
ORIGINAL CONTRIBUTION

Fibroblast Growth Factor 23 and Risks
of Mortality and End-Stage Renal Disease
in Patients With Chronic Kidney Disease
Tamara Isakova, MD, MMSc
Huiliang Xie, PhD
Wei Yang, PhD
Dawei Xie, PhD
Amanda Hyre Anderson, PhD, MPH
Julia Scialla, MD, MHS
Patricia Wahl, PhD
Orlando M. Gutiérrez, MD, MMSc
Susan Steigerwalt, MD
Jiang He, MD, PhD
Stanley Schwartz, MD
Joan Lo, MD
Akinlolu Ojo, MD, PhD, MPH
James Sondheimer, MD
Chi-yuan Hsu, MD, MSc
James Lash, MD
Mary Leonard, MD, MSCE
John W. Kusek, PhD
Harold I. Feldman, MD, MSCE
Myles Wolf, MD, MMSc
for the Chronic Renal Insufficiency
Cohort (CRIC) Study Group

FIBROBLAST GROWTH FACTOR 23
(FGF-23) is an endocrine hor-
mone that regulates phospho-
rus metabolism. Circulating

levels of FGF-23 increase progres-
sively as kidney function declines, even-
tually reaching concentrations in
patients with chronic kidney disease
that are among the highest in any con-
dition commonly encountered in clini-
cal practice.1 Fibroblast growth factor

23 levels increase in chronic kidney dis-
ease as an appropriate physiological
adaptation to maintain neutral phos-
phate balance and normal serum phos-
phate levels in the setting of reduced
renal capacity for phosphate excre-
tion. Preventing increases in serum
phosphate is likely beneficial in chronic
kidney disease given reports of greater

risk of adverse renal and cardiovascu-
lar outcomes in association with overt
hyperphosphatemia and even modest
elevations in serum phosphate within
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Context A high level of the phosphate-regulating hormone fibroblast growth factor
23 (FGF-23) is associated with mortality in patients with end-stage renal disease, but
little is known about its relationship with adverse outcomes in the much larger popu-
lation of patients with earlier stages of chronic kidney disease.

Objective To evaluate FGF-23 as a risk factor for adverse outcomes in patients with
chronic kidney disease.

Design, Setting, and Participants A prospective study of 3879 participants with
chronic kidney disease stages 2 through 4 who enrolled in the Chronic Renal Insuffi-
ciency Cohort between June 2003 and September 2008.

Main Outcome Measures All-cause mortality and end-stage renal disease.

Results At study enrollment, the mean (SD) estimated glomerular filtration rate (GFR)
was 42.8 (13.5) mL/min/1.73 m2, and the median FGF-23 level was 145.5 RU/mL
(interquartile range [IQR], 96-239 reference unit [RU]/mL). During a median fol-
low-up of 3.5 years (IQR, 2.5-4.4 years), 266 participants died (20.3/1000 person-
years) and 410 reached end-stage renal disease (33.0/1000 person-years). In ad-
justed analyses, higher levels of FGF-23 were independently associated with a greater
risk of death (hazard ratio [HR], per SD of natural log-transformed FGF-23, 1.5; 95%
confidence interval [CI], 1.3-1.7). Mortality risk increased by quartile of FGF-23: the
HR was 1.3 (95% CI, 0.8-2.2) for the second quartile, 2.0 (95% CI, 1.2-3.3) for the
third quartile, and 3.0 (95% CI, 1.8-5.1) for the fourth quartile. Elevated fibroblast
growth factor 23 was independently associated with significantly higher risk of end-
stage renal disease among participants with an estimated GFR between 30 and 44
mL/min/1.73 m2 (HR, 1.3 per SD of FGF-23 natural log-transformed FGF-23; 95%
CI, 1.04-1.6) and 45 mL/min/1.73 m2 or higher (HR, 1.7; 95% CI, 1.1-2.4), but not
less than 30 mL/min/1.73 m2.

Conclusion Elevated FGF-23 is an independent risk factor for end-stage renal dis-
ease in patients with relatively preserved kidney function and for mortality across the
spectrum of chronic kidney disease.
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the normal range.2,3 However, small
studies suggest that an elevated FGF-23
level is an independent risk factor for
mortality among patients undergoing
dialysis,4,5 and for more rapid loss of kid-
ney function in earlier stages of chronic
kidney disease.6,7 Whether FGF-23 is
associated with greater risks of mortal-
ity and end-stage renal disease in the
much larger population of patients with
earlier stages of chronic kidney dis-
ease is unknown. We tested the hypoth-
esis that an elevated FGF-23 level is an
independent risk factor for death and
end-stage renaldisease ina large, racially
and ethnically diverse, prospective
cohort study of individuals with chronic
kidney disease stages 2 through 4.

