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Abstract

Rationale & Objective—Novel urinary biomarkers have enabled earlier detection of kidney
tubular damage, but their prognostic value for adverse cardiovascular outcomes is uncertain. We

Corresponding author postal address: Vasantha Jotwani, 4150 Clement St., 111A1, San Francisco, CA 94121, USA
Vasantha.Jotwani@ucsf.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Authors’ Contributions: Research idea and study design: MJS, MGS, RK, JHI; data acquisition: SRC, MB; data analysis/
interpretation: VJ, RK, OMG, CRP, JHI, MJS, MGS; statistical analysis: RK; supervision or mentorship: MJS, MGS. Each author
contributed important intellectual content during manuscript drafting or revision and accepts accountability for the overall work by
ensuring that questions pertaining to the accuracy or integrity of any portion of the work are appropriately investigated and resolved.

Financial Disclosure: The authors declare that they have no relevant financial interests.

The involvement of an Acting Editor-in-Chief to handle the peer-review and decision-making processes was to comply with AJKD’s
procedures for potential conflicts of interest for editors, described in the Information for Authors & Journal Policies.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Jotwani et al. Page 2

hypothesized that tubular damage, measured by urine a1-microglobulin (a1m), amino-terminal
propeptide of type 111 procollagen (PIIINP), and neutrophil gelatinase-associated lipocalin
(NGAL), would be associated with higher risks for cardiovascular events and mortality among
elders.

Study Design—Case-cohort study

Setting & Participants—This study included a randomly selected subcohort (n=502), CVD
cases (n=245), and heart failure cases (n=220) from the Health, Aging, and Body Composition
(Health ABC) Study.

Predictors—Baseline urine concentrations of alm, PIIINP, and NGAL
Outcomes—Incident CVD, heart failure, and all-cause mortality

Analytical Approach—Cox proportional hazards models were used to evaluate biomarker
associations with each outcome.

Results—At baseline, the mean age was 74 years and eGFR was 73 ml/min/1.73m2. After
adjustment for demographics, eGFR, ACR, and other cardiovascular risk factors, each doubling in
biomarker was associated with the following adjusted hazard ratios (HRs) for CVD: alm, 1.51
(95% Cl, 1.16-1.96); PIIINP, 1.21 (1.00-1.46); NGAL, 1.12 (1.05-1.20). There were 248 deaths in
the subcohort over a median follow-up of 12.4 years. The adjusted associations of each biomarker
(HR per doubling) with all-cause mortality were: alm, 1.29 (95% CI, 1.10-1.51); PIIINP, 1.05
(95%, 0.94-1.18); NGAL, 1.07 (95% Cl, 1.02-1.12). The biomarkers did not have statistically
significant associations with heart failure after multivariable adjustment.

Limitations—Urine biomarkers were measured at a single time point; no validation cohort
available.

Conclusions—Kidney tubular damage is an independent risk factor for CVD and death among
elders. Future studies should investigate mechanisms by which renal tubular damage may
adversely impact cardiovascular risk.

Keywords

urine biomarker; tubular injury markers; prognostication; cardiovascular disease (CVD); heart
failure (HF); mortality; elderly; amino-terminal propeptide of type 111 procollagen (PIIINP); a ;-
microglobulin (A1M); amino-terminal propeptide of type Il1 procollagen (PIINP); neutrophil
gelatinase-associated lipocalin (NGAL)

