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Abstract
Background—Whether elevations of urinary biomarkers of tubular injury (urine neutrophil
gelatinase-associated lipocalin (NGAL) and kidney injury molecule 1 (KIM-1)) are associated
with future risk of kidney disease has not been investigated.

Study Design—1:1 nested case-control study

Setting & Participants—686 participants in the Multi-Ethnic Study of Atherosclerosis
(MESA).

Predictor—NGAL and KIM-1 were measured at baseline and expressed as log-transformed
continuous variables and categorized into deciles.

Outcomes—Kidney function was estimated by cystatin C using the CKD-EPI (Chronic Kidney
Disease Epidemiology Collaboration) equation. Incident CKD Stage 3 was defined as eGFR <60
ml/min/1.73m2 and a eGFR decline >1 ml/min/1.73m2 per year, and rapid kidney function decline
(RKFD) was defined as decline of ≥3 ml/min/1.73m2 per year.
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Measurements—Cases were defined as persons with eGFR >60 ml/min/1.73m2 who
subsequently developed incident CKD Stage 3 and/or had RKFD by MESA year 5 visit. Controls
were matched for age, gender, race, diabetes, and baseline eGFR. We adjusted for age,
hypertension and presence of albuminuria (ACR ≥30 mg/g).

Results—Of the 343 cases, 145 had incident CKD Stage 3, 141 had RKFD and 57 had both.
Mean eGFR for controls was 81 (±10) ml/min/1.73m2 at baseline and 80 (±10) at follow-up,
compared with 82 (±13) and 58 (±10) for cases. Each doubling of KIM-1 (pg/ml) was associated
with an OR of 1.15 (95% CI, 1.02-1.29) for incident CKD Stage 3 and/or RKFD. Compared to the
lowest 90%, the highest decile of KIM-1 was associated with an OR of 2.02 (95% CI, 1.15-3.56)
for the outcome; these associations were independent of albuminuria. NGAL levels (ng/ml) were
not associated with incident CKD Stage 3 and/or RKFD (OR, 1.04; 95% CI, 0.99-1.10). Results
were similar when KIM-1 and NGAL were standardized for urine creatinine.

Limitations—The case-control design limits ability to account for persons who died or were not
available for follow-up.

Conclusions—Urinary KIM-1 is associated with future risk of kidney disease independent of
albuminuria. Urinary biomarkers of tubular injury are a promising tool for identifying persons at
risk for CKD.
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Chronic kidney disease (CKD), defined as estimated glomerular filtration rate (eGFR) <60
ml/min/1.73 m2, is highly prevalent(1) and it is associated with increased risk of death,
cardiovascular disease and progression to chronic kidney failure.(2) Identification of persons
at risk for developing CKD is paramount in designing prevention strategies. Recent work
has focused on understanding risk factors for development of CKD.(3) However, clinically
available markers detect CKD only when the disease is established, there is extensive kidney
damage, and the window for primary prevention has closed. Albuminuria (defined as a
urinary albumin-creatinine ratio ≥30 mg/g) has been advocated as an early marker of kidney
disease. However, albuminuria primarily reflects glomerular damage,(4) and national data
suggest that most of the non-diabetic CKD in the U.S. may be non albuminuric.(1) Among
persons with preserved GFR, novel markers of kidney injury could potentially identify
persons at risk for development of CKD to allow investigation of targeted prevention
strategies.

Urinary biomarkers of kidney injury such as urinary kidney injury molecule 1 (KIM-1) and
neutrophil gelatinase-associated lipocalin (NGAL) have emerged as predictors of acute
kidney injury before reductions in eGFR are detectable.(5-8) High levels of urinary KIM-1
and NGAL are associated with the extent of acute kidney injury, length of hospitalization,
outcomes after cardiac surgery, and death.(9-11) Whether or not these urinary markers of
acute injury are associated with longer-term kidney function decline in the ambulatory
setting is not known. Urinary KIM-1 and NGAL are particularly promising markers to
identify persons at risk for CKD because they are expressed by tubular epithelial cells in
response to injury and tubulointerstitial damage is a common pathway in the progression of
most forms of kidney disease.(12, 13)