METHODS
Study Population

The Chronic Renal Insufficiency Co-
hort (CRIC) Study is a multicenter, pro-
spective observational study of risk fac-
tors for cardiovascular disease,
progression of chronic kidney dis-
ease, and mortality.8 Three thousand six
hundred twelve individuals aged 21 to
74 years with an estimated GFR of be-
tween 20 and 70 mL/min/1.73 m2 were
enrolled between June 2003 and March
2007. Because chronic kidney disease
and its associated adverse outcomes are
more common in minorities,9 self-
reported blacks were oversampled, and
the ancillary Hispanic CRIC study en-
rolled 327 additional self-reported His-
panic participants through September
2008. Exclusion criteria included in-
ability to consent, institutionaliza-
tion, enrollment in other studies, preg-
nancy, New York Heart Association
class III to IV heart failure, human im-
munodeficiency virus, cirrhosis, my-
eloma, polycystic kidney disease, re-
nal cancer, recent chemotherapy or
immunosuppressive therapy, organ
transplant, or prior treatment with di-
alysis for at least 1 month. The proto-
col was approved by the institutional
review board at each study site
(eMethods available at http://www.jama
.com), and participants provided writ-
ten informed consent.

Exposure and Outcomes
The primary exposure was plasma FGF-
23, which was measured in baseline
samples from 3879 of the 3939 partici-
pants after a single thaw. A central labo-
ratory at the University of Pennsylva-
nia used a second generation C-terminal
assay (Immutopics, San Clemente, Cali-
fornia) to measure FGF-23 in dupli-
cate with a mean intra-assay coeffi-
cient of variation of less than 5%.
Results from C-terminal and intact
FGF-23 assays are highly correlated,4

and biologically active FGF-23 is ac-
curately measured by either assay.10

There was no significant difference in
the mean (SD) estimated GFR be-
tween the study population and the 60
participants who were excluded be-
cause they had inadequate sample vol-
umes for assay of FGF-23 (45.0 [13.5]
vs 42.8 [13.5] mL/min/1.73 m2). Clini-
cal data were collected at the baseline
visit by interview and questionnaire,
and additional laboratory tests of blood
and urine were measured centrally
using standard assays (eMethods). Out-
comes included all-cause mortality and
end-stage renal disease, defined as ini-
tiation of dialysis or kidney trans-
plant. Participants were followed up un-
til the occurrence of death, voluntary
withdrawal from the study, loss to fol-
low-up, or December 31, 2008, when
the database was locked for analysis.
More than 90% of the participants were
retained during the longitudinal obser-
vation period.

Statistical Analysis

We used descriptive statistics to com-
pare clinical characteristics according
to baseline FGF-23 levels and exam-
ined Spearman correlations between
FGF-23, estimated GFR, and other
laboratory values. We used time-to-
event analyses to examine risks of out-
comes according to baseline FGF-23
levels, which were expressed as a con-
tinuous variable with hazard ratios
(HRs) calculated per SD increment of
natural log-transformed FGF-23, and
in quartiles, with the lowest quartile de-
fined as the reference group. We used
Cox proportional hazards regression to

examine unadjusted and multivari-
able adjusted relationships between
FGF-23 and outcomes. We hierarchi-
cally adjusted for demographic factors
(age, sex, race, and ethnicity), esti-
mated GFR (based on the modified
Modification of Diet in Renal Disease
[MDRD] study equation11) and other
chronic kidney disease–specific risk fac-
tors (urinary albumin-to-creatinine ra-
tio, hemoglobin, and serum albumin),
traditional cardiovascular risk factors
(systolic blood pressure, body mass in-
dex, diabetes, smoking, low-density
lipoprotein cholesterol, prior history of
coronary artery disease, congestive
heart failure, stroke, and peripheral
vascular disease) and the use of cardio-
protective and renoprotective medica-
tions (aspirin, �-blockers, statins,
and angiotensin-converting enzyme
inhibitors or angiotensin II receptor
blockers), and levels of mineral me-
tabolites (serum calcium, phosphate
and parathyroid hormone). All ad-
justed models were stratified by
study site to account for potential vari-
ability in baseline hazards across cen-
ters. We used Schoenfeld residuals
to confirm the proportionality assump-
tion.