Introduction

Chronic kidney disease (CKD) is an established risk factor for cardiovascular disease (CVD)
and heart failure, but the underlying mechanisms are uncertain.1=3 Renal tubular function is
essential for volume status regulation, acid-base homeostasis, mineral metabolism, and
hormone production.# On kidney biopsy, the presence of renal tubular atrophy and
interstitial fibrosis are strong predictors of kidney disease progression.>8 However, tubular
injury and dysfunction are poorly quantified by traditional measures of kidney health,
including estimated glomerular filtration rate (eGFR) and albuminuria.”
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In certain settings, urine biomarkers have been useful for the prognostication of CKD
incidence and progression;8-12 it is less clear whether or not they can forecast CKD
complications, including cardiovascular risk and death. Urine a.1-microglobulin (a.1m),
amino-terminal propeptide of type 111 procollagen (PIINP), and neutrophil gelatinase-
associated lipocalin (NGAL) are promising markers of renal tubular damage. In kidney
biopsy series, urine alm, PIIINP, and NGAL were reported to correlate significantly with
the extent of tubulointerstitial fibrosis.13-17 Higher urine levels of alm, PIIINP, and NGAL
have also been shown to be independent predictors of kidney function decline.8:11.18-20
Some studies have evaluated their prognostic value for CVD, heart failure, and mortality;
however, these studies have yielded conflicting results.10:13.14.18-22 Fyrther, no prior study
has measured these biomarkers concurrently in order to compare their relative strengths of
association with longitudinal outcomes.

The objective of this study was to evaluate the associations of urine alm, PIIINP, and
NGAL with incident CVD, heart failure, and all-cause mortality in an ambulatory cohort of
elderly individuals. We hypothesized that tubular damage, as assessed by urine biomarker
levels, would be an independent predictor of cardiovascular outcomes and death.

Study Design and Participants

The Health, Aging, and Body Composition (Health ABC) Study is a National Institute on
Aging-sponsored cohort that enrolled 3,075 well-functioning men and women aged 70-79
years from two clinical sites in Memphis, TN, and Pittsburgh, PA. Eligibility required: self-
reported ability to walk a quarter mile, climb ten steps, and perform basic activities of daily
living without difficulty; the absence of life-threatening illness; and plans to remain in the
geographic area for at least 3 years. Informed consent was obtained from all participants,
and the study was performed in compliance with the Declaration of Helsinki. Participants
underwent a baseline evaluation in 1997-1998 that included a medical history and physical
assessment, physical examination, and radiographic tests. Follow-up occurred every 6
months by telephone or through annual visits to clinical centers.

We developed a case-cohort sample of the Health ABC study for measurement of novel
kidney injury biomarkers (Figure 1). The case-cohort design uses a subsampling technique
in survival data for estimating the relative risk of disease in a cohort study without collecting
data from the entire cohort. Among the entire cohort of 3,075 Health ABC participants, the
overall event rates for CVD, heart failure, and mortality were 2.06% per year, 1.64% per
year, and 3.88% per year, respectively. From the entire cohort, 502 participants were selected
as a random subcohort; within the subcohort, 248 (49%) participants died during follow-up,
providing ample power for mortality analyses. Additionally, we selected at random 245
cases of CVD (50% of total CVD events) and 220 cases of heart failure (57% of total heart
failure events). Among these, 97 CVD cases and 94 heart failure cases originated in the
subcohort. This design provided a total of 776 individuals who underwent urine biomarker
measurement.
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The study was approved by the institutional review boards at the University of Tennessee
Health Science Center and the University of Pittsburgh. The present study was also approved
by the University of California, San Francisco, San Francisco Veterans Affairs Medical
Center, and Tufts Medical Center committees on human research.

Urine alm, PIIINP, and NGAL were measured concurrently at the Cincinnati Children’s
Hospital Medical Center Laboratory from urine specimens collected at the baseline visit. All
urine specimens were in continuous storage at —80°C until biomarker measurement without
prior freeze-thaw. The laboratory personnel performing the biomarker assays were blinded
to clinical information about the participants. Urine alm was measured by a commercially
available assay (Siemens BNII nephelometer, Munich, Germany). The detectable limit of the
alm assay was 0.5 mg/dl. Urine PIIINP was measured by a commercially available ELISA
(USCN Life Sciences, Wuhan, Hubei, China). Urine NGAL was assayed using a human-
specific commercially available ELISA (AntibodyShop, Grusbakken, Denmark).23 Intra-
and inter-assay coefficients of variation for the urine measurements were: alm, 4.1%/
10.3%; PIIINP, <10%/<12%; and NGAL, 2.1%/9.1%.

