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Association of Serum Phosphorus Concentration with
Mortality and Graft Failure among Kidney Transplant
Recipients
Hee Jung Jeon,*† Yong Chul Kim,* Seokwoo Park,* Clara Tammy Kim,‡ Jongwon Ha,§ Duck Jong Han,| Jieun Oh,†
Chun Soo Lim,¶ In Mok Jung,** Curie Ahn,* Yon Su Kim,* Jung Pyo Lee,*¶ and Young Hoon Kim|

Abstract
Background and objectives Hyperphosphatemia in kidney transplant recipients has been shown to predict poorer
graft and patient survival. However, studies examining hypophosphatemia are scarce.
Design, setting, participants, & measurements To evaluate the association of serum phosphorus level with patient
and graft survival, we performed a retrospective multicenter cohort study. Between January of 1997 and August of
2012, 2786 kidney transplant recipients (41.7611.4 years; 59.3% men; 73.5% living donors; 26.1% with diabetes;
3.8% with prior history of cardiovascular disease) were classiﬁed into seven groups according to serum
phosphorus levels 1 year after transplantation, with intervals of 0.5 mg/dl (lowest group, ,2.5 mg/dl; highest
group, $5.0 mg/dl; reference group, 3.5–3.99 mg/dl). Survival analysis was performed by deﬁning baseline time
point as 1 year after transplantation.
Results During median follow-up of 78.5 months, 60 patient deaths and 194 cases of graft loss occurred. In
multivariate analysis, both lowest and highest serum phosphorus groups were associated with higher mortality,
compared with the reference group (hazard ratio [HR], 4.82; 95% conﬁdence interval [95% CI], 1.36 to 17.02; P=0.01;
and HR, 4.24; 95% CI, 1.07 to 16.84; P=0.04, respectively). Higher death-censored graft loss was observed in the
lowest and highest groups (HR, 3.32; 95% CI, 1.42 to 7.79; P=0.01; and HR, 2.93; 95% CI, 1.32 to 6.49; P=0.01,
respectively), despite eGFR exhibiting no difference between the lowest group and reference group (65.4619.3
versus 61.9616.7 ml/min per 1.73 m2; P=0.33). Moreover, serum phosphorus showed a U-shape association with
patient mortality and graft failure in restricted cubic spline curve analysis.
Conclusions Serum phosphorus level 1 year after transplantation exhibits a U-shape association with deathcensored graft failure and patient mortality in kidney transplant patients characterized by relatively high rate of
living donor transplant and low incidence of diabetes and prior cardiovascular disease compared with Western
countries.
Clin J Am Soc Nephrol 12: 653–662, 2017. doi: https://doi.org/10.2215/CJN.07090716

Introduction
Among patients with ESRD, loss of renal function is
often accompanied by disturbances in mineral metabolism, including decreased levels of serum calcium
and elevated serum phosphorus, in addition to increased parathyroid hormone (PTH) resulting from
secondary hyperparathyroidism (1). In several observational studies, biochemical parameters have been
reported to be associated with poor clinical outcomes,
such as mortality and cardiovascular disease (CVD),
among patients with ESRD requiring dialysis (2–6).
In a systematic review published in 2011, Palmer et al.
(7) identiﬁed 47 cohort studies and described a linear
relationship between high serum phosphorus and allcause mortality in individuals with CKD. In contrast,
some studies have demonstrated U-shape or J-shape
(nonlinear) associations between serum phosphorus
levels and mortality risk in patients with CKD (5,6,8–
www.cjasn.org Vol 12 April, 2017

11). A number of recent studies have indicated that
serum phosphorus levels are independently associated with CKD progression and kidney failure in
nondialysis-dependent patients with CKD (12,13).
Even in individuals with normal renal function, there
is evidence that higher serum phosphorus levels are
associated with an increased risk of CVD and mortality (14–16).
Hypophosphatemia and renal phosphorus wasting
are common during several months after renal transplantation, and are associated with inappropriately
high PTH and ﬁbroblast growth factor-23 (FGF-23)
levels. Renal phosphorus wasting is known to regress
by 1 year after successful kidney transplantation (17).
In addition, hyperphosphatemia or hypophosphatemia often persist at 1 year after renal transplantation
as the result of deterioration of allograft function, or
persistent hyper- or hypoparathyroidism. Studies
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concerned with the effect of hyper- or hypophosphatemia
on graft and patient survival in kidney transplant recipients (KTRs) are scarce (18–20). Thus, this multicenter
cohort study aimed to evaluate the relationship between
post-transplant serum phosphorus levels and graft failure
or patient mortality in KTRs.