Stratified and Sensitivity Analyses

Because reduced kidney function is an
independent risk factor for end-stage re-
nal disease and death,12,13 we per-
formed prespecified analyses strati-
fied by baseline estimated GFR and
tested for interaction with FGF-23. We
also performed stratified analyses and
tests for interaction with FGF-23 for the
individual chronic kidney disease–
specific risk factors, cystatin C, tradi-
tional cardiovascular risk factors, and
other mineral metabolites. Because
death precludes the occurrence of fu-
ture end-stage renal disease, we used
competing risk regression14 in a sensi-
tivity analysis of end-stage renal dis-
ease. Twenty participants who died af-
ter reaching end-stage renal disease
were included in the primary analysis
of mortality; however, because inci-
dent end-stage renal disease increases
the subsequent hazard of death, we per-
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Table 1. Baseline Characteristics in All Participants and According to Quartiles of Fibroblast Growth Factor 23

Characteristics

Fibroblast Growth Factor 23, RU/mL, No. (%) of Participants

All Participants,
[Median, 145.5]

(n = 3879)

Quartiles

1
� 95.8

(n = 969)

2
95.8-145.4
(n = 970)

3
145.5-239.1

(n = 970)

4
� 239.2

(n = 970)

Demographic and clinical
Age, mean (SD), y 58.2 (11.0) 56.6 (11.3) 58.7 (10.9) 59.0 (10.8) 58.3 (10.9)

Women 1738 (44.8) 350 (36.1) 385 (39.7) 455 (46.9) 548 (56.5)

Black 1620 (41.8) 404 (41.7) 374 (38.6) 386 (39.8) 456 (47.0)

Hispanic 495 (12.8) 72 (7.4) 138 (14.2) 138 (14.2) 147 (15.1)

Hypertension 3339 (86.1) 731 (75.4) 843 (87.0) 872 (89.9) 893 (92.1)

Diabetes 1879 (48.4) 291 (30.0) 443 (45.7) 552 (56.9) 593 (61.1)

Coronary artery disease 853 (22.0) 146 (15.1) 209 (21.5) 237 (24.4) 261 (26.9)

Congestive heart failure 376 (9.7) 33 (3.4) 66 (6.8) 100 (10.3) 177 (18.2)

Stroke 385 (9.9) 77 (7.9) 79 (8.1) 117 (12.1) 112 (11.5)

Peripheral vascular disease 258 (6.6) 33 (3.4) 41 (4.2) 74 (7.6) 110 (11.3)

Current smoking 508 (13.1) 76 (7.8) 97 (10.0) 132 (13.6) 203 (20.9)

Body mass index, mean (SD)a 32.1 (7.8) 30.6 (6.7) 31.5 (7.0) 32.4 (7.8) 33.9 (9.1)

Systolic blood pressure, mean
(SD), mm Hg

128.6 (22.2) 123.6 (19.5) 126.9 (21.6) 131.8 (23.1) 132.0 (23.3)

Medication use
Aspirin 1651 (42.9) 367 (38.2) 424 (44.1) 427 (44.4) 433 (44.8)

�-Blockers 1899 (49.3) 346 (36.0) 447 (46.5) 516 (53.6) 590 (61.0)

Statins 2127 (55.2) 432 (44.9) 537 (55.9) 592 (61.5) 566 (58.5)

ACE inhibitors or ARBs 2650 (68.8) 581 (60.5) 690 (71.8) 707 (73.5) 672 (69.5)

Phosphate binders 270 (7.0) 49 (5.1) 59 (6.1) 66 (6.9) 96 (9.9)

Active vitamin D 124 (3.2) 14 (1.5) 14 (1.5) 36 (3.7) 60 (6.2)

Nutritional vitamin D 394 (10.2) 95 (9.9) 110 (11.4) 87 (9.0) 102 (10.5)

Laboratory results
Creatinine, mean (SD), mg/dL, 1.8 (0.6) 1.5 (0.4) 1.7 (0.5) 1.9 (0.6) 2.2 (0.8)

Estimated GFR, mL/min/1.73 m2

mean (SD) 42.8 (13.5) 52.1 (12.1) 45.5 (11.7) 39.2 (10.9) 34.3 (12.2)

�60 401 (10.3) (23.5) (12.0) (2.8) (3.1)

30-60 2720 (70.1) (73.4) (79.2) (73.4) (54.5)

�30 758 (19.5) (3.0) (8.9) (23.8) (42.4)

Urine albumin-to-creatinine ratio,
median (IQR), mg/g

52.1 (8.7-460.9) 14.5 (5.0-121.7) 32.2 (6.5-275.0) 102.9 (15.0-713.2) 212.7 (28.4-1277.3)

