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Abstract

Rationale & Objective: Identification of novel risk factors for chronic kidney disease (CKD)
progression may inform mechanistic investigations and improve identification of high-risk
subgroups. The current study aimed to characterize CKD progression across levels of numerous
risk factors and to identify independent risk factors for CKD progression among those with and
without diabetes.

Study Design: The Chronic Renal Insufficiency Cohort (CRIC) Study is a prospective cohort
study of adults with CKD conducted at seven US clinical centers.

Setting & Participants: Participants (N=3379) had up to 12.3 years of follow-up; 47% had
diabetes.

Predictors: Thirty risk factors for CKD progression across sociodemographic, behavioral,
clinical and biochemical domains at baseline.

Outcomes: Study outcomes were estimated glomerular filtration rate (eGFR) slope and the
composite of halving of eGFR or initiation of kidney replacement therapy (KRT).

Analytical Approach: Stepwise selection of independent risk factors was performed stratified
by diabetes status using linear mixed effects and Cox proportional hazards models.

Results: Among those without and with diabetes, respectively, the mean (SD) eGFR slope was
-1.4 (3.3) and —2.7 (4.7) mL/min/1.73m2/year. Among participants with diabetes, multivariable-
adjusted hazard of the composite outcome was approximately twofold or greater with higher levels
of the inflammatory chemokine CXCL12, the cardiac marker N-terminal pro-B-type natriuretic
peptide (NTproBNP) and the kidney injury marker urine neutrophil gelatinase-associated lipocalin
(NGAL). Among those without diabetes, low serum bicarbonate as well as higher high-sensitivity
troponin T, NTproBNP and urine NGAL were all significantly associated with a 1.5-fold or
greater rate of the composite outcome.

Limitations: The observational study design precludes causal inference.
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Conclusions: Strong associations for cardiac markers, plasma CXCL12 and urine NGAL
exceeded that of systolic blood pressure =140 mmHg, a well-established risk factor for CKD
progression. This warrants further investigation into the potential mechanisms these markers
indicate and opportunities to use them to improve risk stratification.

ClinicalTrials.gov identifier: NCT00304148
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Plain language summary

Several novel biomarkers associated with increased risk of CKD progression The primary goal of
this study was to identify independent risk factors of CKD progression among participants with
and without diabetes in a prospective CKD cohort study (N=3379). Among those with diabetes,
CKD progression rates approximately doubled with higher levels of the inflammatory chemokine
CXCL12, the cardiac marker NTproBNP and the kidney injury marker urine NGAL. Among those
without diabetes, rates increased over 1.5-fold with higher levels of high-sensitivity troponin T,
NTproBNP and urine NGAL. The strength of these associations exceeded that of systolic blood
pressure 2140 mmHg, a well-established risk factor for kidney disease progression. These findings
provide insights into potential mechanisms of CKD progression and will guide future research in
defining subgroups at highest risk for CKD progression.

Keywords

Chronic kidney disease (CKD); diabetes; kidney replacement therapy (KRT); end-stage renal
disease (ESRD); halving of estimated glomerular filtration rate (eGFR); eGFR slope; neutrophil
gelatinase-associated lipocalin (NGAL); N-terminal pro-B-type natriuretic peptide (NTproBNP);
inflammatory chemokines; CXCL12

INTRODUCTION

Approximately 15% of adult Americans have chronic kidney disease (CKD).1 CKD is a
condition characterized by elevated levels of morbidity and mortality and an elevated risk of
cardiovascular disease (CVD). As kidney function declines, metabolic and hemodynamic
disturbances emerge, and rates of hospitalization, CVD, and death increase. The set of
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known risk factors for progression of CKD is relatively small, and effective therapies and
strategies to slow CKD progression are limited.

As a result, identification of novel risk factors is the focus of a large body of ongoing
research. In recent years, factors found to be associated with incidence or progression of
CKD include the APOL1 high-risk genotype,? circulating levels of soluble urokinase-type
plasminogen activator receptor (SUPAR) in adults and in children,3 4 urinary epithelial
growth factor (EGF), and both urinary and circulating levels of uromodulin.8: 7 Efforts to
identify and confirm these and other risk factor-outcome relationships are complicated by
the multiple etiologies of CKD and frequently occurring comorbidities. Additionally, the
strength or significance of findings in a risk factor analysis can differ depending on the CKD
progression metric utilized (e.g., time to initiation of kidney replacement therapy [KRT] or
estimated glomerular filtration rate [eGFR] decline) and adjustment for other risk factors.
Given these complexities, a large, deeply phenotyped CKD cohort with a long duration of
follow-up is needed to identify factors that may elucidate important disease progression
mechanisms, lead to future interventions targeting these pathways, and identify high-risk
groups of CKD patients who may benefit from more aggressive strategies using available
therapies.

The Chronic Renal Insufficiency Cohort (CRIC) Study, established by the National Institute
of Diabetes and Digestive and Kidney Diseases, is the largest prospective cohort study of
CKD in the United States (US) and was specifically designed to identify risk factors for
progression of diabetic and nondiabetic CKD. The goals of the current study were 1) to
characterize rates of CKD progression across levels of numerous risk factors and 2) to
identify independent risk factors that most significantly relate to CKD progression from
across and within a broad set of domains among those with and without diabetes.

METHODS

Study Design and Population

Seven clinical centers from across the US enrolled participants into the CRIC Study between
June 2003 and August 2008. The cohort of 3939 adult men and women with moderate and
advanced CKD has been previously described.8-10 Inclusion in the CRIC Study was
partially based on age-specific eGFR criteria as follows: 20-70 mL/min/1.73m? for those
aged 21-44 years, 20-60 mL/min/1.73m? for those aged 45-64 years, and 20-50 mL/min/
1.73m?2 for those aged 65-74 years. Major exclusion criteria included prior dialysis longer
than one month, HIV infection, polycystic kidney disease, or other primary renal diseases
requiring active immunosuppression. Participants completed annual in-person clinic visits
during which data were obtained across multiple domains and blood and urine specimens
were collected. After excluding participants with only one eGFR measure during follow-up,
3379 participants were eligible for this analysis. Written informed consent was obtained
from all study participants, and the study protocol was approved by institutional review
boards at each of the CRIC Study clinical centers.
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We considered a set of thirty risk factors for CKD progression representing the major
potential mechanistic pathways examined in the CRIC Study, and when possible, multiple
markers within pathways to identify the most significant markers. Available risk factors were
ascertained at study baseline. Demographic risk factors were age, gender, and race/ethnicity.
Kidney function measures included eGFR and urine albumin:creatinine ratio (UACR or
albuminuria). Blood pressure factors were systolic blood pressure (SBP) and self-reported
use of an angiotensin converting enzyme inhibitor or angiotensin receptor blocker (ACE/
ARB). Clinical risk factors included history of CVD and serum uric acid. The
socioeconomic factor was level of education, and behavioral factor was current smoking.
Body composition measures were body mass index and fat-free mass. Ankle-brachial index
was the peripheral vascular measure and hemoglobin was the measure of anemia. High-
sensitivity C-reactive protein (hsCRP) was the general inflammatory marker, and serum
fractalkine (CX3CL1) and plasma CXCL12 were the available inflammatory chemokines.
Mineral metabolism markers included fibroblast growth factor-23 (FGF-23), serum
phosphate, and intact parathyroid hormone (iPTH), and carbohydrate metabolism markers
were hemoglobin Alc (HbA1c) and insulin resistance estimated by the Homeostatic Model
Assessment (HOMA-IR). High-sensitivity Troponin T (hsTnT) and N-terminal pro-B-type
natriuretic peptide (NTproBNP) were the considered cardiac markers. Serum bicarbonate
served as the acidosis measure, urine sodium and urine potassium were the included urinary
electrolytes, and urine neutrophil gelatinase-associated lipocalin (NGAL) was used as a
marker of kidney injury. Serum aldosterone was included as a marker of the renin-
angiotensin-aldosterone system. Additional details regarding risk factors and CRIC data
collection are provided in Item S1.

Stratifying Factor

Diabetes mellitus, selected a priorias the primary stratifying factor, was defined as a fasting
glucose >126 mg/dL, a non-fasting glucose >200 mg/dL, or use of insulin or other
medications for glycemic control at baseline.

Outcomes and Censoring Events

The two CKD progression outcomes were: 1) annual change of eGFR (i.e., eGFR slope),
and 2) time to KRT or eGFR halving from baseline (i.e., the composite renal outcome).
Participant follow-up was censored at time of death, loss to follow-up, or the end of the
follow-up period, whichever occurred first. Outcomes were ascertained from study entry
through late-2015. Outcomes and censoring events are described in more detail in Item S1.

Statistical Analysis

Summary statistics for baseline characteristics were calculated overall and by diabetes status
using frequencies and percentages for categorical variables and mean (standard deviation
[SD]) and median (interquartile range [IQR]) for continuous variables, as appropriate.
Differences were assessed using the Chi-Square test, analysis of variance (ANOVA) and the
Kruskal Wallis test, respectively. Using ordinary least squares regression, the mean eGFR
change over follow-up for each participant was calculated, and the distribution of eGFR
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slope was graphically depicted by diabetes status and summarized into categories. The mean
event rate per 1000 person-years for the composite renal endpoint was calculated across
baseline eGFR categories (<30, 30-44.9, 45-59.9, 60-75, 75 mL/min/1.73m?) by diabetes
status. Each CKD progression outcome was summarized by baseline characteristics and
diabetes status.