Materials and Methods
Study Population and Data Collection
This study selected a total of 2786 KTRs with recorded
serum phosphorus levels at 1 year after renal transplantation from Seoul National University Hospital, Boramae
Medical Center, and Asan Medical Center, between January
of 1997 and August of 2012. A total of 176 pediatric renal
transplant patients and 111 patients with mortality or graft
failure at ,1 year after transplantation were excluded.
Demographic and laboratory data were retrospectively
reviewed from medical records. We obtained the laboratory
data at 1 year after transplantation, because parameters of
mineral metabolism are known to stabilize by 1 year after
transplantation. The serum calcium level was adjusted for
serum albumin, according to the following equation: corrected calcium = measured calcium + 0.8 3 (4.0 2 serum
albumin in grams per deciliter). The serum phosphorus
level was measured by reaction of inorganic phosphorus
with ammonium molybdate under acidic conditions to produce the phosphomolybdate complex, which was quantiﬁed
by spectrophotometry. The eGFR was calculated by the
Modiﬁcation of Diet in Renal Disease equation (21).
The primary outcome was overall mortality, and the
secondary outcome was death-censored graft failure,
which was deﬁned as requirement for dialysis or a renal
retransplantation. Death with a functioning graft (DWFG)
was also evaluated as an outcome to exclude deaths which
occurred after graft failures, because many uncontrolled
factors could affect the mortality after graft failure. The
cause of mortality was determined with an International
Classiﬁcation of Disease 10 code on the basis of the
diagnosis of the patient at the time of discharge through
medical records. Mortality data of some patients who were
lost to follow-up were obtained from the Statistics Korea
database. This study was approved by the institutional
review board of each participating hospital, and was
conducted in accordance with the 2008 Declaration of
Istanbul and the 2000 Declaration of Helsinki.
Statistical Analyses
The study population was classiﬁed into seven groups
according to serum phosphorus at 1 year after transplantation, with intervals of 0.5 mg/dl (lowest group, ,2.5 mg/dl;
highest group, $5.0 mg/dl; reference group, 3.5–3.99 mg/dl).
To compare clinical and laboratory parameters among
the seven groups, the chi-squared test and one-way
ANOVA test were used for categoric and continuous
variables, respectively. To investigate the association of
serum phosphorus level with patient and graft survival,
Kaplan–Meier survival curves, stratiﬁed according to
serum phosphorus, were compared with log-rank tests.
Cox proportional hazard models adjusted with the age and
sex of recipient; donor type; age of donor; diabetes mellitus;
body mass index; acute rejection; and eGFR, serum

albumin, hemoglobin, and total cholesterol levels at 1 year
after transplantation, were used for multivariate survival
analyses. To better represent the shape of the association
between the levels of serum phosphorus and mortality or
graft failure, serum phosphorus levels as a continuous
variable and hazard ratios were modeled using restricted
cubic spline curves. All statistical analyses were conducted
using the SPSS version 18.0.0 (SPSS Inc., Chicago, IL) and the
software package R version 3.2.1 (www.r-project.org; The R
Foundation for Statistical Computing, Vienna, Austria). A
P value of ,0.05 was considered statistically signiﬁcant.

Results
Baseline Characteristics and Clinical Parameters of the Study
Population
Of 2786 KTRs in this study, the mean age was 41.7611.4
(range, 18–73) years, and 59.3% of the recipients were men.
Among KTRs, 84.2% had hypertension and 26.1% had
diabetes mellitus, including new onset diabetes after transplantation. Additionally, 73.5% of the KTRs underwent
living donor transplantation. The median duration of
dialysis before transplantation was 17.9 months (25th–
75th percentile, 4.6–48.5 months), and 10.1% of the patients
underwent pre-emptive renal transplantation. The most
common cause of ESRD was GN (20.9%), followed by
diabetes mellitus (13.4%), and hypertension (7.3%). The
median follow-up duration after transplantation was 78.5
months (range, 12.3–198.5 months), and 21.6% of the KTRs
experienced biopsy-proven acute rejection episodes. A total
of 60 patient deaths and 194 cases of graft loss occurred in
the total 20,688 person-years of follow-up. A triple-drug
immunosuppressive regimen, including a calcineurin inhibitor, an antimetabolic drug, and a steroid, was administered to
most KTRs. At 1 year after kidney transplantation, the mean
concentration of serum creatinine was 1.2860.76 mg/dl, and
the mean eGFR was 62.1617.1 ml/min per 1.73 m2.
When comparing the age of recipients, sex of donors,
human leukocyte antigen mismatches, acute rejection
episodes, and history of CVD, no statistically signiﬁcant
differences were observed among the seven groups. However, the sex of recipients, age of donors, body mass index,
diabetes mellitus including new onset diabetes after transplantation, duration of dialysis before transplantation, type
of donors, and use of calcineurin inhibitors exhibited statistical differences among the seven groups. The eGFR at 1 year
after transplantation was lower in the highest serum phosphorus group than other groups, and the concentrations of
serum calcium and intact PTH were higher in the lowest
serum phosphorus group. Clinical characteristics and laboratory parameters 1 year after kidney transplantation for
each group, according to serum phosphorus levels, are
summarized in Table 1.
Association between Serum Phosphorus and Overall
Mortality
Categoric Analysis. Overall patient survival was 98.8%
at 5 years, and 96.8% at 10 years. Causes of death included
sudden cardiac death, septic shock, bacterial pneumonia,
Pneumocystis jirovecii pneumonia, aspergillosis, cytomegalovirus pneumonitis, cerebral infarction and hemorrhage,
fungal meningitis, fulminant hepatitis, bowel perforation,