Albumin, mean (SD), g/dL 3.9 (0.5) 4.0 (0.4) 4.0 (0.4) 3.9 (0.5) 3.8 (0.5)

Cystatin C, mean (SD),
mg/L

1.5 (0.5) 1.1 (0.3) 1.4 (0.4) 1.6 (0.4) 2.0 (0.6)

Calcium, mean (SD), mg/dL 9.2 (0.5) 9.2 (0.4) 9.2 (0.5) 9.2 (0.5) 9.1 (0.6)

Phosphate, mean (SD),
mg/dL

3.7 (0.7) 3.4 (0.5) 3.6 (0.6) 3.8 (0.6) 4.1 (0.8)

Fractional excretion of
phosphate, median (IQR)

26.5 (19.5-36.8) 23.0 (17.8-30.2) 25.1 (18.7-33.9) 27.8 (21.1-38.9) 32.5 (22.8-44.4)

Parathyroid hormone, median
(IQR), pg/mL

54.0 (35.0-89.0) 40.0 (29.0-59.0) 47.4 (32.4-73.2) 62.8 (40.0-105.0) 82.4 (47.0-137.0)

25-Hydroxyvitamin D, mean
(SD), ng/mLb

21.3 (10.8) 22.0 (10.1) 24.0 (11.6) 21.5 (10.8) 16.6 (9.9)

1,25-Dihydroxyvitamin D, mean,
(SD), ng/mLb

28.7 (10.1) 31.9 (11.0) 29.4 (9.6) 25.6 (8.8) 25.8 (9.2)

Hemoglobin, mean (SD),
g/dL

12.6 (1.8) 13.5 (1.6) 12.8 (1.7) 12.4 (1.6) 11.8 (1.8)

LDL, mean (SD), mg/dL 102.6 (35.3) 107.0 (33.1) 102.1 (33.4) 101.3 (36.3) 99.8 (38.0)
Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; GFR, glomerular filtration rate; IQR, interquartile range; LDL, low-density lipoprotein.
SI conversion factors: To covert calcium from mg/dL to mmol/L, multiply by 0.25; creatinine from mg/dL to µmol/L, multiply by 88.4; LDL from mg/dL to mmol/L, multiply by 0.0259; and

parathyroid hormone from pg/mL to ng/L, multiply by 0.1053.
aBody mass index calculated as weight in kilograms divided by height in meters squared.
b25-hydroxyvitamin D and 1,25-dihydroxyvitamin D levels were available in 333 and 332 participants, respectively.
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formed an additional sensitivity analy-
sis of mortality in which we censored
those 20 participants when they devel-
oped end-stage renal disease. Phos-
phate binders and active vitamin D
therapy can modulate FGF-23 lev-
els15,16 and are associated with sur-
vival.17,18 We adjusted for use of these
medications and for use of vitamin D
supplements and performed a sensitiv-
ity analysis that excluded participants
who were receiving these agents at en-
rollment. To test for potential con-
founding by vitamin D levels, we ex-
amined the unadjusted association of
FGF-23 with outcomes in the 333 par-
ticipants with 1,25-dihydroxyvitamin
D and 25-dihydroxyvitamin D mea-
surements at baseline and examined this
association again among the 1159 par-
ticipants with these measurements at
the 1-year follow-up visit, and then ad-
justed for demographics and vitamin D
levels.

To determine whether the results
were robust to alternate measures of
kidney function, we repeated the main
analysis after substituting MDRD-
based estimated GFR with cystatin C
and direct iothalamate GFR measure-
ments that were available from 1409

participants. To investigate whether the
relationship between FGF-23 and mor-
tality might represent a more accurate

capture of residual confounding intro-
duced by imprecision in the measures
of renal function, we assessed the speci-

Table 2. Risks of Adverse Outcomes by Natural Log-Transformed Fibroblast Growth Factor 23 and Ascending Quartiles

FGF-23, Mean
(Range), RU/mL

Rate per 1000
Person-Years

Hazard Ratio (95% Confidence Interval)

Unadjusted Model 1a Model 2b Model 3c Model 4d

Death
Overall population

Per 1 SD lnFGF-23 233 (�10-14318.9) 20.3 (17.9-22.8) 1.7 (1.6-1.9) 1.8 (1.6-2.0) 1.7 (1.5-1.9) 1.5 (1.4-1.8) 1.5 (1.3-1.7)

FGF-23 quartiles
1 71.3 (�10-95.7) 7.6 (4.9-11.1) 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

2 118.5 (95.8-145.4) 12.6 (9.1-17.0) 1.7 (1.0-2.7) 1.5 (0.9-2.5) 1.4 (0.8-2.3) 1.3 (0.8-2.2) 1.3 (0.8-2.2)

