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Parathyroid hormone or fibroblast growth factor
23? Which one is the main determinant of the
hypophosphatemia after kidney transplantation?
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ABSTRACT

Article Type:

Introduction: Kidney transplantation restores many of the disorders accompanying endstage renal disease (ESRD). However, hypophosphatemia is common complication after
renal transplantation. High levels of fibroblast growth factor 23 (FGF23) and parathyroid
hormone (PTH) are two suspected factors determining the hypophosphatemia after kidney
transplantation.
Objectives: This observational prospective study was carried out to clarify the role of
mentioned factors in hypophosphatemia after kidney transplantation.
Patients and Methods: Living donor kidney transplant recipients which admitted to the
ward of the renal transplantation, enrolled to the study. Parameters of bone and mineral
metabolism including FGF23 and intact PTH levels were assessed.
Results: High FGF23 level before transplantation was related to lower phosphate levels at 3rd
month after transplantation. PTH levels showed no relationship with hypophosphatemia
after kidney transplantation.
Conclusion: High levels of FGF23 in ESRD patients undergoing kidney transplantation is an
important determinant of hypophosphatemia in long-term follow up.
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Implication for health policy/practice/research/medical education:

Recent researches pointed to persistent post-transplant elevations of FGF23 as having a major role in post-transplant
hypophosphatemia.
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Introduction
Patients with chronic kidney disease (CKD) have
abnormalities in maintaining the balance between
intra- and extra-cellular ions such as calcium and
phosphorus and the hormones that regulate this balance.
Despite successful therapy of CKD patients by kidney
transplant, CKD-mineral and bone disorder (CKDMBD) continues to make problems in management of
patients. Hypophosphatemia is frequently seen in posttransplantation period because of urinary phosphate
wasting with restoration of renal clearance. Despite
the recovery in most of the cases after a few weeks,
*Corresponding author: Zahra Navarbaf, Email: z.navarbaf@yahoo.com

hypophosphatemia persists in 6% to 27% of transplanted
patients to months or years and cause complications
such as muscle weakness, osteomalacia and metabolic
encephalopathy (1-11).
Persistent elevation of parathyroid hormone (PTH) after
transplantation was once considered as the main cause
of hypophosphatemia, but recent researches also point to
persistent post-transplant elevations of fibroblast growth
factor 23 (FGF23) as playing a major role in post-transplant
hypophosphatemia. In the kidney, FGF23 inhibits renal
tubular phosphate reabsorption and promotes phosphate
clearance. Fibroblast growth factor-23 also reduces levels
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of 1, 25-dihydroxyvitamin D and reduces phosphate
absorption in intestine. Furthermore, FGF23 inhibits the
normal action of parathyroid glands (12-20).
Fibroblast growth factor-23 level start to rise as glomerular
filtration rate (GFR) declines below the normal level and
continue to rise progressively as CKD progress and reaches
to levels 100 to 1000 folds above normal in patients with
end-stage renal disease (ESRD). High levels of FGF23 in
ESRD thought to be the cause of continued elevation of
FGF23 after successful kidney transplantation despite
normal levels of phosphate (1,2,10,11,15,21-25).
Although FGF23 levels are reported to decline rapidly after
transplantation, there is limited information regarding its
relationship to mineral metabolism in kidney transplant
recipients in long-term follow up. As hypophosphatemia
persists for a longer period after renal transplantation,
the standard therapies such as phosphate supplement
and calcitriol may not be effective because these agents
can activate more FGF23 production. Calcimimetics and
monoclonal antibodies against FGF23 are future hopes
to reduce FGF23 levels and to diminish the chance of
hypophosphatemia after transplant (2).
Objectives
This study aimed to assess the difference between FGF23
and PTH levels before and after transplantation and their
relationship with hypophosphatemia after transplantation
in a 6 month follow up of kidney recipients.
Patients and Methods
Study design and population
This study is prospective analytical-correlation study
of living donor kidney transplant recipients admitted to
the ward of transplantation of Emam Reza center, Tabriz
University of Medical Sciences, Tabriz, Iran (between
September 2015 and August 2016). Eligible patients
were aged 15 to 75 with no systemic illness such as active
malignancy, acquired immunodeficiency syndrome
(AIDS), decompensated liver or respiratory disease and
pregnancy. Fifty patients were enrolled in the study while
28 patients were followed until the end of the sixth month
after kidney transplantation. Six patients were excluded
at the first step because of comorbidities that made the
transplantation impossible, three patients were unwilling
to continue the study and were excluded during 6 months
follow up, five patients died during 6 months follow
up, four patients suffered from hyper-acute transplant
rejection and undergone nephrectomy in the first step
after transplantation. Additionally transplanted kidney
function impairment happened for four patients during 6
months follow up. Therefore, 22 patients out of 50 patients
were excluded from the study during 6 months follow up.
Procedures, assays and calculations
Serum samples were collected before transplantation,
then 1 week, 3 months and 6 months after transplantation
http://journalrip.com