The outcomes were incident CVD, heart failure, and death. Follow-up was analyzed through
2011. Participants were questioned about hospitalizations for CHD, heart failure or stroke
every 6 months. When an event was reported, hospital records were collected and verified by
a Health ABC Disease Adjudicator at each site. Incident CVD was defined by either first
coronary heart disease (CHD) event and/or stroke after enrollment. CHD was defined by
coronary death or any overnight hospitalization in an acute care hospital for acute
myocardial infarction. Incident stroke was defined as fatal and nonfatal stroke events.
Incident heart failure was defined as the first overnight hospitalization for decompensated
heart failure. Heart failure criteria required a diagnosis from a physician and treatment for
heart failure. Deaths were ascertained by review of local obituaries, reports to the clinical
centers by family members, or via semiannual study contacts. Date of death was taken from
the death certificate.24

Covariates were assessed at baseline and included: age, sex, race, clinical site, education
level, current smoking (defined by current vs former or never), diabetes mellitus (defined by
the self-reported use of hypoglycemic agents, fasting plasma glucose >126 mg/dL, or a 2-
hour oral glucose tolerance test >200mg/dL), hypertension (defined by either self-report plus
use of antihypertensive medications or measured systolic blood pressure >140 mmHg or
diastolic blood pressure >90 mmHg), prevalent heart failure, prevalent CHD (defined as
myocardial infarction, angina, or coronary artery bypass), systolic blood pressure, body
mass index, serum albumin (measured by colorimetric assay on a Johnson & Johnson Vitros
950 analyzer),2> C-reactive protein (measured in duplicate by ELISA kits from R&D
Systems, Inc),28 fasting high- and low-density lipoprotein cholesterol levels (calculated
using the Friedewald equation),2” and current statin use. Cystatin C was measured by a
particle-enhanced immunonephelometric assay (N Latex Cystatin C) using a BNII
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Nephelometer (Dade Behring, Inc., Deerfield, IL). Glomerular filtration rate was estimated
(eGFR) using the combined CKD-EPI creatinine—cystatin C equation.2® Urine albumin and
urine creatinine were measured by immunoturbidimetry and colorimetric enzyme assay,
respectively, using a Siemens Dimension Xpand Plus HM clinical analyzer (Siemens,
Munich, Germany).

Statistical Analyses

Results

Baseline characteristics of participants by urine biomarker quartiles were compared across
alm quartiles. Individuals with prevalent CVD and heart failure (N=136 and N=17 in
random sub-cohort, respectively) were excluded from incident CVD and heart failure
analyses, respectively. Spearman coefficients were used to evaluate correlations between the
urinary markers and eGFR. We then used separate Cox proportional hazards models to
evaluate associations of the urinary biomarkers with incident CVD, heart failure and all-
cause mortality. For CVD and heart failure analyses, participants in the subcohort were
weighted by the inverse probability of being selected into the subcohort. Participants were
censored at death, last available study follow-up, or loss to follow-up. Covariates for
multivariable models were selected based on biological plausibility, and included: age, sex,
race, study site, education level, and traditional cardiovascular risk factors, including eGFR,
urine albumin, urine creatinine, diabetes mellitus, hemoglobin Alc (HbAZ1c), hypertension,
systolic blood pressure, antihypertensive medication use (including use of medications that
block the renin-angiotensin-aldosterone system), prevalent CVD, prevalent heart failure,
smoking status, body mass index, LDL, HDL, CRP and statin use. Because urine creatinine
is susceptible to bias by muscle mass and health status, the biomarker concentrations were
analyzed without standardization to urine creatinine; to correct for urine tonicity, we
adjusted for urine creatinine in the multivariable models. Due to their right-skewed
distributions, biomarker concentrations were analyzed as log-transformed continuous
variables (to the base 2), with results presented per doubling, and by quartile, with
participants in the lowest quartile comprising the reference group. Urine alm and PIIINP
were undetectable in 31% and 2% of participants, respectively; the lower limit of detection
was imputed for undetectable values. Participants with detectable alm were divided into
three categories and they were compared to those with undetectable alm as the reference
group. In sensitivity analyses, we evaluated associations of urine biomarker/creatinine ratios
with each outcome. The proportional hazards assumption was satisfied for all models (P
values for Schoenfeld residuals>0.20). All analyses were conducted using R (R Core Team,
version 3.3.2, Vienna, Austria) and SPSS statistical software (version 16.0.2; SPSS, Inc.,
Chicago, IL, USA).

