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Abstract

Background—Kidney damage and reduced kidney function are potent risk factors for heart

failure (HF), but existing studies are limited to assessing albuminuria or estimated glomerular

filtration rate (eGFR). We evaluated the associations of urinary biomarkers of kidney tubular

injury (interleukin 18 [IL-18] and kidney injury molecule 1 [KIM-1]) with future risk of HF.

Study Design—Retrospective cohort study.

Setting & Participants—2921 participants without HF in the Health, Aging, and Body

Composition (Health ABC) cohort.

Predictors—Ratios of urine KIM-1, IL-18, and albumin to creatinine (KIM-1:Cr, IL-18:Cr, and

ACR, respectively).

Outcomes—Incident HF over a median follow-up of 12 years.

Results—Median values of each marker at baseline were 812 (IQR, 497–1235) pg/mg for

KIM-1:Cr, 31 (IQR, 19–56) pg/mg for IL-18:Cr, and 8 (IQR, 5–19) mg/g for ACR. 596 persons

developed HF during follow-up. The top quartile of KIM-1:Cr was associated with risk of incident

HF after adjustment for baseline eGFR, HF risk factors, and ACR (HR, 1.32; 95% CI, 1.02–1.70)

in adjusted multivariate proportional hazards models. The top quartile of IL-18:Cr was also

associated with HF in a model adjusted for risk factors and eGFR (HR, 1.35; 95% CI, 1.05–1.73),

but was attenuated by adjustment for ACR (HR, 1.15; 95% CI, 0.89–1.48). The top quartile of

ACR had a stronger adjusted association with HF (HR, 1.96; 95% CI, 1.53–2.51).

Limitations—Generalizability to other populations is uncertain.

Conclusions—Higher urine concentrations of KIM-1 were independently associated with

incident HF risk, although the associations of higher ACR were of stronger magnitude.

Keywords

IL-18; KIM-1; cystatin C; heart failure; CKD; risk marker; cardiovascular disease (CVD);
albuminuria; kidney tubular injury

Chronic kidney disease (CKD), defined by an estimated glomerular filtration rate (eGFR)

<60 mL/min/1.73m2 or urine albumin-creatinine ratio (ACR) > 30 mg/g is a major public

health problem with 23.2 million people affected in the United States.1 Lower eGFR is an

established, independent risk factor for cardiovascular disease (CVD), in particular for heart

failure (HF).2 Albuminuria is an established marker of glomerular injury, and the elevated

ACR is independently associated with risks of CKD-related adverse outcomes, including

HF.3–5 Therefore, both glomerular injury and dysfunction appear pathophysiologically

linked to HF.
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Kidney tubule health is not part of the routine assessment of CKD, but may also be

important in the pathogenesis of HF. Novel markers of kidney tubular injury have been

developed that can detect and quantify early tubular damage, which in turn has been shown

to predict the onset of CKD.6–8 As a harbinger of decreased homeostatic reserve in the

kidney, these markers of kidney tubule damage may predict reduced capacity to regulate

volume status that would result in clinical HF. To gain a broader understanding of the

association between early kidney disease and HF, we sought to evaluate and compare

associations of both glomerular and tubular injury markers with incident HF. In a population

of community dwelling older adults, we hypothesized that both markers of kidney tubular

injury (urine kidney injury molecule 1 [KIM-1] and interleukin 18 [IL-18]) and ACR would

be independently associated with risk of incident HF.

Methods

Design and Participants

The Health, Aging, and Body Composition (Health ABC) Study is an National Institute on

Aging (NIA)–sponsored cohort study that enrolled 3,075 well-functioning men and women

aged 70–79 years from 2 clinical sites in Memphis, Tennessee and Pittsburgh, Pennsylvania.

Additionally, since older adults experience the highest prevalence of CKD and HF, Health

ABC presents a unique opportunity to study risk factors in this population because Health

ABC was mostly composed of well-functioning older adults without HF at baseline.

Participant eligibility required self-reported lack of difficulty walking a quarter mile,

climbing 10 steps, performing basic activities of daily living, the absence of life-threatening

illness, and plans to remain in the geographic area for at least 3 years. Baseline examinations

occurred during 1997–1998 and participants underwent a 1-day evaluation that included

medical history, physical activity assessment, physical examination, and radiographic tests.

Those with prevalent HF or missing HF data at baseline, without baseline cystatin C

measurements, and without baseline urine samples were excluded from this study (n=158).

