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Rationale & Objective: Urinary biomarker concen-
trations are frequently indexed to urinary creatinine
(Ucr) concentration in spot samples to account for
urine dilution; however, this may introduce biases.
We evaluated whether indexing versus adjusting
urinary biomarker concentrations for Ucr concentra-
tion altered their associations with outcomes.

Study Design: Observational cohort.

Setting & Participants: We analyzed data from
2,360 Systolic Blood Pressure Intervention Trial
(SPRINT) participants with estimated glomerular
filtration rates < 60 mL/min/1.73 m> and urinary
albumin (UAlb) and 8 urinary kidney tubule bio-
markers measured at baseline.

Outcomes: The primary outcome was a composite
of cardiovascular disease events; secondary out-
comes were all-cause mortality and a composite of
kidney outcomes (60% estimated glomerular
filtration rate decline, end-stage kidney disease,
or transplantation).

Analytical Approach: We used Cox proportional
hazards regression to examine the associations of
1/Ucr with outcomes and compared the associa-
tions of UAlb and 8 individual urinary tubule

biomarkers with outcomes, analyzed by indexing to
Ucr, adjusting for 1/Ucr or the biomarker alone
(without Ucr concentration).

Results: During a median follow-up of 3.3 years,
307 composite cardiovascular events, 166
deaths, and 34 composite kidney outcomes
occurred. After multivariable adjustment, 1/Ucr
was significantly associated with cardiovascular
events (HR, 1.27 per 2-fold higher; 95% CI,
1.11-1.45), not associated with either mortality
(HR, 1.06; 95% CI, 0.87-1.28) or kidney events
(HR, 1.49; 95% CI, 0.95-2.35). For UAlb and
urinary tubule biomarker concentrations, most risk
estimates were not significantly different when
indexed to Ucr concentration versus adjusted for
1/Ucr.

Limitations: Cohort excluded patients with dia-
betes and overall had low levels of albuminuria.

Conclusions: 1/Ucr is independently associated
with cardiovascular events in trial participants with
chronic kidney disease. Indexing versus adjusting
for 1/Ucr does not significantly change the asso-
ciations of most urinary biomarkers with clinical
outcomes.
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ultiple urinary biomarkers of kidney tubular health

have diagnostic and prognostic utility in various
clinical settings.""” Although timed urine collection is a
more accurate method for measuring urinary biomarker
excretion, it is cumbersome and prone to inaccuracies
from incomplete urine collection. Thus, spot urine speci-
mens are frequently used in research and clinical practice
to assess biomarker concentrations, and their values are
usually indexed to urinary creatinine (Ucr) concentration
to account for urine dilution, such as with urinary albumin
(UAlb) for wurinary albumin-creatinine ratio (UACR).
Without accounting for urine dilution, the prognostic
significance of a urinary biomarker may be masked in an
individual by the interindividual variability in wurine
dilution.

However, indexing a urinary biomarker concentration
to Ucr concentration may bias the diagnostic and prog-
nostic ability of that biomarker. Studies have questioned
how well Ucr concentration accounts for urine dilution
given substantial interindividual variability in creatinine
excretion and spot Ucr values and how Ucr indexing may
potentially add further errors.”” Beyond assessing urine
dilution, Ucr concentration directly correlates with muscle
mass and physical activity, and lower Ucr values have
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been associated with higher risk for mortality, coronary
artery disease, heart failure (HF), and kidney disease
progression in prior studies.” ' Furthermore, indexing a
biomarker to Ucr concentration compounds the assay
imprecisions in the laboratory measurement of the
biomarker and Ucr, obscures the relationship of the
biomarker in the numerator with Ucr in the denominator
for the outcome, and assumes a linear relationship
between the biomarker and Ucr concentrations.' "’
Theoretically, the latter may be relevant when indexing
Ucr concentration to a distal tubule biomarker. Ucr is
subjected to water reabsorption throughout the tubule
influencing its concentration, whereas a distal biomarker’s
concentration will not be influenced by this upstream
absorption of water. Consequently, concentrations of a
distal tubule biomarker and Ucr are not likely to be
similarly influenced by water reabsorption. A recent study
using the National Health and Nutrition Examination
Survey (NHANES) in 2009 and 2010 showed that the risk
estimate of UAlb concentration for death significantly
differed when UAlb concentration was indexed to Ucr
versus adjusted for Ucr concentration.'* Whether these
findings can be recapitulated in other patient samples
remains to be determined.
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PLAIN-LANGUAGE SUMMARY
Urinary biomarkers are often indexed to urinary creat-
inine concentration to account for urine dilution, but
urinary creatinine concentration itself is associated with
outcomes. We evaluated associations of urinary creati-
nine concentration itself and compared the associations
of concentrations of urinary albumin and 8 urinary
tubular biomarkers with cardiovascular outcomes, kid-
ney outcomes, and mortality when indexed versus
adjusted for urinary creatinine concentration among
nondiabetic individuals with kidney disease. Urinary
creatinine concentration was significantly associated
with cardiovascular outcomes. Comparing indexing
versus adjusting for urinary creatinine concentration, all
biomarkers had directionally consistent associations
with the outcomes; risk estimates for most biomarkers
did not significantly differ. These findings affirm
indexing biomarkers to urinary creatinine concentration
clinically, but the impact of indexing versus adjusting
for urinary creatinine concentration needs further