Multivariable-adjusted modeling of CKD progression was performed stratified by diabetes
status. Each CKD progression outcome was modeled separately following the same three
steps. In Step 1, all demographic, kidney function, and blood pressure factors were fit in a
model that also included CRIC clinical center. In Step 2, each remaining factor was
individually added to the model from Step 1. Demographic, kidney function, and blood
pressure factors were forced into the model, but additional factors were retained in the next
step if it had a Pvalue <.2. In Step 3, all demographic, kidney function, and blood pressure
factors and any identified additional factors were entered into a model, and, in a backward
selection process, risk factors with a Pvalue =.1 were removed to create a parsimonious
model. Linear mixed effects models with random intercepts and slopes and variance
components covariance structure were employed to model eGFR slope. To account for the
competing risk of death, cause-specific Cox proportional hazards models were used for time
to the development of the composite renal outcome. Violations of the proportionality
assumption for Cox proportional hazards analysis were assessed using standard techniques
and statistical tests of the interaction coefficients for all covariates with time in the
multivariable-adjusted models. Factors that violated the proportionality assumption are
included in the final model with time-stratified (years 0-6 and >6) hazard ratios. Due to
missing data, a total of N=1552 without diabetes and N=1421 with diabetes were included in
linear mixed effects models and N=1534 without diabetes and N=1347 with diabetes in Cox
proportional hazards models. Differences across participants included in the complete case
analyses and those eligible but excluded due to missing data were assessed and deemed
small with all standardized differences <0.2.11

Secondary and Sensitivity Analyses

We repeated all model-building after removing albuminuria from the set of factors as a
secondary analysis. Additionally, we chose a priorito explore for effect modification of the
final models by race/ethnicity and albuminuria. As a sensitivity analysis, we refit all final
models among the subset of participants free of self-reported heart failure at baseline and
further adjusted for left ventricular ejection fraction and left ventricular hypertrophy from
echocardiograms performed at the Year 1 study visit.

Analyses were performed using SAS v9.4 (SAS Institute Inc).

RESULTS

Participants had a mean age of 57.9 years, 55.1% were men and 7.5% were non-Hispanic
black with high-risk APOL1 genotypes (Table 1). The mean (SD) eGFR at baseline was 49.3
(17.6) mL/min/1.73m? for those without diabetes and 42.2 (14.5) for those with diabetes.
During a median (range) of 7 (1-12) years of follow-up, the mean (SD) eGFR slope was
-1.4 (3.3) mL/min/1.73m?/year and —2.7 (4.7) among those without and with diabetes,
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respectively (Figure 1, Panel A). Nearly 10% and 20% of study participants without and
with diabetes, respectively, had annual declines in eGFR greater than 5 mL/min/1.73m?/
year. The unadjusted rate (95% CI) of the composite renal endpoint was 33.5 (29.6-36.5) per
1000 person-years among those without diabetes, and 81.6 (75.9-88.6) among those with
diabetes (Figure 1, Panel B).

Statistically significant differences (/A<.05) in mean eGFR slope and rates of the composite
renal endpoint were observed across categories of most of the considered risk factors (Table
2). The subgroups with the fastest eGFR decline among those without diabetes were
participants with macroalbuminuria (UACR =300 mg/g; mean (SD) eGFR slope: -4.1 (4.1)
mL/min/1.73m?2/year) and non-Hispanic blacks with APOL1 high risk genotype (-3.2 (4.2)).
Among those with diabetes, eGFR declined the fastest in participants with
macroalbuminuria (mean (SD) eGFR slope: 5.2 (5.1) mL/min/1.73m?2/year) and youngest
age (<44 years; —4.9 (7.5)). Highest rates of the composite renal endpoint were observed
among those with macroalbuminuria and with baseline eGFR <30 mL/min/1.73m?
regardless of diabetes status.

In intermediate models stratified by diabetes status (Step 2), only race/ethnicity, baseline
eGFR, albuminuria, SBP, and the cardiac marker NTproBNP were statistically significant
across all outcomes and diabetes groups (Table S1a and Table S1b).

Final models among participants without diabetes

Among those without diabetes, multivariable-adjusted models of both the composite renal
outcome and eGFR slope identified faster progression among men, non-Hispanic blacks
with and without the APOL.1 high-risk genotype and “other” races (all non-Hispanic, non-
white, non-black race groups combined), and those with higher albuminuria, SBP,
NTproBNP, and urine NGAL (Table 3). Multivariable-adjusted rates were significantly
lower with greater levels of hemoglobin (=14 g/dL for men and =13 for women; hazard ratio
(HR;95% confidence interval): 0.7 (0.5-0.9)). Serum bicarbonate <22 mmol/L as well as
higher high-sensitivity troponin T, NTproBNP and urine NGAL were all significantly
associated with a 1.5-fold or greater rate of the composite outcome. These associations were
similar or stronger than that of SBP 2140 mmHg (HR (95% CI): 1.5 (1.1-2.0)). Those with
lowest baseline eGFR (<30 mL/min/1.73m?2) were 1.8 times as likely to initiate KRT or
experience eGFR halving as those with eGFR of 30-44.9 mL/min/1.73m?2, but those with
eGFR of 30-59.9 mL/min/1.73m? had the fastest eGFR decline over time. Faster eGFR
decline was observed with the lowest and highest serum phosphate quartiles and urine
potassium levels of 51.8-69.4 mmol/day.

Final models among participants with diabetes

In the final multivariable-adjusted models for those with diabetes, both steeper eGFR slopes
and higher rates of KRT or eGFR halving were observed among those < 45 years of age,
men, non-Hispanic blacks with and without the APOL1 high-risk genotype, and those with
higher albuminuria, SBP, serum fractalkine, NTproBNP, and urine NGAL (Table 3). Hazard
ratios approximately doubled with higher levels of the inflammatory chemokine CXCL12,
the cardiac marker NTproBNP and the kidney injury marker urine NGAL. These strong
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associations exceeded that of SBP 2140 mmHg (HR (95% CI): 1.6 (1.2-2.0)). A contrasting
pattern of progression emerged for baseline eGFR, with eGFR > 45 mL/min/1.73m2
associated with faster eGFR decline, despite eGFR < 30 mL/min/1.73m? being associated
with increased rates of KRT or eGFR halving.

Figure 2 summarizes the statistical significance of the associations between risk factors
included in each of the final CKD progression models for those with and without diabetes.
Race/ethnicity, baseline eGFR, albuminuria, SBP, NTproBNP, and urine NGAL were strong
and consistent predictors across models including participants with and without diabetes.

Alternative final models fit without albuminuria are summarized in Figure 3 and Tables S2a
and S2b. Several effect estimates became stronger, and while risk factor selection was
largely consistent with or without albuminuria in the model, there were a few noteworthy
exceptions. Several demographic and blood pressure risk factors including age, gender, and
ACE/ARB use were incrementally retained in these models. Other factors that emerged were
smoking, fat-free mass, and FGF23 for those without diabetes, and a history of CVD,
smoking, intact PTH, HbA1c, hsTnT, and serum bicarbonate for those with diabetes.

Exploration of potential effect modification by albuminuria (Tables S3a and S3b) and race/
ethnicity (Tables S4a and Table S4b) identified a significant interaction of albuminuria with
race, SBP, hemoglobin, and NTproBNP among those without diabetes and with race and
urine NGAL among participants with diabetes. Significant effect modification by race/
ethnicity was observed for albuminuria, SBP, fat-free mass, and NTproBNP among those
without diabetes and for gender and albuminuria among those with diabetes.

DISCUSSION

Chronic kidney disease progression is associated with significant morbidity and mortality
and varies substantially across certain subgroups (e.g., diabetes versus no diabetes, Blacks
compared to Whites) and between individuals within the same subgroup. Despite our
knowledge of a small set of well-established risk factors such as albuminuria and diabetes,
the pathophysiology of CKD progression is not well understood. In the current study,
demographic, kidney function, and blood pressure risk factors, including non-Hispanic black
race (especially those with APOL1 high-risk genotypes), baseline eGFR, higher proteinuria,
and higher SBP, were consistently associated with higher rates of CKD progression among
both those with and without diabetes after adjustment for additional measures. Novel
markers including higher levels of the inflammatory chemokine plasma CXCL12, the
cardiac marker NTproBNP, and the kidney injury marker urine NGAL were all
independently associated with an approximate twofold or greater rate of the composite renal
endpoint among participants with diabetes. Low serum bicarbonate as well as higher high-
sensitivity troponin T, NTproBNP and urine NGAL were all independently associated with a
1.5-fold or greater rate, and higher hemoglobin was associated with a significantly lower rate
of the composite outcome among those without diabetes. Indeed, strong associations for
cardiac markers, plasma CXCL12, and urine NGAL exceeded that of systolic blood pressure
>140 mmHg, a well-established risk factor for CKD progression.
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Among the set of potential novel risk factors for CKD progression, the strongest signal was
observed with the cardiac marker NTproBNP. NTproBNP levels are elevated following
myocardial stretch due to pressure or volume overload in the general population and with
lower eGFR levels in the setting of CKD, and are strongly associated with heart failure.12-15
In the current study, NTproBNP is also strongly associated with CKD progression both
among those with and without diabetes. In models restricted to those free of self-reported
heart failure at baseline and adjusted for left ventricular ejection fraction and left ventricular
hypertrophy, the strength of the NTproBNP findings remain similar, suggesting that the
observed relationship between NTproBNP and CKD progression may reflect more than
heart failure-induced kidney function decline. In other words, NTproBNP may be a marker
of cardiorenal syndrome, but this requires confirmation in additional populations. A few
previous studies have reported an association of NTproBNP with CKD progression,16-18
although these studies had limitations of smaller sample sizes and less representative study
populations. The current study confirms these earlier reports and extends them by
demonstrating that NTproBNP is a robust marker of diabetic and non-diabetic CKD
progression, using several measures of kidney function and an iterative model selection
process to identify factors most strongly associated with renal outcomes.

