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FGF-23 as a Predictor of Renal Outcome in Diabetic
Nephropathy
Silvia M. Titan, Roberto Zatz, Fabiana G. Graciolli, Luciene M. dos Reis, Rui T. Barros, Vanda Jorgetti, and
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Summary
Background and objectives Fibroblast growth factor 23 (FGF-23) has emerged as a new factor in mineral metabolism in chronic kidney disease (CKD). An important regulator of phosphorus homeostasis, FGF-23 has
been shown to independently predict CKD progression in nondiabetic renal disease. We analyzed the relation between FGF-23 and renal outcome in diabetic nephropathy (DN).
Design, setting, participants, & measurements DN patients participating in a clinical trial (enalapril⫹placebo
versus enalapril⫹losartan) had baseline data collected and were followed until June 2009 or until the primary outcome was reached. Four patients were lost to follow-up. The composite primary outcome was defined as death, doubling of serum creatinine, and/or dialysis need.
Results At baseline, serum FGF-23 showed a significant association with serum creatinine, intact parathyroid hormone, proteinuria, urinary fractional excretion of phosphate, male sex, and race. Interestingly,
FGF-23 was not related to calcium, phosphorus, 25OH-vitamin D, or 24-hour urinary phosphorus. Mean
follow-up time was 30.7 ⫾ 10 months. Cox regression showed that FGF-23 was an independent predictor of
the primary outcome, even after adjustment for creatinine clearance and intact parathyroid hormone (10
pg/ml FGF-23 increase ⫽ hazard ratio, 1.09; 95% CI, 1.01 to 1.16, P ⫽ 0.02). Finally, Kaplan-Meier analysis
showed a significantly higher risk of the primary outcome in patients with FGF-23 values of ⬎70 pg/ml.
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Conclusions FGF-23 is a significant independent predictor of renal outcome in patients with macroalbuminuric DN. Further studies should clarify whether this relation is causal and whether FGF-23 should be a new
therapeutic target for CKD prevention.
Clin J Am Soc Nephrol 6: 241–247, 2011. doi: 10.2215/CJN.04250510

Introduction
In the past years, mineral metabolism abnormalities
have been implicated in the risk of cardiovascular
disease (CVD) in chronic kidney disease (CKD) patients (1–5). Interestingly, the role of mineral metabolism on CVD might go beyond CKD because recent
evidence suggests that phosphorus excess is also related to CVD in the non-CKD populations (6 – 8).
Fibroblast growth factor 23 (FGF-23) has emerged
as a new component on phosphorus homeostasis. In
phosphorus excess conditions, bone FGF-23 production is increased, causing phosphaturia and reduced
1,25(OH)2-vitamin D levels. In addition, it has been
shown that knockout animal models for FGF-23klotho axis are related to a premature-aging syndrome, suggesting a possible role of phosphorus excess in the aging process.
In epidemiologic studies, increased levels of FGF-23
have been positively related with mortality in dialysis
patients (9,10). FGF-23 has also been related to cardiovascular events (11), left ventricular hypertrophy (12),
endothelial dysfunction (13), and total body atherosclerosis in the general population (14).
All of these findings raise the possibility that
www.cjasn.org Vol 6 February, 2011

FGF-23 might also contribute to CKD progression. A
recent report by Fliser et al. (15) suggests that FGF-23
is related to CKD in a nondiabetic CKD population.
However, it is not clear whether the same relationship is observed in the setting of diabetic nephropathy (DN) (16). In this paper, we wished to explore
the relationship between serum FGF-23 and the risk
of CKD progression in patients with macroalbuminuric DN.