study.

In this study, we aimed to: (1) examine whether spot
Ucr concentration is prognostic for the outcomes of car-
diovascular disease (CVD), mortality, and chronic kidney
disease (CKD) progression; (2) confirm that accounting
for urine dilution changes the risk prediction from urinary
biomarkers for these outcomes; and (3) compare these risk
estimates when urinary biomarkers are indexed versus
adjusted for Ucr concentration in a subset of participants
from the Systolic Blood Pressure Intervention Trial
(SPRINT) with estimated glomerular filtration rates
(eGFRs) < 60 mL/min/1.73 m*.""""" These biomarkers
have been previously shown in SPRINT to associate with
acute kidney injury, CKD progression, cardiovascular
events, and rnortahty.l(’"g A priori, we hypothesized that
indexing biomarkers to Ucr concentration would alter
their prognostication of outcomes compared with
adjustment for Ucr concentration.

METHODS

Population

The study design and primary results of SPRINT have been
previously published.l °-20 Briefly, SPRINT is an open-label
clinical trial that randomly assigned persons with systolic
blood pressures (SBPs) = 130 mm Hg and at high risk for
CVD events to an SBP target of <120 mm Hg (intensive arm)
versus <140 mm Hg (standard arm). Participants were
recruited from 102 centers in the United States and Puerto
Rico. Inclusion criteria were 50 years and older, SBP of 130
to 180 mm Hg, and increased risk for CVD events (prior
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clinical or subclinical CVD other than stroke, 10-year risk for
CVD = 15% based on the Framingham risk score, CKD
defined as eGFR of 20-59 mL/min/1.73 m?, or aged 275
years). Major exclusion criteria comprised diabetes mellitus,
urinary protein excretion > 1 g/d, polycystic kidney dis-
ease, prior stroke or transient ischemic attack, symptomatic
HF, or left ventricular ejection fraction < 35%. A total of
9,361 participants were enrolled between November 2010
and March 2013. Institutional review boards of all
participating institutions approved the study.

Among a subgroup of 2,908 SPRINT participants with
eGFRs < 60 mL/min/1.73 m” calculated using the CKD
Epidemiology Collaboration (CKD-EPI) creatinine—cystatin
C (eGFR_c,sc) equation, we excluded 449 participants
with missing Ucr and 99 with missing urinary biomarker
data for the present analysis, resulting in a final analytic
sample of 2,360 participants.”

Biomarker Measurements

Spot urine specimens and venous blood specimens were
collected at the baseline visit and stored at =80 °C at a central
laboratory until measurement of biomarkers. Urinary bio-
markers were measured in duplicate and averaged to improve
precision at the Laboratory for Clinical Biochemistry
Research at the University of Vermont. Ucr was measured
enzymatically on a Roche Chemistry Analyzer, with calibra-
tion traceable to an isotope-dilution mass spectrometry
procedure and an interassay coefficient of variation (CV) of
1.5% to 4.3%. UAlb was measured by nephelometry using
the Siemens ProSpec nephelometer, with an interassay CV of
2.2% to 6.9%. The analytic methods for the tubular
biomarkers a,-microglobulin, f,-microglobulin (B2M),
uromodulin (UMOD), neutrophil gelatinase-associated lip-
ocalin (NGAL), interleukin 18 (IL-18), kidney injury marker
1 (KIM-1), monocyte chemoattractant protein 1 (MCP-1),
and chitinase-3-like protein 1 (YKL-40) have been previ-
ously described.'”'” Samples with biomarker values below
the limit of detection were assigned a value equivalent to the
lower limit of detection divided by the square root of 2.
Overall, there was a small percentage of samples with values
below the limit of detection, which ranged from 0.1% for
NGAL to 3% for B2M.