71.3%
3.261.7
48.4%
28.2%
21.1%
1.1%
40.4611.4
58.6%
65.1617.8
1.2160.36
9.660.8
9.760.8
26.362.4d
4.160.4
13.761.9
173.5632.7
159.16203.7

53.6%
3.061.8
53.9%
15.7%
15.7%
2.6%
39.6611.7
63.4%
65.4619.3

1.2260.42
10.060.9d
10.160.9d
21.063.9d
4.060.5
13.562.3
175.6632.9
246.36211.9d

1.2260.33
9.560.6
9.560.6
30.462.1d
4.160.4
13.662.0
179.3632.0
68.8656.3

71.5%
3.161.7
41.9%
34.8%
22.9%
2.0%
38.7612.0
58.8%
63.1615.6

41.5611.1
62.2%
22.563.1
24.3%
20.0 (5.0, 50.7)

3.0–3.49 mg/dl
(n=690)

1.2560.46
9.360.5
9.460.5
34.562.2d
4.160.3
13.361.9
180.5632.8
64.0646.9

80.8%
3.161.7
37.5%
45.3%
19.3%
2.1%
39.6612.4
54.5%
61.9616.7

41.5611.6
58.0%
22.063.0
26.9%
15.3 (4.3, 42.5)

3.5–3.99 mg/dl
(n=848)

1.2460.47
9.360.5
9.460.5
38.962.3d
4.160.4
13.161.8
182.5633.7
56.5663.7

75.7%
3.061.7
37.7%
49.1%
23.9%
1.7%
38.6612.8
57.5%
61.5615.8

42.2611.8
53.7%
22.163.1
27.9%
14.7 (3.0, 36.1)

4.0–4.49 mg/dl
(n=523)

1.3160.62
9.360.5
9.460.5
43.062.6d
4.160.4
12.861.8
182.9636.0
65.0668.0

75.8%
3.161.7
32.1%
56.8%
22.6%
2.6%
38.5611.8
61.8%
59.5617.4

42.4612.2
54.2%
21.763.1
31.1%
19.0 (3.9, 52.6)

4.5–4.99 mg/dl
(n=190)

0.10
0.87
0.003
0.29
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
0.002
,0.001
2.9763.70d
9.260.5
9.460.6
49.965.6d
3.960.6
12.262.3
174.7641.1
76.36129.6

,0.001
0.45
,0.001

0.20
,0.001
,0.001
0.03
,0.001

P Valuea

66.2%
3.361.7
47.8%
42.0%
30.4%
2.9%
34.0612.5
50.8%
47.5625.7d

39.0612.1
50.7%
22.063.0
23.2%
21.2 (5.6, 40.9)

$5.0 mg/dl
(n=69)

Most continuous values are expressed as the mean6SD, unless stipulated otherwise. BMI, body mass index; HLA, human leukocyte antigen; BKVN, BK virus nephropathy; Ca, calcium; Ca-P,
calcium-phosphorus; T.Chol, total cholesterol; iPTH, intact parathyroid hormone.
a
The chi-squared test was used for categoric variables, whereas continuous variables were compared using one-way ANOVA, as appropriate.
b
Diabetes mellitus including new onset diabetes after transplantation.
c
Dialysis duration is expressed as median (25th, 75th percentile).
d
Post hoc analysis indicated that this group differed signiﬁcantly from all other groups.
e
Corrected calcium level was calculated according to the following equation: corrected calcium = measured calcium + 0.8 3 (4.0 2 serum albumin in g/dl).