3 184.7 (145.5-239.1) 21.3 (16.6-26.9) 2.8 (1.8-4.4) 2.6 (1.6-4.1) 2.3 (1.4-3.7) 2.0 (1.2-3.3) 2.0 (1.2-3.3)

4 558.3 (239.2-14318.9) 41.3 (34.5-49.1) 5.5 (3.6-8.4) 5.2 (3.4-8.0) 4.3 (2.6-6.9) 3.3 (2.0-5.4) 3.0 (1.8-5.1)

End-stage renal disease
Overall population

Per 1 SD lnFGF-23 233 (�10-14318.9) 32.9 (29.8-36.3) 1.9 (1.7-2.0) 1.9 (1.7-2.0) 1.1 (0.97-1.2) 1.1 (0.97-1.2) 1.0 (0.9-1.2)

FGF-23 quartiles
1 71.3 (�10-95.7) 7.6 (5.0-11.2) 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

2 118.5 (95.8-145.4) 18.8 (14.4-24.2) 2.5 (1.6-4.0) 2.6 (1.6-4.1) 1.2 (0.8-2.0) 1.3 (0.8-2.1) 1.2 (0.7-2.0)

3 184.7 (145.5-239.1) 40.7 (33.8-48.5) 5.5 (3.6-8.4) 5.9 (3.8-9.0) 1.4 (0.9-2.2) 1.4 (0.9-2.2) 1.2 (0.8-2.0)

4 558.3 (239.2-14318.9) 72.7 (62.9-83.5) 10.1 (6.7-15.2) 10.6 (7.0-16.0) 1.3 (0.8-2.1) 1.3 (0.8-2.1) 1.2 (0.7-1.9)
Abbreviation: lnFGF-23, natural log-transformed fibroblast growth factor 23.
aModel 1 is stratified by center and adjusts for age, sex, race, and ethnicity.
bModel 2 adjusts for covariates in model 1 plus estimated glomerular filtration rate, natural log-transformed urine albumin-to-creatinine ratio, serum albumin, and hemoglobin.
cModel 3 adjusts for covariates in model 2 plus systolic blood pressure, body mass index, diabetes, smoking status, low-density lipoprotein, history of coronary artery disease, congestive

heart failure, stroke, and peripheral vascular disease, and use of aspirin, �-blockers, statins, and angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers.
dModel 4 adjusts for covariates in model 3 plus calcium, phosphate, and natural log-transformed parathyroid hormone.

Figure 1. Multivariable-Adjusted Hazard Function for Death According to Measured
(Untransformed) Levels of Fibroblast Growth Factor 23
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The median fibroblast growth factor 23 (FGF-23) level within the lowest FGF-23 quartile (74 RU/mL) served as the
referent value (hazard=1.0). The model was stratified by center and adjusted for age; sex; race; ethnicity; estimated
glomerular filtration rate; natural log-transformed urine albumin-to-creatinine ratio; hemoglobin; serum albumin;
systolic blood pressure; body mass index; diabetes; smoking status; low-density lipoprotein; history of coronary ar-
tery disease, congestive heart failure, stroke, and peripheral vascular disease; use of aspirin, �-blockers, statins, and
angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers; and serum calcium, phosphate, and
natural log-transformed parathyroid hormone. Tick marks on the x-axis indicate individual observations at corre-
sponding levels of FGF-23. The solid black line represents the multivariable-adjusted hazard of mortality as a func-
tion of the measured (nontransformed) FGF-23 level. The dashed lines indicate the 95% confidence intervals.
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ficity of the FGF-23 results by also ex-
amining risk of death according to para-
thyroid hormone, which correlated with
estimated GFR to a similar extent as
FGF-23. Finally, because fractional ex-
cretion of phosphate (FePi = [urine
phosphate�serum creatinine] / [se-
rum phosphate � ur ine crea t i -
nine]�100%) is a readily available
clinical measure of the phosphaturic ac-
tion of FGF-23 (higher FGF-23 causes
increased FePi),19 we explored the util-
ity of FePi as a surrogate measure of the
effect of FGF-23 by substituting it for
FGF-23 in the fully adjusted mortality
model. Analyses were performed using

SAS 9.2 (SAS Institute Inc, Cary, North
Carolina). All statistical tests were
2-sided, and P values �.05 were con-
sidered significant.