Outcomes

We used the SPRINT primary outcome, a composite of
cardiovascular events consisting of myocardial infarction,
acute coronary syndrome, stroke, acute decompensated HF,
or cardiovascular death.'” Secondary outcomes included all-
cause mortality and a composite kidney outcome used in
SPRINT for participants with CKD, defined as a decrease in
eGFR = 50%, incident end-stage kidney disease requiring
dialysis, or kidney transplantation.

Covariates

Baseline demographic, medical history, and clinical and
laboratory characteristics collected at study enrollment
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were used in this analysis. Demographic characteristics
consisted of age, sex, and race. Medical history included
smoking status (never, former, and current), history of
CVD, and history of HF. Clinical characteristics measured
before randomization included body mass index (BMI),
SBP, diastolic blood pressure, number of antihypertensive
medications, and randomization arm. Laboratory
characteristics included baseline values of total serum
cholesterol, serum high-density lipoprotein cholesterol,
serum low-density lipoprotein cholesterol, and eGFR
calculated using the CKD-EPI,¢, - equation.

Statistical Analysis

Participant characteristics were compared by quartiles of
baseline Ucr concentrations. Spearman correlation co-
efficients were used to assess correlations between
concentrations of Ucr and unindexed urinary biomarkers.
Ucr, UAlb, and urinary biomarker concentrations had a
skewed distribution and were log base-2 transformed
(calculated as log2[biomarker/Ucr]) so that higher levels
could be interpreted as “per 2-fold higher level” of the
urinary biomarker value.

For all analyses, we examined the relationship of 1/Ucr
(log2[1/Ucr]) with outcomes. We examined 1/Ucr
instead of Ucr concentration to be consistent with how Ucr
concentration is applied when indexing urinary bio-
markers. We used multivariable Cox proportional hazards
regression to estimate the hazard ratio and corresponding
95% CI of 1/Ucr with time to the primary and secondary
outcomes. We constructed models with sequential multi-
variable adjustment. Model 1 adjusted for age, sex, race,
and randomization arm. Model 2 additionally adjusted for
baseline eGFR, smoking status, history of CVD, number of
antihypertensive medications, SBP, diastolic blood
pressure, BMI, and high-density lipoprotein and total
cholesterol levels. Finally, model 3 additionally adjusted
for UAIb concentration. To evaluate the functional form of
1/Ucr with outcomes, we used restricted cubic spline
functions with knots placed at the quartiles of the 1/Ucr
distribution.

Next, we evaluated the associations of concentrations
of UAlb and each urinary tubular biomarker with the
primary and secondary outcomes using a fully adjusted
model with a parallel approach. First, the biomarker’s
absolute value; second, the biomarker indexed to Ucr
concentration; and third, the biomarker adjusted for 1/
Ucr as a separate covariate. The multivariable Cox
proportional hazards regression model adjusted for age,
sex, race, randomization arm, baseline eGFR, smoking
status, history of CVD, baseline number of antihyperten-
sive medications, SBP, diastolic blood pressure, BMI, and
high-density lipoprotein and total cholesterol levels. To
compare hazard ratios of the markers indexed to Ucr
concentration versus adjusted for 1/Ucr, we used the
method of Lin et al’® that assesses the difference in
surrogate markers. The method constructs an artificial
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bivariate survival function formulated from 2
proportional hazards functions; one for the indexed
biomarker and the other for the biomarker adjusted for
Ucr concentration. The joint distribution of the B co-
efficients for the biomarkers allows us to make inferences
and compare the strengths of the 2 markers.

All analyses were performed with SPSS, version 26.0
(IBM Corp), and R, version 3.6.0 (https://www.R-
project.org/). A 2-sided P0.05 was considered significant
for all analyses.

RESULTS

Patient Characteristics

Among the 2,360 participants included in this study,
average age +standard deviation at baseline was 73 £9
years (Table 1). Twenty-five percent of participants had
prevalent CVD, 6% had prevalent HF, and 55% were
current or former smokers. Mean eGFR was 46 + 11 mL/
min/1.73 m”, and median Ucr concentration was 112
(interquartile range [IQR], 75-161) mg/dL. Values were
higher in men (112; IQR, 81-171 mg/dL) than women
(98; IQR, 65-171 mg/dL) and among Black individuals
(126; IQR, 87-190 mg/dL) compared with White in-
dividuals (108; IQR, 72-154 mg/dL), Hispanic individuals
(105; IQR, 79-153 mg/dL), and other races (110; IQR,
57-136 mg/dL). Table 1 displays demographic and clin-
ical characteristics stratified by Ucr quartiles. Participants in
the lower Ucr quartiles were on average older, more often
women, and of White race and had lower BMI values
compared with higher quartiles. Although median serum
creatinine values were highest among persons in the
higher Ucr quartiles, median serum cystatin C values were
lower in persons within the higher Ucr quartiles.