We designed this nested case-control study to evaluate the association of urinary KIM-1 and
NGAL levels with kidney function decline and incident CKD Stage 3 in the Multi-Ethnic
Study of Atherosclerosis (MESA). We hypothesized that higher levels of these biomarkers
would predict rapid kidney function decline and the development of CKD.
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Methods
The Multi-Ethnic Study of Atherosclerosis

MESA is a large, NHLBI-sponsored study designed to understand subclinical cardiovascular
disease and its progression in a multi-ethnic cohort. Details on recruitment and design have
been previously published.(14) Briefly, between 2000 and 2002, MESA recruited 6,814 men
and women aged 45 to 84 years old who were free of cardiovascular disease and who self-
identified as White, Black, Hispanic or Chinese. Persons were recruited from Baltimore City
and Baltimore County, Maryland; Chicago, Illinois; Forsyth County, North Carolina; Los
Angeles County, California; Northern Manhattan and the Bronx, New York; and St. Paul,
Minnesota. Participants returned for 3 visits, at years 2002-2004 (exam 2), years 2004-2005
(exam 3), and years 2005-2007 (exam 4). Repeat measures of kidney function were done at
visits 3 and 4. The institutional review boards at all participating centers approved the study,
and all participants gave written informed consent.

Measures of Kidney Function
Kidney function was assessed by creatinine and cystatin C. All assays were performed in
frozen serum specimens that were stored at -70°C. Serum creatinine was measured by rate
reflectance spectrophotometry using thin-film adaptation of the creatine amidinohydrolase
method on the Vitros analyzer (Johnson & Johnson Clinical Diagnostics, Inc., Rochester,
NY) at the Collaborative Studies Clinical Laboratory at Fairview-University Medical Center
(Minneapolis, MN) and calibrated to Cleveland Clinic. Cystatin C was measured by means
of a particle-enhanced immunonephelometricassay (N Latex Cystatin C, Siemens) with a
nephelometer (BNII, Siemens) and corrected for assay drift. We used the CKD-EPI
equations to estimate GFR from creatinine (eGFRcr) and from cystatin C (eGFRcys=76.7 ×
[cystatin C]-1.19) for cystatin C.(15)

Selection of Cases and Controls
We excluded persons with eGFRcr<60 ml/min/1.73m2 at the baseline visit, following CKD
guideline definitions.(16) Cases were defined as persons with eGFR >60 ml/min/1.73m2 (by
both creatinine and cystatin C) at baseline who subsequently developed incident CKD Stage
3 and/or had rapid kidney function decline by the MESA year 5 visit (N=343). Controls
were individually matched for age, gender, race, diabetes, and baseline eGFR. Specifically,
cases were matched to controls within 10 years of age (45-54, 55-64, 65-74 and 75-84) and
within 10 ml/min/1.73m2 of baseline eGFR as 60-69, 70-79, 80-89, 90-99, 100-109,
110-119, and >120 ml/min/1.73m2.

In this study, ncident CKD Stage 3 was defined as both reaching an eGFRcys <60 ml/min/
1.73m2 and also having an eGFRcys decline >1 ml/min/1.73m2 per year. We used this
definition to reduce misclassification due to small changes around the CKD threshold. Rapid
decline was defined as eGFRcys decline of ≥ ml/min/1.73m2 per year. This definition has
been associated with increased risk of death and cardiovascular outcomes, independent of
baseline eGFR.(17, 18) For both outcomes, we based our definitions based on eGFRcys
because we have shown that eGFRcys significantly reduces misclassification of CKD status
based on creatinine.(19, 20) Controls were individually matched for age, gender, race,
diabetes, and baseline eGFR. Total sample size was 343 cases and 343 controls.

Measurement of Urinary KIM-1 and NGAL
Urinary KIM-1 and NGAL were measured from previously frozen stored urine samples.
Urinary soluble KIM-1 and NGAL were measured by a microbead-based assay as
previously described.(21) The inter- and intra-assay coefficient of variation for KIM-1 and
NGAL was less than 8%. Urine creatinine concentrations were measured by the Jaffé assay
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using Randox Daytone Analyzer (Randox Laboratories Ltd., UK). The inter- and intra-assay
coefficient of variation for creatinine was less than 3%. KIM-1and NGAL concentrations
were also standardized for urinary creatinine measured concurrently. All laboratory
personnel performing measurements were blinded to case-control status, and all statistical
analyses were performed at the MESA coordinating center (by R.K.).