41.6610.7
65.5%
23.063.4
23.7%
24.5 (6.3, 70.3)

43.469.7
70.4%
23.163.1
24.3%
56.6 (17.8, 87.4)

Age, yr
Men, %
BMI, kg/m2
Diabetes, %b
Dialysis
duration, moc
Living donor, %
HLA mismatch, n
Tacrolimus %
Cyclosporin, %
Acute rejection, %
BKVN, %
Donor age, yr
Male donor sex, %
eGFR, ml/
min per 1.73 m2
Creatinine, mg/dl
Ca, mg/dl
Corrected Cae
Ca-P product
Albumin, g/dl
Hemoglobin, g/dl
T.Chol, mg/dl
iPTH, ng/pg

2.5–2.99 mg/dl
(n=351)

,2.5 mg/dl
(n=115)

Parameters

Serum Phosphorus Levels at 1 yr after Transplantation

Table 1. Clinical characteristics and laboratory parameters at 1 yr after kidney transplantation in the study population according to the serum phosphorus levels at 1 yr after transplantation
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and malignancy, such as stomach cancer, renal cell carcinoma, post-transplant lymphoproliferative disorder, lymphoma, and common bile duct cancer. KTRs in the lowest
group and the highest group had signiﬁcantly higher rates
of overall mortality than those in the reference group
(P=0.04, log-rank test) (Figure 1A). In the multivariate Cox
regression model, adjusted for multiple covariates, both the
lowest and highest groups were signiﬁcantly associated with
patient mortality, when compared with the reference group
(hazard ratio [HR], 4.82; 95% conﬁdence interval [95% CI], 1.36
to 17.02; P=0.01; and HR, 4.24; 95% CI, 1.07 to 16.84; P=0.04,
respectively). Other groups exhibited a tendency for higher
mortality compared with the reference group, however, this
tendency was not statistically signiﬁcant (Figure 2D, Table 2).
Additionally, older age (HR, 1.06; 95% CI, 1.03 to 1.10;
P,0.001) and lower serum albumin (HR, 0.40; 95% CI, 0.23 to
0.70; P=0.001) were signiﬁcantly correlated with higher
mortality among KTRs.
Continuous Analysis. Figure 2A shows the association
of serum phosphorus as a continuous variable with overall
mortality, as a restricted cubic spline curve. A bidirectional
or U-shape association between serum phosphorus concentration and overall mortality was observed in the
multivariate Cox model, as shown in the categoric analysis.
Association between Serum Phosphorus and DeathCensored Graft Failure
Categoric Analysis. A total of 194 patients experienced
allograft failure during the follow-up period. The overall
graft survival rate was 96.3% at 5 years, and 89.8% at 10
years. KTRs in the lowest and highest groups exhibited a
signiﬁcantly greater rate of death-censored graft failure
than those in the reference group (P,0.001, log-rank test)
(Figure 1B). In the multivariate Cox regression model, both
the lowest and highest groups were signiﬁcantly associated
with death-censored graft failure, compared with the
reference group (HR, 3.32; 95% CI, 1.42 to 7.79; P=0.01;
and HR, 2.93; 95% CI, 1.32 to 6.49; P=0.01, respectively).
Other groups also showed signiﬁcant increases in deathcensored graft failure risk when compared with the
reference group (Figure 2E, Table 3). The rate of deathcensored graft failure was higher in the lowest group than
in the reference group, even though the eGFR did not differ
between these groups (65.4619.3 versus 61.9616.7 ml/min
per 1.73 m2; P=0.33). Additionally, acute rejection (HR,
3.67; 95% CI, 2.62 to 5.15; P,0.001) was a signiﬁcant risk
factor for death-censored graft failure, whereas a higher
eGFR at 1 year after transplantation (HR, 0.98; 95% CI, 0.97
to 0.99; P,0.001) was protective.
Continuous Analysis. Figure 2B represents the association of serum phosphorus concentrations as a continuous
variable with death-censored graft failure, as a restricted
cubic spline curve. The graph shows a bidirectional or U-shape

Figure 1. | Serum phosphorus concentration is significantly associated with mortality and death-censored graft failure among kidney
transplant recipients in survival analyses. Kaplan–Meier survival

curves showing the association between serum phosphorus levels at 1
year after transplantation and overall death, death-censored graft failure, or
death with a functioning graft. Categoric analyses, as stratified by the
level of serum phosphorus, are shown with Kaplan–Meier survival
curves: (A) overall death, (B) death-censored graft failure, and (C)
death with a functioning graft (only the reference, lowest, and
highest groups are shown).
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Figure 2. | Serum phosphorus levels have U-shape relationship with both mortality and death-censored graft failure among kidney transplant
recipients. Association between serum phosphorus levels at 1 year after transplantation and overall death, death-censored graft failure, or death
with a functioning graft. (A–C) Prediction of adjusted hazard ratios according to the continuous values of serum phosphorus was demonstrated
with a restricted cubic spline curve in continuous analyses. (D–F) Hazard ratios and 95% confidence intervals from categoric analyses are shown.
Cox proportional hazard model, adjusted with recipient age and sex, donor type, donor age, diabetes mellitus, body mass index, acute rejection,
and eGFR, serum albumin, hemoglobin, and total cholesterol levels at 1 year after transplantation.