Baseline characteristics of Health ABC sub-cohort

Among the 502 participants included in the random sub-cohort, the mean age was 74 and
48% of participants were women (Table 1). African-Americans comprised 39% of the sub-
cohort, and diabetes and hypertension were present in 24% and 65% of participants,
respectively. CVD and heart failure were prevalent among 28% and 3% of participants,
respectively. The mean eGFR was 73 ml/min/1.73m?2 and 22% of participants had an eGFR
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<60 ml/min/1.73m2, while 19% of participants had a urine albumin-creatinine ratio >30
mg/g. Compared to participants with undetectable urine alm, participants in the highest
category of alm were more likely to be male or African American, had higher prevalence of
diabetes mellitus and CVD, and had higher CRP and lower baseline eGFR. Compared to
participants in the lowest quartile of urine PIIINP (Table S1), those in the highest quartile
were more likely to be male or African American, had higher prevalence of diabetes
mellitus, hypertension, CVD, and CHF, and had higher CRP and lower eGFR. Similarly,
participants in the highest quartile of urine NGAL were more likely to be male or African
American; have a higher prevalence of diabetes mellitus, CVD, and CKD (defined by
eGFR<60 ml/min/1.73m2); and have higher CRP, compared with participants in the lowest
NGAL quartile (Table S2).

Correlations of urinary biomarkers and eGFR

Urine alm, PIIINP, and NGAL showed moderately strong inter-correlations (Table S3; r =
0.3t0 0.6, p<0.01) and each marker was positively correlated with urine albumin (r = 0.3 to
0.6; p<0.01). Urine a.lm (r = —=0.214; p<0.01) and PIINP (r = —-0.123; p<0.01) were
negatively correlated with eGFR.

Associations of urine biomarkers with CVD and heart failure

In unadjusted analyses, higher levels of all three biomarkers were associated with higher
CVD risk, with alm having the largest effect size (Table 2). For a1m, the association with
CVD was attenuated moderately by adjustment for demographics, eGFR, ACR, and other
traditional CVD risk factors, but it retained the largest magnitude of association in relation to
the other biomarkers. The hazard ratios for the associations of PIIINP and NGAL with CVD
were essentially unchanged by multivariable adjustment, but the association of PIIINP with
CVD was no longer statistically significant in final models (p=0.05). When the biomarkers
were analyzed by quartile, participants in the highest quartile of urine NGAL had a doubling
in CVD risk, compared to those in the lowest quartile, in fully adjusted models. Associations
of alm categories and PIIINP quartiles with CVVD were not statistically significant after
multivariable adjustment.

We then evaluated associations of urine biomarker levels with incident heart failure (Table
3). In demographic-adjusted models, each doubling of a1m was associated with a 50%
higher risk of heart failure (p<0.001), and participants in the highest category of alm had a
doubling in heart failure risk, compared to participants with undetectable alm. However,
after multivariable adjustment, these associations were attenuated and they were no longer
statistically significant. Urine PIIINP and NGAL were not associated with incident heart
failure events when analyzed as continuous or ordinal variables.

Associations of urine biomarkers with all-cause mortality

Each doubling in biomarker was associated with higher mortality risk, by 29% for urine
alm and 7% for NGAL, in models adjusting for demographics, eGFR, ACR, and other
traditional kidney and cardiovascular risk factors (Table 4). Additional adjustment for urine
KIM-1 had little impact on the associations of urine alm (HR per doubling, 1.28; 95% ClI,
1.09-1.50) and NGAL (HR per doubling, 1.06; 95% CI, 1.02-1.11) with mortality. In
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demographic-adjusted models, each doubling of urine PIIINP was nominally associated with
12% higher mortality risk, but this was not statistically significant (p=0.05), and was
attenuated by adjustment for kidney and cardiovascular risk factors. When the biomarkers
were modeled as quartiles, the high quartiles were associated with higher mortality risk, by
2.1-fold for alm and 1.7-fold for PIIINP in demographic-adjusted models, but these
associations did not reach statistical significance in fully adjusted models.