Covariates
Information on age and self-reported race/ethnicity was obtained using standardized
questionnaires. Blood pressure measurements were obtained using the Dinamap® automated
blood pressure device (Dinamap Monitor Pro 100®). Three sequential measures were
obtained and the average of the second and third measurements was recorded. Hypertension
was defined as systolic pressure ≥140 mm Hg, diastolic pressure ≥90 mm Hg, or current use
of antihypertensive medication. Diabetes was defined as either a fasting glucose ≥126 mg/dl
or use of oral hypoglycemic medication or insulin. Body mass index (BMI) was calculated
as weight in kilograms divided by height in meters squared. Fasting blood was collected and
stored at -70°F until needed for the appropriate assays. High density lipoprotein (HDL)
cholesterol was measured using the cholesterol oxidase cholesterol method (Roche
Diagnostics). Low-density lipoprotein (LDL) cholesterol was calculated using the
Friedewald equation. Urine albumin and creatinine were measured by MESA in a single
morning urine sample by nephelometry and the rate Jaffe reaction, respectively, and
expressed as albumin-creatinine ratio (ACR) in mg/g. We define albuminuria as ACR ≥30
mg/g.

Analyses
Baseline characteristics were compared for cases and controls using the t-test or Chi-squared
test where appropriate. We calculated pair-wise Spearman correlation coefficients among
urinary KIM-1, NGAL, and ACR. The distribution of concentrations of urinary KIM-1 and
NGAL in the study population was evaluated and discovered to be skewed. Therefore, we
used each marker as a log-transformed continuous variable (with and without
standardization for creatinine). We also categorized each marker into deciles. We used a
decile categorization based on the distributions of the biomarkers and for ease of clinical
comparisons with ACR. We examined the distribution of the biomarker levels, and we
evaluated differences at the tails of these distributions in order to ensure we would not miss
important threshold effects. In addition, since the cutpoint of ACR >30 mg/g corresponded
to the highest decile, we explored this cutpoint for the biomarkers. In prior analyses, the
association between ACR and incident CKD Stage 3 in MESA was found to be non-linear
and primarily observed among participants with ACR>30 mg/g.(22) We investigated the
associations of baseline covariates with urinary concentrations of log transformed urinary
KIM-1 and NGAL using linear regression, and we compared associations with ACR. Beta
coefficients were back transformed to relative differences for ease of interpretation.

Next, we calculated the proportion of cases among persons within each decile of KIM-1 and
NGAL respectively. Then, using multivariable conditional logistic regression, we evaluated
the associations of KIM-1 and NGAL with the combined outcome of incident CKD Stage 3
and/or rapid decline. We present results for the biomarkers as continuous (per doubling) and
for the top decile compared with lower 90th percentile. We adjusted for age, presence of
hypertension and presence of albuminuria in staged models. As a sensitivity analysis, we
repeated analyses for incident CKD Stage 3 and rapid decline separately.
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Results
Participant Characteristics by Case-Control Status

Among 686 participants (343 case-control pairs), mean age was 67±9 years. Participants
were well matched for age, gender, race, diabetes, and baseline eGFR. In addition,
concentrations of serum lipids, glucose levels, and systolic blood pressure levels were
similar for cases and controls. In contrast, there were a higher proportion of persons with
albuminuria and hypertension among cases compared with controls (Table 1).

Among the 343 cases, 145 persons had incident CKD Stage 3, 141 had rapid kidney function
decline, and 57 had both outcomes. Mean eGFR at baseline was similar for cases and
controls by both cystatin C (Table 1) and creatinine (eGFRcr = 75 ± 11 ml/min/1.73m2 for
both groups). Persons classified as cases had a 22 ml/min/1.73m2 lower eGFR at end of
follow-up and their mean decline was over six-fold compared with controls. (Table 1)
Persons identified as cases by incident CKD Stage 3 alone had a baseline eGFRcys of 78±15
ml/min/1.73m2 and eGFRcys of 51±8 ml/min/1.73m2 at year 5, with a mean decline of
7.5±5.2 ml/min/1.73m2 over the follow up period. Cases meeting criteria by rapid decline
alone had a mean eGFRcys of 83±4 at baseline and 67±5 ml/min/1.73m2 at follow-up, with a
mean decline of 4.4±1.3 ml/min/1.73m2.