Materials and Methods
This is an ancillary study of a double-blind placebocontrolled randomized clinical trial (NCT 419835) designed to compare the effect of association therapy of
angiotensin-converting enzyme (ACE) inhibitor plus
angiotensin II receptor blocker (ARB) versus monotherapy with ACE inhibitor on proteinuria progression (17).
Briefly, we enrolled patients with type 2 diabetes
mellitus and macroalbuminuric DN seen at the Nephrology Outpatient Service in the Hospital das Clínicas (São Paulo, Brazil). Recruitment took place between May 2005 and September 2007, and the study
was finished by May 2008. Inclusion criteria were
Copyright © 2011 by the American Society of Nephrology
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defined as: (1) diabetes mellitus for more than 5 years
and (2) proteinuria above 500 mg/d. All of the incident and prevalent patients from outpatient services
meeting these inclusion criteria were invited to participate. Exclusion criteria were: (1) serum creatinine
above 2.5 mg/dl; (2) serum potassium above 5.5
mEq/L; (3) allergy or intolerance to ACEI or ARB; (4)
use of ARB in the last 3 months; (5) class III or IV heart
failure or angina; (6) hospitalization in the last 3
months; (7) pregnancy; (8) ongoing chemotherapy;
and (9) hematuria or any clinical or laboratorial findings suggestive of associated nondiabetic glomerulopathy. The protocol was approved by the local ethics committee, and all patients signed an informed
consent.
Fifty-nine patients were invited to participate in the
protocol. Three refused to participate, whereas 56 patients were enrolled in the study. Patients were randomized in the first day of the study, 28 being allocated to each study arm (enalapril⫹placebo or
enalapril⫹losartan). The trial lasted for 8 months. The
analyses showed that there was no difference in proteinuria evolution among the two treatment arms
(17). After the trial follow-up period, the patients
were kept in the same outpatient clinic. At this time,
use of ACE inhibitor and ARB was free, according to
clinical judgment. Other anti-hypertensive drugs
were used according to individual needs, targeting a
BP value of less than 130 ⫻ 80 mmHg. Glycated
hemoglobin target was 7%, and endocrinology referral was made for those patients with persistently inadequate glycemic control. Aspirin and statins were
used systematically, unless formally contraindicated.
Fasting serum and plasma, 24-hour urine, and early-morning spot urine were all collected at the beginning of the study. Urine and blood aliquots were
prepared and stored at ⫺20°C. BP was taken in the
sitting position with a standard mercury sphygmomanometer after a 5-minute rest, and the average of
three measurements was used in the analyses. Proteinuria was determined by sulfosalicylic acid testing,
and urinary and serum creatinine concentrations
were determined by the Jaffé reaction. Estimated
Cockcroft-Gault creatinine clearances were calculated
and corrected for 1.73 m2. A similar correction was
performed for 24-hour proteinuria. Glycated hemoglobin was measured by HPLC, and all other laboratorial variables were determined using conventional
laboratorial techniques. Intact parathyroid hormone
(PTH; chemiluminescent substrate, Diagnostics Products Corporation Medlab; reference range (RR) ⫽ 10
to 87 pg/ml) and 25-hydroxyvitamin D (chemoluminescent assay, Dia-Sorin, RR ⱖ 30 ng/ml) were measured in serum, whereas serum-intact FGF-23 was
measured using a commercially available kit (ELISA
assay, Kainos Lab, Japan; RR ⫽ 8.2 to 54.3 pg/ml) for
the first 55 patients of the protocol.
The patients were followed prospectively until June
2009 or until the primary outcome was reached. Four
patients were lost to follow-up. The composite pri-

mary outcome was defined as death, doubling of
baseline serum creatinine, and/or dialysis need.
In the descriptive data, patients were classified according to categories of FGF-23 (higher or lower than
median FGF-23 value). The Mann-Whitney U test was
used for univariate comparisons of non-Gaussian
continuous variables, t test was used for univariate
comparisons of Gaussian continuous variables, and 2
or Fisher tests were used for the categorical ones.
Skewed variables were log transformed, and Spearman’s correlation coefficients were calculated. Cox
proportional hazard models were built to assess the
relationship between FGF-23 and the composite primary outcome, even after adjustment for possible
confounding variables. Finally, Kaplan-Meier curves
and a log-rank test were performed to compare
FGF-23 groups and the incidence of the composite
primary outcome. All of the statistical analyses were
done using SPSS for Windows 13.0.