Sensitivity analyses

In sensitivity analyses, we evaluated associations of urine biomarker-creatinine ratios with
each outcome. Creatinine-standardized a1lm (HR per doubling, 1.23; 95% CI, 1.11-1.38)
and NGAL (HR per doubling, 1.07; 95% CI, 1.02-1.12) were independently associated with
mortality risk in fully adjusted models. Creatinine-standardized NGAL was also associated
with higher risk of CVD (HR per doubling, 1.12; 95% CI, 1.05-1.20), but the association of
creatinine-standardized a1m with CVD did not reach statistical significance (HR per
doubling, 1.12; 95% CI, 0.93-1.34). Creatinine-standardized PIIINP was not associated with
CVD (HR per doubling, 1.14; 95% CI, 0.96-1.35) or mortality (HR per doubling, 1.09; 95%
Cl, 0.97-1.23), and none of the creatinine-standardized biomarkers were associated with
heart failure risk.

Discussion

Renal tubular health is critical for solute and water reabsorption, toxin secretion, acid-base
regulation, and mineral metabolism.# Tubular damage is an important risk factor for kidney
disease progression, but its prognostic significance for CKD complications, including
cardiovascular outcomes and death, has been uncertain. In this study of community-dwelling
older adults, we found that higher urine levels of a1m and NGAL were associated with
higher risks for CVD events and all-cause mortality, but not with heart failure events. These
associations remained statistically significant after adjustment for eGFR, ACR, and
traditional kidney and cardiovascular risk factors. There were no statistically significant
associations of urine PIIINP with CVD, heart failure, or mortality. Notably, urine alm
appeared to be the strongest predictor of CVD and mortality, in relation to the other markers.
These findings support the overall hypothesis that kidney tubule damage is an independent
risk factor for CVD and death, complementary to eGFR and ACR.

Our study builds upon prior work that has examined the relationship of kidney tubular health
with cardiovascular risk. Among participants of the Health ABC Study, we previously
reported that higher urine concentrations of kidney injury molecule 1 (KIM-1), a biomarker
of proximal tubular injury, were associated with higher risks for heart failure (HR for high vs
low quartile, 1.32; 95% CI, 1.02-1.70) and death (HR for high vs low quartile, 1.28; 95% ClI,
1.08-1.52).29:30 |n contrast to KIM-1, which is released into urine by injured proximal
tubular cells,3! a1m is a low-molecular-weight protein that is freely filtered at the
glomerulus and reabsorbed by proximal tubular epithelial cells under healthy conditions.
32,33 Urine a.1m concentrations have been correlated with the extent of interstitial fibrosis
and tubular atrophy on kidney biopsy specimens from persons with drug-induced interstitial
nephritis and from kidney transplant recipients.1314 In a cohort of HIV-infected and
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uninfected women, higher urine alm levels were associated with faster kidney function
decline.1® By comparison, PI1INP, the amino-terminal propeptide of type 11 collagen, is
released into urine during deposition of type I1I collagen in the extracellular matrix, and
therefore indicates ongoing fibrosis.1®> Higher urine PIIINP levels were found to be
associated with the severity of tubulointerstitial fibrosis in kidney biopsy series,16:17 and
were found to be associated with faster CKD progression in a cohort of elders.1? Finally,
urine neutrophil gelatinase-associated lipocalin (NGAL) is predominantly expressed by
epithelial cells in the distal tubule.34 Urine NGAL is a sensitive biomarker of acute kidney
injury in adults and children,3>-37 and elevated urine NGAL levels have been associated
with CKD risk.810.11,20

