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Item S1. Supplemental Methods

Covariate Measurement

The CRIC Study Central Laboratory measured calcium and phosphate via standard assays and
plasma parathyroid hormone (PTH) using the Scantibodies total intact assay (Santee, California)
from the annual study visits, specimen volume permitting. The University of Washington
Laboratory measured the 1,25-dihydroxyvitamin D levels at the second and fifth annual CRIC
study visits with a multiplex HPLC-mass spectrometry assay.1 Urine protein to creatinine ratio
(UPCR) was measured using a combination of 24 hour and spot urine collections using standard
assays. Twenty four hour urinary phosphate and spot urine phosphate were measured using
standard assays. Baseline CRP was measured in EDTA plasma samples using laser-based
immunonephelometric methods on BNII (Siemens Healthcare Diagnostics, Deerfield, IL) and
baseline IL-6 was measured using high-sensitivity ELISAs (Quantikine HS; R&D systems,

Minneapolis, MN).2

Age, eGFR, UPCR, serum albumin, hemoglobin, CRP, IL-6, systolic blood pressure, body mass
index, calcium, phosphate, PTH, 24 hour urinary phosphate, spot urine phosphate, and 1,25
dihydroxyvitamin D were all treated as continuous variables in our models. UPCR, PTH, CRP,
and IL-6 were natural log—transformed. Sex, race, ethnicity, diabetes, current smoking, history of
heart failure, stroke, peripheral vascular disease, number of hypertension meds, and ace/arb use
were treated as categorical variables in our models. UPCR was categorized as missing, < 30 mg,

30-300 mg and > 300 mg for our FGF23 trajectory models.

Time-Varying Inverse Probability Weighting (IPW) Discrete Time Failure Models
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Time-varying IPW discrete time failure models are performed in two steps. The first step
employs calculation of the FGF23 exposure weights and in the second step the fitting of a
discrete time failure model for the outcomes (ESRD, ESRD or death) by applying the final
weight derived in the first step.s The data structure was set up in the longitudinal format, so each

observation, in 1 year increments, could contribute up to 5 records in the dataset.

To calculate the exposure weight in the first step, we modeled FGF23 at each visit in quartiles
because it was not-normally distributed.s-s We performed multinomial logistic regression on
FGF23 quartiles with adjustment for age, sex, race, and ethnicity, estimated glomerular filtration
rate, urine protein-to-creatinine ratio, serum albumin, hemoglobin, CRP, IL-6, diabetes, smoking,
systolic blood pressure, body mass index, history of coronary artery disease, congestive heart
failure, stroke, peripheral vascular disease, number of blood pressure medications, ACE/ARB
use, calcium, phosphate, and PTH, and FGF23 from the previous 4 study visits, if available. The
weight for a specific study visit was calculated as one over the cumulative probabilities of the
observed FGF23 history up to that visit (i.e. the product of the probabilities of the observed
FGF23 categories up to that visit). We stabilized the weights by multiplying the estimated
probability of observed FGF23 history conditional on baseline-only predictors, including age,
sex, race, and ethnicity, estimated glomerular filtration rate, urine protein-to-creatinine ratio,
serum albumin, hemoglobin, CRP, and IL-6, diabetes, smoking, systolic blood pressure, body
mass index, history of coronary artery disease, congestive heart failure, stroke, and peripheral
vascular disease, number of blood pressure medications, ACE/ARB use, calcium, phosphate, and
PTH. This was done by fitting a second model of FGF23 quartiles using the baseline-only

predictors.
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Given the small number of loss to follow-up (91 of 1597 patients [5.7%]), we did not calculate
the censoring weight.s For the case-cohort design, the inverse probability weights are calculated
using the subcohort and cases outside the subcohort. Contributions to the models for the inverse
probability weight were themselves weighted inversely to the sampling probability for the case-
cohort design. In our study, cases (inside or outside the subcohort) were given a weight of 1,
while non-cases inside the subcohort were given a weight of 3.47 (=3939/1135). Non-cases
outside the subcohort were not used to estimate the inverse probability weights. The final weight
for each observation is the product of the exposure weight multiplied by the weight from the

case-cohort design.

Large weights can create imprecision from inflation of standard errors of the effect estimate.s To
lessen imprecision, we truncated weights in the time-varying IPW discrete time failure models.
When we pooled the estimated weights from all time points in the study, 93 observations were
truncated at 99th percentiles of the estimated weights. The largest final weight for a particular
observation in the second step was 20. We assume the model assumptions of exchangeability,
positivity and correct specification of the model used to estimate weights hold true. We
implicitly assumed the exchangeability assumption held true given the large number of joint
predictors of exposure and outcome we incorporated. We considered the positivity assumption,
or that is the probability of being in any of the 4 FGF23 quartiles conditional on any combination
of the predictors is strictly positive, to be satisfied given the large sample size and the fact that
FGF23 categories were defined based on the quartiles of the distribution. Additionally, the

largest weight we observed for a particular observation was 1202. If the positivity assumption
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was violated, the final calculated weight for an observation would go to infinity. We also

assumed that the models used to estimate weights were correctly specified.