Urinary NGAL was initially studied in the setting of acute kidney injury, given its release
from tubular epithelial cells following damage.1® Following the discovery that NGAL levels
are also elevated in the setting of CKD, this marker has been found to be associated with
CKD progression, including in a previous CRIC Study analysis.2% 2 In the current analysis,
urine NGAL was strongly associated with progression of diabetic and non-diabetic CKD,
suggesting that it captures some of the variability in rates of kidney function decline not
explained by albuminuria or other risk factors.

Although we identified a number of risk factors for CKD progression shared among patients
with and without diabetes, we found several notable differences in risk factor patterns when
diabetes status was considered, including a specific relationship between inflammatory
chemokines and progression of diabetic CKD. The C-X-C motif, ligand 12 chemokine
(CXCL12, also known as stromal cell-derived factor-1) is ubiquitous across numerous
tissues and cell types and plays complex and tissue-specific biologic roles.22: 23 CXCL12
was previously reported as being associated with increased risk of incident myocardial
infarction and death in the CRIC Study.2* Fractalkine, or C-X3-C motif, ligand 1 (CX3CL1),
is also an inflammatory chemokine and possibly promotes atherosclerotic CVD and the
pathogenesis of diabetes mellitus.2> 26 The CRIC Study previously reported an independent,
increased odds of prevalent diabetes and risk of mortality associated with elevated levels of
fractalkine.2” A few studies have examined the potential relationships of these chemokines
to kidney disease.28-31 Taken with the current study, this growing evidence supports the
need for further investigation into these possible diabetes-specific CKD progression
pathways. It should be noted that both inflammatory chemokines were identified among the
most significant risk factors for CKD progression in the current study rather than hsCRP, a
general marker of inflammation. Given the role of inflammatory chemokine release in
triggering destructive invasion into essential organs, exploration of these markers as possible
mechanistic factors for CKD progression among those with diabetes is warranted.32
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Albuminuria levels above 300 mg/g were associated with the highest risk of CKD
progression among all risk factors considered in this study regardless of diabetes. Because
albuminuria may be on the causal pathway between many risk factors studied and kidney
disease progression, we reimplemented analyses after excluding albuminuria, and observed
two principal findings. First, several effect estimates increased for factors included in the
models. Second, several factors including smoking, mineral metabolism markers, and
HbA1c become newly significant, thereby highlighting pathways that may be mediated
through albuminuria. Alternatively, these risk factors may truly be confounded by
albuminuria but additional analyses with repeated measures of the risk factors and
albuminuria are necessary to distinguish between these two explanations. Among those
without diabetes, the association of ACE/ARB use with eGFR slope became non-significant,
but with the composite renal endpoint became newly significant after albuminuria was
omitted. With the well-documented anti-proteinuric and possible reno-protective effects of
ACE/ARBS, this finding is not unexpected.33 While cigarette smoking does not appear in
our primary models, it is significantly associated with time to KRT/eGFR halving regardless
of diabetes status after removal of alouminuria. Previous reports linking smoking to CKD
progression are heterogeneous and to our knowledge did not investigate possible mediation
through proteinuria, so this remains an area for future research.34 3% Of note, both FGF23
(for those without diabetes) and intact PTH (for those with diabetes) come forward in
models once albuminuria is no longer accounted for, lending further support to the
importance of mineral metabolism pathways in the progression of CKD.36-40 Finally,
HbA1c, which has been shown to be associated with proteinuria and CKD progression,
demonstrated mixed findings in our diabetic subgroup.41-43 In secondary analyses,
albuminuria was found to significantly modify the effect of some of the key novel markers
including urine NGAL among those with diabetes and NTproBNP among participants
without diabetes. Albuminuria also significantly interacted with race/ethnicity regardless of
diabetes status. These differential associations across levels of albuminuria should be
explored further in future investigations of these risk factors for CKD progression.

Strengths of this study are the inclusion of a large number of men and women with and
without diabetes, follow-up for as long as 12 years, and the simultaneous investigation of 30
risk factors for CKD progression. The extensive characterization of sociodemographic
factors, clinical and physical attributes, and biochemical profiles of CRIC Study participants
enabled the identification of unique sets of risk factors for CKD progression by diabetes
status. Models of both KRT/eGFR halving and eGFR slope permitted investigation of both
clinical endpoints and measures of kidney function decline.

Several limitations of the current study should also be noted. First, while the CRIC Study
population included CKD patients with and without diabetes, it is not entirely representative
of all patients with CKD in the United States. Additionally, the heterogeneity of CKD
patients without diabetes who were combined together in these analyses may have obscured
some important signals relevant to smaller subgroups embedded within this population.
Future efforts to better sub-phenotype these CKD patients will likely improve efforts to
identify potential targets for future therapies and refine risk estimates for CKD progression.
Second, there may be other important risk factors that were not considered in our study.
However, factors in the current study were selected a prioribased on existing literature,
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availability of measures at baseline, and ongoing CRIC Study analyses, with the goal of
identifying the most significant risk factors across and within major potential mechanistic
pathways. Third, GFR estimates in the CRIC Study are obtained only annually, and the
number of eGFR values ranges from two to twelve. Given estimates of GFR slope over time
are less precise for those participants with shorter follow-up, we utilized linear mixed effects
models to more heavily weight slope estimates from individuals with longer follow-up.
Fourth, it remains to be determined if some of the risk factors identified serve as proxies for
reduced renal clearance or if they represent potential explanatory pathways. Fifth,
measurement error varied across candidate risk factors and may have influenced retention of
factors and magnitude of effects in the final models.*# Lastly, participants ineligible for this
study due to the availability of only one eGFR measurement for slope models were more
likely to have a baseline eGFR <30 mL/min/.73m?2 and higher levels of albuminuria. As
such, rates of CKD progression in the current study are likely an underestimate of the entire
CRIC population at baseline. In addition, use of complete case analyses excluded
approximately 400 participants from the final models and may have influenced selection of
risk factors. However, differences across those included and excluded from the analyses
revealed only small differences across all considered factors, so the impact of this modeling
approach should be minimal.

The current study confirms the strong relationships of demographic, kidney function, and
blood pressure risk factors including race/ethnicity, baseline eGFR, albuminuria, and SBP
with CKD progression among those with and without diabetes. This study also observed
higher levels of the novel markers inflammatory chemokine plasma CXCL12, cardiac
marker NTproBNP, and kidney injury marker urine NGAL were each independently
associated with an approximate doubling of the rate of the compaosite renal endpoint among
participants with diabetes. Low serum bicarbonate as well as higher high-sensitivity troponin
T, NTproBNP and urine NGAL were all independently and significantly associated with a
1.5-fold or greater rate, and higher hemoglobin was associated with a significantly lower rate
of the composite outcome among those without diabetes. Increase in hazard with elevated
cardiac markers, plasma CXCL12, and urine NGAL exceeded that of systolic blood pressure
>140 mmHg, a well-established risk factor for CKD progression. Taken together, these
strong, novel risk factors for CKD progression provide avenues for future investigation into
potential pathways of progression as well as opportunities to better define sub-phenotypes of
patients with higher CKD progression risk profiles.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Rates and patterns of chronic kidney disease progression for Chronic Renal Insufficiency

Cohort participants with and without diabetes.

Panel A: Annual change in estimated glomerular filtration rate (eGFR) in mL/min/1.73m?%/
year and percentage within categories of eGFR change by diabetes status. Percentages do
not add up to 100%, as the tails of the distributions were truncated.

Panel B: Unadjusted event rates of kidney replacement therapy (KRT) or eGFR halving per
1,000 person-years by diabetes status and level of baseline eGFR.
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Summary of the statistical significance of chronic kidney disease progression risk factors in

the Chronic Renal Insufficiency Cohort Study

Panel A: Demographic, kidney function, and blood pressure risk factors for estimated
glomerular filtration rate (eGFR) slope and the composite renal outcome of kidney
replacement therapy (KRT) and eGFR halving.
Panel B: Clinical, socioeconomic, behavioral, body composition, vascular, anemia,
inflammatory, mineral or carbohydrate metabolism, cardiac, acidosis, urinary electrolyte,
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kidney injury, and RAAS factors for estimated glomerular filtration rate (eGFR) slope and
the composite renal outcome of kidney replacement therapy (KRT) and eGFR halving.
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Panel A: Demographic, kidney function, and blood pressure risk factors for estimated
glomerular filtration rate (eGFR) slope and the composite renal outcome of kidney
replacement therapy (KRT) and eGFR halving.

