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Abstract

Background: Fibroblast growth factor 23 (FGF-23), a phosphaturic peptide hormone secreted by the osteoblasts,
is an important regulator of phosphorus and vitamin D metabolism. In chronic kidney disease, FGF-23 levels rise
with declining kidney function. Increasing FGF-23 levels are associated with increasing risk of mortality in
dialysis patients. Two assays for FGF-23 have been reported. One assay detects only full-length/intact FGF-23.
In contrast, the carboxy-terminal assay recognizes both intact and carboxy-terminal FGF-23.
Aim/Methods: The aim of this study was to evaluate both assays for FGF-23. Test samples were analyzed with
both the intact and carboxy-terminal FGF-23 enzyme-linked immunosorbent assay (ELISA) kits according to
manufacturers’ instructions.
Results: Carboxy-terminal FGF-23 showed very good precision with coefficients of variation (CV) ranging from
4% to 10.5%, whereas the CVs for intact FGF-23 were not very good (6–37.5%). The carboxy-terminal assay was
linear, stable in plasma samples, and was not affected by common interferents. Also, the carboxy-terminal FGF-
23 assay appeared to correlate better with worsening of kidney function as assessed by plasma creatinine and
calculated estimated glomerular filtration rate (eGFR).
Conclusion: Thus, the carboxy-terminal FGF-23 assay is robust and can be used in prospective trials to validate
its utility as a biomarker of adverse outcomes in patients with renal disease.

Introduction

Fibroblast growth factor 23 (FGF-23), a phosphaturic
peptide hormone secreted by the osteoblasts, is an im-

portant regulator of phosphorus and vitamin D metabo-
lism.1–3 FGF-23 was recently shown to be involved in the
development of several hypophosphatemic diseases, in-
cluding X-linked hypophosphatemic rickets/osteomalacia
(XLH) and tumor-induced rickets/osteomalacia (TIO).1–5

FGF-23 is processed between Arg179 and Ser180, and only
full-length FGF-23 was shown to cause hypophosphatemia,
due to impaired renal tubular phosphate absorption.6

End-stage renal disease is a common complication of
long-term diabetes and subjects with the metabolic syn-
drome. In chronic kidney disease, phosphate levels rise with
declining glomerular filtration rate (GFR) and phosphate
accumulates. Also, FGF-23 levels increase and promote in-
creased renal phosphate excretion.1–5 FGF-23 inhibits 1-a-

hydrolase expression, leading to decreased hydroxylation of
25-hydroxyvitamin D [25(OH)D] to 1,25-dihydroxyvitamin
D [1,25 (OH)2D]. FGF-23 null mice exhibit increased cardio-
vascular calcification, which is associated with hyperpho-
sphatemia and excess 1,25 (OH)2D levels, and they die
prematurely.7 In long-term hemodialysis patients, high levels
of carboxy-terminal FGF-23 were significantly associated
with the 2-year mortality rate, with a significantly increased
hazard ratio (HR) of 2.5.8 Also, Gutierrez et al.9 demon-
strated in a prospective cohort of 10,044 patients with
chronic kidney disease that median carboxy-terminal FGF-23
levels were significantly higher compared to controls. Fur-
thermore, multivariate analyses showed that increasing FGF-
23 levels were associated with a monotonically increasing
risk of death when examined on a continuous scale [odds
ratio (OR) 1.8 (1.4–2.4), P< 0.01].9 Also, the carboxy-terminal
FGF-23 assay has been shown to independently predict
progression of chronic kidney disease.10 However, neither
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group reported on a thorough validation and choice of the
carboxy-terminal assay.

Two assays for FGF-23 have been reported. One assay
detects only full-length (intact) FGF-23. In contrast, the carboxy-
terminal assay recognizes both full-length and processed
carboxy-terminal fragments of FGF-23.11–13 However, dis-
crepant results concerning circulatory levels of FGF-23 have
been reported using these two assays. Because FGF-23 ap-
pears to be an indicator of mortality in patients with renal
disease and chronic kidney disease patients exhibit features
of the metabolic syndrome,14 it is important that a thorough
evaluation of the assays be done to determine the validity
and utility of these assay in long-term clinical trials. This was
the aim of this study.

Materials and Methods

Assays

The intact FGF-23 enzyme-linked immunosorbent assay
(ELISA) and carboxy-terminal FGF-23 ELISA were evaluated
(Immutopics, Inc., San Clemente, CA). The intact FGF-23
assay is a sandwich ELISA and consists of a 96-well plate
coated with goat anti-human FGF-23 (carboxy-terminal
portion) to which sample is added, and a solution of goat
anti-human FGF-23 (amino-terminal portion) conjugated to
horseradish peroxidase (HRP) for detection. Values are ex-
pressed in pg/mL.