In the second step, we fit a discrete time failure modelz,s for the ESRD outcome. We applied the
final weight calculated in the first step to the study visit level data using the Proc Genmod in
SAS, version 9.4. We included the mean of the natural log—transformed FGF23 up to each study
visit. We included the baseline predictors from the stabilizing weights deriving the numerator
weight in the first step. We replicated the time-varying IPW discrete time failure models
approach for our composite endpoint of ESRD or death. For the composite outcome, 93
observations were truncated at 99th percentiles of the estimated weights with the largest final

weight for a particular observation being 20.

Group-Based Trajectory Models

We previously published detailed methods of FGF23 trajectory analyses in the CRIC Study.o
We calculated the maximum likelihood that the longitudinal FGF23 values would fit a discrete
mixture of two or more trajectories using SAS Proc Traj.10-13 We used a semiparametric group-
based modeling strategy, which assumes that a given population is made up of multiple
trajectories and simultaneously estimates probabilities for multiple trajectories. We tested for
different numbers and forms of potential trajectory groups and tested for best model fit using the
Bayesian Information Criterion. Similar to prior analyses, we identified three FGF23 trajectory
groups based on visual inspection and what we considered clinically meaningful categories:
stable, slowing rising and rapidly rising.e We modeled the stable FGF23 trajectory group in

quadratic terms and the slowing and rapidly rising groups in linear terms based on best model fit.
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We calculated the posterior predicted probability for each participant being a member of each of
the 3 trajectory groups and assigned the participant to the trajectory group for which they had the
highest posterior predicted probability. The mean predicted probability for each trajectory group
is the mean of all the individual posterior probabilities of participants assigned to a given group.
These probabilities were 0.92 (95%CI 0.89-0.94), 0.91 (95% CI 0.89-0.92) and 0.95 (95%Cl
0.95-0.96) for the rapidly rising, slowly rising and stable FGF23 trajectory groups, respectively.
We compared the slopes of the FGF23 trajectory groups using the “TRAJTEST” macro,10 and

we tested for heterogeneity. We derived eGFR trajectories using similar methods.

We used multiple imputations to account for missing covariate data using a multiple regression
procedure in IVEware 2.0.49 We created five imputed datasets through a sequence of multiple
regressions and drew values from the corresponding predictive distributions. The type of
regression models used varied by the type of variable being imputed. This relies on the
assumption that missing data is at random.14 Using weighted Cox models modified for the case-
cohort design, we tested the association of membership in the three different FGF23 trajectory
groups with risks of ESRD on each of the five completed datasets individually and combined the
results across the imputed datasets using the rules of Rubin,1s as previously done.s
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Table S1. Baseline characteristics of individuals within and outside the random subcohort

Total CRIC Study Random Outside Random
Population Subcohort Subcohort
N=3939 N=1135 N=2804
Age, years 57.7+11.0 57.8+10.8 576+11.1
Female, % 45.1 43.2 46.0
Black, % 42.1 42,5 41.9
Hispanic, % 12.6 11.9 12.9
Current smoking, % 13.1 10.6 14.2
Body mass index, kg/m2 321 +7.38 32.3+8.1 320177
Systolic blood pressure, mmHg 1285 +22.2 127.0+£21.4 129.1+ 225
Hypertension, % 86.1 86.2 86.1
Diabetes, % 48.4 48.6 48.4
Heart failure, % 9.7 7.8 10.5
Stroke, % 10.0 9.0 10.3
Peripheral vascular disease, % 6.7 55 7.1
Coronary artery disease, % 21.9 20.5 22.4
Number of hypertension 26+15 24+13 26+15
medications
ACE/ARB Use, % 68.8 69.5 68.5
IL-6, pg/mL 19(1.1-31) 19(1.1-3.2) 19(1.1-3.1)
CRP, mg/L 25(1.0-6.3) 2.5(1.1-6.5) 2.4(1.0-6.1)
eGFR, ml/min/1.73m2 44.3 £15.0 44.8 £ 14.6 44,1 £15.2
UPCR, g/g 0.15 0.13 0.16
(0.06 —0.78) (0.05- 0.67) (0.06 —0.81)
Hemaoglobin, g/dL 126 +1.8 12617 126+1.8
Serum albumin, g/dL 39+05 40104 3905
Calcium, mg/dL 9.2+0.5 9.2+0.5 9.2+0.5
Phosphate, mg/dL 3.7 £0.7 3.7+£0.7 3.7£0.7
PTH, pg/mL 54.0 54.1 54.0
(35.0 — 89.6) (35.0 - 85.6) (35.0-90.8)
FGF23, RU/mL 145.5 138.3 148.7
(95.8 —239.2) (93.8-215.8) (96.9 —247.3)

Results are reported as proportions or mean * standard deviation, median (interquartile range).