Prevalent HF at baseline was based on ICD-9 CM codes as defined by the Centers for

Medicare & Medicaid Services from 1995–1998, self-reported history of HF, and use of

selected medications.9 The results represent an average median follow up of 12.0

(interquartile range [IQR], 7.0–13.2) years with the last clinic visit occurring on the year-16

visit (2012–2013). The study was approved by the institutional review boards at the

University of Tennessee Health Science Center and the University of Pittsburgh. In addition,

the present study was approved by the University of California, San Francisco; San

Francisco VA Medical Center; and Tufts University committees on human research.10,11

Urinary Markers

Primary predictors in this study were urine concentrations of albumin, KIM-1, and IL-18, all

of which were measured concurrently from previously frozen stored urine samples and

indexed by the concurrent urine creatinine concentrations (denoted as ACR, KIM-1:Cr, and

IL-18:Cr, respectively). All urine biomarkers were measured at the Cincinnati Children’s

Hospital Medical Center Biomarker Laboratory. Albumin and creatinine were measured by

immunoturbidimetry and colorimetric enzyme assay, respectively, using a Siemens

Dimension Xpand plus HM clinical analyzer (Siemens, Munich, Germany). The KIM-1
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enzyme-linked immunosorbent assay (ELISA) was constructed using commercially

available reagents (R&D Systems Inc, Minneapolis, MN).12 IL-18 was measured using a

commercially available ELISA kit (Medical & Biological Laboratories Co Ltd, Nagoya,

Japan). Coefficients of variation for the urine measures were albumin, 5.9%; creatinine,

4.1%; IL-18, 7.2%; and KIM-1, 5.2%.

Candidate Covariates

Other characteristics that were covariates for multivariable analyses included demographic

characteristics, socioeconomic factors, and traditional risk factors for HF, all of which were

measured at baseline. The following characteristics were included as covariates in all

multivariable models: age, sex, race, education level, income, diabetes (use of hypoglycemic

agents, self-report, fasting plasma glucose ≥126 mg/dL, or an oral glucose tolerance test

≥200 mg/dL), systolic blood pressure, hypertension (self-report plus use of antihypertensive

medications) fasting HDL (Johnson & Johnson Vitros 950 analyzer) and LDL (calculated

using the Friedewald equation)13 cholesterol, body mass index (BMI), waist circumference,

prevalent cardiovascular disease (coronary heart disease, myocardial infarction, angina,

coronary artery bypass), C-reactive protein (measured in duplicate by ELISA kits from R&D

Systems Inc [Minneapolis, MN])14, current smoking (defined as current versus former or

never), alcohol (defined as ≥1 versus <1 drink/d), and serum albumin (measured by a

colorimetric technique on a Johnson & Johnson Vitros 950 analyzer)15.

An additional covariate was the baseline kidney function, assessed by serum cystatin C–

based glomerular filtration rate estimates. Cystatin C measurements were measured by

means of a particle-enhanced immunonephelometric assay (N Latex Cystatin C)16 using a

BNII nephelometer (both Dade Behring Inc, Deerfield, IL). We estimated GFR using the

2012 CKD-EPI (CKD Epidemiology Collaboration) cystatin C equation, which includes age

and sex.17

Incident Heart Failure Outcome

During semi-annual telephone interviews and annual clinical visits, participants were asked

to report any hospitalization and were directly asked about interim events. Medical records

from all reported overnight hospitalizations were examined. Incident HF was defined as the

first overnight hospitalization for decompensated HF. HF criteria required at least a

diagnosis from a physician and treatment for HF (prescription for a diuretic agent and either

digitalis or a vasodilator). Events were confirmed through medical record review by a panel

of clinicians based upon symptoms, signs, chest radiograph results, and echocardiogram

findings, as previously described.18

Statistical Analyses

Baseline characteristics of participants by quartile of KIM-1:Cr, IL-18:Cr, and ACR were

compared using t-test or Chi-squared test where appropriate. Spearman correlation

coefficients were calculated among the three urine injury markers. To evaluate the form of

association between each urine injury marker and HF risk, we then used natural piecewise-

cubic splines and placed the specified interior knots at the quartiles of the distributions of
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KIM-1:Cr, IL-18:Cr, and ACR, respectively. We also dichotomized ACR at 30 mg/g

because that is the clinical cut-point.

We then used Cox proportional hazards models to investigate associations of KIM-1:Cr,

IL-18:Cr, and ACR with time to incident HF. Plots of the Schoenfeld residuals and formal

tests suggested no violation of the proportional hazards assumption. Each biomarker was

modeled categorically by quartile. Covariates were selected a priori based on biological

plausibility. Models were nested and adjusted in stages for: (1) age, gender, race, site and

education status; (2) HF risk factors (diabetes, hypertension, systolic blood pressure,

smoking, prevalent coronary heart disease, albumin, C-reactive protein, and eGFR); and (3)

ACR. Analyses of ACR with HF were conducted similarly with adjustment for the tubular

biomarkers at the final stage. These analyses were then repeated after stratifying by black

versus white race. In an additional sensitivity analysis, to account for the informative

censoring of intervening deaths, we utilized the Fine-Grey model to account for competing

risk. We evaluated the impact of KIM-1 and IL-18 on HF prediction by the C statistic in the

multivariable model that included significant covariates and ACR. We tested for interaction

of the biomarkers by race using multiplicative interaction terms. We used SPSS statistical

software (version 16.0.2, SPSS Inc., Chicago, IL) and S-Plus (version 8.0, TIBCO, Seattle,

WA) for these analyses.