RESULTS
Baseline characteristics are presented in
TABLE 1 for the overall population and
by FGF-23 quartiles. The mean (SD) es-
timated GFR at the baseline visit was
42.8 mL/min/1.73 m2 (13.5 mL/min/
1.73 m2). Although the mean (SD) se-
rum phosphate level was 3.7 mg/dL (0.7
mg/dL), and 89% of participants had
normal phosphate levels (�4.6 mg/
dL), the median FGF-23 level was 145.5

RU/mL (interquartile range [IQR], 96-
239 RU/mL), which is more than 3-fold
higher than the median of 43 RU/mL
(IQR, 29-72 RU/mL) in a population
with a low prevalence of chronic kid-
ney disease.20 Fibroblast growth factor
23 correlated with estimated GFR
(r=−0.52; P� .001), cystatin C (r=0.59;
P� .001), serum phosphate (r=0.35;
P � .001), parathyroid hormone
(r = 0.37; P � .001), FePi (r = 0.26;
P� .001), and hemoglobin (r=−0.36;
P� .001). After FGF-23, parathyroid
hormone was the next closest correlate
of estimated GFR (r=−0.47; P� .001).

FGF-23 and Risks
of Clinical Outcomes

During a median follow-up of 3.5 years,
266 participants died (20.3/1000 per-
son-years) and 410 reached end-stage
renal disease (33.0/1000 person-
years). Median FGF-23 levels were sig-
nificantly higher in those who died
(234; IQR, 142-419 RU/mL) or reached
end-stage renal disease (236; IQR, 160-
372 RU/mL) than in those who re-
mained event-free (133; IQR, 91-210
RU/mL; P� .001 for each).

Mortality

Unadjusted and mult ivariable-
adjusted HRs for mortality are pre-
sented in TABLE 2 according to base-
line FGF-23, expressed as a continuous
variable and in quartiles. Adjusting for
demographic characteristics, esti-
mated GFR and other chronic kidney
disease–specific risk factors did not al-
ter the relationship between elevated
FGF-23 levels and risk of death ob-
served in unadjusted analyses. Partici-
pants in the highest vs the lowest quar-
tile demonstrated a 4.3-fold greater risk
of death, and the intermediate quar-
tiles demonstrated intermediate risks.
Further adjustment for traditional car-
diovascular risk factors; use of cardio-
protective and renoprotective medica-
tions; and serum calcium, phosphate,
and parathyroid hormone levels mini-
mally attenuated the relationship be-
tween FGF-23 and risk of death. In the
fully adjusted models, the graded in-
crease in risk of death persisted across

Figure 2. Stratified Analyses of Risk of Death by Fibroblast Growth Factor 23 Levels

Sample Size, No.Subgroup Deaths, No.

1 2
Hazard Ratio per SD Natural

Log-Transformed FGF-23

Entire cohort
Age, y

82<60 1658
158≥60 1856

Sex
90Women 1583

150Men 1931
Race

118Black 1454
122Nonblack 2060

Diabetes
149Yes 1690
91No 1824

Smoking status
51Yes 442

189No 3072
Cardiovascular disease

152Yes 1175
88No 2339

Cystatin C, mg/L
64<1.5 1721

176≥1.5 1793
Albumin-to-creatinine ratio, mg/g

87<52 1762
153≥52 1752

Albumin, g/dL
138<4.0 1685
103≥4.0 1843

Calcium, mg/dL
130<9.2 1650
110≥9.2 1866

Phosphate, mg/dL
87<3.7 1693

155≥3.7 1839

Hemoglobin, g/dL
135<12.5 1691
105≥12.5 1835

Parathyroid hormone, pg/mL
95<54 1823

151≥54 1769

Low-density lipoprotein, mg/dL
133<98 1737
107≥98 1782

240 3514

The multivariable-adjusted hazard ratio (95% confidence intervals) of death per unit increment in standard
deviation of natural log-transformed fibroblast growth factor 23 (FGF-23) is plotted for the entire cohort and
according to strata of baseline covariates. See Figure 1 legend for adjusted variables. To covert calcium from
mg/dL to mmol/L, multiply by 0.25; low-density lipoprotein from mg/dL to mmol/L, multiply by 0.0259; and
parathyroid hormone from pg/mL to ng/L, multiply by 0.1053.
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the spectrum of FGF-23 levels
(FIGURE 1), and the effects of esti-
mated GFR and proteinuria on mortal-
ity were completely attenuated. In mul-
tivariable-adjusted stratified analyses,
elevated FGF-23 levels were associ-
ated with homogenously greater risk of
mortality (FIGURE 2).

