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Abstract

Rationale & Objective: The PRESERVE trial used a 2x2 factorial design to compare
intravenous saline with intravenous sodium bicarbonate and oral N-acetylcysteine with placebo for
the prevention of 90-day major adverse kidney events and death (MAKE-D) and contrast-
associated acute kidney injury (CA-AKI) among patients with chronic kidney disease undergoing
angiography. In this ancillary study, we evaluated the predictive capacities of pre-angiography
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injury and repair proteins in urine and plasma for MAKE-D, CA-AKI, and their impact on trial
design.

Study Design: Longitudinal analysis
Setting and Participants: A subset of participants from the PRESERVE trial.

Exposures: Injury (KIM-1, NGAL, IL-18) and repair (MCP-1, UMOD, and YKL-40) proteins
in urine and plasma 1-2 hours pre-angiography.

Outcomes: MAKE-D and CA-AKI.

Analytic Approach: We analyzed the associations of pre-angiography biomarkers with MAKE-
D and with CA-AKI. We evaluated whether the biomarkers could enrich the MAKE-D event rate
and improve future clinical trial efficiency through an online biomarker prognostic enrichment tool
available at prognosticenrichment.com.

Results: We measured plasma biomarkers in 916 participants and urine biomarkers in 797
participants. After adjusting for urinary albumin-creatinine ratio and baseline eGFR, pre-
angiography levels of four plasma (KIM-1, NGAL, UMOD, YKL-40) and three urine (NGAL,
IL-18, YKL-40) biomarkers were associated with MAKE-D. Only plasma KIM-1 was
significantly associated with CA-AKI after adjustment. Biomarkers provided modest
discriminatory capacity for MAKE-D. Screening patients using the 50t percentile of pre-
angiography plasma KIM-1 or YKL-40 would have reduced the required sample size by 30%
(~2000 participants).

Limitations: Evaluation of prognostic enrichment does not account for changing trial costs, time
needed to screen patients, or loss to follow up. Most participants were male, limiting the
generalizability of our findings.

Conclusions: Pre-angiography levels of injury and repair biomarkers modestly predict the
development of MAKE-D and can be used to improve the efficiency of future CA-AKI trials.

Keywords

acute kidney injury (AKI); contrast-associated acute kidney injury (CA-AKI); contrast-induced
acute kidney injury (CI-AKI); contrast media; prognostic biomarker, tubular injury; urinary
biomarkers; plasma biomarkers; MAKE-D; angiography, event rate, enrollment criteria, clinical
trial design

INTRODUCTION

Contrast-associated acute kidney injury (CA-AKI) is one of the most studied forms of acute
kidney injury (AKI) due to the potential for prevention. The timing of nephrotoxic insult is
more predictable with CA-AKI than in other clinical settings such as sepsis. In 2015,
approximately 40% of ongoing clinical trials for the prevention of AKI were in the setting of
contrast administration.1 Contrast media are used widely in various clinical settings. More
than 75 million patients undergo procedures with contrast media every year.2 CA-AKI
encompasses a third of all acute kidney injury cases® with incidence estimates for high risk
patients as high as 25%.4° Furthermore, CA-AKI is independently associated with
cardiovascular events, increased hospital stay, and mortality.5-8
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Recent guidelines to minimize the risk of CA-AKI recommended pre-procedure intravenous
sodium chloride or sodium bicarbonate with consideration for concurrent use of oral N-
acetylcysteine (NAC) in patients at increased risk.? These guidelines were informed by
multiple clinical trials that evaluated these specific interventions. However, these studies
were limited in sample size, resulting in equipoise on comparison of sodium bicarbonate
with sodium chloride and the efficacy of NAC.1 With 5,177 randomized patients, the
recently completed PRESERVE trial was a multi-site study uniquely powered to compare
intravenous saline with intravenous sodium bicarbonate and NAC with oral placebo through
a 2x2 factorial design with patient-centered, clinical outcomes.10

The PRESERVE trial, like many other clinical trials in CA-AKI, enrolled patients with
decreased eGFR to enrich event rates. However, the use of serum creatinine-based criteria,
such as standard GFR estimation equations, for trial enrollment has been shown to yield
heterogeneous study populations that consist of patients with varying risks for the event of
interest.11:12 Serum creatinine has long been considered an imperfect gold standard in the
field of kidney diseases as it may not always reflect true injury!3 and does not capture
subclinical disease.1314 As the cost of clinical trials escalates, improving the efficiency by
identifying a high-risk population likely to benefit from an intervention has become an
important goal. Sensitive novel biomarkers of injury and repair can help screen individuals
who are more likely to experience events of interest that constitute study outcomes, thereby
lending prognostic value to clinical trials.