association between serum phosphorus level and deathcensored graft failure in the multivariate Cox model, as
shown in the categoric analysis.
Association between Serum Phosphorus and DWFG
Categoric Analysis. The rate of DWFG in the lowest
group was signiﬁcantly higher than the reference group
(P=0.001, log-rank test) (Figure 1C). However, the rate of
DWFG in the highest group had a tendency to be higher
than the reference group, and had no statistical signiﬁcance. In the multivariate Cox regression model, adjusted
for multiple covariates, the lowest group was signiﬁcantly
associated with DWFG compared with the reference group
(HR, 9.32; 95% CI, 2.26 to 38.34; P=0.002). Other groups
exhibited a tendency for higher risk of DWFG compared
with the reference group, however, this tendency was not
statistically signiﬁcant (Figure 2F, Supplemental Table 1).
Additionally, older age (HR, 1.07; 95% CI, 1.03 to 1.10;
P,0.001) was signiﬁcantly correlated with higher rates of
DWFG among KTRs.
Table 4 showed the cause of death of our study
population according to the serum phosphorus levels. In
the highest group, cardiovascular overall mortality was
signiﬁcantly higher than other groups (P=0.04). On the
other hand, infectious causes of DWFG were signiﬁcantly
higher in the lowest group than other groups (P=0.01).
Other causes of death such as malignancy and others were
not different among phosphorus groups in both overall
mortality and DWFG.

Continuous Analysis. Figure 2C shows the association
of serum phosphorus as a continuous variable with DWFG,
as a restricted cubic spline curve. A bidirectional or U-shape
association between serum phosphorus concentration and
DWFG risk was observed in the multivariate Cox model, as
shown in the categoric analysis.
Association of Corrected Calcium, Calcium-Phosphorus
Product, and Serum Albumin with Outcomes
Using the restricted cubic spline curve, the association of
corrected calcium, calcium-phosphorus product, and serum albumin with overall mortality, DWFG, and deathcensored graft failure were analyzed (Supplemental Figure
1, A–I). Although the concentrations of corrected calcium
were not associated with mortality or death-censored graft
failure (Supplemental Figure 1, A–C), the levels of calciumphosphorus product showed a signiﬁcant U-shape association
with overall mortality, DWFG, and death-censored graft failure
(Supplemental Figure 1, D–F), similar to that observed with
serum phosphorus. Supplemental Figure 1, G–I shows the
linear relationship observed between serum albumin levels
and patient and graft survival; greater levels of serum albumin
were associated with better patient and graft survival.

Discussion
In this study, we have demonstrated that serum phosphorus levels at 1 year after renal transplantation have a
bidirectional association with long-term outcomes in KTRs,
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Table 2. Association of serum phosphorus levels at 1 yr after renal transplantation and covariates with overall mortality

Univariate
Parameters
HR (95% CI)
Serum phosphorus
,2.5 mg/dl (lowest)
2.5–2.99 mg/dl
3.0–3.49 mg/dl
3.5–3.99 mg/dl
4.0–4.49 mg/d
4.5–4.99 mg/dl
$5.0 mg/dl (highest)
Age (per 1 yr)
Men (versus women)
Living donor (versus deceased)
Donor age (per 1 yr)
Diabetes (versus none)
eGFR (per 1 ml/min per 1.73 m2)
Albumin (per 1 g/dl)
BMI (per 1 kg/m2)
Hemoglobin (per 1 g/dl)
T.Chol (per 1 mg/dl)
Acute rejection (versus none)

4.48 (1.42 to 14.12)
1.49 (0.52 to 4.28)
2.04 (0.95 to 4.39)
1.0 (reference)
1.77 (0.79 to 3.94)
2.08 (0.77 to 5.63)
4.24 (1.07 to 16.84)
1.07 (1.05 to 1.10)
1.08 (0.64 to 1.81)
0.42 (0.25 to 0.69)
1.02 (0.99 to 1.04)
2.03 (1.21 to 3.42)
0.98 (0.96 to 0.99)
0.25 (0.17 to 0.35)
1.04 (0.95 to 1.13)
0.81 (0.71 to 0.91)
0.99 (0.99 to 1.01)
2.11 (1.26 to 3.53)

Multivariate
P Value
0.01
0.47
0.07
0.16
0.15
0.004
,0.001
0.78
,0.001
0.12
0.01
0.01
,0.001
0.37
,0.001
0.92
0.004

HR (95% CI)

