamin D; FePi, fractional excretion of phosphate; TmP/GFR;
tubular maximum phosphate reabsorption/GFR.
a
Median (interquartile range).
b
Corrected calcium.
c
n=126 (Materials and Methods).
d
Calculated by the Modiﬁcation of Diet in Renal Disease formula.

inverse relationship with GFR and serum Ca but correlated positively with the duration of KT and FGF-23. After
adjustment, the decline in GFR and prolonged duration of
KT were independent predictors of serum Pi. FePi increased as GFR declined in association with an increase
in PTH and FGF-23. In multivariate models, only PTH
and GFR were independently associated with FePi. The
loss of signiﬁcance of FGF-23 after adjustment suggested
that PTH had a greater inﬂuence on renal Pi loss in this
setting. As for TmP/GFR, signiﬁcant association was observed with only serum Pi (r=0.692, P,0.001) and PTH
(r=20.249, P,0.001). There was no relationship between
TmP/GFR and FGF-23 or other mineral parameters. Factors associated with PTH were next analyzed. Apart from
FePi and TmP/GFR, high PTH also exhibited a positive
relationship with FGF-23 and correlated negatively with
the duration of KT, GFR, and 25-OH-D. Multivariate analysis revealed FGF-23, duration of KT, and 25-OH-D as
independent predictors. These data indicated that PTH
continued to decline with the prolonged duration of KT
and the importance of 25-OH-D deﬁciency on a severity of
HPT. Moreover, the close relationship between PTH and

FGF-23 was shown. As for factors associated with FGF-23,
in addition to positive relationships with serum Pi, PTH,
and FePi mentioned above, FGF-23 also increased in association with a decline in GFR and a reduction in 1,25-OH-D.
After adjustment, only PTH and 1,25-OH-D were significantly associated with FGF-23. FGF-23 suppresses 1,25OH-D synthesis, and the inverse relationship is expected.
The independent association between FGF-23 and PTH is
again illustrated. There were no associations between mineral parameters and other demographic data. ROC curves
analysis was used to determine important factors predicting renal Pi leak. Normal subjects in the present study had
FePi ranging from 1.93% to 19.6% (other studies=0–20%)
(9) and TmP/GFR between 2.5 and 4.4 mg/dl (other
studies=2.3–4.3 mg/dl) (15); therefore, high FePi and low
TmP/GFR were deﬁned as FePi above the upper limit
(.19.6) and TmP/GFR below the lower limit of normal subjects (,2.5). Variables that showed signiﬁcant correlations
with the parameters of renal Pi excretion were selected for
ROC analyses. PTH displayed the highest AUC followed by
FGF-23 in both models, indicating a greater inﬂuence of
PTH on renal tubular Pi reabsorption (Figure 2). To further
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Figure 1. | Comparisons of mineral parameters between normal subjects (white bars, n=46) and kidney transplantation (KT) recipients (black
bars) categorized by the stages of kidney function (stages 1 and 2: n=99; stage 3: n=106; stages 4 and 5: n=23). (A) Serum phosphate, (B) 24hour urine phosphate, (C) fractional excretion of phosphate, (D) tubular maximum phosphate reabsorption/GFR, (E) fibroblast growth factor
23 (FGF-23), (F) serum calcium, and (G) parathyroid hormone (PTH). P values in the graphs represent the significance of trends for allograft
function stages 1–5. *P,0.05 versus normal subjects; **P,0.001 versus normal subjects.

explore the roles of PTH and FGF-23 in this setting, KT
patients were categorized according PTH and FGF-23 levels
into low (below median) or high (above median) (Figure 3).
Only subjects with increased PTH displayed an increase in
FePi and a decrease TmP/GFR compared with subjects
with low PTH and FGF-23. Nevertheless, trends to an increase in renal Pi excretion with increasing FGF and PTH

were discernable. Excluding patients who were taking
vitamin D from analyses did not change the study results.
Role of mTOR Inhibitor in Renal Tubular Pi Handling
in KT
A recent study suggested that the mTOR inhibitor may
promote renal Pi leak (16); therefore, factors associated

9.2360.67
2 (6.7)
3.5260.56
0 (0)
32 (27–70)
8 (27.6)
23.5611
24 (80)
68.868.3

CKD (n=30)
9.4860.63
3 (3.2)
3.1960.49
2 (2.1)
69 (51–92)
51 (54.3)
25.668.6
67 (70.5)
71.268.1