Prior prospective cohort studies have demonstrated that serum and urine biomarkers can be
used to stratify a patient’s risk for AKI.1-17 In the setting of CA-AKI, studies have
suggested that biomarkers may have predictive and diagnostic potential.18-21 However, these
studies were limited in size and were primarily single-center studies or lacked follow up for
serious adverse clinical outcomes.’8-21 As a result, there is a lack of information on how
urine and plasma biomarkers can help risk stratify patients for CA-AKI and associated
adverse events, inform the design of clinical trials, and advance the development of
therapies. We undertook this sub-study of the PRESERVE trial to assess the predictive
capacity of pre-angiography plasma and urine biomarkers for CA-AKI and 90-day major
adverse kidney events and death (MAKE-D), and to examine their utility in enhancing
clinical trial design.

METHODS
Study Design

The design of the PRESERVE trial has been described previously.10 The trial was a 2-by-2
factorial design comparing intravenous isotonic sodium bicarbonate with intravenous
isotonic saline and oral NAC with oral placebo in patients with chronic kidney disease
(estimated glomerular filtration rate (eGFR) <60 ml/min/1.73 m2 and diabetes or <45
ml/min/1.73 m2 with or without diabetes) who were undergoing angiography.

The primary outcome of the trial was a composite (MAKE-D) within 90 days. Adverse
kidney events included the need for dialysis or persistent decrease in kidney function. The
latter was defined as a = 50% increase in serum creatinine at 90 days after angiography,
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confirmed by subsequent testing within 14 days of the initial measurement. The secondary
outcome was CA-AKI, defined as an increase in serum creatinine of >225% or >0.5 mg/dL
(44 umol/L) from baseline at 3 to 5 days after angiography. The trial had a target sample size
of 8,680 patients?2 but was terminated after randomizing 5,177 patients following a
prespecified interim analysis that indicated it was unlikely to show an effect of treatment
assignment on study outcomes.10

The PRESERVE trial and this ancillary biomarker study were approved by the Veteran’s
Affairs Central Institutional Review Board and all appropriate study site ethics and
regulatory committees. Written informed consent was obtained from all participants.

Sub-Study Sample Collection and Biomarker Measurement

19 participating centers collected additional plasma and urine samples 1 to 2 hours pre-
angiography as part of an ancillary study. Patients were asked at the time of their enroliment
if they were also interested in participating in the ancillary study. The samples were
aliquoted and stored at —80C until biomarker measurements.

We measured the plasma and urine samples for injury (KIM-1 [kidney injury marker 1],
NGAL [neutrophil gelatinase-associated lipocalin], IL-18 [interleukin 18]) and repair
(MCP-1 [monocyte chemoattractant protein 1], UMOD [uromodulin], and YKL-40
[chitinase-3-like protein 1]) proteins, the methods of which have been described previously.
15.22 Urine and plasma NGAL, 1L-18, KIM-1, YKL-40, UMOD, and MCP-1 were measured
using a multiplex assay (Meso Scale Diagnostics [MSD] LLC, Rockville, MD, USA). This
assay used patterned arrays and an electrochemiluminescence detection method, which was
quantified using the MSD Quickplex SQ 120 instrument. Biomarkers were measured in
duplicate and averaged. All personnel measuring the biomarkers were blinded to clinical
outcomes.

Statistical Analysis

We compared demographic characteristics and clinical variables by 90-day MAKE-D status
using t-tests for normally distributed continuous variables, the Wilcoxon rank-sum test for
variables without a normal distribution, and the chi square test for categorical variables. We
compared pre-angiography biomarker levels by MAKE-D and CA-AKI. We also reported p-
values adjusted for urinary albumin-creatinine ratio (UACR) and baseline eGFR using van
Elteren tests, which are a stratified extension of the Wilcoxon rank-sum test. In
supplementary analyses, we corrected urine biomarker measurements for urine creatinine.
We plotted receiver operator characteristic curves and calculated areas under the curve (c-
statistics) for each pre-operative plasma and urine biomarker for MAKE-D and CA-AKI.
Statistical analyses were run on SAS software, version 9.4 (SAS Institute) and Stata version
14 (StataCorp LLC).