recollected and stored in -70oC. Serum FGF23 levels
were determined by enzyme-linked immunosorbent
assay (ELISA) method (Wuhan Eiaab Science CO.,
Wuhan, China). Serum 25 hydroxyvitamin D levels
were determined by ELISA; (DIAsource ImmunoAssays
S.A. Belgium) and serum intact PTH (iPTH) levels by
ELISA; (Biomerica, INC. Irvine, USA). Serum calcium
and phosphorus levels were measured using standard
methods. Reference levels of 2.6-4.5 mg/dL and 8.6- 10.3
mg/dL were used for serum phosphorus and calcium
levels respectively. Serum urea and creatinine levels
were measured in each step to control graft function
and exclude those with impaired renal function. All
participants get the same protocol of immunosuppression
including glucocorticoids, calcineurin inhibitors and
antimetabolites after transplant.
Ethical issues
The research followed the tenets of the Declaration of
Helsinki. The Ethics Committee of Tabriz University of
Medical Sciences approved this study. Written informed
consent was obtained from all participants. All procedures
performed in studies involving human participants were
in accordance with the ethical standards of the ethics
committee at Tabriz University of Medical Sciences and
the approval number is TBZMED.REC.1394.1207. This
study is done as a thesis to get the specialty degree in
internal medicine.
Statistical analysis
Data gathered by the SPSS 18 program and analyzed
by descriptive methods (mean ± SD) and simple linear
regression and multivariate stepwise linear regression
analysis. A P < 0.05 is regarded as significant.
Results
The characteristics of the study population before
transplant and during 6 months follow up are presented in
Table 1. The causes of ESRD include diabetic nephropathy
in 17 patients, hypertensive nephropathy in 6 patients,
eclampsia in one patient and other causes such as
collagen-vascular disease and glomerulonephritis in four
patients. Around 23 (82.1%) patients received phosphate
supplements while 26 (92.85%) patients received calcitriol
to prevent hypophosphatemia after transplant.
FGF23 levels showed a marked decrease at the first week
of follow up after renal transplantation, however, still
had high levels and showed no statistically significant
difference during 6-month follow up (P = 0.106).
FGF23 levels before transplant showed a significant
correlation with FGF23 levels in first week, third month
and sixth month after transplant (P < 0.05). Serum 25
hydroxyvitamin D levels showed no significant difference
before and during 6-month follow up after transplant. The
difference between iPTH levels before and after transplant
showed statistically a significant fall (P = 0.009) while
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Table 1. Clinical characteristics of patients before transplant and during 6-month follow up

Before transplant
Age (y)

1st week post-transplant

3rd month post-transplant

6th month post-transplant

39.9±13.3 (20-63)

Duration on dialysis (mon)
FGF23 (pg/mL)

22.39±19.9 (0-84)
1353.3±2892 (19-10290)

655.03±1718.81 (15.75-6720)

17.74±9.38 (6.7-41)

14.63±6.39 (6.6-31.8)

14.94±6.22 (7.4-28.5)

17.78±9.58 (6.1-43.7)

161.82±248.24 (3.1-1302)

48.49±47.39 (3.7-210.1)

39.08±38.51 (3.5-137.5)

61.07±98.95 (2.4-505.7)

Phosphorus (mg/dL)

4.17±0.34 (3.3-4.8)

3.82±0.45 (2.9-5.2)

3.92±0.33 (3.3-4.7)

4±0.34 (3.2-4.7)

Calcium (mg/dL)

9.25±0.4 (8.6-10.1)

9±0.42 (8.5-9.7)

9.24±0.38 (8.5-9.8)

9.26±0.39 (8.5-10.1)