Associations of Baseline Characteristics with KIM-1 and NGAL
Urinary KIM-1 and NGAL were only modestly correlated with each other and with ACR;
Correlation coefficients were 0.1 (p-value 0.009) for KIM-1 with NGAL; 0.19 (p <0.001)
for KIM-1 with ACR and 0.11 (p-value 0.01) for NGAL with ACR. Older age was
significantly associated with higher levels of urinary creatinine–standardized KIM-1 and
NGAL, but neither hypertension nor diabetes was associated with levels of either marker.
Among other covariates, only HDL was significantly associated with NGAL. In contrast,
higher BMI, higher glucose levels and the presence of diabetes and hypertension were
significantly associated with higher ACR levels (Table 2).

Association of Urinary KIM-1 and NGAL with Incident CKD Stage 3 and/or Rapid Decline
When evaluated as continuous variables, levels of of urinary creatinine–standardized KIM-1
but not NGAL were higher among cases compared with controls (Table 1). When
categorized into deciles, persons in the top decile of urinary KIM-1 and NGAL were most
likely to develop incident CKD Stage 3 and/or rapid decline. (Figure 1) Over 66% of
persons in the highest decile of KIM-1 developed the outcome, compared with 48% among
the remainder lower 90th percentile, p-value 0.01. For NGAL, these proportions were 61%
vs. 48%, p-value 0.06. In multivariable models, higher levels of KIM-1 were significantly
associated with incident CKD Stage 3 and/or rapid decline. (Table 3) Every doubling of
KIM-1 was associated with 15% higher odds of the outcome after adjustment for age and
hypertension. Adjustment for albuminuria did not attenuate these findings. Findings were
similar when KIM-1 was standardized for urinary creatinine. When used as a categorical
variable, persons in the highest decile of KIM-1 had 2-fold odds of incident CKD Stage 3
and/or rapid decline compared with the lower 90%. These associations were independent of
the presence of albuminuria. The findings did not differ when including baseline eGFRcys in
the models (ORs of 1.15 [95% CI, 1.02-1.30] per doubling of KIM-1 and 1.97 [95% CI,
1.12-3.47] for the top decile compared to the lower 90% of KIM-1). Every doubling of
NGAL levels was associated with 4% higher odds of the outcome, but this finding was not
statistically significant (Table 3), nor was the association of the highest decile of NGAL.

To allow comparisons with a clinically established marker of kidney injury, we also
evaluated the association of albuminuria (ACR ≥ vs. < 30 mg/g) with the combined
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outcome. The OR for elevated ACR was 3.25 (95% CI, 1.86-5.69) after adjustment for age
and hypertension. Further adjustment for KIM-1 and NGAL minimally attenuated this effect
to 3.16 (95% CI, 1.79-5.59).

In a sensitivity analysis, we also studied the association of biomarkers categorized into
quartiles with kidney function decline. The age and hypertension adjusted OR for the
highest quartile of KIM-1 (≥558.13) compared to the lowest was 1.59 (95% CI, 1.02-2.48).
Adjustment for albuminuria only minimally attenuated the OR to 1.53 (95% CI, 0.97-2.41).
The OR for the highest NGAL quartile compared to the lowest was 1.35 (95% CI,
0.85-2.15) in fully adjusted models

We also evaluated the two case definitions (incident CKD Stage 3 and rapid decline)
separately as secondary outcomes. Higher levels of of urinary creatinine–standardized
KIM-1 were associated with higher odds of rapid decline when used as a continuous
variable, but not when dichotomized at the top decile. In contrast, persons with urinary
KIM-1 levels in the highest decile had a significantly higher odds of incident CKD Stage 3
compared with the lower 90%, but not of rapid decline. Higher levels of NGAL were not
significantly associated with rapid decline or incident CKD Stage 3 (Table 3).