To examine the potential prognostic enrichment of pre-angiography plasma and urine
biomarkers in designing clinical trials for CA-AKI, we used the Biomarker Prognostic
Enrichment Tool (BioPET) at prognosticenrichment.com, the methods of which have been
described previously.23 BioPET was designed such that a user provides the expected event
rate in the non-intervention group without enrichment, treatment efficacy, statistical testing
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parameters, and costs to generate quantitative analyses including the event rate among
biomarker-positive patients, sample size, total screened, and total costs. For event rate,
BioPET simulates data for 500,000 hypothetical patients. At each screening threshold, the
proportion of events is determined among all patients who exceed the threshold. BioPET
calculates sample size based on the desired power, Type | error rate, event rates with and
without intervention for a two-sided test. BioPET derives the corresponding number of
participants that would need to be screened to achieve the enriched sample size at the desired
threshold. Trial costs and percent reduction in trial costs assume fixed costs throughout the
duration of the trial.

For BioPET, we selected two biomarkers with the strongest predictive capacity based on
AUC. We then used parameters as indicated from the original PRESERVE study design:
predicted primary event rate (8.7%) in the non-intervention group (i.e., IV isotonic saline
and placebo), anticipated percent reduction in event rate under treatment (25%), Type 1 error
rate (2.5%), and power of 90% for two-sided alternative hypothesis testing.24 We then
compared the enriched event rate and trial sample size to those of the original trial design.
To examine trial costs associated with the use of prognostic biomarkers in clinical trial
design, we set the cost to screen a patient at $500 and the cost of retaining a patient through
the trial to be $10,000. A screening cost of $500 is consistent with the expected costs for
blood and urine processing for screening.2® Trial cost per patient is appropriate for a clinical
trial in AKI that does not require multiple years of follow up.2325

Biomarker Associations with MAKE-D and CA-AKI

From 19 centers, we measured plasma biomarkers from 916 participants and urine
biomarkers from 797 participants. Patients who developed the primary outcome of MAKE-
D were more likely to have higher UACRs and lower baseline eGFRs but were otherwise
similar to patients who did not develop MAKE-D (Table 1). The overall patients in this sub-
study had comparable demographic, clinical, and procedural characteristics to the overall
PRESERVE study (Table S1). Among pre-angiography plasma biomarkers, KIM-1, NGAL,
and YKL-40 were significantly higher among those who experienced MAKE-D compared to
those who did not experience MAKE-D (Table 2). Pre-angiography plasma UMOD was
significantly lower among those with MAKE-D compared to those who did not experience
MAKE-D. Among pre-angiography urine biomarkers, NGAL, IL-18, and YKL-40 were
significantly higher among those who experienced MAKE-D compared to those who did
not. For CA-AKI, only pre-angiography plasma KIM-1 was significantly higher among
patients who experienced the event compared to those who did not (Table 3). After
adjustment for UACR and baseline eGFR, plasma biomarker findings remained consistent
but urine NGAL and MCP-1 were no longer significantly associated with MAKE-D. Urine
creatinine-corrected results for urine biomarkers can be seen in Table S2. Urine creatinine-
corrected IL-18, MCP-1, and YKL-40 were significantly associated with MAKE-D after
adjustment for UACR and baseline eGFR. No urine creatinine-corrected biomarkers were
associated with CA-AKI.

Am J Kidney Dis. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Parikh et al.

Page 6

C-statistics for all pre-angiography plasma and urine biomarkers for both MAKE-D and CA-
AKI are shown in Table S3. Plasma YKL-40 and plasma KIM-1 show the strongest
discrimination for the primary outcome with modest areas under the curve (c-statistics) of
0.66 (95% CI, 0.59-0.73) and 0.65 (95% ClI, 0.58-0.72), respectively. Receiver operator
characteristic curves are shown for plasma KIM-1 and YKL-40 in Figure 1.