Results
Table 1 shows the descriptive characteristics of the
55 patients enrolled in this study according to FGF-23
median value. Serum FGF-23 showed a significant
association with proteinuria, serum creatinine, urinary fractional excretion of phosphate, male sex, and
race (lower percentage of nonwhite patients in the
group with higher FGF-23 value). It was also inversely and significantly related to estimated and
measured creatinine clearance, serum albumin, and
glycated hemoglobin. Interestingly, FGF-23 was not
related to serum calcium, phosphorus, 25OH-vitamin
D, intact PTH, or 24-hour urinary phosphorus in this
population.
Figure 1 shows the scatter plots and correlation
coefficients of log transformed serum FGF-23 values
and other laboratorial variables. In this analysis,
FGF-23 was significantly related only to estimated
creatinine clearance, phosphate fractional excretion,
and serum intact PTH. A trend of an association was
seen with proteinuria, and no relationship was observed among FGF-23 and glycated hemoglobin,
phosphorus, or 25OH-vitamin D.
The mean follow-up time was 30.7 ⫾ 10 months. By
the censoring date, 15 events had occurred: 12 renal
events (serum creatinine doubling and/or dialysis
need), one patient presenting doubling of serum creatinine followed by death after 6 months, and two
patients dying without need of dialysis or doubling of
serum creatinine. Among the 15 events, four occurred
in patients with FGF-23 values lower than 70 pg/ml,
and the remaining 11 events occurred in the group
with FGF-23 values of ⬎70 pg/ml (P ⫽ 0.02). Univariate and multivariate Cox proportional hazard models
(Table 2) showed that FGF-23 was an independent
predictor of the primary outcome, even after adjustment for age, sex, race, estimated or 24-hour creatinine clearance, original trial treatment arm, proteinuria, serum phosphate, and intact PTH. When
patients were separated according to the median estimated creatinine clearance (higher or lower than
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Table 1. Clinical and laboratorial characteristics of the population according to serum FGF-23 median values

FGF-23 (n ⫽ 55)
FGF-23 Value
of ⬍70 pg/ml
(n ⫽ 27)
FGF-23 (pg/ml; mean/standard)
Age (years, mean/standard)
Sex (n/% of men)
Creatinine (mg/dl; mean/standard)
Estimated creatinine clearance (CG, ml/min per
1.73 m2; mean/standard)
24-hour creatinine clearance (ml/min per 1.73 m2)
24-hour proteinuria (g/1.73 m2 per d; median/IQR)
Albumin (mg/dl; mean/standard)
SBP (mmHg; mean/standard)
DBP (mmHg; mean/standard)
BMI (mean/standard)
Potassium (mEq/L; mean/standard)
Glycemia (mg/dl; mean /std)
Glycated hemoglobin (%; mean/standard)
Total cholesterol total (mg/dl; mean/standard)
LDL cholesterol (mg/dl; mean/standard)
HDL cholesterol (mg/dl; mean/standard)
Triglycerides (mg/dl; median/IQR)
Calcium (mg/dl; mean/standard)
Phosphorus (mg/dl; mean/standard)
PTH (pg/ml; median/IQR)
24-hour urinary phosphorus (mg/24 h; median/IQR)
Urinary fractional excretion of phosphate
(%; mean/standard)
25OH-vitamin D (ng/mL; mean/standard)
pH (mean/standard)
Bicarbonate (mmol/L; mean/standard)
Hemoglobin (g/dl; mean/standard)
Hematocrit (%; mean/standard)
Iron (g/dl; mean/standard)
Ferritin (ng/ml; median/IQR)
Race (n/% of non-white)

FGF-23 Value
of ⬎70 pg/ml
(n ⫽ 28)

Pa

37.9
57.2
13
1.5
62.5

21.1
9.3
48.1
0.6
27.8

144.3
59.6
21
1.9
43.8

63.8
10.6
75.0
0.5
13.6

⬍0.0001
0.39
0.05
0.004
0.003

54.0
2.3
3.5
144.8
79.7
24.1
4.6
156.5
9.0
187.5
105.1
52.6
144.0
9.5
4.1
55.0
492.0
18.3

26.1
1.1 to 4.2
0.3
25.0
13.3
3.5
0.4
72.5
2.0
50.1
44.9
12.7
89 to 250
0.6
0.6
32 to 93
424 to 642
8.8