25 OH D (ng/mL)
iPTH (pg/mL)

721.23±2333.16 (18-11980) 572.39±2265.55 (10.5-12010)

Data are represented as mean±SD(minimum-maximum).

mean iPTH levels were in normal range after transplant.
Serum phosphorus levels showed statistically significant
fall after transplantation even until sixth month of follow
up (P = 0.006) despite its level was in normal range
(because of use of phosphate supplement in 82.1% of
patients). Calcium levels showed no significant difference
before and after the transplant. None of the patients
showed hypercalcemia. In multivariate analysis, levels
of FGF23 before transplantation was related to lower
phosphate levels at third month after transplant (P < 0.05).
Additionally, FGF23 levels were high after transplantation.
In addition, FGF23 levels had a correlation with lower
phosphate levels. There was no statistically significant
relationship between iPTH with phosphate levels before
transplantation and during 6-month follow up after
transplantation (P > 0.05). Moreover, no significant
relationship between FGF23 levels with serum calcium
and 25 hydroxyvitamin D before and after transplantation

was detected. Duration of dialysis, age and gender were
related neither to FGF23 levels nor phosphate levels
before or after transplantation. Figure 1 shows the error
bar charts for serum levels of FGF23, 25 hydroxyvitamin
D, iPTH, calcium and phosphorous concentrations in all
four measured periods.
Discussion
Kidney transplantation recovers many of the functions of
the kidney thereby providing better life compared to ESRD.
However, in the case of CKD-MBD, transplantation does
not always seem to be an ideal ameliorating treatment.
Hypophosphatemia is reported in about 90% of posttransplant patients (4). Persistent hyperparathyroidism has
long been suggested to be the cause of hypophosphatemia.
However, inappropriate urinary phosphate wasting has
been reported to occur despite low levels of PTH (2).
The role of FGF23 in CKD-MBD opened new aspects.

Figure 1. The error bar charts for levels of FGF23, 25OH vitD3, iPTH, calcium and phosphorous in all four times measured.
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In first study in the year 2006, Bhan et al (8) explained
the 85% occurrence of hypophosphatemia after
kidney transplantation and also a relationship between
FGF23 levels before transplantation and presence of
hypophosphatemia after renal transplantation. In the
study by Evenepoel et al (6), a 95% decrease in FGF23
levels after transplantation was detected, while its levels
remained in ranges higher than normal in third month
after transplantation. They found that levels of FGF23
before transplantation is the most important determinant
factor for FGF23 concentration after transplantation.
In our study, levels of FGF23 showed no significant
difference after transplant and during 6 months of follow
up. We also found a significant relationship between
FGF23 levels before renal transplantation and its levels
after renal transplantation. We concluded that high levels
of FGF23 before transplantation in ESRD patients is an
important determinant of high FGF23 levels after renal
transplantation and in long-term follow up (6 months in
this study). Besides, the strong relationship between FGF23
and phosphate levels before and after transplantation
implies the fact that high levels of FGF23 in ESRD
patients undergoing kidney transplantation predicts
the occurrence of hypophosphatemia in long-term after
kidney transplantation while high levels of FGF23 in any
time after transplantation will cause hypophosphatemia.
Like the previous studies, this study found no relationship
between iPTH levels before transplantation and
hypophosphatemia after renal transplantation. Other
factors such as age, gender and duration of dialysis
were not related to hypophosphatemia after kidney
transplantation. Serum 25 hydroxyvitamin D and calcium
levels showed also no significant difference before and
after transplantation thus their role in hypophosphatemia
were not determined in this study.

supplements that were prescribed for most of the patients.
Hence further studies on this subject are recommend.

Conclusion
This study identified the role of high FGF23 levels in
ESRD patients before transplantation in predicting
persistent hypophosphatemia at three months after
kidney transplant. Additionally we determined high levels
of FGF23 in ESRD state as the most important predictor
of high FGF23 levels during 6 months of follow up that
cause persistent hypophosphatemia. These results are
confined to this study. According to the limitations in
the design of the study and the limitations we faced in
interfering with a treatment plan and drugs administered
to the patients. Thus larger studies with control group
should be conducted to better clarify the impact of FGF23
after transplant.

4.

Limitations of the study
Small number of subjects was a limitation for this study.
Furthermore, this study was an observational one and
we are not allowed to change the drug regimen or the
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