Urinary Biomarker Correlations

Ucr concentration was significantly and positively corre-
lated with concentrations of all biomarkers except B2M
(p=0.03). Spearman correlation coefficients from weakest
to strongest were 0.26 for UAlb, 0.30 for NGAL, 0.36 for
a,-microglobulin, 0.38 for YKL-40, 0.46 for UMOD, 0.61
for I1-18, 0.71 for KIM-1, and 0.74 for MCP-1. Thus, with
the exception of MCP-1, KIM-1, and potentially IL-18,
most urinary biomarkers were only moderately to
weakly correlated with Ucr concentration.

Associations of Ucr With Cardiovascular Events,
Mortality, and Kidney Outcomes

During a median 3.3 (IQR, 2.8-3.9) years of follow-up,
307 participants experienced the composite CVD
outcome, 166 died, and 34 experienced the composite
kidney outcome. Higher 1/Ucr (ie, lower Ucr concen-
tration) was associated with incrementally higher risk for
the composite CVD outcome and mortality end points but
with variable risk for the composite kidney outcome

(Fig 1).
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Table 1. Baseline Characteristics by Quartiles of Urinary Creatinine

Q1 Q2 Q3 Q4 Total
N 590 590 590 590 2,360
Range, mg/dL <75 75-112 113-161 2162

Randomization arm
Standard
Intensive
Age,y
Female sex
Race/ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other
Smoking
Never
Former
Current
BMI, kg/m?

History of cardiovascular

disease

History of heart failure
Systolic BP, mm Hg
Diastolic BP, mm Hg

No. of antihypertensive
medications

VWN| = O

4
RAAS-|
Diuretics

Total cholesterol, mg/dL

LDL cholesterol, mg/dL

HDL cholesterol, mg/dL
Median serum creatinine,

mg/dL

Median serum cystatin C,

mg/L
eGFR, mL/min/1.73 m?

Median urinary creatinine,

mg/dL
Bo-microglobulin, ng/mL
a,-microglobulin, mg/L
YKL-40, ng/mL

IL-18, ng/mL

UMOD, ng/mL

MCP-1, pg/mL

KIM-1, pg/mL

NGAL, ng/mL

Urinary albumin, mg/L

289 (49%)
301 (51%)
75%9

307 (52%)

428 (73%)
114 (19%)
35 (6%)
13 (2%)

273 (46%)
279 (47%)
38 (6%)

28.8+5.8
130 (22%)

51 (9%)
142 +17
73+12

26 (4%)
115 (20%)
202 (34%)
187 (32%)
60 (10%)
362 (61%)
373 (63%)
186 + 39
105 £ 33
56+ 15
1.30 [1.11-1.567]

1.45 [1.27-1.79]

44 + 11
51 [37-65]

87 [30-355]

8 [4-14]

269 [113-689]
13 [8-23]

4 [3-6]

64 [32-102]
276 [110-520]
17 [9-39]

11 [4-35]

286 (49%)
304 (51%)
74+ 9

247 (42%)

398 (68%)
134 (23%)
52 (9%)

6 (1%)

271 (46%)
258 (44%)
61 (10%)
29.4 +6.1
167 (28%)

34 (6%)
140+ 16
73+12

27 (5%)
115 (20%)
232 (39%)
162 (28%)
54 (9%)
374 (63%)
322 (55%)
184 £ 42
106 + 34
53+ 15
1.33 [1.16-1.58]

1.45 [1.28-1.74]

44 + 11
94 [85-108]

132 [48-461]
15 [8-25]

448 [188-1,073]
26 [17-42]

6 [5-9]

149 [102-242]
717 [424-1,094]
26 [15-56]

14 [7-57]

285 (48%)
305 (52%)
73+9

195 (33%)

392 (66%)
147 (25%)
36 (6%)
15 (3%)

250 (42%)
289 (49%)
51 (9%)

20.8+5.7
159 (27%)

31 (5%)
138+ 15
74+12

25 (4%)
145 (25%)
212 (36%)
166 (28%)
42 (7%)
377 (64%)
302 (61%)
182 + 40
106 + 34
51+14
1.35 [1.19-1.60]

1.39 [1.25-1.66]

46+10
133 [121-148]

90 [41-299]

15 [9-28]

603 [304-1,144]
37 [24-59]