Findings from the Biomarker Prognostic Enrichment Tool

Findings from the Biomarker Prognostic Enrichment Tool demonstrated that inclusion of
plasma KIM-1 or plasma YKL-40 could have prognostically enriched the PRESERVE Trial
(Figure 2). Without biomarkers, the event rate of the placebo group during the original trial
design was estimated to be 8.7%; enriching patients from the trial with plasma KIM-1 or
YKL-40 levels above the 50t percentile would have increased the primary trial event rate to
12% (Figure 2, Panel B). Similarly, incorporating the 50" percentile of these biomarker
levels to screen patients would have reduced the necessary sample size from 7,376 to 5191
and 4992 patients for plasma KIM-1 and YKL-40, respectively (Figure 2 Panel C). To
achieve the enriched sample size target through biomarker screening, more patients would
have had to be screened. Screening out 50% of patients using pre-angiography plasma
KIM-1 and YKL-40 levels would have required a total of 10,382 and 9,984 to be screened
for the trial, respectively. Overall, incorporation of the 50" percentile of plasma KIM-1 or
YKL-40 would have required screening ~3,000 more patients than the original trial (Figure
2 Panel D). Given the costs associated with screening and maintaining the patients in the
trial, the percent reduction in total trial costs is not uniform depending on the percentage of
patients screened (Figure 2 Panel E). For both plasma KIM-1 and YKL-40, prognostic
enrichment yielded a reduction in total costs when the biomarker threshold screened at least
5% of patients from the trial. The greatest expected cost reduction (37-40%) occurred when
using the 85t percentile of either biomarker to screen patients (Figure 2 Panel F). Detailed
information for each of the panels in Figure 2 can be found in Table S4 and Table S5.

DISCUSSION

In this sub-study of the PRESERVE trial, we demonstrated that four plasma and three urine
pre-angiography biomarkers had modest discriminatory predictive capacity for the primary
trial outcome, MAKE-D. Despite these modest associations, the biomarkers have
considerable potential in enriching the event rate and reducing the number of patients
needed to achieve the same power for clinical trials in the setting of CA-AKI. In particular,
incorporation of the 50th percentile of pre-angiography plasma KIM-1 or YKL-40 in the
PRESERVE trial would have increased the absolute event rate by more than 3%, for a
relative increase of nearly 40%, and reduced the sample size by ~2,000 patients.

Our findings of the predictive capacity of biomarkers among patients from the PRESERVE
trial are largely consistent with those of prior single-center, prospective cohorts that have
recorded comparable elevations in pre-angiography urine NGAL and IL-18 by CA-AKI
status.20 Current literature supports YKL-40 and KIM-1 as biomarkers of repair and injury,
respectively. YKL-40 is produced in response to cellular damage in a range of inflammatory
cells26-28 with cytoprotective effects in the setting of kidney transplantation.2® Injury
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proteins like KIM-1 are sensitive and specific markers that are upregulated during kidney
tubular injury.26:30:31 patients with elevated levels of injury markers prior to contrast
exposure may have had existing subclinical injury or have been predisposed to experience
kidney injury following exposure. Further studies are needed to fully understand the capacity
of novel biomarkers to characterize the repair potential of the kidney, develop prognostic
tools, and inform point of care testing.

Prognostic biomarkers as defined by the U.S. Food and Drug Administration can be used “to
identify likelihood of a clinical event, disease recurrence or progression in patients who have
the disease or medical condition of interest.”33 Prognostic biomarkers such as albuminuria,
reduced eGFR, and total kidney volume have been identified and successfully incorporated
in the design of clinical trials for kidney diseases outside of AKI.34-36 The vast majority of
clinical trials in AKI still rely on elevated serum creatinine or decreased eGFR, which can
arise from a variety of etiologies and result in a heterogeneous study population,
complicating the development of therapies. Urine and plasma biomarkers have been shown
to have prognostic potential in various clinical settings of AKI. 18-21.25 A prior study
examined the effects of kidney injury biomarkers and cardiopulmonary bypass time, a
known renal insult, on enriching a hypothetical clinical trial for AKI after surgery in the
TRIBE cohort.?® In this setting of cardiac surgery, clinical trial enrichment through plasma
NGAL, urine IL-18, cardiopulmonary bypass time (CBP), or a combination of the three
would be predicted to increase AKI rates by 60-280% and reduce trial costs by 34-55%.2°

In the PRESERVE trial, biomarkers such as plasma YKL-40 and KIM-1 may serve as
prognostic biomarkers by providing much-needed granularity in identifying persons at
highest risk for CA-AKI and serious adverse longer-term outcomes. In addition, injury
proteins can capture persons who may have subclinical AKI with normal levels of creatinine.
37 Both possibilities suggest that current inclusion criteria for clinical trials in CA-AKI may
not be appropriately capturing those at risk. Enrollment practices based on current inclusion
criteria require a larger sample size to achieve the event rates needed to evaluate a therapy.2