Discussion
Identification of persons with mild kidney injury who may be at risk for development of
chronic kidney disease (CKD) has been hindered by our inability to noninvasively capture
injury within the kidney while it may still be reversible. Available clinical markers of kidney
function (i.e. creatinine, cystatin C) become elevated only after extensive damage has
already accrued and the glomerular filtration rate (GFR) has decreased. Albuminuria can
detect earlier forms of kidney disease, but its presence primarily reflects glomerular damage.
Tubulointerstitial damage is a common pathway for progression of most forms of kidney
disease, including glomerular diseases.(12, 23) We hypothesized that urinary levels of
proteins known to be expressed by injured renal tubular cells would be associated with
future risk of CKD. We found elevated urinary levels of KIM-1 to be significantly
associated with incident CKD Stage 3 and rapid kidney function decline, and that this
association was independent of albuminuria. We also found that traditional kidney disease
risk factors such as diabetes and high blood pressure were not associated with KIM-1 levels.
In contrast to findings with KIM-1, levels of urinary NGAL were not significantly
associated with kidney disease risk in this study.

To our knowledge, the study of associations between urine biomarkers of kidney injury with
incident CKD Stage 3 or rapid kidney function decline in persons without CKD has only
recently begun. In a case-control study nested within the ARIC (Atherosclerosis Risk in
Communities) Carotid MRI Study (143 cases), higher levels of trefoil factor 3 (TFF3) were
associated with incident CKD Stage 3.(24) A recent case-control study from the
Framingham cohort (100 cases) found that higher levels of urinary connective tissue growth
factor (CTGF), a fibrosis marker, were associated with a lower risk for incident CKD Stage
3, but this finding was not replicated in ARIC.(25) Each of these studies used the MDRD
(Modification of Diet in Renal Disease) Study equation to define CKD.(20)

Urinary KIM-1, which is among the most well-studied urinary biomarkers is expressed in
the apical membrane of proximal tubular cells in response to injury.(26) KIM-1 levels rise in
multiple types of injury including glomerular, tubular, or interstitial, and its levels have been
shown to correlate with degree of injury.(27, 28) KIM-1 is also a well-established predictor
of AKI after cardiac surgery and in the critical care setting,(11) it can predict allograft
rejection after kidney transplant;(29) and adverse outcomes among persons with heart
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failure.(10) Our findings suggest that KIM-1 may also reflect ongoing, chronic kidney
damage and it may potentially identify persons at high risk for developing CKD. Our
findings also suggest that the mechanisms may differ from those associated with
albuminuria.

Our results must be replicated in future studies in other large population-based cohorts.
Since urinary KIM-1 levels have been shown to decrease in parallel with reduction of
proteinuria among persons with non diabetic CKD,(30) future studies should determine
whether KIM-1 levels measured longitudinally are indicative of the success of prevention
strategies such as blood pressure control. Another potential use of KIM-1 that should be
studied could be to detect renal toxicity of drugs before damage is irreversible. In fact, the
US Food and Drug Administration and the European Medicines Agency have recommended
the use of KIM-1 as part of a panel of urinary markers to detect drug toxicity in preclinical
settings.(31)

Our findings that urinary levels of NGAL were not associated with future kidney disease
risk were somewhat surprising. NGAL has also been shown to predict AKI,(11, 32) and
urine NGAL predicts kidney disease progression in persons with established CKD.(33, 34)
One possibility is that urinary NGAL may be more useful as a marker of progression in
existing disease.(35) Moreover, limited power may have biased our results toward the null.
Future studies are required to confirm these negative findings.

Our study strengths include the use of two novel urinary biomarkers well studied in humans,
the relatively number of cases, the multiethnic sample, and the use of eGFRcys. Several
important limitations should be noted. The use of a case-control design limits our ability to
account for persons who died or were not available for follow-up. We do not have direct
measures of GFR or kidney biopsies, but this approach is not feasible for large population
studies. Our length of follow up is relatively short; however cases of rapid decline are likely
to capture persons with clinically important risk. The strength of the association between
KIM-1 and incident CKD Stage 3 or rapid decline was smaller than that reported for ACR.
(22) However, the knowledge that levels of KIM-1 rise in the setting of many forms of
kidney injury makes it a particularly promising biomarker.