8 [6-11]

221 [152-331]
1,080 [702-1,643]
31 [18-60]

17 [8-56]

300 (51%)
290 (49%)
71+9

192 (33%)

340 (58%)
210 (36%)
36 (6%)

4 (1%)

270 (46%)
261 (44%)
59 (10%)

30.2+5.9
141 (24%)

35 (6%)
138+ 16
76+13

19 (3%)
149 (25%)
215 (36%)
163 (28%)
44 (8%)
354 (60%)
294 (50%)
183 + 41
107 + 36
50+13
1.36 [1.20-1.58]

1.36 [1.23-1.56]

48+ 9
206 [180-250]

102 [28-244]

21 [10-35]

1,080 [561-2,135]
60 [39-108]

9 [6-12]

389 [269-602]
1,902 [1,266-3,043]
39 [23-77]

24 [13-67]

1,160 (49%)
1,200 (51%)
73+9

941 (40%)

1,558 (66%)
605 (26%)
159 (7%)
38 (2%)

1,064 (45%)
1,087 (46%)
209 (9%)
205+5.9
597 (25%)

151 (6%)
139+16
74 +12

97 (4%)
524 (22%)
861 (37%)
678 (29%)
200 (9%)
1,467 (62%)
1,291 (55%)
184 + 41
106 + 35
52+ 14
1.34 [1.17-1.59]

1.41 [1.26-1.69]

46 + 11
112 [75-161]

101 [36-325]
14 [7-25]

555 [223-1,267]
31 [17-57]

7 [4-10]

185 [94-331]
872 [411-1,618]
28 [15-60]

16 [8-52]

Note: Data presented as mean + standard deviation, number (percent), or median [interquartile rangel.
Abbreviations BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; Q,
quartile; RAAS-|, renin-angiotensin-aldosterone system inhibitor; IL-18, interleukin 18; KIM-1, kidney injury marker-1; MCP-1, monocyte chemoattractant protein 1;
NGAL, neutrophil gelatinase-associated lipocalin; UMOD, uromodulin; YKL-40, chitinase-3-like protein-1.
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Composite Cardiovascular Disease

Hazard Ratio (95% CI)

T T T
0.005 0.010 0.020
1/Urine Creatinine

All Cause Mortality

15 2.0253.0
1

1
\

Hazard Ratio (95% CI)
1.0

0.5
1

1 I ]
0.005 0.010 0.020
1/Urine Creatinine

Composite Kidney Outcome

Hazard Ratio (95% CI)
0.50 5.00 50.00

0.05
1

0.01
1

I
0.005

T T
0.010 0.020

1/Urine Creatinine

Figure 1. Association of 1/urinary creatinine (Ucr) with cardiovascular events, mortality, and compositive kidney outcome. Because
Ucr concentration is in the denominator, smaller Ucr values are reflected as larger values on the right side of the x-axis. Risk generally

increases as Ucr values are lower.

When adjusted for age, sex, race, and randomization
arm (model 1), per 2-fold higher, 1/Ucr was associated
with 23% higher risk for CVD events (Table 2). The risk
estimate was lower but remained statistically significant
after multivariable adjustment for CVD risk factors (model
2). When 1/Ucr was additionally adjusted for UAIb con-
centration (model 3), the risk estimate of 1/Ucr was
numerically the highest of all models. Thus, higher 1/Ucr

(ie, lower Ucr concentration) was independently associ-
ated with higher CVD risk in the fully adjusted model. In
contrast, 1/Ucr was not significantly associated with all-
cause mortality in any model, but the risk estimate
changed in a similar manner as with CVD events with
sequential adjustments. Although 1/Ucr was significantly
associated with kidney outcomes in model 1, it was not
significant in models 2 or 3.

Table 2. Associations of 1/Urinary Creatinine With Composite CVD Events, Mortality, and the Composite Kidney Outcome

HR (95% CI)

Model 1

HR (95% CI)
Model 2

HR (95% CI)
Model 3

Primary CVD events (307 events)
All-cause mortality (166 events)
Composite kidney outcome (34 events)

1.23 (1.08-1.39)
1.07 (0.89-1.27)
1.75 (1.25-2.44)

1.15 (1.01-1.32)
0.96 (0.80-1.15)
1.11 (0.75-1.65)

1.27 (1.11-1.45)
1.06 (0.87-1.28)
1.49 (0.95-2.35)

Note: All biomarker HRs are per 2-fold increase. Model 1: age, sex, race, and randomization arm. Model 2: model 1 plus baseline estimated glomerular filtration rate,
smoking status, history of CVD, baseline number of antihypertensive medications, systolic blood pressure, diastolic blood pressure, body mass index, and high-density
lipoprotein and total cholesterol levels. Model 3: adjusted for all factors plus urinary albumin level.