Carboxy-terminal FGF-23 ELISA is a sandwich assay,
consisting of a 96-well plate coated with streptavidin, bioti-
nylated goat anti-human FGF-23 (carboxy-terminal portion)
antibody, and goat anti-human FGF-23 (carboxy-terminal
portion) conjugated to HRP for colorimetric detection of
bound carboxy-terminal FGF-23. Values are expressed in
relative units (RU)/mL, and 1 RU/mL roughly equates to
2 pg/mL according to the manufacturer.

Each ELISA was performed manually according to
instructions provided with the kit. Absorbances were
measured with a BioTek Synergy HT Multi-Mode Micro-
plate Reader. All samples and standards were assayed in
duplicate.

Precision studies

Interassay and intra-assay precision studies were per-
formed according to the Clinical and Laboratory Standards
Institute (CLSI) EP5-A2 protocol.

Interassay precision. Plasma samples with low, medium,
and high concentrations of FGF-23, both intact and carboxy-
terminal, were aliquoted in 1-mL aliquots and stored at
�208C. These samples were then assayed on 20 separate
occasions over the next several days to determine interassay
precision.

Intra-assay precision. Plasma samples with different con-
centrations of FGF-23, both intact and carboxy-terminal, were
run in multiples of 20 to determine intra-assay precision.

Linearity and dilution

Samples with high concentrations of caboxy-terminal and
intact FGF-23 were diluted with the zero standard (serum
matrix) and linearity of each of the assays was determined.
Recovery was calculated by dividing the result obtained by
the expected value.

Human serum and plasma

Although plasma is the sample of choice according to the
manufacturer, we also tested levels of FGF-23 in serum and
plasma obtained from the same subject at the same time
(n¼ 20).

Interference studies

A pool of different plasma samples (n¼ 5) was aliquoted.
Aliquots were then individually spiked with different con-
centrations of free hemoglobin, bilirubin, and triglycerides
(TGs), substances known to frequently interfere with similar
assays. Hemoglobin was added at 100, 40, and 20 g/dL,
values far higher than what would be expected in either
normal plasma or hemolysed plasma. Bilirubin was added
at 450, 125, and 62.5 mg/L (770, 214, and 107 umoL/L; 45,
12.5, and 6.25 mg/dL). These values are higher than what
would be expected even in a jaundiced patient with high
levels of bilirubin. TGs (Intralipid) were added at 1500, 750,
and 375 mg/dL, levels that would be expected from a
dyslipidemic patient or from highly lipemic plasma sam-
ples. Each spiked plasma sample was assayed in duplicate;
results were compared with those from an aliquot of native
plasma.

Cross-reactivity studies

We used recombinant human intact FGF-23 protein
(GenWay, San Diego, CA) for cross-reactivity tests. To de-
termine cross reactivity of the intact protein in the carboxy-
terminal assay, we spiked plasma samples with different
concentrations of intact FGF-23 and assayed them with the
carboxy-terminal FGF-23 ELISA.

Evaluation of intact and carboxy-terminal FGF-23
in patients with renal impairment compared
to healthy controls

All procedures were in accord with the Helsinki Declara-
tion of 1975. Following waiver of Institutional Review Board
(IRB) consent, plasma samples were obtained from the
UCDMC Clinical Pathology laboratories that came in for
evaluation of creatinine levels. Carboxy-terminal and intact
FGF assays were performed according to manufacturers in-
structions. Also, carboxy-terminal FGF-23 levels were as-
sayed in 100 healthy controls with normal creatinine and
eGFR >60. The latter had given informed consent. All cre-
atinine values were performed on the Beckman auto-
analyzer, and estimated glomerular filtration rate (eGFR)
was calculated using the modified Modification of Diet in
Renal Disease (MDRD) equation in the Clinical laboratory at
University of California, Davis.

Statistics

Intra-assay and interassay precision were evaluated by
determining means, standard deviation, and coefficient of
variation. Differences between serum and plasma and
interference studies were evaluated by paired t-tests.
Linear regression analysis was used to correlate the assays
with creatinine and eGFR calculated using the MDRD
equation.
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Results

Precision studies

For the precision studies, plasma samples with different
concentrations of FGF-23 were studied. Intra-assay and inter-
assay precision results are provided in Table 1a and b, re-
spectively. For the intra-assay precision, the carboxy-terminal
FGF-23 showed very good precision whereas the intra-assay
CVs for intact FGF-23 were not very good at the lower
range (Tables 1a,b). With regard to interassay precision, again
carboxy-terminal FGF-23 demonstrated better precision
whereas the intact assay had a very poor interassay precision.

