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3. Timeline: Fibroblast growth factor-23 (FGF-23) biomarker has already been
measured from ARIC visit 2 stored serum samples from 1990-1992 (through Dr. Pam
Lutsey’s ancillary study: 5SRO01HL103706-02, “Serum vitamin D and cardiovascular
disease risk in the biethnic ARIC cohort”), and end points and covariates have been
collected through the overall ARIC study. The analysis and manuscript preparation is
expected to begin immediately, and we anticipate submitting a draft for ARIC review
within 3-6 months of receipt of the final dataset.



4. Rationale:

Chronic kidney disease (CKD) is increasingly recognized as a global public health
issue due to its high prevalence and the concomitant increase in risk of cardiovascular
disease, end-stage renal disease, and mortality (Hemmelgarn et al., 2010; KDIGO, 2013;
Levey et al., 2011). Existing prediction models for CKD incidence and progression
utilizing established risk factors demonstrate modest-to-acceptable discriminatory
performance (Echouffo-Tcheugui & Kengne, 2012). Exploring novel biomarkers for
CKD may improve the identification of high-risk individuals and contribute to
understanding of CKD pathogenesis. Recently, FGF-23 has been proposed as a marker of
kidney injury and may be useful in risk stratification for clinical events (Wolf, 2012;
Wolf, 2010).

FGF-23 is a bone-derived hormone with several endocrine functions in the renal
proximal tubule, including the induction of urinary phosphorus excretion and inhibition
of vitamin D activation (Shimada et al., 2004). Several epidemiologic studies have
recently investigated the relationship between FGF-23 and cardiovascular endpoints as
well as overall mortality among individuals with and without CKD, with mixed results
(Dominguez et al., 2013; Faul et al., 2011; Gutiérrez et al., 2008; Isakova et al., 2011; Ix
et al., 2012; Parker et al., 2010; Scialla et al., 2013; Taylor et al., 2011). The association
between FGF-23 and cardiovascular disease appears to be stronger among those with
CKD than those without CKD (Dominguez et al., 2013; Ix et al., 2012). In the Mild to
Moderate Kidney Disease Study, a cohort study of 177 CKD patients followed for a
median of 53 months, FGF-23 independently predicted progression of kidney disease
(defined by doubling of serum creatinine or end-stage renal disease) after adjustment for
age, gender, glomerular filtration rate (GFR), proteinuria, and serum levels of calcium,
phosphate, and parathyroid hormone (Fliser et al., 2007). In the Chronic Renal
Insufficiency Cohort study of 3,879 participants, FGF23 was independently associated
with risk of end-stage renal disease (ESRD) among those with GFR 30-44
mL/min/1.73m? and >45 mL/min/1.73m?, but not among those with GFR < 30
mL/min/1.73m? (Isakova et al., 2011). Further research is warranted to better understand
the relationship between FGF-23 and disease outcomes including ESRD, incident CKD,
and kidney disease progression.

5. Main Hypothesis/Study Questions:

The primary hypothesis is that FGF-23 will be positively and independently associated
with risk of incident ESRD. The secondary hypothesis is that FGF-23 will be positively
and independently associated with incident CKD. The tertiary hypothesis is that FGF-23
will be positively and independently associated with kidney disease progression.

6. Design and analysis (study design, inclusion/exclusion, outcome and other
variables of interest with specific reference to the time of their collection, summary
of data analysis, and any anticipated methodologic limitations or challenges if
present).

Study design: Prospective cohort analysis of ARIC participants with measurements of
FGF-23 from stored serum samples taken during ARIC visit 2 (1990-1992, “baseline” for



this manuscript). These study participants will be followed through visit 5 and/or the
most recent surveillance year (currently 2010).

Exclusions: Participants missing FGF-23 or other covariables of interest, or those
participants with ESRD at ARIC visit 2, will be excluded from all analyses.

Exposure: The primary exposure variable is FGF-23 levels at ARIC visit 2.