Abbreviation: CVD, cardiovascular disease; HR, hazard ratio.
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Table 3. Urinary Biomarker Associations With Longitudinal Outcomes Based on the Absolute Value of Biomarker, Biomarker

Indexed to Ucr, and Biomarker Adjusted for 1/Ucr

HR (95% CI)

Biomarker Absolute Biomarker Level

HR (95% CI) HR (95% CI) P
Biomarker Adjusted Indexed vs
Biomarker/Ucr for 1/Ucr Adjusted HR

Composite Cardiovascular Disease Outcome (n = 307)

Bo-microglobulin 1.05 (1.01-1.10) 1.06 (1.02-1.11) 1.05 (1.01-1.10) 0.29
as-microglobulin 1.28 (1.16-1.42) 1.43 (1.29-1.60) 1.44 (1.29-1.62) 0.69
YKL-40 1.06 (1.00-1.11) 1.09 (1.03-1.15) 1.09 (1.03-1.15) 0.23
IL-18 1.07 (0.98-1.16) 1.21 (1.09-1.34) 1.21 (1.09-1.34) 0.88
UMOD 0.80 (0.72-0.90) 0.86 (0.75-0.98) 0.79 (0.68-0.91) <0.01
MCP-1 1.03 (0.96-1.11) 1.17 (1.05-1.31) 1.23 (1.10-1.37) 0.01
KIM-1 0.99 (0.93-1.06) 1.05 (0.95-1.15) 1.10 (0.99-1.22) 0.08
NGAL 1.07 (0.99-1.14) 1.11 (1.04-1.19) 1.10 (1.02-1.18) 0.21
Albumin 1.14 (1.08-1.21) 1.18 (1.11-1.24) 1.17 (1.10-1.24) 0.23
All-Cause Mortality (n = 166)

Bo-microglobulin 0.98 (0.93-1.04) 0.99 (0.94-1.04) 0.99 (0.93-1.04) 0.80
a4-microglobulin 1.25 (1.09-1.44) 1.29 (1.11-1.50) 1.33 (1.13-1.56) 0.29
YKL-40 1.11 (1.04-1.19) 1.13 (1.05-1.21) 1.13 (1.05-1.21) 0.94
IL-18 1.15 (1.03-1.29) 1.27 (1.10-1.46) 1.27 (1.10-1.46) 0.95
UMOD 0.88 (0.76-1.04) 0.87 (0.72-1.04) 0.84 (0.69-1.02) 0.50
MCP-1 1.09 (0.98-1.21) 1.21 (1.04-1.41) 1.23 (1.06-1.43) 0.48
KIM-1 1.07 (0.98-1.18) 1.17 (1.01-1.34) 1.20 (1.08-1.39) 0.41
NGAL 1.12 (1.02-1.23) 1.13 (1.03-1.24) 1.13 (1.03-1.25) 0.70
Albumin 1.18 (1.09-1.27) 1.18 (1.09-1.27) 1.18 (1.10,1.28) 0.37
Composite Kidney Outcome (n = 34)

Bo-microglobulin 1.11 (0.98-1.26) 1.11 (0.98-1.25) 1.10 (0.96-1.25) 0.58
a-microglobulin 1.18 (0.87-1.58) 1.44 (1.03-1.20) 1.40 (0.99-1.97) 0.45
YKL-40 1.11 (0.98-1.26) 1.17 (1.02-1.34) 1.17 (1.03-1.34) 0.84
IL-18 1.21 (0.95-1.55) 1.43 (1.09-1.87) 1.40 (1.07-1.84) 0.42
UMOD 0.78 (0.57-1.08) 0.90 (0.61-1.33) 0.82 (0.54-1.24) 0.10
MCP-1 1.21 (0.94-1.55) 1.68 (1.22-2.32) 1.72 (1.25-2.36) 0.52
KIM-1 1.14 (0.90-1.43) 1.69 (1.17-2.44) 1.84 (1.27-2.66) 0.16
NGAL 1.19 (0.97-1.46) 1.27 (1.04-1.56) 1.25 (1.02-1.54) 0.45
Albumin 1.37 (1.15-1.63) 1.44 (1.20-1.73) 1.44 (1.20-1.73) 0.63

Note: All biomarker HRs are per 2-fold higher. All models adjusted for age, sex, race, randomized treatment arm, baseline estimated glomerular filtration rate, smoking
status, history of cardiovascular disease, baseline number of antihypertensive medications, systolic blood pressure, diastolic blood pressure, body mass index, and

high-density lipoprotein and total cholesterol levels.