In sensitivity analyses, the results
were qualitatively unchanged when
we censored at the time of end-stage
renal disease; when we substituted cys-
tatin C (HR per SD of natural log-
transformed FGF-23, 1.4; 95% CI, 1.2-
1.7) or iothalamate GFR instead of the
MDRD estimated GFR; when we ad-
justed for vitamin D levels; when par-
ticipants treated with phosphate bind-
ers, active vitamin D, or vitamin D
supplements were excluded; or when
use of these medications was included
in the multivariable models (eTable 1
available at http://www.jama.com). Un-
like FGF-23, neither parathyroid hor-
mone (HR per SD of natural log-
transformed parathyroid hormone, 1.1;
95% CI, 0.9-1.3) nor FePi (HR per SD
of natural log-transformed FePi, 1.0;
95% CI, 0.9-1.1) was associated with
mortality in fully adjusted models that
excluded FGF-23.

End-Stage Renal Disease

In contrast to mortality, adjustment
for estimated GFR and chronic kidney
disease–specific risk factors attenu-
ated the unadjusted association
between FGF-23 and risk of end-stage
renal disease in the primary analysis
(Table 2) and when death was treated
as a competing risk (eTable 2). In the
fully adjusted model, reduced esti-
mated GFR was the strongest predictor
of end-stage renal disease, and esti-
mated GFR modified the relationship
between FGF-23 and risk of end-
stage renal disease (P for natural log-
transformed FGF-23 � estimated
GFR = .005). Although the median
FGF-23 was higher in more advanced
chronic kidney disease, elevated levels
of FGF-23 were independently associ-
ated with greater risk of end-stage re-
nal disease in participants with base-
line estimated GFR between 30 and 45

mL/min/1.73m2 and45mL/min/1.73m2

or higher but not in those with esti-
mated GFR lower than 30 mL/min/
1.73 m2 (FIGURE 3). In contrast, the risk
of death according to FGF-23 was ho-
mogenously significant across catego-
ries of estimated GFR (Figure 3).

COMMENT
An elevated level of FGF-23 is an in-
dependent risk factor for mortality in
a referred population of patients with
chronic kidney disease stages 2 through
4. The effect was minimally con-
founded by other factors known to in-
fluence survival and was specific to
FGF-23 among the mineral metabo-
lites we analyzed. These results are con-
sistent with prior reports of greater risk
of mortality in association with el-
evated FGF-23 levels in patients un-
dergoing hemodialysis,4,5 recipients of
kidney transplants,21 and individuals
with a prior history of cardiovascular
disease.20 Unexpectedly, FGF-23 was
more strongly associated with mortal-
ity than traditional cardiovascular dis-
ease– and chronic kidney disease–
specific risk factors, most notably,
reduced estimated GFR and protein-
uria. These data emphasize the poten-

tial of FGF-23 as a novel risk factor for
mortality in chronic kidney disease.

The mechanisms that underlie the
association between elevated levels of
FGF-23 and mortality are unclear.
One possibility is that FGF-23 is an
excellent biomarker of toxicity of
other factors in the family of disor-
dered mineral metabolism, such as
elevated serum phosphate and para-
thyroid hormone. However, a recent
meta-analysis demonstrated the poor
relationship between parathyroid hor-
mone and mortality, and the modest
effect of elevated serum phosphate.22

In the current study, similar to the
few previous studies that performed
direct comparisons,4,5,21 FGF-23 was
more strongly associated with mortal-
ity than other mineral metabolites,
and its effect was neither confounded
nor modified by phosphate or para-
thyroid hormone. In addition, in-
creased FePi, which is a measure of
the physiological action of FGF-23 on
renal phosphate handling,19 was not
associated with mortality. These find-
ings suggest that mechanisms beyond
mineral metabolism may underlie
excess mortality in association with
elevated FGF-23.