Results

Among 2921 Health ABC participants meeting inclusion criteria, 596 developed HF during

a median follow up of 12.0 (IQR, 7.0–13.2) years. Age and sex appeared similar among

urine biomarker quartiles although there appeared to be a higher proportion of blacks in the

lower quartiles of KIM-1:Cr and IL-18:Cr and the higher quartiles of ACR. Participants with

the highest quartiles of KIM-1 and ACR were more likely to have chronic conditions such as

diabetes mellitus, obstructive lung disease, hypertension, coronary artery disease, and

peripheral artery disease. These conditions did not appear to be differentially distributed

amongst the quartiles of IL-18:Cr. Baseline eGFR appeared similar among the quartiles of

urine biomarkers (Table 1 for KIM-1:Cr and IL-18:Cr; Table S1 for ACR, provided as

online supplementary material). The markers of tubular injury, KIM-1:Cr and IL-18:Cr,

were significantly correlated with each other (ρ=0.185), and urine ACR was significantly

correlated with KIM-1:Cr (ρ= 0.166) and IL-18:Cr (ρ =0.176).

In spline analyses, KIM-1:Cr appeared to be associated with HF above approximately 1000

pg/mg, IL-18:Cr showed no consistent association with HF, and ACR appeared to have a

linear association with HF when on a logarithmic scale (Figure 1). In demographic models,

the highest quartile of KIM-1:Cr (> 1240 pg/mg) was associated with a 2-fold risk of

incident HF relative to the lowest quartile, which was attenuated but remained significantly

associated with higher risk of HF even after adjustment for HF risk factors and ACR. In

contrast, the top quartile of IL-18:Cr was associated with an approximate 35% increased risk

of HF, which persisted after adjusting for HF risk factors, but not ACR. In contrast, ACR

was more strongly and linearly associated with incident HF with the third and fourth

quartiles having significantly higher risk compared with the first quartile in the demographic

and fully adjusted models. For comparison, the highest quartile was associated with
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approximately a 2-fold higher risk of HF compared to the lowest quartile (Table 2). We

repeated analyses using the Fine-Grey model to account for competing risk, and we found

that results were essentially unchanged. The associations (hazard ratios [HRs]) of the high

quartiles of KIM-1:Cr, IL-18:Cr, and ACR with incident HF were 1.33 (95% CI, 1.03–1.72),

1.21 (95% CI, 0.92–1.59), and 1.78 (95% CI, 1.38–2.30), respectively. When added to the

fully adjusted multivariable model that contains ACR, neither KIM-1:Cr nor IL-18:Cr

significantly changed the C statistic (p of 0.8 and 0.4, respectively).

We next stratified these analyses by race. Among whites and blacks, the associations of

KIM-1:Cr and IL-18:Cr with incident HF appeared similar (p for interaction 0.3 and 0.9,

respectively), although among blacks KIM-1:Cr appeared modestly stronger and IL-18:Cr

moderately weaker (Table 3). The association of the high quartile of ACR with HF appeared

somewhat stronger in Blacks compared with Whites (p for interaction 0.1); when

dichotomized at 30 mg/g, the association of higher ACR with HF risk also appeared stronger

in blacks (HR, 2.10; 95% CI, 1.50–2.79) compared with whites (HR, 1.50; 95% CI, 1.13–

1.99).

Discussion

In this large cohort of community-dwelling older adults without baseline HF, the top

quartiles of urine KIM-1:Cr and IL-18:Cr were each associated with incident HF. For

KIM-1:Cr, this association persisted even after adjustment for ACR, whereas for IL-18:Cr it

did not. Associations of ACR with HF risk were substantially stronger than those of the

tubular injury markers. Overall, these results indicate that although kidney tubular injury has

a quantifiable and independent association with HF risk, glomerular injury appears to have

stronger links to HF risk within a relatively healthy population of community-dwelling older

adults.