Outcome:

Incident ESRD will be assessed from ARIC visit 2 through follow-up. ESRD will be
defined by ICD-9 discharge billing codes for hospitalizations (39.95, 54.98, V45.1, V56,
V42, 403.01, 403.91), United States Renal Data System (USRDS) registry of cases
reported to the Centers for Medicare & Medicaid Services, dialysis, transplantation, or
estimated glomerular filtration rate (eGFR) less than 15 mL/min/1.73m? (stage 5) based
on measurements performed at ARIC follow-up visit 4 or subsequent visits. Secondary
outcome variables include incident CKD and renal disease progression. Renal disease
progression will be defined as a change to a more severe kidney disease stage or >25%
decrease in GFR following the 2013 CKD clinical practice guidelines (Bash et al., 2009;
KDIGO, 2013; Levey et al., 2011). For the analysis of incident CKD, those participants
with CKD at ARIC visit 2 will be excluded, and incident CKD will be assessed from
ARIC visit 2 through follow-up (uniform ascertainment at visits 3, 4 and 5). We
recognize the limitations of selective losses between visits, particularly during the long
interval between visits 4 and 5 (~15 years). To overcome this limitation, we will explore
definitions of incident CKD cases, which include ICD-9 discharge billing codes during
hospitalization surveillance (581-589, 403-404, 593.9, 250.4), eGFR less than 60
mL/min/1.73m? (stage 3-5) based on measurements performed at ARIC follow-up visit 4
or subsequent visits, or, in the subset of carotid MRI ancillary ARIC study participants
(n=2,066), eGFR less than 60 mL/min/1.73m? at either visit 4 or the MRI visit.

Throughout the manuscript, GFR will be estimated by CKD-EPI equations using
standardized creatinine. Secondary analyses will examine cystatin C and the combination
of creatinine and cystatin C when available (visits 2, 4 and 5) (Inker et al., 2012). eGFR
will be expressed continuously and in clinically-relevant categories (stage 5: <15, stage 4:
15-29, stage 3b: 30-44, stage 3a: 45-59, stage 2: 60-89, stage 1: >90 mL/min/1.73m?).

Statistical Analyses:

For descriptive purposes, we will examine the associations of FGF-23 at ARIC visit
2 with characteristics of study participants assessed at ARIC visit 2, including age,
gender, and race. We will examine the cross-sectional associations of FGF-23 at ARIC
visit 2 with measures of kidney function assessed at ARIC visit 2 (GFR, serum
creatinine). We will use means and proportions to describe the participant characteristics
and kidney function measures according to quartile or quintile of FGF-23, and test for
differences using XZ and analysis of variance. The distribution of FGF-23 levels in this
study population will be examined using a scatterplot and tests of normality. If a skewed
distribution is apparent, we will consider transformations, e.g. logarithmic transformation
and categorization by quantiles.



Survival analysis using Cox proportional regression models will be used to assess
the association between FGF-23 and incidence of kidney disease outcomes during
follow-up with random effects models used to model decline of eGFR over time. We will
use cubic splines to visually depict and examine the shape of the associations. We will
explore the influence of interaction by race, sex, and age in multivariable models. We
will stratify the results by race, sex, and age category, if indicated. Clustering and
adjustment for race-center will be examined. Potential covariates for multivariable
analyses include: age, sex, race-center, body mass index, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, triglycerides, systolic blood pressure,
diabetes status, history of cardiovascular disease, cigarette smoking status, alcohol
drinking status, education level (visit 1), physical activity (visit 1), antihypertensive
medication use, lipid-lowering medication use, C-reactive protein, eGFR (using both
creatinine and cystatin C), parathyroid hormone, phosphorus, calcium, 25-hydroxy-
vitamin D, and 3-epi-25-hydroxy-vitamin D3. The literature suggests that confounding by
eGFR will be important and should be examined carefully.

Limitations: We recognize a number of limitations including: availability of kidney
function measures only at visits (2, 3, 4, and 5 for creatinine; 4 only for albuminuria);
selective drop outs; correlation of FGF23 with eGFR which may reflect bidirectional
causation. The analysis will address each of these and the discussion will acknowledge
and place them in the context of the strengths of the paper.
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