KT (n=95)
0.07
0.39
0.002
0.42
,0.001
0.01
0.35
0.31
0.16

P Value
9.2860.42
1 (0.8)
3.6660.53
0 (0)
59 (39–79)
51 (41.8)
21.968.9
99 (79.8)
45.468.4

CKD (n=126)

0.2 (0.002)
20.18 (0.008)
—
0.05 (0.5)
0.13 (0.045)
20.12 (0.2)
20.01 (0.89)
20.36 (,0.001)
0.02 (0.78)

Univariate

0.24 (0.005)
20.012 (0.88)
—
—
0.15 (0.1)
0.13 (0.16)
—
20.36 (,0.001)
—

Multivariate

Serum Phosphate

0.02 (0.78)
0.06 (0.38)
0.02 (0.78)
0.43 (,0.001)
0.18 (0.006)
20.26 (0.004)
20.05 (0.47)
20.55 (,0.001)
—

Univariate

9.2860.43
0 (0)
4.0860.58
0 (0)
108 (59–168)
33 (73.3)
21.966
40 (87)
21.966.3

,0.001
0.002
,0.001
0.001
,0.001
0.001
,0.001
0.10
0.11

Univariate
20.13 (0.048)
0.01 (0.86)
0.05 (0.5)
—
0.26 (,0.001)
0.03 (0.77)
20.22 (0.001)
20.35 (,0.001)
0.43 (,0.001)

—
—
—
0.32 (,0.001)
20.05 (0.55)
20.15 (0.09)
—
20.34 (,0.001)
—

20.15 (0.009)
—
—
—
0.17 (0.006)
—
20.2 (0.001)
20.13 (0.053)
0.32 (,0.001)

Multivariate

Univariate

0.48
0.16
0.22
0.16
0.02
0.20
0.03
0.01
0.98

P Value

—
—
0.15 (0.1)
0.32 (0.001)
—
20.32 (0.001)
—
20.04 (0.71)
20.03 (0.73)

Multivariate

Log FGF-23

9.460.94
1 (4.3)
3.8560.79
1 (4.3)
167 (89–291)
20 (87)
27.1610.5
14 (60.9)
2266.2

KT (n=23)

Stages 4 and 5c

0.006 (0.93)
0.02 (0.8)
0.13 (0.045)
0.25 (,0.001)
—
20.33 (,0.001)
20.05 (0.47)
20.29 (,0.001)
0.18 (0.006)

CKD (n=43)

P Value

Log PTH
Multivariate

FePi

9.6260.6
10 (9.4)
3.3160.59
9 (8.5)
76 (54–107)
69 (64.8)
26.668.3
74 (70.5)
47.268.8

KT (n=106)

Stage 3b

Results are presented as correlation coefﬁcient (P value). Only variables that have signiﬁcant association with P,0.2 were included in multivariate analysis.
a
Duration of KT.

Log durationa
Calcium
Phosphate
Log PTH
Log FGF-23
1,25-OH-D
25-OH-D
eGFR
FePi

Independent
Variables

Table 3. Regression analyses of factors associated with phosphate metabolism in KT recipients (n=229)

HPT, hyperparathyroidism; eGFR, estimated GFR.
a
eGFR=60–89 ml/min per 1.73 m2.
b
eGFR=30–59 ml/min per 1.73 m2.
c
eGFR=0–29 ml/min per 1.73 m2.
d
Median (interquartile range).
e
25-OH-D,30 ng/dl.

Calcium (mg/dl)
N (% hypercalcemia)
Phosphate (mg/dl)
N (% hypophosphatemia)
PTH (pg/ml)d
N (% HPT)
25-OH-D (ng/dl)
N (% insufﬁciency)e
eGFR (ml/min per 1.73 m2)

Parameters

Stage 2a

Table 2. Comparisons of mineral parameters between KT recipients and CKD patients according to stages of kidney function
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Figure 2. | Receiver operating characteristic curves analyses of factors associated with renal tubular phosphate leak in KT recipients defined
by fractional excretion of phosphate (FePi) and tubular maximum phosphate reabsorption/GFR (TmP/GFR) above and below the normal
limits of normal subjects, respectively. (A) FePi and (B) TmP/GFR. AUC, area under the curve.