Panel B: Clinical, socioeconomic, behavioral, body composition, vascular, anemia,
inflammatory, mineral or carbohydrate metabolism, cardiac, acidosis, urinary electrolyte,
kidney injury, and RAAS factors for estimated glomerular filtration rate (eGFR) slope and
the composite renal outcome of kidney replacement therapy (KRT) and eGFR halving.
Tables 2 and 3 provide the specific magnitude and direction of the risk factor associations,
which include both linear and non-linear associations.

Am J Kidney Dis. Author manuscript; available in PMC 2022 January 01.



Page 20

Anderson et al.

100> (%5'52) €0y (%9°€T) ST (%z'6T) 89 100ys ybiy uey) ssa uoleanp3
J0}oeH SNJeIS 21WOU0IB0100S
100> (88-€9) ¥'L (r'8-6'9) T'L (98-09) €L (401) uetpay Tp/Bu ‘proe oun

. (%2'2v) 899 (%v'€2) Ty (%c2€) 6801 S3A
100> (%8'25) v16 (%9'92) 9.€T (%8'29) 0622 ON AAD o AiojsiH
S.00eH [ROIUID

. (%8'08) 6921 (%8'85) 8v0T (%1'69) L1€2 S3A
100> (%2'6T) Z0E (%z'TY) SEL (%6°0¢) L£0T ON ayv/30V
100> (L'v¥T-L'9TT) 0'0ET (0'v€T-€'60T) €'TCT (0'ovT-2'2TT) L'veT (401) uelpaiy BHWwW ‘dg o1joishs
S1010e- 8.nssald poo|g
100> (£'282-8'9T) T'8TT (z'€91-2'9) ¥'6T (5z6€-6'L) v'ey (401) uelpaiy B/B6w ‘YovN

(%T'TT) 9LT (%6'G2) Sov (%0'6T) Tv9 092

. (%1'82) vov (%v'0g) 9vS (%€°62) 066 6'65-GY

100> (%€'6€) T29 (%8'62) 9€5 (%z've) LGTT 6'7v-0€
(%9'12) TVYE (%6°€T) 062 (%5'LT) 165 0e> ZWEL T/UIW/TW "Y4D3 suljssed
SaJNnses |\ uonoun4 Asupiy

(%z'v) 99 (%0v) 2L (%T'v) 8€T Byio

(%0'9T) €52 (%1°8) SvT (%8'1T) 86€ dluedsiH

700> (%t'9) TOT (%9°8) ¥ST (%5'2) 852 As1-UBIY T10dV H10eI19-HN

(%L'S€) ¥95 (%5'L2) v6v (%€'1€) 850T YSU-MO| T10dV oeIg-HN
(%8'.€) 865 (%6'15) Z€6 (%€'sP) 0eST aUUM-HN Ayoruyis/eoey

. (%S5'€) 889 (%T'9v) 828 (%6'vy) 9TGT alewad
' (%5'95) 68 (%6°€5) 696 (%1°65) €981 3leN SEIIC)
100> (2'6) 765 (9'TT) L'95 (8'01) 628 (@s) ueay sieak ‘aby
sJ010e4 21ydesboweq

(9%) N 40 (4O1) uelpaN ‘(as) uesiN
(¢85T=N) sa1eqe1a UHM | (262T=N) se1egeIa 1oy | (6L€€=N) stuedioned IV
mms_m> d snyels se1agelq

snyels sajagelp Aq pue |je4ano siuedioiued Apnis (D14D) MoyoD Aduaidignsul [euay d1Uo0lyD JO SINSIIg1oRIRYD auljaseg

Author Manuscript

Author Manuscript

‘Tal1qeL

Author Manuscript

Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2022 January 01.



Page 21

Anderson et al.

oY e | SEOPIY

100> (e'v8v-6'08) L'v6T (7'292-5'L) §'90T (9'89€-8'09) 6'07T (401) ueipay Juy/bd ‘dNgoid LN
100> (6'7€-56) T'LT WyT-ve) L (6'Te-¥9) €T (401) uerpaiy Twy/Bd ‘Luysy
SRR Jelpred
100> (cT1-6°€) €9 (sv-02)0€ sty (401) uerpaiy dI-VYINOH
100> ('8-59) €2 (0'9-€9) 'S (€2-99) 19 (401) ueipay % ‘9TVaH
SJod fe N WsijoqeR N 8repAyod.fed
100> (0'v6-8'9¢) 0°2G (L'5L-€28) 0'8Y (6'€8-0%€) 0°¢S (401) ueipay Twy/Bd ‘H1d 10eu|
100> (evve)ge (6€-1€) 5°€ (tvze)Le (401) uerpaiy p/Bw ‘sreydsoyd winies
100> (7'292-7'0TT) 0'99T (9'28T-2°€8) T'6TT (9'zez-6'€6) 9'8€T (401) ueipay w/ny ‘€z494
SR WSIjogeR N [eRuliN
100> (0°0882-9'€712) 8'€6YC (T'L122-€'1202) ¥'TvET (2'2612-1'9902) 6'€THC (401) ueipay w/Bd ‘210X ewseld
100> (T'1-20) 60 (07-9°0) 80 (T'7-90) 80 (401 vetpay | wy/Bu (TTOEXD) Bu[eIvRLY WNIBS
A (9'9-TT) 92 (8501 v'e (z9-01) G2 (401) ueipay /6w 9408y
sauBoWBYD pue B re N Alorewiwe ju |
100> (zet-otr) 02T _ (Fy1-12T) 2°€T _ (6'€T-G'TT) L'CT (401) ueipay _ 1p/6 ‘uigojBowaH
elWAUY JOaINses |
700> (T'1-60) 0T _ (zZT-om 71T _ (€101 1T (4O1) ueipay _ Xapul [elyoeIg-auy
ainses |\ Je|nase [esoydied
100> (e'€L-228) 529 (7'99-2'9v) 6'SS (8'69-0'6Y) 1'65 (401) ueipay 0 ‘ssew aa1j-Je-
100> (e'8e-v'82) 8'2€ (L'ee-1'52) §'6C (T'9¢-8'92) 6°0¢€ (401) uetpay 2W/Bx ‘INg
sanses |\ uonisodwo) Apog

. (%2'71) 581 (%1°€1) Se2 (%v21) 02y SA
¢ (%€°88) L6ET (%6'98) 295T (%9'28) 656¢ ON 13OWS JU3LIND
1010e4 [eloineysg

(%L°52) L0v (%8'6€) v1L (%eeg) TeTT abs) |00 pajenpeso

(%8'87) 2LL (%9'9v) L8 (%9'Lv) 609T afa]]02 awos/j00yds YBIH

(%) N 10 (4OI) ueIpa (as) uesin
(z85T=N) sa18qeIg YHM _ (26.T=N) sa1eqeld oy | (626€=N) suedionied ||v
Mms_m> d snyels sa1agelq

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2022 January 01.



Page 22

Anderson et al.

'S319GRIP INOYNM PUB LIIM 3SOU} SSOJ0R Uostiedwod oy anfen-d,

"v//°2 Aq Aldijnw ‘7J/jowd 03 8U0ISISOP[E WINJSS 1UBAUOD O] "P/JOWW T 03 JUB[eAINbS sI Yyz/b3w T ‘wnisselod suLIn pue WNIpos auLin 104 “J/joww T 01 JusjeAinba si /b3w
T ‘8eu0qJedIq Wniss 104 "£z¢°0 Aq Ajdinw “J/joww 0} ajeydsoyd winiss 148Au0d 01 256 Aq Ajdnnw ‘J/jowu 0} d4ISY HaAu0d 0] 581°6G Ag Ajdinw ‘7710w 03 p1oe 911N UBAUOD O] :UOISISBAUOD |S

"0l7eJ BUIUIRAID:UIWLNG R BULIN YDV ‘UOHRIASP plepuels :QS :WalsAs auolalsople-uisualolbue-ulual Sy ‘auowloy prosAyresed :H1d

‘apndad onainureu adA1-g-oad feulwlel-N :dNgoJd 1N ‘oluedsiH-uou :HN ‘uljeaodi| payerdosse-aseune|ab iydosinau :yoON ‘abues spisenb-iaiul 1y ‘1 uiuodosy Aanisuss-ybiy ;1u] sy ‘uislold aanoeas
-0 AAnIsuas-ybiy :dy sy ‘aauelsIsal UljNSUl-JUsLISSassy [9POIAl SISLIS0aWOH :H1-VINOH ‘uiqojBoway parejAsodA|b :0T\waH ‘£Z-1010e) Yimolb 1se|qolqly :£2494 ‘alel uolea|iy Jejniawold parewnss
14499 ‘aseasip Je|naseAolpIed :dAD ‘aseasIp Asupiy d1uodyd :aMD ‘ainssaid poojq :dg Xapul ssew Apoq :JAg ‘18x90]q J01dadal uisualolbue :gyY ‘wAzua BuisAuod uisuslolfue :3Jy SUoIRINIaY

o | (urronsss [ (estezdver | (estewetor | (0) verpay | w/Bd ‘auosaIs0p[E Wniss
BN SYVY

wo> | (ssdror | (1269 92T _ (€'28-2'9) 01 _ (0) verpay | Jui/Bu “TYON autin
e Ainfu| Asupiy

80’ (9°0.-16€) 2°2S (6'69-L'9€) G'¢S (002-0'8¢) 925 (4O1) uetpay Urz/loww ‘wnisselod suln
100> (€'602-0'7TT) ¥'65T (0'L6T-9'€0T) 2'GYT (5'€02-8'80T) G'1ST (401) uetpaN Upeg/b3w ‘wnipos auun

S9Mk|0108|3 Areunin

20 (0'92-0'22) 0'¥2 _ (0°22-0'€2) 0°'ST (0°22-0'22) 0°'SC (401) ueipsiy 71/b3w ‘dyeuoq.edlq wnies

(9%) N 40 (4O1) uelps ‘(as) uesy

(285T=N) se180/R1IQ YN _ (26.T=N) sa18qeld noyupn | (6.£€=N) siuedionied |1

mw_..__m> d snjels salageld

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2022 January 01.