Linearity and dilution

Samples with high concentrations of carboxy-terminal and
intact FGF-23 were diluted to determine linearity. Again,
compared to the carboxy-terminal assay, the intact assay did
not perform well on dilutions of 1:4 or more; the carboxy-
terminal assay performed well up to a 1:16 dilution (Table 2).

Human serum and plasma

Although plasma is the sample of choice according to the
manufacturer, we also tested levels of FGF-23 in serum and
plasma obtained from the same subject at the same time
(n¼ 20). As is evident in Fig. 1, whereas intact FGF-23 was
detected in all of the plasma samples, it was detected in only
5 of the 20 serum samples (25%). With the carboxy-terminal
FGF-23 assay, there were significant differences between
plasma and serum values (P< 0.001) (Fig. 1).

Interference studies

The results of the interference studies are provided in
Fig. 2. Very high bilirubin and TGs resulted in a significant
reduction of FGF-23 in the intact assay. However, there was
no significant reduction in carboxy-terminal FGF-23, even at
these high concentrations.

Cross-reactivity

Because the carboxy-terminal assay detects full-length and
carboxy-terminal FGF-23, addition of intact FGF-23 protein
at various concentrations was detected in the carboxy-
terminal assay. However, using standards of carboxy-
terminal FGF-23 in the intact assay failed to show any
cross-reactivity (data not shown).

Patients’ comparison studies

Correlation of the intact and carboxy-terminal FGF-23
assays with creatinine and eGFR levels is provided. As ex-
pected, for both assays there was a positive correlation with
creatinine levels and a negative correlation with eGFR
(Fig.3a,b). Furthermore, the carboxy-terminal FGF-23 assay
appeared to correlate better with worsening of kidney
function, as assessed by plasma creatinine and calculated
eGFR. The reference range of the carboxy-terminal FGF-23 in
healthy volunteers was determined to be 21–424 RU/mL
(mean� SD, 129� 33 RU/mL; 10th percentile, 76 RU/mL;
90th percentile, 201 RU/mL). Also, there was a significant
increase in intact (P< 0.05) and carboxy-terminal FGF-23 in
subjects with eGFR <60 (Fig. 3c, P< 0.001).

Table 1a. Precision: Intra-assay CV

Intact FGF-23 (pg/mL) N Mean� SD %CV

20 18.9� 3.4 18.1
20 27.2� 3.6 13.3
20 374� 22.5 6.0

C-Terminal FGF-23 (RU/mL)
20 69.4� 2.8 4.0
20 359.9� 25.7 7.1
20 594.8� 36.8 6.2

Samples with low, medium, and high levels of intact and
C-terminal FGF-23 were run 20 times. Data are provided as mean�
SD and % CV.

Table 1b. Precision: Interassay CV

N Mean� SD %CV

Intact FGF-23 (pg/mL)
20 16.1� 4.9 30.4
20 24.7� 9.1 36.8
20 86.2� 12.1 14.0
20 255.9� 101.5 39.7

C-Terminal FGF-23 (RU/mL)
20 54.4� 5.4 9.9
20 333.5� 26.8 8.0
20 756.3� 77.8 10.3
20 13780� 1212 8.8

Samples with low, medium, and high levels of intact and
C-terminal FGF-23 were run in duplicate for 20 days. Data are
provided as mean� SD and % CV.

Table 2. Linearity and Dilution

Expected
Concentration

Observed
Concentration %Recovery

Intact FGF-23 (pg/mL)
Sample 1 69 69 100

35 40 114
18 21 116
9 12 133
5 10 200

Sample 2 96 96 100
48 49 102
24 37 154
12 19 158
6 10 167

C-terminal FGF-23 (RLU/mL)
Sample 1 97.2 97.2 100

48.4 48.48 93
24.2 24.4 101
12.2 12.0 98
6.0 6.6 110
3.0 2.0 67

Sample 2 182.4 182.4 100
90.2 90.8 100
55.6 55.4 98
37.8 37.2 98
19.0 19.2 101
9.4 8.8 94

Samples were diluted using zero standard (serum matrix) and
linearity of the intact and C-terminal FGF-23 assays was determined.

FGF-23 ASSAY VALIDATION 479



FIG. 1. Intact and carboxy-terminal fibroblast growth factor-23 (FGF-23) levels in plasma versus serum. Plasma and serum
from the same individuals (n¼ 20) were evaluated for intact (upper panel) and carboxy-terminal (lower panel) FGF-23 as described
in Materials and Methods. Some values for serum for the intact FGF-23 were undetectable. C-terminal, carboxy-terminal.