Few prior studies have evaluated associations of urine alm with cardiovascular outcomes or
death. In a study of 2,948 Framingham Heart Study participants, O’Seaghdha et a/. used a
multiplex panel of biomarkers and found that higher urine a1m was associated with higher
all-cause mortality risk (HR, 1.26; 95% CI, 1.13-1.40) but not with incident CVD (HR, 1.08;
95% Cl, 0.94-1.23).38 Among HIV-infected women, those in the highest a.1m tertile had a
1.6-fold mortality risk (95% CI, 1.0-2.6), compared to women in the lowest alm tertile, in
models adjusting for kidney risk factors, baseline eGFR and albuminuria.18 The present
study builds upon this prior literature by demonstrating that urine alm is an independent
risk factor for CVD and mortality among elders. Further studies are needed to validate our
findings and to determine whether the association between tubular dysfunction and excess
cardiovascular risk represents a causal link or a shared pathogenesis.

Our observation that urine NGAL was associated with CVD and death, but not with heart
failure, contributes to a growing body of conflicting literature in regard to urine NGAL and
clinical outcomes. Liu et a/. reported that urine NGAL was associated independently with
future ischemic atherosclerotic events, but not with heart failure events or death in the
Chronic Renal Insufficiency Cohort (CRIC) Study.2% Helmersson-Karlquist et a/. found that
urine NGAL was independently associated with cardiovascular and all-cause mortality
among community-dwelling Swedish men, whereas Peralta et a/. observed no significant
association between urine NGAL and mortality among HIV-infected women.10:21 Among
patients with heart failure, Damman et a/. demonstrated that higher urine NGAL levels were
associated with increased risk for all-cause mortality and heart failure-related
hospitalizations?2. These discordant findings could be explained by differences in study
populations, including age, baseline kidney function, and comorbid conditions, but warrant
further investigation.

We observed little association between urine PIHINP levels and risks of CVD, heart failure or
death, although the association with CVD approached statistical significance. These findings
should be interpreted alongside a report from the Cardiovascular Health Study, in which
higher urine PI1INP levels were associated with higher risk for death, but not for incident
CVD or heart failure.1® Of note, PIIINP was measured by a radioimmunoassay in the
Cardiovascular Health Study and with enzyme-linked immunosorbent assay in the current
study; therefore, assay methodology may have contributed to the observed differences.
Nonetheless, although strongly associated with kidney outcomes, urine markers of fibrosis
may not be as relevant for CVD and death.
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We observed moderate inter-correlations between the tubular markers and albuminuria, the
traditional marker of glomerular and endothelial injury, supporting the presence of shared
risk factors. However, the associations of a1lm and NGAL with CVD and mortality were
minimally attenuated by adjustment for urine albumin in multivariable models. Although the
independent associations do not prove causality, our findings do suggest that tubular damage
contributes to cardiovascular risk through pathways that are independent of endothelial
injury and kidney filtration.

There are several limitations to this study. First, our objective was to explore mechanisms by
which kidney damage leads to increased cardiovascular risk, independent of the clinical
markers of eGFR and ACR; therefore, this study did not evaluate the utility of these urine
biomarkers for global risk prediction or discrimination of CVD outcomes. Second, we did
not have access to serum levels of these biomarkers, so we cannot exclude the possibility
that higher serum levels among individuals with excess cardiovascular risk contributed to
our findings. Third, our findings will require validation in additional cohorts. Because we
studied a cohort of elderly individuals, our results may not be generalizable to younger
populations. Fourth, because urine biomarker levels were measured at only one time point,
we are unable to determine the impact of longitudinal changes in renal tubular health. Fifth,
we were unable to ascertain AKI outcomes, as kidney function was measured only four
times over the ten-year follow-up period and discharge diagnoses for AKI have not
previously been obtained in the Health ABC cohort. Finally, although we adjusted for
multiple confounders in our multivariable models, we cannot exclude the possibility of
residual confounding.

In this cohort of ambulatory elders, higher urine a1m and NGAL were independently
associated with CVD events and all-cause mortality, but not with heart failure events. These
findings suggest that kidney tubular damage is an important risk factor for adverse
cardiovascular outcomes. Further research is needed to validate these findings and to
determine the mechanisms underlying these associations
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Refer to Web version on PubMed Central for supplementary material.
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