Abbreviations: HR, hazard ratio; IL-18, interleukin 18; KIM-1, kidney injury marker 1; MCP-1, monocyte chemoattractant protein-1; NGAL, neutrophil gelatinase-
associated lipocalin; Ucr, urinary creatinine; UMOD, uromodulin; YKL-40, chitinase-3-like protein-1.

Effect of Adjusting Versus Indexing for Ucr on the
Association of UAIb and Tubule Biomarkers With
Cardiovascular Events, Mortality, and Kidney
Outcomes

To examine how the risk estimates for UAlb and each
urinary tubule biomarker’s association with outcomes
differed by how Ucr concentration was modeled, we
analyzed each biomarker alone, indexed to Ucr concen-
tration, or adjusted for 1/Ucr within a fully adjusted
model (Table 3). For the composite CVD outcome, 5 of
the 9 biomarkers were significantly associated with this
outcome. When indexed to Ucr concentration, risk esti-
mates for all biomarkers except B2M, UMOD, and KIM-1
were significantly higher for the composite CVD outcome
(Table S1). Similarly, when adjusting for 1/Ucr, risk
estimates for all biomarkers except B2M and UMOD
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were significantly higher for the composite CVD outcome
(Table S1). However, risk estimates for biomarkers
indexed to Ucr concentration versus adjusted for 1/Ucr
were not significantly different except for UMOD, MCP-1,
and KIM-1, though the direction of change of risk
estimates for both MCP-1 and KIM-1 were similar
(Table 3). Patterns were similar for the all-cause mortality
and kidney outcomes (Tables SI and 3). For these 2
outcomes, differences in risk estimates between the
indexed or adjusted biomarker concentrations were not
significant.

DISCUSSION

In this study of SPRINT participants with CKD, we found
that lower spot Ucr concentration was independently
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associated with CVD events. Ucr concentration was not
significantly associated with all-cause mortality or kidney
events; however, our findings suggest an association with
Ucr concentration for kidney events that likely did not
reach statistical significance because of a limited number of
events. Contrary to our initial hypothesis, indexing to
versus adjusting for 1/Ucr resulted in directionally similar
changes in risk estimates for biomarkers with similar
magnitudes of risk for UAlb and most tubular biomarkers
for all 3 outcomes.

Multiple studies have shown that Ucr concentration is
associated with risk for CVD, HF, CKD progression, and
mortality.” "' We also observed that lower Ucr concen-
tration was independently associated with CVD; however,
in contrast to these prior studies, we found that Ucr
concentration was not significantly associated with mor-
tality. Ucr concentration was nearly associated with kidney
events, with a relative hazard of 1.49, but the CIs were too
wide to rule out the possibility of no effect. With only 34
kidney events, these findings should therefore be inter-
preted cautiously. Our findings may differ from prior
studies due to differences in the timing of urine specimens.
Most prior studies used 24-hour Ucr measurements and
examined Ucr excretion, whereas we evaluated spot Ucr
concentrations.” '’ Although both 24-hour Ucr excretion
and spot Ucr concentration are influenced by muscle mass
and activity, the spot Ucr concentration is more susceptible
to fluctuations throughout the day due to differences in
hydration status and urine dilution.’ This may have biased
the association of Ucr concentration with outcomes
toward the null in our study. Additionally, our cohort was
restricted to patients with CKD, which may also
have influenced Ucr excretion and risks for adverse
outcomes.”’