Page 23

Anderson et al.

. (808'1°€9) 0°2L ) (v ez . (6'8¢ '€'82) 9'€€ . (re)s1- 6€T-02T
100> 100> 100> 100>
(0'7S '6'8€) §'9Y ErTi- (L'82'TT2) 612 (92) 80— 0zT> BHWW ‘dg 110184
$1010e- 81nssald poo|g
(#°0TZ '6'7LT) 9°26T (T9)z6- (9'TST ‘T'9TT) 8°€€T (Ty) Y- 00€=
100> (9°6L '1'69) '69 100> (ee) 81— 100> (g€ '9'8¢€) 0'9v 100> (82 L1~ 662-0€
(z'sz'T91) 2°02 (7€) ¥'o- (eoT'c9) €8 (7o) eo- 0e> /6w ‘Yovn
Ty 'v'v2) €ve (g9 ez- (68'0%) ¥'9 (0€) L0~ 092
(165 'ee) S'TS (Lv)9z- (g9z‘L1m) T2z (Te)zt- 6'65-G
100> 4 100> 100>
(€86 '€'8L) £'88 (8'v) 62— (8'25'0'ey) 08 (5¢)8'T- 6'vv-0¢ wesT
4
(6'70Z 'S'85T) L'18T (6€) 62— (7721 '9'68) 0°20T (ze)Te- 0g> | /ulw/w ‘Y498 auljssed
S9INSea |\ uonoun4 Aupy
(T'2TT'2°€5) 6728 (Lr)Te- (6729 '7'92) 97y (62) 6T 1Byo
(6°2¥T'6'90T) ¥'22T (99) ev- (7'69 'T'6€) €75 (Te)L1- oluedsiH
R . Q) b gy . ) 7o Msu-ybiy
100> (6esT'L'€6) 8°€2T 100'> o) vy 100'> (£'18'7°09) 6'59 100'> v ze 1704V S1eIg-HN
. Y ne . IR 3S1-MO|
(5'86'2'2L) T'88 (rv)oe (T'Lv 'g'€e) v'ov Qe T 1704V SeIg-HN
(L€9'L'8Y) 2'95 Ty 1= (Lsz'e8T) €22 ®2)01- SUUM-HN Anoluype/soey
(528299 TV (o) 9z (z'v€ '9'52) 6'6C (TeTT- aewa
100" € 10’ 700’
(096 '5'62) 8°28 Ly 8z- (&1 'e'2€) 8'9¢ (re) 91— alen lapusg
(T'T2'0€8) T'29 (ov) 6T- (6'0% ‘2'82) S'vE (Ldet- G/-G9
100> (656 'T°08) 0'88 100> (rv) 62— 100> (12 '9v2) v'82 100> (ze)e1- ¥9-Gv
(e72€1'2'88) L'2TT (52) 64— (€'65 ‘2°07) 0°0S (6€) Tz > sieak ‘aby
sJo1oeH o1ydeBowe g
anfeA d (10 %56) sIA anfeA d (as) uesy anjen d (o] anfeA d (as) ueay
-uosJad 000‘T Jad sjusng 94G6) SIA-uostad
000'T Jad syuang

BuinleH Y498/ 14M

J1eak
LWEL T/UIW/W ‘8dolS H4D®

BuinreH Y498/ 14

Jeak
LWEL T/UIW/W ‘8dolS 4D

$9190RIQ YN

$31qRIQ INOYIM

sa1aqeIp YuM Jo Inoynm siuedioiuied D1yD Buowe sonsiisoeleyd auljaseq Aq uoissaiboid aseasip Asupiy 21U0IYD JO SaINSEaIA

Author Manuscript

‘¢ 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2022 January 01.



Page 24

Anderson et al.

Am J Kidney Dis. Author manuscript; available in PMC 2022 January 01.

alnsea |\ fejnasep feseydied
(0'80T ‘9'¥8) £'96 (8Y) 82— (€67 '8°28) T'TY (ov)oz- (1°291 '6'69] ¥O
(€76 '6°'29) 9°6L sy 9z- (9°€€ 'v'22) 0'82 (6221~ (669 '1°68] :€0
100> 6 900" 100>
(6L ‘1°89) L'89 (Sv) Lz- (08¢ '9'52) 8'1¢€ (Te)et- (1°65 ‘T°6%] :20
(T¥8'6°28) 0°TL sy 9z- (107 '8'82) §'7E (Te)et- (1'6% '8'52] ‘1O B ‘ssew as1)-1e-
(0'e6 '8'€L) €8 (er) ve- (e'0v ‘2'92) S'€E (ee) v'1- Gez
20 (78 '€99) €'GL 100’ v oz 6 (8°2¢'6°22) 8'CE 6 (se)v1- 6'7€-82
(y'v0T ‘v'L2) 606 (Tg)ge- (z'6€ ‘e'62) T¥E (0e) ¥'1- 82> 2wy ‘Ing
sainsea |\ uonsodwo) Apog
(672€T '6'68) ¥'TTT () 9e- (z'€9 's'6€) €'TS (ov)Tez- SBA
100> L00° 100> 100>
(ev8'T2L)T8L vz (9v¢ 'z82) ¥'1€ (Te)et- ON 1ows wauny
10)0eH [eloIneysg
(r'TL'€28) 6'T9 (0w o0z- (682 '8°02) 6'7¢ (L201- abs|100 parenpeso
. o) o . o) g abe|j0D
100> (668 '1'€) '8 100> (09 8¢ 100> rIv'r1e) 9% 100> (Ge) 9T 5W0S/10042S YBIH
o i . ) e ) o) o 100y2s
(r'zet 'vee) 6201 (v ve- (T'99 '8'2v) §'vS (8¢ 81- UBIH Ueys ss uoneaNp3
1013k snjeis J1Wouods0100S
(§'8TT '2'S6) 6'90T LY ve- ('6S ‘T'vp) 8'1S (ze) 91— 8=
100> (€26 'T2L) 2C8 T (rv) 0e- 100> (0ev '91E) €728 100> (re) L1- 6'8-G'9
(L'29'S°8Y) T'YS (09) 8z (€12 TYT) L'LT (Te) 60— G9> p/Bw ‘p1oe oun
(670T ‘9'¥8) 86 ey Lz- (6°€v 'L'62) 8'9¢ (re) 91— SBA
100> 6 z z
(z'08'6'99) T'€L (67) L'z (1°9€ ‘7'62) 9'2€ (ze) et1- ON a2 Jo AoIsIH
Slojoe4 [eOIUlD
(e's8'v'2L) 6'8L (8Y) 9z 6TV ‘7€8) 9'L€ (Te) vi- SOA
600" z 100> o
(€80T '¥'82) £€6 (v 0e- (zze 'vee) 8'Le (re)et- ON gdv/30v
(£'6ST 'S'82T) 6°€YT (67) L'v— (2L '8'08) 9'19 (ov)9z- orI=
anjea d (12 %56) SIA anjea d (as) uesiy anjen d (fe} anjen d (as) uesiy
-uosJad 000‘T Jad sjusng 94G6) S1A-uostad
000°T Jad syuang
BuinfeH ¥493/14M Jeak BuinfeH Y499/19M Jeak
LWEL T/UIW/W ‘adolS 4D LWEL T/UIW/TW ‘8do|S Y498
seegeld UMM se19qeld INOYHM

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 25

Anderson et al.