P Valuea

4.82 (1.36 to 17.02)
1.75 (0.54 to 5.62)
2.19 (0.84 to 5.72)
1.0 (reference)
1.70 (0.64 to 4.53)
1.90 (0.55 to 6.59)
4.24 (1.07 to 16.84)
1.06 (1.03 to 1.10)
1.32 (0.69 to 2.54)
0.62 (0.33 to 1.16)
1.01 (0.99 to 1.04)
1.07 (0.56 to 2.03)
1.00 (0.98 to 1.02)
0.40 (0.23 to 0.70)
0.97 (0.87 to 1.07)
0.90 (0.76 to 1.07)
1.00 (0.99 to 1.01)
1.62 (0.87 to 3.01)

0.01
0.35
0.11
0.29
0.31
0.04
,0.001
0.40
0.13
0.31
0.84
0.97
0.001
0.54
0.24
0.38
0.13

The study population was classiﬁed into seven groups according to the level of serum phosphorus at 1 yr after transplantation with
intervals of 0.5 mg/dl (lowest group, ,2.5 mg/dl; highest group, $5.0 mg/dl; reference group, 3.5–3.99 mg/dl). HR, hazard ratio; 95%
CI, 95% conﬁdence interval; BMI, body mass index; T.Chol, total cholesterol.
a
Multivariate Cox proportional hazard ratios, adjusted for recipient age and sex; donor type; donor age; diabetes mellitus; BMI; acute
rejection; and eGFR, serum albumin, hemoglobin, and total cholesterol levels at 1 yr after transplantation.

with both categoric and continuous analyses. To our knowledge, this is the ﬁrst study that has identiﬁed a U-shape
relationship between levels of serum phosphorus and both
mortality and death-censored graft failure in KTRs. These
associations persisted after adjustment for multiple covariates. Several previous studies have reported that a high
serum phosphorus level predicts poorer graft and patient
survival; however, no study has previously shown the
association between hypophosphatemia and patient outcomes (18–20). Furthermore, the ﬁndings in this study are in
contrast to those observed in a number of studies previously,
where no associations between serum phosphorus and
patient outcomes were found (22,23). There is a possibility
that the U-shape association observed herein might reduce
the statistical power of the negative results of previous
studies.
It has been reported that hyperphosphatemia is independently correlated with higher cardiovascular and allcause mortality among nondialysis patients with CKD as
well as dialysis-dependent patients with ESRD (3,12,24,25).
Suggested mechanisms by which hyperphosphatemia
could increase the risk of death include vascular calciﬁcation, such as aortic and coronary artery calciﬁcation (16,26–
28), and endothelial dysfunction (29). Giachelli et al. (30)
demonstrated that hyperphosphatemic conditions may
stimulate vascular smooth muscle cells to express osteogenic markers and a predisposition to calciﬁcation in their
in vitro study. Because risk factors for atherosclerosis, such
as diabetes, hypertension, dyslipidemia, and microinﬂammation, are coincident with CKD (31), hyperphosphatemia
may have a synergistic effect on vascular calciﬁcation.

Higher cardiovascular mortality rate of the highest phosphorus group in our study can support these ﬁndings. In
addition, hyperphosphatemia could reﬂect elevated levels
of FGF-23, which is a hormone produced by osteocytes, and
is responsible for regulating the metabolism of vitamin D
and phosphorus (32). Wolf et al. (32) demonstrated that
increased levels of FGF-23 are independently associated
with a higher risk of progression of CKD in a population of
predialysis patients with CKD and KTRs. FGF-23 is also
known to be independently associated with left ventricular
hypertrophy, left ventricular mass index, development of
cardiovascular events, incident heart failure, and all-cause
mortality in patients with CKD in previous studies (32–36).
This study indicated that hyperphosphatemia was associated with higher mortality and graft failure in KTRs.
KTRs frequently have reduced renal function and complications of CKD, including mineral and bone disorders similar
to native kidney disease. A decline in kidney function leads
to phosphorus retention, which may facilitate the progression of vascular calciﬁcation and endothelial dysfunction via
aforementioned mechanisms. Moreover, KTRs may have
pre-existing vascular calciﬁcation formed before transplantation, which could establish a vulnerability to cardiovascular events and death. In our study, eGFR of the highest serum
phosphorus group was signiﬁcantly lower than other
groups, and associated with higher mortality. However,
the mechanism underlying the association between hyperphosphatemia and death-censored graft loss is unknown.
In a uninephrectomized rat model, Haut et al. (37) reported
that higher dietary phosphate was correlated with greater
calcium and phosphate deposition and histologic changes in
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Table 3. Association of serum phosphorus levels at 1 yr after renal transplantation and covariates with death-censored graft failure