FIG. 2. Interference studies. A pool of plasma samples (n¼ 5) was aliquoted. Aliquots were then individually spiked with
different concentrations of free hemoglobin (Hb), bilirubin (Bil), and triglycerides (TG), as described in Materials and
Methods. Each spiked plasma sample was assayed in duplicate by the two methods and results were compared with those
from an aliquot of native plasma. (*) P< 0.05 compared to native plasma; n¼ 5 experiments. FGF, fibroblast growth factor; C-
terminal, carboxy-terminal.
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Discussion

Serum phosphate levels are maintained in a narrow range,
and hyperphosphatemia leads to ectopic calcification and
functional impairment of several organs. FGF-23 appears to
be a key adaptive factor preventing early hyperpho-
sphatemia in progressive chronic kidney disease.1–5 Fur-
thermore, in these patients, FGF-23 is a strong predictor of
mortality.9,10 FGF-23 null mice exhibit increased cardiovas-
cular calcification.7

It will be of considerable interest to look at FGF-23 levels
and their prognostic value because patients with metabolic
syndrome have evidence of incipient renal disease mani-
festing as microalbuminuria. Commercially available assays
for both intact FGF-23 and the splice product carboxy-
terminal FGF-23 are now available.11–13 In this report, we
evaluated both the intact and carboxy-terminal FGF-23 as-
says and demonstrate the superiority of the carboxy-termi-
nal FGF-23 in terms of interassay and intra-assay precision

and interference, and in stratifying patients according to
kidney function. Our interassay and intra-assay precision
studies demonstrate that the carboxy-terminal assay is
clearly superior, especially with regard to interassay preci-
sion, in which the intact assay was highly variable (CV up to
37.5%).

Also, dilutional studies demonstrate that the carboxy-
terminal assay was linear and demonstrated good linearity at
the low end compared to the intact FGF-23 assay. Further-
more, although the manufacturer recommends the use of
EDTA plasma, we examined levels of intact and carboxy-
terminal FGF-23 in serum and plasma and report that for
both intact and carboxy-terminal FGF-23 assays, plasma
appears to be the sample of choice.

Because common interferents such as bilirubin and tri-
glycerides could affect results, we tested these common in-
terferents and free hemoglobin interference in the two
assays. Very high bilirubin and TGs resulted in a significant
reduction of FGF-23 in the intact assay, but there was no

FIG. 3. Correlation of intact fibroblast growth factor (FGF) (a) and carboxy-terminal FGF (b) with creatinine and estimated
glomerular filtration rate (eGFR). Plasma samples were obtained from the UCDMC Clinical Pathology laboratories that came
in for evaluation of creatinine levels. Carboxy-terminal and intact FGF assays were performed according to manufacturers
instructions. (c) Values for intact and carboxy-terminal FGF-23 as a function of eGFR: Divided into eGFR >60 and <60,
respectively. (#) P< 0.05 and (*) P< 0.001 compared to eGFR <60. C-terminal, Carboxy-terminal.
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significant reduction in carboxy-terminal FGF-23, even at
these high concentrations of interferents.

For both assays, there was a positive correlation with
creatinine levels and a negative correlation with eGFR. Fur-
thermore, the carboxy-terminal FGF-23 assay appeared to
correlate better with worsening of kidney function as as-
sessed by plasma creatinine and calculated eGFR. Also, there
was a significant increase in carboxy-terminal FGF-23 in
subjects with eGFR <60.

Previous studies have examined the utility of assays for
FGF-23 in renal disease; however, there has not been a
comprehensive evaluation of both assays head-to-head in a
comprehensive manner. Fassbender et al.12 did not report on
any precision studies and, like our report, reported that
plasma was a superior sample than serum for the measure-
ment of FGF-23. Heijboer et al.13 evaluated two intact assays,
including an assay from Kainos and the carboxy-terminal
assay and also reported on poor linearity and interassay
precision of the intact assay. They did not report on any
interferents or recovery.

FGF-23 appears to be a novel marker in the workup of
chronic kidney disease, tumor-induced osteomalacia, and
rare genetic causes of rickets. Thus, this assay requires
standardization and needs to be available in clinical labo-
ratories at academic centers. In this paper, we have dem-
onstrated that for prospective trials to examine the utility
of FGF-23 as a biomarker of adverse outcomes in end-stage
renal disease patients, it is important that the carboxy-
terminal FGF-23 assay be used because it has better pre-
cision, stability in plasma, is linear, and correlates well
with loss of kidney function when compared to the intact
FGF-23 assay. In future studies, we will examine the rela-
tionship of carboxy-terminal FGF-23 levels with mortality
and progression of renal disease in patients with chronic
kidney disease.
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