100> (Tzs'see) eey Vo' (8e) T2- _ 100> _ (56T '5'2T) 09T 100> (82) 6°0- (Tv6 ‘v'1]:10 /Ny ‘€z494
SN Wsljoger N [eRUIN
S ) o) o o tarep) o ) mer [e€L19
(2621 ''10T) 9'STT (@9 o (L'v9'6'sv) €'55 (9e) 67T ‘91612 O
(8'90T ‘2'18) 0'6 67) TE- (921 '27'€8) v'ov @9 sT- .. 816
100°> 20 100> 100> gorvel €0
o) toee) o o) o oo o) A R (s0tre
(9L 'e'55) 8'59 (6€) sz (ree'eee) 62 Ge) v v9902] :20
(¥°09 '€'T¥) 806 ovtTe- (82 'T91) 02 (L2)60- ('990z ‘1°2€8] :TO | Tw/bd ‘ZTI0XO ewseld
(T"2€7 '6'80T) 0°€CT (6'7) L'e- (6°02 ‘T°08) 509 (8€) TZ- [oe‘TT] %O
(5°20T '7'28) 616 (g9 Te- (L2v'0ee) eov (62 €1~ (17870 :€0
100> 100> 100> 100>
(82, 'T28) v'29 (1e) 61~ (62€'T92) T'2E re) v1- (80'9°0] :20 .
Twy6d (T70€X0)
(eov '1'62) L'L€ (9e) 91~ (9T2'2€T) 92T (62071~ (90‘T0]:1O aupj[ejoel) Wwnias
(z16'c€L) za8 (ov) L'z- (e'8¥ ‘'9'€€) 6°0F (5e) 91— (287 ‘9] O
(668 '699) '8L (G R (5TY '2'82) T'SE (se)vi- (€9'52] €0
A 600" 10° T
(€726 'T'69) 2°08 (6'7) ee- (z'se 'g'€2) 562 (8 TT- (gz'0Tl:2d
(976 '€0L) ¥'28 (rv) 82— (z's€ '6'€2) 9°62 (ze)e1- (0T‘T0]:1O /6w 9408y
sauBjoWBYD pue By e N Alorewiwe|ju |
(€T '8'8Y) 0°09 8v ez (L'2z'8'sT) €'6T 62T~ €124 VI !N
. ) ) R ) . ) o) o 6ZT-TT
100> (r'9L '6'09) L'89 100> v ee 100> (e'ev 'zee) zse 100> €e) s 4 '6ET-ZT N
(8'62T ‘€ v0T) T'LTT (o) 9¢- (706 '5°'79) 09 (owtTz- TT>:4 21> N Tp/Bw ‘uigojBowisH
elWAUY JOaInses|N
(52T ‘T'62) £8TT (Tv) 5e- (989'92) T8 (6%) 92— v'12
(#'68'2°89) 0'6. (L) Lz- (0'7€ ‘'8'v2) ¥'62 (ee)et1- 6ET-T'T
100> o 00’ z
(8%8'6°29) '9L Ly 8z- (8'8¢ '8'62) €'7€ (Te)vi- 60'T-6'0
(Z'901'6'92) G516 (sv) Lz- (€09 'T°58) L'1¥ (9¢) 9T~ 60> X9pul [e1ydeIg-3uY
anjea d (12 %56) SIA anjea d (as) uesiy anjen d (fe} anjen d (as) uesiy
-uosJad 000‘T Jad sjusng 94G6) S1A-uostad
000°T 4ad syusng
BuinfeH ¥493/14M Jeak BuinfeH Y499/19M Jeak
LWEL T/UIW/W ‘adolS 4D LWEL T/UIW/TW ‘8do|S Y498
seegeld UMM se19qeld INOYHM

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2022 January 01.



Page 26

Am J Kidney Dis. Author manuscript; available in PMC 2022 January 01.

Anderson et al.

(9°68T 'T'22T) €THT (T9) 9e- (L8 '9'v8) Z°0L (8€) T2 (L'8€L '2'22) O
(8€8'1°€9) €L Ly sez- (097 '€'T€) 9'8¢ (Te)sT- (z2z 'v'11) €0
100> 100> 100> 200’
(2'95 '6'8¢) 8'LY (re) oz (z'8€ '8'92) Gz (Te)et- (7'11'96] :2d
9y '9%2) 97€ (8 eT- (822 '5'6T) 9°€C (ze)T1- (g5's'1] 1O uw/Bd ‘Lulsy
S Jelpred
(L'56 '7'92) 098 (T9)Lz- (5vv'92e) €€ (se)vi- 82z ‘Tl w0
(e'96 ‘c€L) 878 (sv)8z- (8'7¥ ‘€0g) 9'L€ (9€) 91— (z'2'T¥]:€d
800" I 9 ¢
('6L '6'€S) 999 (Le)sz- (z'8€ '6'92) 9'2¢ (0e)zT- (Tv's2] 20
(z'eot'ee9) z'e8 (67) 62— (T8¢ '6'L2) 0'€E (ze) v1- (5z'0l:10 HI-VINOH
(6°€0T'8'58) 8'76 (09) ze- (2219 Ty oy L1~ [z'sT e 2] %O
(562 '7°09) 0°02 (er) ve- (L6e‘0ve) 6'TE (§e) v'1- (€729l €0
100> 100> 6 6
(Z'¥8 '7'€S) 889 @y L1~ (82 '¢'82) 0°€e (ze)e1- (2996 120
(598 '5'8€) 529 (9e) 52— (5'6€ '7'62) ¥'vE (ze) v1- (9'q€l 1O % ‘OTVOH
sy e |\ WslogeR N arelpAyoqed
(S'T9T ‘2'82T) T'SYT (0g) ee- (826'02L) 678 (8€) 52— [esyT ‘s+8] :vO
(186 '0°€2) G'S8 (9v) 0e- (riv'T€e) Tov (9e) 91~ (L'¥8 'v'zs] €0
100> 100> 100> 100>
(#'59 ‘'5'9Y) 6'GS (zv)9z- (0'9z ‘'991) €12 (0e)TT- (r'es ‘Tve]l '2d
(0'8S '6'6€) 6'81 Ly 81— (L'6T 'T°21) 6'ST (52 80- (Tve ‘611 :TO w/6d H1d 108
(€'€21'9'86) O'TTT (§9)ze- (5729 ‘T9Y) 6'95 (5e) 61— [e6 ‘T¥] :¥O
(L'¢6 '8'69) 8'T8 (Lv) 8- (6°€v '6'62) 6°9€ (Le)et- (Tv°2€] €0
100> 900" 100> 900"
(8'62 '6'95) £'89 (Le)ze- (672€'€20) 912 (6 TT- (Le'eel2d
(ze9'ezy) LTS (6€) ¢z (60€ '€ T2) T92 (Te) v'i- (€21 :TO | p/Bw ‘sreydsoyd winies
. . Y o ) terac) ot ) mer_ [681E
(€'vvT '€ YIT) £'62T (6v) o€ (r'6L'c'95) 8'29 (8€)6T b1 '5622] v
(€001 'v'LL) 8'88 (09) 0e- (626 'L0v) €'6Y (se)81- (5°s2z 'T6eT] :€0
(v'89 ‘0'6v) L85 (o) g2- (0ve ‘0€2) 582 (0e)eT- (T'6€T ‘T'v6] 120
anjea d (12 %56) SIA anjea d (as) uesiy anjen d (fe} anjen d (as) uesiy
-uosJad 000‘T Jad sjusng 94G6) S1A-uostad
000°T 4ad syusng
BuinfeH ¥493/14M Jeak BuinfeH Y499/19M Jeak
LWEL T/UIW/W ‘adolS 4D LWEL T/UIW/TW ‘8do|S Y498
seegeld UMM se19qeld INOYHM

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 27

Anderson et al.

. (§26'2°€1) 9'a8 . (T9) 62— . (e'ov'sLe) 6ee . (ee)g1- (1ot ‘2’12l 20
L0 2z 100> €0 Jw/bd
(6'78'0°€9) 0L (er) Te- (092 ‘T9T) 0’12 (se)eT- (z'T2'80]:TO ‘8U0J9ISOP[E WNJaS
RN SYVY
(8'GLT '€'6€T) 9°LST (¥9) 9v- (L'eL'€€8) §'€9 (8e)zz- [8'evsz '62€] :vO
(7°06 '6°99) 9'8L (o) L2z- (T°2¥ '1°28) 6'6€ (ze)s1- (672¢ ‘T¥T] €0
100> 100> 100> 100>
(929'TLY) ¥'1S erTe- (5'7€ ‘7€) 6'82 (se)et1- (zv1 'e9] :2d
(g°25'0°0v) L'8¥ (8e)TT- (62T '20T) 0%T (€2 Lo0- (€9'%7°0] 1O Jw/Bu “TVON 8uLN
e Ainlu| Asupiy
(1°92 '6°58) 099 (Tv) 61— (592 '2191) 9'T2 (62) 60— [2:21% ‘769] :¥O
(z'16'72L) 8Y8 (T9)oe- (g'6€ ‘TL2) €L (9¢) 91~ ('69 '8'18] :€0
100> 200° 100> 200°
(656 'v'2L) T¥8 (8 62— (0'sv '5°0¢g) 8°2€ (Le) 91— (875 '5°2€] 20
urz/loww
(0'70T ‘8'S.) 668 (zv) 62— (9°05 ‘T°9¢) €€ (82 ¥1- (g2¢‘0€l ;1O ‘wnisselod aulin
(678 '7'€9) T¥L (6%) 92— (eyv 'e0g) €28 (Le)r1- [8'669 ‘T°€02] :¥O
(€86 '9'vL) ¥'98 (ev)sz- 0TV '9L2) £FE (0e)et1- (T'e0z ‘€'15T] :€0
200° o v 0
(928 '7'69) 0°TL (67) 62— (T28'¢°50) 2'1€ 62TT- (e'T8T ‘'9'80T] :20
(8'70T ‘0°2L) 606 (Ty) Lz- (z'8e‘z92) z'ee ¥e) v'1- (980T ‘€] :TO Upg/b3w ‘wnipos suun
SAlAj04109[3 Areunin
(§'22'2°28) 929 (ty)ze- (L's2'59T) T'12 (o) TT- 9z<
(L°28'S%9) T9L 8y vez- (02 '€12) 992 (ze)z1- [9z 'v2)
100> 200° 100> 200°
(€01 ‘v'LL) ¥'06 (09) Te- (9°9¢ ‘v'v2) §'0€ (ee) v'1- [vz '22)
J/10ww
(T°€TT ‘2°£8) T'00T v ee- @¥L'9%S) v'v9 (re) 61— s ‘3Jeu0qJeslq Wnias
2>\ fe |\ sisop oy
(#'2ST '9'12T) 0°LET (09) 8¢- Ly '8°18) 2'€9 (9e)02z- [ev2 €€ '9'99¢] 7O
(z96'0€L) 98 @r ve- (505 ‘¥'se) 6'2y (ee) 91~ (9'99¢ ‘v'6€T] :€0
100> 100> 100> 100>
(el '5°28) 0°€9 (v sz- (Lve '9€2) 162 (ze)e1- (r'6eT ‘'2°09] ;20
(9'sv'6'82) 2'L€ (67) 91~ (L'zz'8vT) 18T (6201~ (z09°s2] 1O wybd ‘dNgosd LN
anjea d (12 %56) SIA anjea d (as) uesiy anjen d (fe} anjen d (as) uesiy
-uosJad 000‘T Jad sjusng 94G6) S1A-uostad
000°T 4ad syusng
BuinfeH ¥493/14M Jeak BuinfeH Y499/19M Jeak
LWEL T/UIW/TW ‘8do|S Y498 JLWEL T/UIW/TW ‘3dolS Y499

