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OBJECTIVE

To study whether fibroblast growth factor 23 (FGF23) is associated with adverse
outcomes in patients with type 2 diabetes and normal or mildly impaired kidney
function.

RESEARCH DESIGN AND METHODS

We analyzed C-terminal FGF23 levels in 310 patients with type 2 diabetes and
estimated glomerular filtration rate ‡60 mL/min/1.73 m2. Associations of FGF23
with all-cause mortality and major adverse cardiovascular events (MACE) were
studied by Cox regression.

RESULTS

During a follow-up of 5.8 years (3.3–6.5), 47 patients developed MACE and
28 patients died. FGF23was associated with an increased risk of all-causemortality
(age- and sex-adjusted hazard ratio 2.78 [95% CI 1.76–4.40]) andMACE (1.67 [1.12–
2.49]). Results were similar after additional adjustment for other potential
confounders and were consistent upon replication in an independent cohort.

CONCLUSIONS

In patients with type 2 diabetes and normal or mildly impaired kidney function,
FGF23 is associated with an increased risk of cardiovascular events and mortality.

In patients with chronic kidney disease (CKD), a higher plasma fibroblast growth factor
23 (FGF23) level has been consistently associated with an increased cardiovascular
morbidity and mortality risk (1). Circulating levels of FGF23 increase early in the course
of CKD (1), and kidney function is among the strongest determinants of FGF23 levels
(2). Alternatively, type 2 diabetes, the most important cause of CKD, is accompanied
by abnormalities in bone and mineral metabolism and elevated plasma FGF23 levels
(3–5). Currently, it is unknown whether FGF23 is linked with adverse outcomes in
patients with type 2 diabetes and normal or mildly impaired kidney function.
Therefore, we aimed to investigate whether FGF23 levels are associated with
mortality and cardiovascular events in patients with type 2 diabetes and an estimated
glomerular filtration rate (eGFR) $60 mL/min/1.73 m2.

RESEARCH DESIGN AND METHODS

The design of the DIAbetes and LifEstyle Cohort Twente (DIALECT) prospective cohort
study has been described in detail previously (6). The study has been approved by the
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relevant institutional review boards
(METC-Twente, NL57219.044.16; METC-
Groningen, 1009.68020), is registered in
the Netherlands Trial Register (NTR trial
code 5855), and was conducted in accor-
dance with the guidelines of good clinical
practice and the Declaration of Helsinki.
All adult patients with type 2 diabetes

who visited the outpatient clinic of
ZiekenhuisgroepTwente inAlmelobetween
2009 and 2016 were eligible for inclusion.
Exclusion criteria were previous or cur-
rent kidney replacement therapy and
patients who were unable to give in-
formed consent. In total, 420 patients
with available plasma FGF23 levels were
included in the cohort. We excluded pa-
tients with an eGFR,60mL/min/1.73m2

(n 5 110), resulting in 310 patients for
the current analysis. The primary findings
were replicated in a second independent
cohort, the Prevention of Renal and Vas-
cular End-stage Disease (PREVEND) study
(7), the details of which are described in
the Supplementary Procedures. We se-
lected 348 PREVEND participants with
type 2 diabetes and eGFR$60 mL/min/
1.73 m2 for the replication analyses.
Plasma C-terminal FGF23 levels were

determined in both cohorts by sand-
wich ELISA (Quidel/Immutopics, San
Clemente, CA), with intra-assay and inter-
assay coefficients of variation of 0.5%
and 0.16%, respectively. Details on
the collection and analysis of other
study variables are provided in the
Supplementary Procedures.

End Points
The primary end point was all-cause mor-
tality. The outpatient program of the
hospital uses a continuous surveillance
system by the municipal registration of
death toensureup-to-date informationon
patient status (alive or deceased). Four
patients moved away and were lost to
follow-up. The secondary end point was
major adverse cardiovascular event
(MACE); details of the definition are pro-
vided in the Supplementary Procedures.

Statistical Analyses
Variable distribution was tested using
histograms and probability plots. Nor-
mally distributed variables are presented
as mean6 SD, and nonnormally distrib-
uted variables as median (first–third
quartile). Nonnormally distributed vari-
ables were transformed for subsequent
analyses if needed.

We aimed to identify independent
correlates of FGF23 using univariable
and multivariable linear regression
analyses. Subsequently, Cox regression
analyses were performed to study
the association of FGF23 with mortality
and MACE. FGF23 values were log-
transformed given the skewed distribu-
tion, using a 2-base to analyze the hazard
ratios (HRs) per doubling of FGF23.
Cox regression models were constructed
using different sets of variables added
to the basic model 1, which is adjusted
for age and sex, to avoid overfitting.
Details regarding the Cox regression mod-
els are provided in the Supplementary
Procedures. We used penalized splines
to visualize the association of FGF23 with
the risk of mortality and MACE by fitting
Cox regression models.

All statistical analyses were performed
with SPSS software, version 23.0 for Win-
dows (IBM, Armonk, NY), and R version
3.4.2 (Vienna, Austria) (http://cran.r-
project.org/). In all analyses, a two-sided
P value,0.05 was considered significant.

RESULTS

In the full DIALECT cohort, the median
plasma FGF23 level was 84.2 relative
units (RU)/mL (67.0–117.6) in patients
with eGFR $60 mL/min/1.73 m2 (n 5
310) and 146.5 RU/mL (105.4–222.8) in
patientswith eGFR,60mL/min/1.73m2

(n 5 110, P , 0.001). For this study, we
further analyzed 310 patients with
eGFR $60 mL/min/1.73 m2 (mean age
61.5 6 8.7 years, 57.9% men). Baseline
characteristics according to tertiles of

FGF23 are displayed in Supplementary
Table 1. Multivariable linear regression
analysis revealed independent predic-
tors of FGF23 (Supplementary Table 2).