UACR is a well-established biomarker ratio associated
with increased mortality and kidney disease progression.””
When we evaluated UAlb concentration, risk estimates did
not substantially differ whether we indexed to Ucr con-
centration or adjusted for 1/Ucr. Prior studies have also
found that UACR is prognostic for outcomes across a
spectrum of different Ucr concentrations despite low Ucr
concentration itself being prognostic for outcomes.””***
Recently, an analysis of 5,642 participants in NHANES in
2009 and 2010 showed that the risk estimate of UAlb
concentration for death significantly differed when UAlb
concentration was indexed to Ucr versus adjusted for Ucr
concentration.'” This contrasts with our findings, likely
due to differences in study populations. The NHANES
analysis had a study population inclusive of individuals
with diabetes and only 8% of participants had
eGFRs < 60 mL/min/1.73 m”. Conversely, our population
comprised older, hypertensive, and nondiabetic in-
dividuals with CKD. These discordant findings imply that
the approaches to account for urine dilution using Ucr
concentration may yield varying estimates based on the
study population and setting.
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Although UACR has been extensively studied with well-
described prognostic implications, how to appropriately
control for urine dilution with novel urinary biomarkers
remains unclear. Indexing to Ucr concentration has been
recognized as an imperfect option.”**”*** Our findings
affirm that accounting for urine dilution is important
because nearly all urinary biomarker concentrations had the
lowest risk estimates with all 3 outcomes when they were
examined individually, and risk estimates significantly
increased after controlling for Ucr concentration either by
indexing or adjusting for most biomarkers. These observa-
tions indicate that we unmasked associations that would
have been biased to the null without accounting for urine
dilution. However, except for UMOD, KIM-1, and MCP-1
for the composite CVD outcome, the magnitude of risk
estimates was not significantly different when biomarkers
were indexed to Ucr concentration versus adjusted for 1/
Ucr in models. Thus, in this study, indexing to Ucr con-
centration did not substantially affect urinary biomarkers’
prognostic utility despite well-founded statistical concerns
for indexing and finding that Ucr concentration itself had
associations with certain outcomes. Whether indexing and
adjusting for Ucr concentration will yield similar estimates
in other patient populations or with other urinary
biomarkers, as seen with UAIb concentration in the
NHANES analysis, requires further investigation.

These findings raise the question of which is preferable;
to index or adjust for Ucr concentration? With indexing,
Ucr concentration reflects not only urine dilution but also
muscle mass and is itself independently associated with
adverse clinical outcomes. These independent prognostic
associations could influence the risk estimate of a
biomarker ratio with Ucr concentration, which is one of
the potential statistical errors introduced by use of
ratios.'”'” Ratios obscure whether relationships are driven
by the numerator, denominator, or both but are widely
interpreted by focusing on the numerator only. An
approach that statistically adjusts for Ucr concentration
allows differentiation between the associations of the
biomarker (numerator) from Ucr (denominator) with
each outcome. Ratios compound errors that occur with
laboratory assay imprecision for measuring the biomarker
in the numerator and denominator, risking imprecision of
the risk estimate. That is, as every assay has a CV, the
imprecision of measuring the numerator is compounded
with the imprecision of measuring the denominator. As
stated in our methods, UAlb concentration has a CV up to
6.9%, and Ucr concentration, up to 4.3%; imprecisions in
both biomarkers are compounded when UAlb is indexed
to Ucr concentration. Furthermore, ratios assume a linear
association between the numerator and denominator,
which likely does not exist for most biomarkers, and an-
alyses for biomarkers frequently require log trans-
formation for normality, which is not done in clinical
practice. Conversely, adjusting considers the average effect
of a biomarker for the whole population, while indexing
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evaluates on an individual patient level. In considering
these differences in methodologies for epidemiologic
studies, accounting for Ucr concentration as a separate
covariate seems the preferable approach when the goal is
to determine the independent relationship of the
biomarker in the numerator. However, adjustment is not
readily feasible in clinical practice or necessarily specific to
an individual patient. Thus, our results are reassuring for
clinical contexts because the interpretation of the indexed
urinary biomarker was consistently similar to that of the
biomarker separately adjusted for 1/Ucr.

Strengths of this study include its evaluation of a rela-
tively large sample of persons with CKD, availability of
measurements of multiple important confounding vari-
ables, and evaluation of multiple urinary biomarkers such
that the consistency of the findings could be compared
across different urinary markers.

This study also has important limitations. All partici-
pants had CKD, individuals with diabetes and proteinuria
with protein excretion > 1 g were excluded, and all were
clinical trial participants. Our findings will therefore
require confirmation in other settings. Although we had a
large number of events in the primary composite CVD
outcome, there were only a moderate number of deaths
and very few composite kidney outcome events. Thus, null
findings for these end points should be interpreted within
the confines of their respective 95% CIs. Significant asso-
ciations remain plausible and require future study in set-
tings with larger numbers of these end points.

Spot Ucr concentration is independently associated with
CVD events and has a signal for an association with kidney
events. Although Ucr concentration has prognostic asso-
ciations, risk estimates across multiple different urinary
biomarkers did not substantially change whether they were
adjusted versus indexed for Ucr concentration. Despite
similarities in risk estimates, adjusting for Ucr concentra-
tion is likely a more appropriate approach in epidemio-
logic studies because Ucr concentration itself carries
prognostic value, there are several well-described statistical
issues with using ratios, and other studies have shown that
indexing versus adjusting can alter risk estimates.'”'*
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