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Abstract
Background—Identifying individuals at risk for chronic kidney disease (CKD) is critical for
timely treatment initiation to slow progression of the disease. Neutrophil gelatinase-associated
lipocalin (NGAL) and kidney injury molecule 1 (KIM-1) are known biomarkers of acute kidney
injury, but it is unknown whether these markers are associated with incident CKD stage 3 in the
general population.

Study Design—Matched case-control study

Setting and Participants—African American and Caucasian participants from the
Atherosclerosis Risk in Communities (ARIC) study who at baseline had an estimated glomerular
filtration rate ≥ 60 ml/min/1.73 m2 and urinary albumin-creatinine ratio (UACR) ≤ 30 mg/g. A
total of 143 controls were matched on age, sex and race to 143 cases of incident CKD stage 3 after
8.6 years of follow-up.

Predictors—Quartile of NGAL and KIM-1.
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Outcomes & Measurements—Incident CKD stage 3 (eGFR < 60 ml/min/1.73 m2 at follow-
up and a decrease in eGFR from baseline to follow-up of ≥25%)

Results—Both NGAL (p=0.05) and KIM-1 (p<0.001) were positively correlated with baseline
UACR; neither was associated with baseline eGFR. Participants with NGAL concentrations in the
fourth quartile had more than 2-fold higher odds (adjusted OR, 2.11, 95% CI, 0.96–4.64) of
incident CKD stage 3 compared to participants in the first quartile after multivariable adjustment
(p-trend=0.03). Adjustment for urinary creatinine and albumin resulted in a non-significant
association (highest quartile adjusted OR. 1.52; 95% CI, 0.64–3.58; p=0.2). No significant
association between KIM-1 levels and incident CKD was observed in crude or adjusted models.

Limitations—The relatively small sample size of the study limits precision and power to detect
weak associations.

Conclusions—Higher NGAL levels, but not KIM-1 levels, were associated with incident CKD
stage 3. Adjustment for urinary creatinine and albumin concentration attenuated this association.
Additional studies are needed to confirm these findings and assess the utility of urinary NGAL as
a marker of CKD risk.

Chronic kidney disease (CKD) affects nearly 20 million people in the United States and
increases risk for cardiovascular disease, kidney failure and mortality. [1] Identification of
individuals at higher risk of early kidney function decline is critical to the timely initiation of
treatment to prevent progression of CKD and its associated outcomes.

Proteinuria is a marker of kidney damage and strongly predicts progression of kidney
disease. [2–4] Many patients with CKD, however, progress to kidney failure despite having
only mildly elevated levels of urinary protein excretion, and many with significant
proteinuria do not progress. [5] Data on the clinical significance of urinary proteins specific
to kidney dysfunction and disease are limited.

Neutrophil gelatinase-associated lipocalin (NGAL) and kidney injury molecule 1 (KIM-1)
have been identified as potential markers of acute kidney injury. [6, 7] It is unknown,
however, whether urinary levels of these markers are associated with incident CKD stage 3.
We therefore evaluated the potential associations of urinary NGAL and KIM-1 levels with
incident CKD stage 3 in a case-control study nested within the Atherosclerosis Risk in
Communities (ARIC) Study and ARIC Carotid MRI Study.

Methods
ARIC Study and ARIC Carotid MRI Study

The ARIC study is a population-based, multicenter, prospective cohort study of 15,792 men
and women aged 45–64 years recruited from four US communities (Forsyth County, NC;
suburban Minneapolis, MN; Washington County, MD; and Jackson, MS). [8] Study
enrollment commenced in 1987 and continued through 1989. Participants attended 3 follow-
up study visits approximately 3 years apart. Carotid artery intima-media thickness (IMT)
was measured using B-mode ultrasound at each visit. Urine was collected at the fourth
ARIC visit (1996–1998), which serves as the baseline visit for this analysis. We selected
286 participants free of CKD (defined as estimated glomerular filtration rate (eGFR) < 60
ml/min/1.73 m2 and/or urinary albumin-creatinine ratio (UACR) > 30 mg/g) at the fourth
ARIC visit for this nested case-control study.

The ARIC Carotid MRI Study was conducted between 2004 and 2005 and aimed at
identifying novel correlates of plaque and early pathologic changes in the carotid arteries
that may increase risk for coronary heart disease and stroke. [9] The goal of the study was to
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recruit 1,200 participants with high values of maximum carotid artery IMT at their most
recent ultrasound examination (ARIC exam 3 or 4, 1993–95 or 1996–98) and 800
individuals randomly sampled from the remaining eligible participants. After refusals
(n=1403) and exclusions (n=837), 2066 individuals participated in the study.