37.4
3.3
3.2
153.6
82.3
24.1
4.6
146.8
7.8
186.6
101.1
47.3
194.0
9.2
4.1
78.5
549.0
27.6

15.3
2.2 to 6.6
0.5
19.5
13.8
3.4
0.5
60.3
1.7
58.7
51.0
14.8
120 to 284
0.9
0.8
46 to 119
404 to 717
11.3

0.01
0.03
0.03
0.15
0.48
0.96
0.99
0.59
0.02
0.95
0.76
0.17
0.15
0.10
0.77
0.14
0.43
0.002

23.1
7.3
25.0
13.0
39.2
83.8
138.0
20

9.8
0.03
2.4
1.5
4.1
30.4
54 to 225
74.0

21.2
7.3
24.4
12.8
38.3
76.0
166.0
12

10.6
0.03
3.6
2.2
6.5
19.2
87 to 304
42.8

0.48
0.69
0.51
0.69
0.54
0.28
0.47
0.03

CG, Cockcroft-Gault; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; IQR,
interquartile range.
a 2
 for categorical variables, t test for continuous Gaussian variables, and Mann-Whitney for continuous non-Gaussian
variables.

⬎47.6 ml/min per 1.73 m2), serum FGF-23 showed
the same relation to the primary outcome in both
groups (even considering a P value of 0.06 in the
group with lower creatinine clearance). Interestingly,
after adjustment for estimated creatinine clearance
and intact PTH, each 10 pg/ml of FGF-23 increase
was related to an increase of 9% in the hazard of the
composite event (hazard ratio, 1.09; 95% CI 1.01 to
1.16, P ⫽ 0.02).
Finally, Kaplan-Meier curves (Figure 2) showed
that FGF-23 was significantly related to the composite
outcome in this population (log rank, P ⫽ 0.02). Repeating Kaplan-Meier curves for strata of baseline
estimated creatinine clearance (higher and lower than
median creatinine clearance value) yielded a pooled
over strata log rank P value of 0.03. To further adjust
for the possible confounding effect of creatinine clearance, we also performed a Kaplan-Meier curve for the

residual FGF-23 (classified according to a ROC curve
cut-off value) of an exponential regression of estimated creatinine clearance on FGF-23. This analysis
showed a Kaplan-Meier curve (not shown) very similar to the one seen in Figure 2, with a log-rank test
with a P value of 0.007, suggesting again that the
relationship between FGF-23 and the primary outcome in this study is independent of the inverse relation of creatinine clearance and FGF-23.

Discussion
Our data suggest that serum FGF-23 is related to
the risk of CKD progression in macroalbuminuric
DN. This relationship remained even after adjustments for the main confounding variables, such as
sex, race, renal function, proteinuria, and intact PTH
level. Similar data had already been shown in nondiabetic kidney disease (15). However, mineral metab-
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Figure 1. | Scatter plots and correlation coefficients of serum FGF-23 and other laboratorial variables. The lines represent linear
regression and 95% mean prediction interval. The boxes contain Spearman’s correlation coefficients and P values. P FE, urinary
fractional excretion of phosphate.

olism disturbances show different patterns in diabetic
and nondiabetic disease, with diabetic patients presenting more frequently lower PTH levels and adynamic bone disease in comparison with nondiabetic
CKD patients. Data comparing FGF-23 behavior in
these two conditions are not widely available, but our
study suggests that the relationship of serum FGF-23
with CKD progression is the same in diabetic and in
nondiabetic kidney disease.
Interestingly, serum FGF-23 was inversely related
to glycated hemoglobin in our population. Similar
findings have already been shown in hemodialysis
patients (16). However, experimental studies have
shown that FGF-23 knockout mice are hypoglycemic,
with increased peripheral insulin sensitivity and improved subcutaneous glucose tolerance (18). On the
basis of on these findings, we should expect a positive
correlation between serum FGF-23 and glucose. Nevertheless, it is possible that current glycated hemoglobin does not necessarily reflect the previous burden of
diabetes. In addition, it is possible that hyperglycemia
might have acute effects on FGF-23 through activation
of inflammatory pathways, similar to what is observed for PTH.
It is also of note that in this population serum
FGF-23 was not related to serum phosphorus or 24-