Univariate
Parameters
Serum phosphorus
,2.5 mg/dl (lowest)
2.5–2.99 mg/dl
3.0–3.49 mg/dl
3.5–3.99 mg/dl
4.0–4.49 mg/dl
4.5–4.99 mg/dl
$ 5.0 mg/dl (highest)
Age (per 1 yr)
Men (versus women)
Living donor (versus deceased)
Donor age (per 1 yr)
Diabetes (versus none)
eGFR (per 1 ml/min per 1.73 m2)
Albumin (per 1 g/dl)
BMI (per 1 kg/m2)
Hemoglobin (per 1 g/dl)
T.Chol (per 1 mg/dl)
Acute rejection (versus none)

Multivariate

HR (95% CI)

P Value

HR (95% CI)

P Valuea

2.70 (1.20 to 6.08)
2.07 (1.21 to 3.56)
1.92 (1.24 to 2.96)
1.0 (reference)
2.09 (1.36 to 3.22)
2.24 (1.30 to 3.87)
4.74 (2.60 to 8.67)
1.01 (0.99 to 1.02)
1.19 (0.89 to 1.60)
0.59 (0.44 to 0.79)
1.01 (1.00 to 1.02)
1.29 (0.94 to 1.77)
0.97 (0.96 to 0.98)
0.30 (0.23 to 0.41)
1.03 (0.98 to 1.08)
0.82 (0.77 to 0.88)
1.00 (0.99 to 1.01)
4.57 (3.44 to 6.08)

0.02
0.01
0.003
,0.001
0.004
,0.001

3.32 (1.42 to 7.79)
1.93 (1.03 to 3.62)
2.47 (1.47 to 4.15)
1.0 (reference)
2.37 (1.42 to 3.94)
1.77 (0.89 to 3.52)
2.93 (1.32 to 6.49)
0.99 (0.98 to 1.01)
1.87 (1.28 to 2.71)
0.76 (0.52 to 1.09)
1.01 (0.99 to 1.02)
1.24 (0.86 to 1.79)
0.98 (0.97 to 0.99)
0.29 (0.20 to 0.43)
1.00 (0.95 to 1.06)
0.91 (0.83 to 1.01)
1.01 (1.00 to 1.01)
3.67 (2.62 to 5.15)

0.01
0.04
,0.001
,0.001
0.10
0.01

0.24
0.25
,0.001
0.05
0.11
,0.001
,0.001
0.31
,0.001
0.69
,0.001

0.38
0.001
0.13
0.31
0.26
,0.001
,0.001
0.96
0.06
0.002
,0.001

The study population was classiﬁed into seven groups according to the level of serum phosphorus at 1 yr after transplantation with
intervals of 0.5 mg/dl (lowest group, ,2.5 mg/dl; highest group, $5.0 mg/dl; reference group, 3.5–3.99 mg/dl). HR, hazard ratio; 95%
CI, 95% conﬁdence interval; BMI, body mass index; T.Chol, total cholesterol.
a
Multivariate Cox proportional hazard ratios, adjusted for recipient age and sex; donor type; donor age; diabetes mellitus; BMI; acute
rejection; and eGFR, serum albumin, hemoglobin, and total cholesterol levels at 1 year after transplantation.

the renal tubules and interstitium. They hypothesized that
high phosphate levels act as a direct tubular toxin, or that
nephrotoxicity is the product of promoting the precipitation
of calcium-phosphate products within the renal tubules. In
keeping with the association between serum phosphorus
levels and CKD progression (12,13), graft dysfunction and
failure in KTRs could be associated with hyperphosphatemia. In contrast, hyperphosphatemia might be merely a
consequence of decline in renal function in the deteriorating
allograft; however, the association between hyperphosphatemia and death-censored graft failure persisted after adjustment for eGFR at 1 year after kidney transplantation in
this study.
This study also revealed that hypophosphatemia was
associated with higher mortality and graft failure in KTRs.
Immediately after kidney transplantation, hypophosphatemia was frequently observed as the result of hyperphosphatoninism, i.e., urinary phosphorus wasting.
Hyperphosphatoninism and hypophosphatemia may persist for up to 1 year after renal transplantation, and are
known to be associated with increased levels of serum
calcium and PTH (17). However, a mechanism explaining
the association between hypophosphatemia and patient
outcomes remains unknown. Association between hypophosphatemia and higher risk of death could be an indicator of poor nutritional status; that is, a relationship may
be reﬂective of malnutrition-inﬂammation-cachexia syndrome. A higher rate of infectious causes of DWFG in the
lowest phosphorus group in our study can support this
hypothesis. Poor nutritional status could contribute to
decreased defense against opportunistic infections and