sa180eIq YA

se18qeIq INOUNM

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2022 January 01.



Page 28

Anderson et al.

vLlC

Aq Ajdiyinw “7/j0wd 01 8UOJBISOP|R WINISS LIBAUOD O “P/joWiW T 01 JudjeAinba si yyz/b3w T ‘wnisselod aulin 104 “J/joww T 03 JusjeAinba s1 1/b3w T ‘ayeuoqJedlq wnuss 104 ‘€ze’0 Aq Ajdinw “j/joww
0} areydsoyd wnJas UaAU0d 0] '2G'6 Aq Ajdiinw “J/j0wu 03 44JsY HaAuod o] 100 Aq Ajdiinw “7/6 01 uigojBowsH 1BAU0D 0] "G8%'6S AQ Ajdijnw J/7jowr 0] pIde 1IN LBAUOD O] :UOISIBAUOD |S

liydosnau :woON ‘L uiuodouy Ananisuas-ybiy ;1 u sy ‘uisiold aanoeas-Q Al

0l3eJ BUIUITEBI:UIWNG[R BULIN 2HDVN
‘UoIeIASP paepuels :dS ‘WalSAS auola)sople-uisualolbue-ulual 1Sy ‘auowioy ploJAyleed :H1d ‘epndad onainuieu adA1-g-oid jeutwisl-N :dNgoAd N ‘otuedsiH-uou :HN ‘uijesodi] pajeloosse-aseulie|ah

1Suas-ybiy :dysy ‘gz-1010e) Yyimoub 1sejqolqly ;2494 ‘Adelay Juawiade|das Asupiy (14 aled uolleil|l) Jejniawold parewnsa
! ybiy ] 1y 19049y Y I P lrenjiy sej 10 p !

4499 ‘35easIp JB|NISLAOIPIRD (QAD ‘9SeasIp ASUpIX d1U0IYD :dMD ‘[eAISIUI 30USPYUOD 1D ‘ainssaid poo|q :dg ‘18%20]q Joidadas uisualolbue :gyy ‘awAzua BuriaAuod uisusiolbue ;30 SUOHBIASIGOY

-uosJad 000‘T Jad sjusng

9656) SAA-uosiad
000°T 4ad syusng

BuinfeH ¥493/14M

Jeak

[AWEL TUIW/ W ‘ado|S YD

BuinreH Y499/ 14M

Jeak

[AWEL TUIW/ W ‘ado|S YD

sa180eIq YA

se18qeIq INOYNM

S . ) o . R [6'0€9
(€207 '8'S2) 0'68 (61 ¥z (0'zv 'z'62) 9'6E (0e)zt o1 'g'2sT] 0
(916 ‘'2'89) 6'6. (sv)9z- (§25°2L8) T'SY (e€) L'1- (8'25T ‘¥'10T] :€0
anjea d (12 %56) SIA anjea d (as) uesiy anjen d (fe} anjen d (as) uesiy

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2022 January 01.



Page 29

(09
'6°0) €T +9A4
(Zz'60)¥T (00— . (z0)s0- 1Yo
8y
'ST) L'T:90A
(ze
‘6°0) L'T +9A4
6T'0T VT (z0)90- 7 (zo)zo ojuedsiH
6T
‘8°0) 2T 904
100> 100°> 100> 804 (82 100°>
i N | 'L°0) ¥'T #9A N sisL-ubIy
(9z'v1) 6T (€0 TT- = (¢o) L0~ 1104V “BIa-HN
'S2) L' 904
v (a4
‘0T) 9T #94
) o R ) T YSH-MO|
@1'TT)ST (T0) 50 oz (XORA 1104V SJ9eIg-HN
V1) 6T 904
EX| EX| EX| 194 aNUM-HN Anoiuyie/aoey
(80'50) L0 - (L0'v0) 50 (To)vo 3lewad
100> - 100> 100>
EX| - JEX| EX| a[eN lapuso
(g1
‘9'0) 6'0 +9A4
A (Tro)To - - G/-99
60
'9'0) L'0 9-0A
S0 +9A _ ) . B - }
10090 LX) 20 JEX| ¥9-Gr
(8¢
TT) LT-+94
0 (z0)90- - - Gh>
LT
'6°0) CT-9-0A sieak ‘aby
sJo10eH o1ydesboweq
anfend (1D %G6) 4H | enfead (3s) anjeA d (10 9%G6) 4H | enfead (3s)
a q U120 Bleg a a U100 B13E
BuinfeH Y498/19M Jeak BuinfeH Y498/14M Jeak
LWEL TUIW/ W ‘adolS Y499 AWEL TUIW W ‘adolS YD
sa1egelq UM se1agelq IOy

Anderson et al.

sa1aqeIp Yyum Jo 1noyuim siuedionted D1yD Buowe uoissalbold aseasip Asupiy 91U0ayd Jo sjapow paisnipe-ajqeLieAn|nw jeul

‘€ 9l1qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2022 January 01.



Page 30

Anderson et al.

Am J Kidney Dis. Author manuscript; available in PMC 2022 January 01.

J10)0eH [eJoineyeg
- - - (To)zo SBA
- - - L0
- - - JEX| ON gyv/30V
(0z'zT) 9T (z0)90- (0z'TTST (T0) 70— ovI=
100> (ST'602T 100> (To)zo- €0’ (ot'0m)ZT 200° (To)zo- 6ET-0CT
Jod BN BN Jod 0z1> BHwWwW 'dg 110184
SJ0)0eH 84nssa.d poo|g
(L8
‘€'€) ¥'S +9A4
A (zo)sz- (8T 'LL) 90T (Tro)ze- 00€<
16
‘v'¥) €9 904
100> +94 @ _ . .
s L'y 100> 100> 100>
100>904 | g1) o' 94
. (ToOTI- (8¥'sz)se (10) 60— 662-0€
L€
‘L'T) 5T 904
Jod IEN] IEN] BN 0e> B6/6w ‘*YovN
(61
‘90) T'T +94
A (z0) 80— (Fo‘To)zo (To)zo 092
60
‘€°0) G0 9-0A
(eT
‘9'0) 6°0 #9A4 o) n v o)
. 1°0) 50— 8'0'7'0) 90 1°0) 00 6'65-GY
s (0T 100> 100> 0
‘9'0) 2°0 9-0A
IEX| EX| BN BN 6'v7-0€
(ee
‘TT) 0T +9A4
(z0)90 (rz'v1)8T (zo)zo 0e>
(61 WEL'T
‘€T) 9T 9-04 Jutw/uw *4y49a auljeseg
saunses |\ ABupiy
anfen d (10 %56) dH anfen d (39) anfeA d (10 9%G6) 4H | enfead (39)
q q m.u:m_o_tmoo elog q q mu_._w_o_tmoo elog
BuinfeH ¥493/19M Jeak BuinfeH Y499/19M Jeak
;WEL T/UIW/W ‘adolS Y499 [LWEL T/UIW/TW ‘8do|S Y498
solegeld UM sa1egelq INOYNAN

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 31

Anderson et al.