Abbreviations: CRIC, Chronic Renal Insufficiency Cohort; ACE/ARB, angiotensin converting

enzyme inhibitor/angiotensin receptor blocker; IL-6, interleukin 6; CRP; c-reactive protein;

eGFR, estimated glomerular filtration rate; UPCR, urine protein-to-creatinine ratio; PTH,

parathyroid hormone; FGF23, fibroblast growth factor 23
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Table S2. Baseline characteristics of the total CRIC population, the case-cohort population
and trajectory analyses population

Total CRIC Study Case-cohort Trajectory Analyses
Population Population Population
N = 3939 N = 1597 N =1163
Age, years 57.7+11.0 57.1+11.1 57.4+10.9
Female, % 45.1 42.8 45.1
Black, % 42.1 45.4 43.2
Hispanic, % 12.6 13.3 114
Current smoking, % 13.1 125 11.3
Body mass index, kg/m2 321 £7.8 32379 322+7.38
Systolic blood pressure, mmHg 1285 +22.2 130.6 £ 23.0 127.0+21.3
Hypertension, % 86.1 88.4 85.6
Diabetes, % 48.4 53.4 47.8
Heart failure, % 9.7 9.1 7.7
Stroke, % 10.0 9.8 9.1
Peripheral vascular disease, % 6.7 7.0 5.3
Coronary artery disease, % 21.9 21.2 19.8
Number of hypertension 2615 26+13 24+13
medications
ACE/ARB Use, % 68.8 70.6 70.0
IL-6, pg/mL 1.9(1.1-31) 20(1.2-3.2) 1.8(1.1-3.0)
CRP, mg/L 25(1.0-6.3) 25(1.1-6.5) 26(1.1-6.4)
eGFR, ml/min/1.73m2 443 £15.0 41.9+14.4 452 £14.2
UPCR, g/g 0.15 0.29 0.15
(0.06 —0.78) (0.07 — 1.38) (0.06 —0.71)
Hemaoglobin, g/dL 126 £1.8 124+18 127+17
Serum albumin, g/dL 3.9+05 3.9+05 40104
Calcium, mg/dL 9.2+05 9.1+05 9.2+05
Phosphate, mg/dL 3.7 £0.7 3.8+0.7 3.7+£0.7
PTH, pg/mL 54.0 60.8 53.0
(35.0 — 89.6) (37.0-102.8) (34.2-83.8)
FGF23, RU/mL 145.5 156.2 137.7
(95.8 —239.2) (101.2 -250.6) (94.1 -217.9)

Results are reported as proportions or mean + standard deviation, median (interquartile range).

Abbreviations: CRIC, Chronic Renal Insufficiency Cohort; ACE/ARB, angiotensin converting

enzyme inhibitor/angiotensin receptor blocker; IL-6, interleukin 6; CRP; c-reactive protein;

eGFR, estimated glomerular filtration rate; UPCR, urine protein-to-creatinine ratio; PTH,

parathyroid hormone; FGF23, fibroblast growth factor 23
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Table S3. FGF23 trajectories and risks of ESRD truncated to 3 time points

Total | ESRD | Unadjusted | Model1 | Model2 | Model 3 | Model 4 | Model 5
FGF23 N N HR HR HR HR HR HR
trajectory
group
Stable 769 124 Reference | Reference | Reference | Reference | Reference [Reference
In
FGF23/year
=0.05
Slowly rising | 544 356 7.15 7.34 3.19 4,55 3.14 3.01
In (5.68-9.00) (5.73- (2.38- (3.34- (2.21- (2.11-
FGF23/year 9.41) 4.28) 6.20) 4.46) 4.30)
=0.29
Rapidly 94 78 20.33 19.50 7.66 13.84 5.40 5.07
rising (12.69- (11.65- (4.79- (8.10- (2.84— (2.67-
In 32.57) 32.65) 12.26) 23.63) 10.29) 9.66)
FGF23/year
=0.58

Up to 3 annual time points, median duration of subsequent follow-up time 4.6 years in 1407 total
participants at risk

Results are reported as hazard ratios compared to the referent group.

Covariate adjustment are for covariate values at third annual study visit (time 0 for 3 time point
analyses) except when stated.

Model 1: stratified by center, adjusted for age, sex, race, and ethnicity

Model 2: Model 1 plus eGFR, UPCR, serum albumin, hemoglobin, CRP (baseline), and IL-6
(baseline)

Model 3: Model 2 plus diabetes, smoking, systolic blood pressure, body mass index, history of
coronary artery disease, history of heart failure, history of stroke, and history of peripheral
vascular disease, number hypertension medications, and ACE/ARB use

Model 4: Model 3 plus calcium, phosphate, PTH, INFGF23, and baseline eGFR
Model 5: Model 4 plus eGFR trajectory

Abbreviations: FGF23, fibroblast growth factor 23; ESRD, end-stage renal disease; HR, hazard
ratio; eGFR, estimated glomerular filtration rate; UPCR, urine protein-to-creatinine ratio; CRP,
c-reactive protein; IL-6, interleukin 6; ACE/ARB, angiotensin converting enzyme
inhibitor/angiotensin receptor blocker; PTH, parathyroid hormone
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