increased infectious death. In addition, persistent hyperparathyroidism has been reported to be an independent
risk factor for all-cause mortality and graft loss in KTRs
(38). In this study, the levels of intact PTH were signiﬁcantly
higher in the lowest phosphorus group, and this may explain
the association between hypophosphatemia and patient
outcomes. Post-transplant hyperparathyroidism is known
to persist in 10%–50% of KTRs due to the acquired autonomy
of parathyroid glands (39–42). Longer duration of dialysis
time is a risk factor for persistent hyperparathyroidism after
transplantation (43). Because of the phosphaturic effect of
PTH, the KTRs with hyperparathyroidism could frequently
have hypophosphatemia. Therefore, there was a strong
correlation between hypophosphatemia and longer duration of dialysis time in this study. In addition, longer
durations of dialysis time before transplantation in the
lowest phosphorus group could be associated with
severe persistent hyperparathyroidism, and could inﬂuence patient outcomes. However, this study was unable
to elucidate the association between intact PTH itself and
patient outcomes, as there were numerous missing intact
PTH values.
The signiﬁcant association between corrected calcium
levels and patient outcomes was not observed in this study.
However, similar to serum phosphorus, the levels of calciumphosphorus product showed a U-shape association with both
overall mortality and death-censored graft failure. Moreover,
this study conﬁrmed that decreased levels of serum albumin, a
primary marker of malnutrition-inﬂammation-cachexia syndrome, had a signiﬁcant association with higher overall
mortality and death-censored graft failure.

3 (1.6)
0 (0)
0 (0)

2 (2.9)
0 (0)
1 (1.4)

0.13
0.01
0.40

This study has some limitations. First, management of
biochemical abnormalities after kidney transplantation can
vary between clinicians or institutions. We did not evaluate
the management plan, such as the use of vitamin D, phosphate
binder, or phosphorus replacement aimed at correcting or
preventing out-of-range levels. Second, this study lacks
laboratory markers for malnutrition-inﬂammation-cachexia
syndrome, such as C-reactive protein, ferritin, and total
iron-binding capacity. Additionally, FGF-23, klotho, and
1,25-hydroxyvitamin D were not measured; this is an inherent
limitation of an observational, retrospective study. Therefore,
large-scale, prospective, controlled studies are necessary to
conﬁrm our results. Third, our study population showed a
relatively low incidence of diabetes and prior CVD and a high
rate of living donor kidney transplantation, compared with
Western countries. Such differences are an inherent fact of
Korean KTRs, and can explain the relatively high patient and
graft survival observed. Conversely, these aspects suggest that
our patients may be an ideal group in which to look at the role
of altered mineral metabolism. Fourth, a possibility of selection
bias may exist, as we chose to exclude KTRs who had graft
failure or mortality before 1 year after transplantation. Despite
these limitations, this multicenter retrospective cohort study is
the ﬁrst to demonstrate a U-shape association between serum
phosphorus levels and patient outcomes in a relatively largescale study population.
In conclusion, the serum phosphorus level at 1 year after
transplantation exhibits a U-shape association with deathcensored graft failure and patient mortality in the kidney
transplant cohort characterized by a relatively high rate of
living donor kidney transplant and low incidence of
diabetes and prior CVD compared with Western countries.
Further studies are needed to assess whether evaluation
and management of hypophosphatemia and hyperphosphatemia will improve outcomes.

3 (0.4)
2 (0.2)
2 (0.2)
a

The chi-squared test was used for categoric variables.

4 (1.1)
0 (0)
1 (0.3)

8 (1.2)
4 (0.6)
1 (0.1)

2 (0.4)
3 (0.6)
3 (0.6)

3 (4.3)
1 (1.4)
1 (1.4)
5 (2.6)
1 (0.5)
0 (0)
5 (0.6)
4 (0.5)
2 (0.2)

Overall death
Cardiovascular, n (%)
1 (0.9)
Infection, n (%)
3 (2.6)
Malignancy +
0 (0)
others, n (%)
Death with a functioning graft
Cardiovascular, n (%)
1 (0.9)
Infection, n (%)
3 (2.6)
Malignancy +
0 (0)
others, n (%)

4 (1.1)
0 (0)
1 (0.3)

10 (1.4)
4 (0.6)
2 (0.3)

4 (0.8)
6 (1.1)
3 (0.6)

$5.0 mg/dl
(n=69)
4.5–4.99 mg/dl
(n=190)
4.0–4.49 mg/dl
(n=523)
3.5–3.99 mg/dl
(n=848)
3.0–3.49 mg/dl
(n=690)
2.5–2.99 mg/dl
(n=351)
,2.5 mg/dl
(n=115)
Cause of death

Serum Phosphorus Levels at 1 yr after Transplantation

Table 4. Distribution of causes of death according to the serum phosphorus levels at 1 yr after transplantation

0.04
0.07
0.55
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