Our sub-study leveraged the large sample size of the PRESERVE trial to assess the
prognostic potential of urine and plasma biomarkers, and evaluate their potential impact on
clinical trial design. While the PRESERVE trial found no benefit of intravenous isotonic
sodium bicarbonate compared with intravenous isotonic sodium chloride or NAC compared
with placebo for the prevention of MAKE-D or CA-AKI, the incorporation of prognostic
plasma or urine biomarkers would have reduced the number of patients necessary for the
trial. Enriching clinical trials with prognostic biomarkers will inevitably reduce a trial’s
generalizability. However, clinical trials, particularly early-phase clinical trials in settings
such as CA-AKI, benefit from high-risk study populations who are more likely to experience
adverse kidney outcomes with contrast media to advance the development of therapies.2>

There are several limitations worth noting in this analysis. First, the BioPET clinical
enrichment tool does not account for changing screening and retention costs for the trial, the
amount of time needed to screen an increased number of patients, and does not assess for
expected loss to follow up in assessing the enrichment potential of prognostic biomarkers in
the design of clinical trials. These characteristics present additional considerations for
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investigators in designing clinical trials. Second, the majority of patients of the PRESERVE
trial were male, which limits the generalizability of our findings. Furthermore, our findings
need to be validated through other studies to ensure consistency of observed associations and
their subsequent impact on clinical trial design.

In conclusion, our study shows that some injury and repair proteins have modest predictive
capacities. However, these biomarkers can guide the design of clinical trials in the setting of
CA-AKI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Receiver Operator Curves of Pre-Angiography Plasma KIM-1 (A) and Plasma YKL-40
(B) for MAKE-D

Table S2 includes the areas under the receiver operator curves for all plasma and urine pre-
angiography biomarkers for the outcomes MAKE-D and CA-AKI
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Figure 2. Incorporation of Pre-Angiography Plasma YKL-40 or KIM-1 in the PRESERVE Trial
Design with the Biomarker Prognostic Enrichment Tool (BioPET)

BioPET enrichment tool analysis after inputting the area under the curve (c-statistic) for
plasma YKL-40 (0.66) and KIM-1 (0.65). With the exception of Panel A, all graphs have a
horizontal axis of the percent of patients screened from the trial. Panel A. displays the
receiver operating characteristic curve for YKL-40 and KIM-1 generated from BioPET tool.
Panel B displays the simulated data for 500,000 hypothetical patients. At each screening
threshold, the proportion of events is determined among all patients who exceed the
threshold. Panels C shows changes in sample size based on the desired power, Type | error
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rate, event rates with and without intervention for a two-sided test. Panel D indicates the
corresponding number of participants that would need to be screened to achieve the enriched
sample size at the desired threshold. Panels E and F show trial costs and percent reduction in
trial costs, respectively, and were calculated by setting the cost of screening to $500 and the
cost of enrolling and retaining a patient to $10,000.
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Table 1.

DemoaraDhic. Clinical, and Procedural Characteristics of Patients bv MAKE-D Status

MAKE-D P-value

No (n=862) | Yes (n=60)

Demographic Characteristics

Age-years 70+8 71+8 0.3
Male sex, no. (%) 838 (97%) 58 (97%) 0.7
Race/Ethnicity, no. (%) 0.09

White 674 (78%) | 44 (75%)

Black 137 (16%) | 7 (12%)

Hispanic 28 (3%) 4 (7%)

Other 22 (3%) 4 (7%)

Clinical Characteristics

Weight —kg 100 + 22 102 + 26 0.7

baseline serum creatinine -mg/dL 1.6[1.3-1.7] | 1.6[1.2-2.0] | 0.9

UACR Categories, 0.002
<30 mg/g 356 (44%) | 15 (27%)
30-300 mg/g 269 (33%) | 17 (30%)
>300 mg/g 181 (22%) | 24 (43%)

Baseline eGFR, mL/min/1.73 m2 0.01
[15-30) 58 (7%) 11 (18%)
[30-45) 296 (35%) | 17 (28%)
>45 489 (58%) | 32 (53%)

Diabetes, no. (%) 708 (82%) 52 (87%) 0.5

Procedural Characteristics

Coronary Procedure, no. (%) 758 (88%) 54 (90%) 0.8

Percutaneous Intervention, no. (%) | 244 (28%) 11 (18%) 0.1

LVEDP - mmHg 19+8 20+8 0.6
Trial arm, no. (%) 0.5
Saline + Placebo 200 (23%) | 11 (18%)
Saline + NAC 224 (26%) | 12 (20%)

Sodium Bicarbonate + Placebo 223 (26%) 19 (32 %)

Sodium Bicarbonate + NAC 215 (25%) 18 (30%)

Values for continuous variables presented as mean + sd or median [interquartile]; for categorical variables, as count (percentage).