hour urinary excretion. Nonetheless, a positive association between serum FGF-23 and urinary fractional
excretion of phosphate was observed. This is in accordance with the phosphaturic nature of FGF-23 and
with the inverse relation between FGF-23 and creatinine clearance. It is possible that a current measure of
serum phosphorus or 24-hour urinary phosphorus
does not appropriately reflect the burden of phosphorus excess, particularly in such a diverse and dynamic
condition such as advanced DN. In this sense, urinary fractional excretion seems to be a more accurate measure of phosphorus ingestion and reflects
better FGF-23 phosphaturic effect. However, it is
also importantly influenced by renal function, and
association models for FGF-23 and urinary fractional excretion of phosphate need to be adjusted
for renal function.
In our analyses, FGF-23 levels were not related to
serum 25OH-vitamin D. Although it is known that
FGF-23 values regulate the production of the active
form of vitamin D and vice versa, it seems that
FGF-23 is not a determinant of 25OH-vitamin D, at
least in DN.
Whether FGF-23 actually contributes to CKD progression or is only a marker of its risk remains an
important and unresolved question. Most available
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Table 2. Cox proportional hazard models on the risk of the composite primary outcome

HR

95% CI HR

1.09

1.03

1.15

0.003

1.09

1.00

1.19

0.06

1.09

1.01

1.16

0.03

FGF-23 (per 10 pg/ml increase)
age

1.09
1.01

1.03
0.96

1.15
1.07

0.004
0.67

FGF-23 (per 10 pg/ml increase)
sex (male ⫻ female)

1.08
1.77

1.02
0.48

1.14
6.49

0.01
0.39

FGF-23 (per 10 pg/ml increase)
race (white)

1.09
1.60

1.03
0.54

1.16
4.75

0.003
0.40

FGF-23 (per 10 pg/ml increase)
treatment arm (original trial)

1.09
1.10

1.03
0.38

1.15
3.21

0.005
0.86

FGF-23 (per 10 pg/ml increase)
estimated creatinine clearance (CG)

1.09
0.98

1.03
0.94

1.15
1.01

0.01
0.13

FGF-23 (per 10 pg/ml increase)
24-hour creatinine clearance

1.08
0.98

1.02
0.95

1.14
1.02

0.01
0.34

FGF-23 (per 10 pg/ml increase)
24-hour proteinuria

1.08
1.31

1.02
1.10

1.15
1.57

0.01
0.003

FGF-23 (per 10 pg/ml increase)
glycated hemoglobin

1.09
0.98

1.03
0.75

1.15
1.28

0.003
0.89

FGF-23 (per 10 pg/ml increase)
intact PTH

1.09
1.01

1.02
1.00

1.16
1.01

0.01
0.16

FGF-23 (per 10 pg/ml increase)
phosphate

1.09
1.71

1.03
0.69

1.15
4.24

0.003
0.25

FGF-23 (per 10 pg/ml increase)
urinary fractional excretion of phosphate

1.08
1.06

1.02
1.00

1.15
1.11

0.02
0.04

FGF-23 (per 10 pg/ml increase)
urinary fractional excretion of phosphate
estimated creatinine clearance (CG)

1.09
1.05
0.99

1.02
0.98
0.95

1.16
1.11
1.03

0.02
0.15
0.62

FGF-23 (per 10 pg/ml increase)
estimated creatinine clearance (CG)
24-hour proteinuria

1.08
0.97
1.34

1.01
0.94
1.10

1.15
1.01
1.63

0.02
0.13
0.004

FGF-23 (per 10 pg/ml increase)
estimated creatinine clearance (CG)
intact PTH

1.09
0.98
1.00

1.01
0.94
0.99

1.16
1.02
1.01

0.02
0.26
0.55

FGF-23 (per 10 pg/ml increase)
Estimated creatinine clearance (CG) of ⬍47.6 ml/min per 1.73 m
FGF-23 (per 10 pg/ml increase)