(0z - 3 B [ees19
“I'T) 6T 904 ‘8'26.2] :¥O
. 8T
90) T'T #94 ) ) i (82612
2z '5'0T¥e] €0
€094 | 2T) LT 904 . . )
500" 9-04
(ze
80) €T #94 ) ) i (s'otvz
Q1 ‘v°990¢] :20
'6'0) 2T 9-0A
Jod - - - (79902 ‘1°2¢8] ;10 w/Bd ‘ZT10X0 ewseld
(LT'60€ET (zo)eo- - - [oe ‘1T] %O
(8T'0T)ET (z0) vo- - - (T7'8°0] :€0
0 20 - -
(eT'200T (zo)To - - (80°90] :20
Twy6d ((T70€X0)
Jod Jod - - (90'T0] :TO aupy[eloel) Wniss
sauBjoWBYD pue By e N Alorewiwe|ju |
- - (6:0'5°0) 2°0 - €124 ‘Y1 N
B} 3 B B . ) ) 62T-1T
v00 13 4 BET-CT N
- - #T'80)TT - TT>:4 21> N p/6 ‘uigojBowsH
elWAUY JOaInses N
- - (9T'80)TT - (T°291 ‘6'69] :¥O
- - (T1'50)80 - (6'69 ‘T°65] :€0
- - NO. -
- - (0T'50) 20 - (1°65 ‘T'67] :20
- - 94 - (1'6% '8'52] 'O B ‘ssew sa1y-1e4
saJnses |\ uonisodwo) Apog
- (zo)eo- - - SOA
- wo. - -
- 134 - - ON Jayows Juand
gPnrend g:o %G56) UH anfen d (39) anfeA d (10 9%G6) 4H | enfead (39)
m.u:m_o_tmoo elog q q mu_._w_o_tmoo elog
BuinfeH ¥493/19M Jeak BuinfeH Y499/19M Jeak
;WEL T/UIW/W ‘adolS Y499 LWEL T/UIW/W ‘adolS 4D
solegeld UM sa1egelq INOYNAN

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2022 January 01.



Page 32

Anderson et al.

. (Lz (z'0)s0- . G4 (To)zo- (7'6€T ‘200l 120
v +9A ‘TT) 8T 904 100'> v +9A ‘TT) 9T 9-04 0’
100> 9-04 0" 9-04
Jod Jod Jod Jod (z09's2] ;1O w/Bd ‘dNgoldIN
. B T
‘v'0) L0 +9A4
- (288 '2°22) WO
3 . (ST
'9°0) 0'T 904
B} B (Tt
'5'0) L'0 #9A e
) ) ¢ 04 = ] - (¢zz 'v'11) €0
- - 100> 904 ‘50) 80 904
. B (e
‘G5°0) 8'0 #9A4
- (11961 :20
. 3 ez
‘TT) 9T 904
- - BN - (55's'1] 1O uw/Bd ‘Lulsy
SR Jelpred
(81207271 - - - [esT'e2] O
(9T'90) 0T - - - (€229l :€0
S0° - - B
(§2'60)ST - - - (z'9'9:g] :20
Jod - - - (9g‘s€] :TO % 9TVIH
sy e N Wsloger N arelpAyoqed
- - - (Tro)zo- [e6 ‘Tv] %O
- - - (T0)00 (Tv°'2€] :€0
) - - €0’
- - - JEX| (Le'eel 20
- - - (To)eo- (ee'LT]: 10 p/Bu ‘areydsoyd wnies
S e\ Wsijoqer N [eeulin
(Te
‘TT) 6T +94
anfen d (10 %56) dH anfen d (39) anfeA d (10 9%G6) 4H | enfead (39)
q q LHUBIoR00 Bleg q q LHUBIR00 Bleg
BuinfeH ¥493/19M Jeak BuinfeH Y499/19M Jeak
;WEL T/UIW/W ‘adolS Y499 LWEL T/UIW/W ‘adolS 4D

$a180e1a YU

$9190e1Q INOUYMM

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2022 January 01.



Page 33

Anderson et al.

(6T
‘L°0) 2T #9A
7 (z0) vo- (6T'60) €T (T0)2co- (6°2€ 'z¥1] :€0
6T
‘0T) ¥'T 904
T +94 - _ . .
w00>904 |, OT 10 @ 80
9°0) 0T #9A
A (zo)eo- (€211 9T (To)eo- (zv1'e9] .20
8T
'6°0) €T 904
JEX| JEX| JEX| JEX| (€9 ‘v°0] :TO Jw/Bu “TYON suLN
e Ainfu| Aoupiy
- - - (To)To [2 217 'v'69] ¥
- - - (T0)€0- (769 '8°18] :€0
- - - €0’
- - - (To)To- (8'15 's'2€] :2d
) ) - Jod (52€'0€]:10 | ypz/oww ‘wnissejod suun
o009 |3 Areunin
- - (9T'80)TT - 9z<
- - (120071 - [9z ‘¥2)
- - L00° -
- - Jod - [ve ‘z2)
- - (0z'TT)ST - 443 7J/Ioww ‘81euodedlq wniss
B> e |\ Ssop oy
(22 ¢z
'6°0) 9'T +9A4 ‘L°0) TT +9A
(z0)s0- (zo)eo- [zv2 €€ '9'99¢] :¥O
(e (62
‘S'T) €7 904 ‘2T) 8T 904
(ec (e
‘8°0) ¥'T +9A4 ‘6°0) G'T +9A4
(zo)so- (T0) 70— (9°99¢ ‘v'6€T] :€0
(Lz (8¢
‘TT) 8T 904 ‘TT) 8T 904
(e (2t
‘L°0)TT +94 ‘9°0) 0'T +9A4
gPnrend g:o %G56) UH anfen d (39) gonrend Q:o %G6) 4H | 8nfead (39)
m.u:m_o_tmoo elog mu_._w_o_tmoo elog
BuinfeH ¥493/19M Jeak BuinfeH Y499/19M Jeak
;WEL T/UIW/W ‘adolS Y499 LWEL T/UIW/W ‘adolS 4D

$a180e1a YU

$9190e1Q INOUYMM

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2022 January 01.



Page 34

Anderson et al.

‘(+9 A) sresh +9 pue (9-0A) 9 ybnoayy  steak 1oy Ajdyesedas paroldap ale swil UM SUOIdRISIUL JUBDIHIUBIS Ylm SI01e) 10) Sanjea-d pue wm_IQ

*dnouf souaiayes 8y 0} pasedwod Y498 Ul auljosp Jeisey . Juasaidal SUsIdI800 w>:mmw2m

“ejep BuIssIW 95/ 'Z> Pey 101084 sH J18U10 |1V “(%'S) TYON sulin pue ‘(9T ) wnisselod suin ‘(96T ) WNIpos suln ‘(%7°9) HI~ VINOH ‘(%€°€) HOWN Papn|oul sssubuISSIW 95E< UIM SI0)0eH

‘v22°2 Aq Aldizinw ‘77j0wd 03 auoJalsople wnJas
1aAU02 0] "p/joww T 03 JudjeAinba s yyz/b3w T ‘wnisselod aulin o4 ~J/joww T 03 JusjeAinba s1 J/b3w T ‘ereuoquedlq winiss 104 "£ze 0 Aq Aldijnw ‘J/j0ww 0} aleydsoyd winias UaAUOD O :UOISIBAUOD |S

O13€J BUIUITeRID:UIWING. BULIN 24DV 10.1I8 PJepue)s (S '80ualajal :Jay ‘WalSAS auolalsople-uisusjolbue-ujual Sy ‘epndad anainireu adA)-g-oid feuiwial-N :dNgosdIN
‘oluedsiH-uou :HN ‘uijesodi| pareloosse-aseune|ab jiydosnau :yoON ‘L uiuodosy Aanisuas-ybiy ;1 ulsy ‘onel prezey :yH ‘uiqojfoway parejAsodA|h :0TwqH ‘Adesay) Juswade|dal Asupiy 1M ‘Blel
uoIIRI}| 1§ Je[nIawo|h parewnsa ;Y498 ‘aseasip ASUpI d1U0IYD (XD {[eAIBIUI 3dUBPIIU0I (| ‘ainssaid poojq :dg ‘18X20]q Jo1dadal uisuaiolbue :gyV ‘awAzua BuiliaAuod uisuslolfue :3Jy :SUOIBINBIQOY

. B} B Y T [6'0€9
roTo ST '8'25T] %0
N - B} - B - 0 (To)zo- (829t '7'10T] :€0
- - - (Tro)zo- (10T ‘212l 12D
- - - 19y (z'12'80] .10 “wy6d ‘auo.aslsople wnias
o)\ SYVY
(8¢
TT) LT +94
A (z0)9o- (€211 9T (To)eo- [sevsz '672€] ¥O
ee
‘8T) ¥'Z 904
anfen d (10 %56) dH anfen d (39) anfeA d (10 9%G6) 4H | enfead (39)
a a GWUBId1J20D el a q £WU81014200 Blog
BuinfeH ¥493/19M Jeak BuinfeH Y499/19M Jeak
;WEL T/UIW/W ‘adolS Y499 [LWEL T/UIW/TW ‘8do|S Y498
solegeld UM sa1egelq INOYNAN

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2022 January 01.



	Abstract
	Graphical Abstract
	Plain language summary
	INTRODUCTION
	METHODS
	Study Design and Population
	Study Data
	Stratifying Factor
	Outcomes and Censoring Events
	Statistical Analysis
	Secondary and Sensitivity Analyses

	RESULTS
	Final models among participants without diabetes
	Final models among participants with diabetes

	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.
	Table 3.