Abbreviations: eGFR, estimated glomerular filtration rate; IQR, inter quartile range; UACR, Urinary Albumin-Creatinine Ratio; NAC, N-
acetylcysteine; LVEDP, Left ventricular end diastolic pressure
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Table 2.

Pre-Angiography Plasma and Urine Biomarker Levels by MAKE-D Status

Page 16

Plasma Biomarker

Urine Biomarker

Median [IQR], pg/mL P Median [IQR, pg/mL P

MAKE-D No MAKE-D Unadj Adj* MAKE-D No MAKE-D Unadj Adj*
KIM-1 504 (306, 948) 321 (189, 585) <0.001 | 0.04 1804 (961,3558) 1392 (720, 2743) 0.06 0.2
NGAL | 259 (209, 420) 228 (173, 296) 0.001 | 0.04 | 37(16,97) 23 (11, 49) 0.009 | 0.09
IL-18 332 (238, 446) 318 (246, 408) 0.5 0.9 33 (16, 54) 21 (12, 37) 0.003 | 0.01
MCP-1 | 229 (167, 280) 217 (181,270) 0.9 0.9 289 (159, 565) 205 (118, 363) 0.01 0.1
UMOD 59 (41,81) 71(51,97) 0.006 0.01 2300 (1462, 3642) | 2484 (1554,3944) | 0.5 0.9
YKL-40 | 141987 (98750, 91371 (53545, <0.001 | 0.001 | 902 (272, 4474) 394 (127, 1184) <0.001 | 0.02

284819) 174700)

Urine creatinine-corrected results in Table S1

Adjusted for Urinary Albumin-Creatinine Ratio and baseline eGFR

Adj, adjusted; unadj, unadjusted; KIM-1 [kidney injury marker 1], NGAL [neutrophil gelatinase-associated lipocalin], IL-18 [interleukin 18],
MCP-1 [monocyte chemoattractant protein 1], UMOD [uromodulin], and YKL-40 [chitinase-3-like protein 1]; MAKE-D, major adverse kidney
events and death.
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Table 3.

Pre-Angiography Plasma and Urine Biomarker Levels by CA-AKI Status
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Plasma Biomarker

Urine Biomarker

Median [IQR], pg/mL P Median [IQR], pg/mL P

CA-AKI No CA-AKI Unadj Adj* CA-AKI No CA-AKI Unadj Adj*
KIM-1 430 (295, 713) 319 (190, 593) 0.002 0.004 | 1460 (767, 2633) 1419 (731, 2805) 0.9 0.9
NGAL | 232 (168, 297) 230 (175, 299) 0.9 06 20 (9, 41) 24 (12, 51) 0.4 0.3
IL-18 347 (265, 447) 316 (245, 408) 0.09 0.1 22 (10, 38) 21 (12, 38) 0.8 0.9
MCP-1 | 218 (168, 265) 218 (181, 271) 0.5 03 183 (115, 302) 210 (119, 374) 0.3 0.4
UMOD | 68 (49, 87) 71 (50, 97) 0.3 0.3 2776 (1683, 4606) | 2453 (1548, 3862) | 0.2 0.3
YKL-40 | 108251 (54743, 94598 (54166, 0.4 0.5 400 (137, 1202) 406 (137, 1255) 0.9 0.7

205041) 178090)

Urine creatinine-corrected results in Table S1

Adjusted for Urinary Albumin-Creatinine Ratio and baseline eGFR

Adj, adjusted; unadj, unadjusted; KIM-1 [kidney injury marker 1], NGAL [neutrophil gelatinase-associated lipocalin], IL-18 [interleukin 18],
MCP-1 [monocyte chemoattractant protein 1], UMOD [uromodulin], and YKL-40 [chitinase-3-like protein 1].
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