Figure 3. | Parameters of renal tubular phosphate excretion according to PTH and FGF-23 levels (low, below median; high, above median).
(A) FePi and (B) TmP/GFR. *P,0.05 versus low PTH/low FGF-23. P values in the graphs represent the significance of trends of all groups.

with Pi metabolism were compared between subgroups of
patients who were taking and not taking the drug (Table 4).
In the present study, there was no difference in serum
phosphate, PTH, FGF-23, and parameters of renal Pi excretion in KT recipients who were on and not on mTOR
inhibitor.

Discussion
The present study revealed the evidence of continuing
renal Pi loss in long-term KT. Most KT patients had lower
serum Pi than normal subjects in association with a decrease in renal tubular Pi reabsorption. FGF-23 was lower
or comparable with normal subjects, whereas PTH was
elevated in most patients. KT patients also had a greater
degree of HPT compared with CKD. Both PTH and FGF-23
showed relationships with renal Pi excretion, but only PTH

showed an independent association. PTH also displayed
the highest AUC in predicting renal Pi leak. Only a subset
of patients with increased PTH displayed an increase in
renal Pi excretion.
Hypophosphatemia in the early period post-KT is well
characterized and seems to relate to renal Pi wasting. Renal
tubular Pi reabsorption recovers rapidly during the ﬁrst
3 months and continues to increase thereafter, reaching the
level of CKD with a comparable degree of renal impairment approximately 12 months after KT (1,17,18). The state
of mineral metabolism after this ﬁrst year has not been
extensively studied. The present study revealed the evidence suggesting a continuing impairment in renal Pi reabsorption after the ﬁrst year. Overall, serum Pi of KT
patients was mostly within a normal range, with few patients having low values. Compared with normal subjects,
despite the reduced graft function, the decrease in serum

9.5160.65
3.1960.49
69 (51–96)
14 (9–23)
0.5660.23
18.266.1
2.6260.5
72.8611.8

0.76
0.45
0.29
0.44
0.07
0.72
0.74
0.97

9.4660.57
3.3660.56
69 (55–122)
18 (10–31)
0.5660.22
26.5611.4
2.4960.66
44.4610

9.6660.61
3.3160.6
78 (53–106)
23 (13–34)
0.5360.21
22.567.6
2.5960.6
47.968.4

0.17
0.73
0.83
0.29
0.59
0.15
0.54
0.16

960.83
461
162 (89–491)
13 (9–91)
0.4860.19
44620.7
2.1260.8
20.469.5

9.560.96
3.860.73
167 (90–327)
41 (20–65)
0.4460.19
32.9612.9
2.4560.57
22.564.8

0.26
0.67
0.81
0.36
0.68
0.26
0.38
0.63
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eGFR, estimated GFR.
a
eGFR$60 ml/min per 1.73 m2.
b
eGFR=30–59 ml/min per 1.73 m2.
c
eGFR=0–29 ml/min per 1.73 m2.
d
Median (interquartile range).

9.660.58
2.9460.66
53 (32-82)
13 (2–25)
0.3860.16
16.967.7
2.560.73
7369.3
Calcium (mg/dl)
Phosphate (mg/dl)
PTH (pg/ml)d
FGF-23 (RU/ml)d
24-Hour urine Pi (g/d)
FePi (%)
TmP/GFR (mg/dl)
eGFR (ml/min
per 1.73 m2)

(2) mTOR
(n=17)
P
Value
(2) mTOR
(n=87)
Parameters

(+) mTOR
(n=5)

(2) mTOR
(n=94)

P
Value

(+) mTOR
(n=20)

Stage 3b
Stages 1 and 2a

Table 4. Comparisons of factors associated with phosphate metabolism in KT recipients with regard to the use of mTOR inhibitors

(+) mTOR
(n=6)