In summary, we found that higher levels of urinary KIM-1, but not NGAL, may predict
future CKD risk and kidney function decline, and these findings were independent of the
presence of albuminuria. Traditional CKD risk factors were not associated with KIM-1
levels. These findings suggest that KIM-1 may be capturing kidney injury in mechanisms
that differ from albuminuria. Future studies are needed to evaluate whether KIM-1 may be
useful in detecting persons at high risk for CKD.
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Figure 1.
Proportion of Persons with Incident CKD Stage 3 and/or Rapid Kidney Function Decline by
Decile of KIM-1 or NGAL. Proportion of cases in each decile category is represented. By
design, the total proportion of cases was 50% in this nested case-control study. Upper panel,
KIM-1: *p=0.04 for 8th decile and p=0.004 for 10th decile when compared to the 1st decile.
Lower panel, NGAL: *p <0.05 when compared to the 1st decile
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Table 1

Baseline Characteristics by Case-Control Status

Controls (n=343) Cases(n=343) P

Age (y)
* 67 ± 9 67 ± 9 0.8

Female sex
* 176 (51%) 176 (51%) 0.9

Race
* 0.9

    White 128 (37%) 128 (37%)

    Chinese 22 (6%) 22 (6%)

    African-American 103 (30%) 103 (30%)

    Hispanic 90 (26%) 90 (26%)

Hypertension 187 (55%) 220 (64%) 0.01

Diabetes
* 63 (18%) 63 (18%) 0.9

Systolic Blood Pressure (mmHg) 133 ± 21 134 ± 22 0.3

Glucose (mg/dL) 101 ± 33 101 ± 33 0.9

Body Mass Index (kg/m2) 29.1 (5.8) 29.8 (6.1) 0.2

LDL Cholesterol (mg/dl) 115 ± 28 116 ± 34 0.6

HDL Cholesterol (mg/dl) 49 ± 13 50 ± 14 0.5

Lipid-Lowering Medication 66 (19%) 62 (18%) 0.8

ACR ≥30 mg/g 22 (6%) 58 (17%) <0.001

eGFRcys

    Baseline
*
 (ml/min/1.73m2)

81 ± 10 80 ± 10 0.7

    Follow-Up (ml/min/1.73m2) 82 ± 13 58 ± 10 <0.001

    Annual change
**

 (ml/min/1.73m2/y)
0.7 ± 3.1 -6.2 ± 4.0 <0.001

Urinary creatinine–standardized KIM-1 (pg/mg) 418 [239-689] 473 [287-818] 0.03

Urinary creatinine–standardized NGAL (ng/mg) 4.33 [1.17-13.00] 5.69 [1.44-14.79] 0.2

Note: Values for continuous variables given as mean ± SD or median [95th-75th percentile]; values for categorical variables given as number (%).

Abbreviations: Albumin-creatinine ratio (ACR); estimated glomerular filtration rate by cystatin C (eGFRcys); NGAL, neutrophil gelatinase-

associated lipocalin; KIM-1, kidney injury molecule 1; HDL, high-density lipoprotein; LDL, low-density lipoprotein

*
Indicates variables matched in case-control

**
over follow-up period
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Table 2

Predictors of Urinary Levels of KIM-1, NGAL, and ACR at Baseline

Covariate
**

KIM-1
*

NGAL
* ACR

Age, SD=9 16 (9, 22) 20 (2, 41) 3 (-6, 13)

Body Mass Index, SD=5.9 2 (-4, 8) 5 (-11, 23) 15 (5, 26)

LDL cholesterol, SD=31 -6 (-12, -1) -5 (-20, 11) -4 (-13, 5)

HDL cholesterol, SD=14 6 (-1, 13) 35 (14, 58) -4 (-13, 5)

Systolic Blood Pressure, SD=21 2 (-4, 8) 1 (-15, 18) 30 (19, 42)

Glucose, SD=33 7 (0, 13) -18 (-30, -4) 40 (28, 52)

Diabetes 16 (-1, 35) -21 (-49, 18) 173 (116, 239)

Hypertension -4 (-15, 9) -2 (-31, 35) 62 (35, 94)

Values shown are relative difference (in %); 95% confidence interval given in parentheses. relative difference = Exp(β), and can be interpreted as
the relative difference in the biomarker per SD higher increment (or presence) of each covariate, expressed as %. For example, 9 years of advanced
age was associated cross-sectionally with 16% higher mean KIM-1 levels. A negative sign refers to a decrease in the biomarker.

Abbreviations: kidney injury molecule 1 (KIM-1); neutrophil gelatinase-associated lipocalin (NGAL); low-density lipoprotein (LDL); high-density
lipoprotein (HDL); estimated glomerular filtration rate by cystatin C (eGFRcys); SD, standard deviation

*
Standardized to urinary creatinine.

**
Each covariate is entered separately into the model.
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