To our knowledge, this is the first study that compares urine ACR and urine markers of

tubular injury with risk of incident HF. Both IL-18 and KIM-1 are specific to the proximal

tubule and have been implicated in ischemia-reperfusion injury to the kidney.19–24 Markers

of tubular injury are predictive of clinical acute kidney injury, which is defined subsequently

by elevations in serum creatinine.25–27 Also, in prior studies KIM-1 has been reported to

predict allograft rejection after kidney transplantation,28 and IL-18 to predict severity of

CKD in patients with nephrotic syndrome.29,30 Another study compared albuminuria and

markers of tubular injury for long-term allograft failure in a cohort of patients who received

a kidney transplant. Similar to our findings, while both albuminuria and KIM-1 were

significantly associated with long-term allograft failure, albuminuria had stronger

associations than KIM-1.31

The results of this study mirror those of other investigations demonstrating that kidney

tubular injury markers have associations with longitudinal risk of disease among ambulatory

adults. We previously found in the Multi-Ethnic Study of Atherosclerosis (MESA) cohort

that the top decile of KIM-1 was associated with incident CKD stage 3.8 Participants in both

cohorts were relatively healthy at baseline, raising the possibility of a low prevalence of

detectable tubular injury leading to threshold associations with the respective outcomes.
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The association between CKD and incident HF is well established.32 Since a marker of early

kidney disease, urine ACR, has been linked to HF risk, we hypothesized that markers of

tubular injury would also be associated with HF risk.4,5 While the novel finding of this study

is the association of the tubular injury markers with incident HF risk, it is also of great

interest that albuminuria has a much stronger association with HF risk than either tubular

injury marker. While albuminuria is typically thought to represent glomerular leakage or

damage, it is also a marker of systemic microvascular disease; this microvascular pathway,

which is likely characterized by endothelial dysfunction and injury,33–35 could be a pathway

that leads to the simultaneous development of HF and albuminuria. Another possibility is

that kidney disease, represented by both glomerular and tubular injury, is causally related to

the onset of HF, but albuminuria was a more sensitive indicator of incipient kidney disease

than the tubular injury markers. Although an elevated ACR predominantly represents

glomerular damage, tubular damage may also promote albuminuria since amounts of

albumin are filtered and taken up by the proximal tubule and degraded, so the findings may

not be completely specific to glomerular injury. Thus, an important finding in our study is

that KIM-1:Cr remained significantly associated with HF independent of ACR, and that the

correlation of the two markers was relatively weak.

Albuminuria is an established predictor of CKD and its complications. The association

between elevated ACR and incident HF is consistent with previous studies in the general

population, demonstrating that elevated ACR is independently associated with HF, even

when accounting for eGFR. 4,5 Previous studies have also shown that KIM-1 and other

markers of tubular injury are associated with worse outcomes in patients with HF. In another

study of 90 patients with HF, urinary KIM-1 and N-acetyl-β-D-glucosaminidase (NAG),

both markers of tubulointerstitial damage, were associated with increased HF-related

hospitalizations or death after adjusting for eGFR and ACR.36

There are multiple possibilities for why ACR had a stronger association with HF than the

tubular injury markers. One possibility is that glomerular injury, as captured by ACR, may

be more related to HF risk than tubular injury. A second is that ACR is a marker of

microvascular disease, which is likely in the pathway linking kidney disease to HF risk. In

addition, ACR may be more strongly associated with HF than KIM-1 because it captures a

mix of both tubular and glomerular dysfunction, thus explaining why it somewhat attenuates

the associations of the tubular markers with HF.

Strengths of our study include the large sample size, the measures of multiple urine

biomarkers and ACR concurrently, the sex and bi-racial design of the Health ABC cohort,

and the power with 596 HF events enabling the detection of relatively small associations of

tubular injury markers with incident HF risk. Our study also has important limitations. We

studied a relatively healthy older population who may have low amounts of tubular injury,

hampering our ability to detect associations of tubular injury with incident HF. Additionally,

protease inhibitors were not used during biomarker storage, thus potentially biasing our

results towards the null. The available measurements do not allow us to differentiate

between reduced and preserved ejection fraction HF. Another limitation relates to the

generalizability of this study – we exclusively studied older persons of black and white race.

Generalizability to younger persons and other race/ethnicities is uncertain. Additionally,
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since the definition of HF required inpatient hospitalization, the generalizability of our

findings may be limited to a more advanced spectrum of disease.

In conclusion, to our knowledge, this is the first study to indicate that markers of tubular

injury, urine KIM-1 and IL-18, are associated with incident HF risk in community-living

individuals. However, the marker of predominantly glomerular injury, urine ACR, appeared

to be more strongly associated with incident HF risk than the markers of tubular injury.

Based on these findings, future studies might investigate the contribution of kidney tubular

injury to other CKD-related outcomes in community-living populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Association of baseline KIM-1/Cr, IL-18/Cr, and ACR with incident heart failure.

Solid lines denote the HR of incident heart failure (with dotted 95% CI bounds) calculated

from unadjusted generalized additive models. Each line on the x-axis represents one study

participant. The lowest and highest 2.5% of urine biomarker concentrations are truncated.
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