Stages 4 and 5c

P
Value
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Pi became evident. This was associated with a reduction in
renal tubular Pi reabsorption. Serum Pi in KT recipients
was even lower than in CKD patients with equivalent
GFR. A previous study that followed KT recipients for
1 year documented lower serum Pi relative to CKD (1). Another study reported a return of serum Pi to normal limits after 1 year, with some displaying low levels along
with a generalized decrease in TmP/GFR, suggesting renal Pi leak (19). Similarly, in the present study, the decrease in Pi reabsorption was documented based on high
FePi and low TmP/GFR in the presence of relatively low
serum Pi.
Additional analyses of factors associated with renal Pi
excretion revealed relatively low FGF-23 but elevated PTH
compared with normal subjects. Both PTH and FGF-23
displayed relationships with renal Pi excretion in univariate analysis; however, after adjustment, only PTH
retained a signiﬁcant association, suggesting a greater
inﬂuence of PTH over FGF-23. With patients categorized
according to PTH and FGF-23 levels, only those patients
with increased PTH displayed the evidence of increased
renal Pi loss. Nevertheless, the role of FGF-23 in renal
tubular Pi handling was still discernible, which was
suggested by the trend to an increase in renal Pi excretion
with increasing FGF-23. This observation is in contrast to
the earlier period post-KT, when FGF-23 was reportedly an
independent predictor of FePi and hypophosphatemia was
attributed to an excessive FGF-23 level (1,5,18). A recent
study that followed patients after KT for 1 year also
observed a decline in FGF-23 toward baseline, whereas
PTH remained elevated in most patients (19). Despite the
authors’ conclusion that persistent HPT was responsible
for low serum Pi, pretransplant FGF-23 still had the power
in predicting low serum Pi at 1 year. Another study described 10 hypophosphatemic patients 3–14 years post-KT,
and a high prevalence of persistent HPT (80%) was observed (20). Similarly, in the present study, up to 61% of
patients had PTH above the upper normal limit. Compared with CKD, higher PTH in association with lower
serum Pi and higher serum Ca was observed in KT, which
was likely the result of persistent HPT from the dialysis
period. The loss of a signiﬁcant relationship between PTH
and GFR in the multivariate model conﬁrmed the importance of pre-existing HPT, which never completely resolved
despite the recovery of kidney function. Nevertheless,
data also suggested continuing decline in PTH with the
prolonged duration of KT, and the resolution of HPT
may take several years. Two other studies in long-term KT
reported a high prevalence of HPT ranging from 45% to
81% (21,22). The relationship between low 25-OH-D and
HPT has been well documented (23–26). Despite the presence of pre-existing HPT, the inverse relationship between
25-OH-D and PTH was maintained, suggesting that an inadequate vitamin D store posed a signiﬁcant inﬂuence on
the severity of HPT. Because of the higher prevalence of
diabetes in CKD in the present study, most KT recipients
seemed to have higher 25-OH-D levels compared with
CKD. However, despite the superior vitamin D store,
HPT is more common among KT. FGF-23 suppresses
1,25-OH-D synthesis, and their opposing relationship has
often been documented (27,28). The association between
FGF-23 and PTH has been described in CKD (14). FGF-23
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may directly inhibit PTH secretion, and a direct feedback
loop between the two hormones may exist (29,30).
Ca, Pi, PTH, and FGF-23 have been shown to predict
several important outcomes, including all-cause and cardiovascular mortality (7,31). Increasing serum Pi even
within the normal range was reportedly related to an increased mortality in CKD, KT, and general population,
whereas low normal serum Pi was associated with an improved survival (32–34). Recent data in KT also suggested
that low FGF-23 may be associated with better graft and
patient survival (35). However, chronically low serum Pi is
associated with glucose intolerance and obesity (36). Phosphaturia in the presence of hypercalciuria may also lead to
negative calcium and phosphate balance and osteoporosis.
Whether the alteration in Pi metabolism in long-term KT
affects outcomes requires additional study.
Few differences in baseline characteristics were present;
for example, CKD patients were older than KT recipients.
In the general population, serum Pi declines slightly with
age (37). However, despite younger age, serum Pi in KT
was lower than in CKD. The use of C-terminal FGF-23
assay may raise concern regarding the accumulation of
C-terminal fragments in subjects with reduced kidney
function. To date, there has been no concrete evidence
supporting this notion, and C-terminal assay has been
used extensively in studies that included subjects with reduced kidney function (2,5–8). Moreover, FGF-23 level in
KT was low, which argued against its accumulation.
In conclusion, relatively low serum Pi and the evidence
of renal Pi leak continued to present in long-term KT. Both
PTH and FGF-23 participated in renal tubular Pi handling;
however, persistent HPT seemed to have a greater inﬂuence on renal Pi loss in this later period.
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