During amedian follow-up of 5.8 years
(3.3–6.5), 47 patients developed aMACE
event and 28 patients died. Upon Cox
proportional hazards regression analysis,
each doubling of FGF23 was associated
with an increased risk of all-cause mor-
tality (age- and sex-adjusted HR 2.78
[95% CI 1.76–4.40]) and MACE (HR
1.67 [1.12–2.49]) (Table 1); results
were similar after additional adjustment
for other potential confounders (Table
1). The association between FGF23 levels
and mortality and MACE using multivar-
iate Cox regression models is visualized
in Supplementary Fig. 1.

In a sensitivity analysis in patients
with an eGFR $90 mL/min/1.73 m2

(Supplementary Table 3), FGF23 re-
mained associated with all-cause mor-
tality (age- and sex-adjusted HR 3.28
[1.69–6.35]). The association with MACE
was attenuated, likely due to insufficient
power (nevents 5 16). Finally, upon inde-
pendent replication in 348 patients with
type 2 diabetes and eGFR $60 mL/min/
1.73 m2 from the PREVEND cohort, FGF23
was also associated with all-cause mortal-
ity (age- and sex-adjusted HR 1.45 [1.10–
1.91]) and MACE (HR 1.49 [1.10–2.03])
(Supplementary Tables 4 and 5).

CONCLUSIONS

The main finding of our study is that
plasma FGF23 levels are independently
associated with mortality and MACE in

Table 1—Associations of C-terminal FGF23 continuous with all-cause mortality or
MACE risk in 310 patients with type 2 diabetes and normal or mildly impaired
kidney function

HR (95% CI), per FGF23 doubling

All-cause mortality P MACE P

Model 1 2.78 (1.76–4.40) ,0.001 1.67 (1.12–2.49) 0.01

Model 2 3.18 (2.00–5.03) ,0.001 1.65 (1.10–2.48) 0.02

Model 3 2.68 (1.67–4.29) ,0.001 1.66 (1.11–2.50) 0.01

Model 4 2.79 (1.76–4.44) ,0.001 1.66 (1.11–2.47) 0.01

Model 5 2.78 (1.75–4.42) ,0.001 1.60 (1.07–2.40) 0.02

Model 6 2.85 (1.75–4.64) ,0.001 1.60 (1.04–2.45) 0.03

Model 7 2.55 (1.58–4.10) ,0.001 1.68 (1.08–2.61) 0.02

Model 1was adjusted for age and sex.Model 2was the same asmodel 1 and additionally adjusted
for eGFR (Chronic Kidney Disease Epidemiology Collaboration) and BMI.Model 3 was the same as
model1andadditionallyadjusted forplasmaCRPand triglycerides.Model4was thesameasmodel
1andadditionally adjusted fororal hypoglycemicdrugs and insulinusage.Model 5was the sameas
model 1 and additionally adjusted for antihypertensive and cholesterol-lowering drugs. Model
6 was the same as model 1 and additionally adjusted for plasma phosphate, urinary phosphate
excretion, and urinary urea excretion.Model 7 was the same asmodel 1 and additionally adjusted
for cardiovascular history, plasma albumin, and urinary albumin-to-creatinine ratio.
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patients with type 2 diabetes and normal
or mildly impaired kidney function. This
observation extends previous studies in
CKD patients and patients with type 2
diabetes (1,8–10). Interestingly, the asso-
ciations in our study restricted to patients
with an eGFR $60 mL/min/1.73 m2 per-
sisted after adjustment for eGFR, linking a
higher FGF23 level with adverse outcomes
even in patients without impaired kidney
function. This is supported by our finding
that FGF23 remained associated with all-
cause mortality in patients with di-
abetes with normal kidney function
(eGFR $90 mL/min/1.73 m2).
The observational design of our study

precludes a definite mechanistic expla-
nation for these findings; however, we
can speculate on potential factors in-
volved. Patients with type 2 diabetes
may be susceptible to abnormalities in
bone andmineralmetabolism, including
increased plasma FGF23 levels (3–5).
This may at least partly be driven by
low bone turnover, which is commonly
present in patients with type 2 diabetes
(11). Additionally, high dietary phos-
phate intake is also associated with
high FGF23 levels (12). Meanwhile,
FGF23 may promote insulin resistance
and inflammation, which may influence
the risk of adverse outcomes (13–15).
However, adjustment for urinary phos-
phate, urea excretion, hs-CRP, or BMI
did not materially change the associa-
tion between FGF23 and outcomes.
The strengths of our study include the

well-characterized cohort with several
bone and mineral parameters and
24-h urine data, and clinically relevant
outcomes. Furthermore, several limita-
tions should be mentioned. First, our
cohort was relatively small, although
the results were replicated in another
independent cohort, confirming their
robustness. Second, theMACE end point
was assessed using ICD codes. Third, we
cannot exclude residual confounding

despite our well-adjusted models. Last,
cause-specific mortality could not be
analyzed due to limited event numbers.

In summary, FGF23 is associatedwithan
increased risk of mortality and MACE in
patients with type 2 diabetes and eGFR
$60 mL/min/1.73 m2. Our data provide a
rationale for future studies on the specific
role of FGF23 in patients with type 2
diabetes and normal kidney function.
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