Figure 3. Fibroblast Growth Factor 23 Levels and Risks of End-Stage Renal Disease and
Death by Baseline Kidney Function
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Multivariable-adjusted risks of end-stage renal disease and death per unit increment in SD of natural log-
transformed fibroblast growth factor 23 (FGF-23) in all participants and according to categories of baseline
estimated glomerular filtration rate (GFR). See Figure 1 legend for adjusted variables. Error bars indicate 95%
confidence intervals. HR indicates hazard ratio.
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Another possibility is that an el-
evated level of FGF-23 is a sensitive
marker of the severity of kidney dys-
function that accurately conveys mor-
tality risk associated with chronic kid-
ney disease but that is not directly
attributable to FGF-23. This also seems
inadequate, however, given the previ-
ous report linking elevated levels of
FGF-23 with mortality in a predomi-
nantly non–chronic kidney disease co-
hort,20 and our observation of homog-
enous risk of mortality across the range
of renal function regardless of whether
it was quantified using the standard
MDRD estimated GFR, iothalamate
GFR, or cystatin C. In addition, the
specificity of the results for FGF-23 rela-
tive to parathyroid hormone, despite
their similar correlation with esti-
mated GFR, suggests that the effect of
FGF-23 on death may be acting through
a mechanistic pathway that is at least
partially independent of renal func-
tion. Finally, the observation that es-
timated GFR and proteinuria fell out as
insignificant risk factors for mortality
in multivariable models that included
FGF-23 suggests that rather than sim-
ply acting as a biomarker of chronic kid-
ney disease severity, elevated FGF-23
may contribute to the excess mortal-
ity that was attributed to chronic kid-
ney disease in previous studies in which
FGF-23 levels were unavailable. Al-
though postulating direct toxicity of
FGF-23 remains speculative,23 el-
evated FGF-23 consistently associates
with pathophysiologically plausible
mechanisms of premature death in-
cluding left ventricular hypertrophy, en-
dothelial dysfunction, atherosclero-
sis, and arterial calcification.24-28

Experimental or randomized human
studies are needed to assign or refute
a direct causal role for FGF-23 in ex-
cess mortality.

The relationship between FGF-23
and risk of end-stage renal disease was
more complex. In the overall popula-
tion, FGF-23 was associated with risk
of end-stage renal disease until esti-
mated GFR was added to the model. Al-
though this might suggest that an el-
evated level of FGF-23 is not a risk

factor for end-stage renal disease, the
relationship between FGF-23 and end-
stage renal disease was modified by
estimated GFR, which was the most po-
tent determinant of progression to end-
stage renal disease. Unlike death, in
which events were relatively balanced
across the range of estimated GFR,
analyses of end-stage renal disease in
the overall population were driven pri-
marily by participants with baseline es-
timated GFR less than 30 mL/min/
1.73 m2. This group experienced the
greatest number of end-stage renal dis-
ease events with incidence rates that
were approximately 4-fold and 18-
fold higher than those with estimated
GFR of 30 through 45 and 45 mL/min/
1.73 m2 or higher, respectively
(Figure 3). When the analyses were
stratified by kidney function, higher
FGF-23 emerged as an independent risk
factor for end-stage renal disease in
those with estimated GFR higher than
30 mL/min/1.73 m2, and the effect size
grew with higher estimated GFR. Al-
though these results suggest that
FGF-23 testing might help stratify risk
of progression to end-stage renal dis-
ease in the growing number of pa-
tients found to have modestly reduced
estimated GFR, confirmation by fu-
ture studies is needed.

Limitations of the study include the
lack of data on cause of death.
Although greater risk of cardiovascu-
lar mortality is likely given previous
reports of FGF-23 and cardiovascular
events,20 future studies should exam-
ine cause-specific mortality and risk
of major cardiovascular events in
patients with chronic kidney disease
according to FGF-23. Second, vitamin
D levels were only available in subsets
of participants. However, since adjust-
ment for vitamin D levels or vitamin
D treatment did not alter the point
estimate for FGF-23 similar to previ-
ous studies,4 it is unlikely that vitamin
D confounds the relationship between
FGF-23 and mortality. Third, we did
not study other biomarkers, such as
troponin T and brain natriuretic pep-
tide, which have been associated with
adverse outcomes in chronic kidney

disease.13 Finally, the lack of a vali-
dated assay in chronic kidney disease
precluded us from measuring circulat-
ing levels of the soluble form of
klotho, the FGF-23 coreceptor that is
expressed in the kidneys and parathy-
roid glands and that demonstrates
antiaging and vascular-protective
effects.29,30 Future studies should
explore whether reduced expression
of klotho due to chronic kidney dis-
ease itself31 or secondary to increased
FGF-2332 is a potential mediator of
FGF-23-associated mortality.

Previous reports of greater risk of
mortality in association with elevated
FGF-23 levels among patients under-
going dialysis4,5 established the possi-
bility that FGF-23 may be a novel pre-
dictor of adverse outcomes in patients
with kidney disease. In the current
study, we extend these results to the
much larger population of patients with
chronic kidney disease stages 2 through
4 in whom treatment of disordered
phosphorus metabolism is not recom-
mended because their serum phos-
phate levels are usually normal. If the
results of the current study are con-
firmed and experimental studies sup-
port the hypothesis of direct toxicity of
FGF-23, future research should evalu-
ate whether therapeutic or preventa-
tive strategies that lower FGF-23 can
improve outcomes.
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