P

2

Estimated creatinine clearance (CG) of ⬎47.6 ml/min per 1.73 m2
FGF-23 (per 10 pg/ml increase)

HR, hazard ratio; CG, Cockcroft-Gault.

data on FGF-23 and the risk of mortality and cardiovascular and renal morbidity rely on epidemiologic
studies. More substantial proof of a causal effect between FGF-23 and these conditions is still lacking. So

far, some of the evidence suggesting that FGF-23
plays a role in cardiovascular risk comes from a
knockout animal model for klotho, where a premature-aging syndrome is observed, with arteriosclero-
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Figure 2. | Kaplan-Meier curves of the incidence of the composite primary outcome according to serum FGF-23 in 55
diabetic nephropathy patients.

sis, osteoporosis, ectopic calcification, and shortened
life span, accompanied by an increased FGF-23 level
(19). It has been demonstrated that patients with CKD
possess a low kidney level of klotho mRNA (20),
suggesting that CKD might be a state of high FGF-23
and low klotho level. Despite the low levels of klotho,
FGF-23 might bind to FGF receptors with sufficiently
high affinity in conditions of very high concentration
(21). If FGF-23 actively contributes to renal and cardiovascular risk, then new therapeutic strategies
should be focused on the reduction and/or blockage
of FGF-23.
On the other hand, some authors believe that phosphate retention, and not FGF-23, is the pathologic
mechanism majorly involved in aging, glucose metabolism, insulin sensitivity disturbances, and oxidative
stress (22). In accordance to this theory, the generation
of NaPi2a and klotho double-knockout mice, a model
that presents high serum FGF-23 and calcitriol with
normal serum phosphate, resulted in amelioration of
premature aging-like features, suggesting that phosphate toxicity is the main cause of the premature
aging seen in the klotho mice (23). In addition to that,
the treatment of uremic rats with mutant FGF-23 resulted in a decrease in serum phosphate accompanied
by amelioration of glomerular sclerosis (24). In this
sense, FGF-23 may be a very good marker of phosphate retention, but therapeutic efforts should be
maintained on phosphate restriction and on the use of
phosphate binders.
Another way by which FGF-23 might influence
CKD progression is by aggravating other mineral metabolism parameters that also modulate CKD progression. Animal and clinical studies suggest that FGF-23
excess causes a decrease in 1,25(OH)2-vitamin D by
inhibiting ␣-hydroxylase activity, favoring the occurrence of severe hyperparathyroidism (25). Vitamin D
deficiency is possibly involved in the progression of
CKD (26), and recent small clinical trials suggest that
active vitamin D administration might effect proteinuria, a surrogate end point of CKD (27,28). Similarly,
PTH (4,29) has already been related to a worse evolution of CKD.

This study presents several limitations. We had no
data on phosphorus intake, and we could not measure 1,25(OH)2-vitamin D. In addition, we included as
events two deaths of patients who did not present a
renal event (serum creatinine doubling or dialysis).
This was done to increase the power of the study and
considering that renal failure is an important risk
factor for mortality. Most importantly, this is a study
with a small sample size. Although a high rate of
CKD progression was observed among our patients,
with nearly 30% of the population recruited presenting the composite outcome in a mean follow-up time
of 2.5 years, the absolute number of events does not
allow a more powerful multivariate Cox regression
model. In addition, creatinine clearance was a major
confounding variable, because patients with higher
serum FGF-23 values had lower creatinine clearance.
However, we tried to adjust for the effect of renal
function using several approaches: by entering renal
function as a covariate in the Cox Regression models,
by performing survival analysis after stratification
according to estimated creatinine clearance, and by
performing a Kaplan-Meier curve using the residual
FGF-23 of a regression of estimated creatinine clearance on FGF-23. In all of the models tested, the relationship between FGF-23 and the risk of the primary
outcome did not considerably change, suggesting that
the effect measured is truly independent of renal
function or other mineral metabolism variables.
In conclusion, our data suggest that serum FGF-23
is a significant independent predictor of renal outcome in patients with macroalbuminuric DN. Further
studies should clarify whether this relationship is
causal and whether FGF-23 should be a new target for
therapeutic measures aiming at CKD prevention.
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