Selection of Cases and Controls
Participants were eligible for selection if information was available on serum creatinine at
ARIC visit 4 (baseline) and the ARIC Carotid MRI Study visit (follow-up). Individuals with
eGFR < 60 ml/min/1.73 m2 or UACR > 30 mg/g at baseline were excluded. Incident CKD
stage 3 was defined as an eGFR < 60 ml/min/1.73 m2 at follow-up and a decrease in eGFR
from baseline to follow-up of at least 25%. Controls were frequency matched to cases by
race, sex, and 5-year age categories.

Kidney function measurement
A modified kinetic Jaffe method was used to measure serum creatinine at both visits and the
4-variable Modification of Diet in Renal Disease (MDRD) Study equation was used to
estimate glomerular filtration rate. [10] Spot urine samples were collected and stored at
−70°C. Urinary albumin concentration was measured using nephelometry on either the Dade
Behring BN100 or the Beckman Image Nephelometer. Urinary creatinine was measured
using the modified Jaffe method. UACR was calculated to quantify albumin excretion.

NGAL and KIM-1 Measurements
Measurement of NGAL and KIM-1 was conducted using an immunoassay on a fluorescent
bead-based platform (Rules Based Medicine, www.rulesbasedmedicine.com) after
centrifugation at 4000 rpm for 5 minutes. The assay for NGAL has an inter-assay coefficient
of variation (CV) of 13% at a concentration of 18.1 ng/mL and 5% at a concentration of
1070 ng/mL. The assay for KIM-1 has an inter-assay CV of 13% at a concentration of 0.035
ng/mL and a CV of 4% at a concentration of 2.9 ng/mL. Ten participants had undetectable
NGAL levels and were assigned the smallest value in study (2.7 ng/mL). Thirteen
participants had undetectable KIM-1 levels and were assigned the smallest value in the study
(0.0065 ng/mL).

Covariate assessment
Diabetes mellitus was defined as a fasting glucose of ≥126 mg/dL, use of oral hypoglycemic
medication or insulin, or non-fasting glucose of ≥200 mg/dL or self-reported physician
diagnosis of diabetes mellitus. Plasma cholesterol, triglycerides and high-density lipoprotein
(HDL) cholesterol were determined using enzymatic methods. Blood pressure was measured
using a random-zero sphygmomanometer and the average of the second and third readings
of three seated blood pressure measurements was used in analyses. Body mass index (BMI)
was defined as a participant's weight in kilograms divided by height in meters squared.
Current smoking status and race were defined by self-report.

Statistical analysis
T-tests and chi-square tests were used to test differences between continuous and categorical
variables, respectively. Correlations between NGAL and KIM-1 and age, BMI, systolic
blood pressure (SBP), HDL, glucose, eGFR, and ln(UACR) were assessed by Pearson
correlation coefficients.

Concentrations of NGAL and KIM-1 were skewed and therefore were natural log-
transformed to achieve approximate normality. The association between the natural log-
transformed values of these markers and incidence of CKD was examined continuously and
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by quartile of each marker. Conditional logistic regression was used to calculate odds ratios
(OR) associated with eGFR < 60 ml/min/1.73 m2 at follow-up and a decrease in eGFR from
baseline to follow-up of at least 25%. Model 1 adjusted for the ARIC Carotid MRI Study
sampling variables of center and IMT strata. Model 2 adjusted for Model 1 + baseline eGFR,
SBP, hypertension medication use, diabetes, HDL cholesterol, BMI, smoking status (Model
2). Model 3 adjusted for the variables in model 2 and the ln(UACR). Model 4 adjusted for
the variables in model 2 and the natural log of urinary albumin and the natural log of urinary
creatinine.

The association between continuous NGAL and KIM-1 levels and CKD was displayed
graphically using logistic regression models, including cubic spine terms, with knots at the
25th, 50th, and 75th percentile of NGAL and KIM-1 concentration. Statistical analyses were
conducted using STATA, version 10 (Stata Corp, College Station, TX).

Results
Baseline Study Characteristics

A total of 286 participants were included in these analyses. The mean age of study
participants was 64.7 years at baseline (Table 1). Approximately 53% of the participants
were women and 22% were African-American. Cases had a higher mean BMI than controls.
The prevalence of diabetes, current smoking, hypertension, and hypertension medication use
at baseline did not differ by case status. UACR and eGFR values also were similar for cases
and controls.

The median concentration of NGAL at baseline was higher in cases than in controls (18.0
vs. 24.0 ng/mL; p=0.02). There was no significant difference in KIM-1 concentration
between cases and controls (0.14 vs. 0.14; p=0.5). Both NGAL (p=0.05) and KIM-1
(p<0.001) were positively correlated with ln(UACR). The only other statistically significant
correlation was between ln(NGAL) and BMI (p=0.04) (Table 2).

Association of NGAL with Incident CKD Stage 3
The distribution of NGAL levels was skewed to the right, with the skew being more
prominent among cases than controls (Figure 1). Higher NGAL quartiles were significantly
associated with incident CKD stage 3 (Table 3). The odds ratio (OR) of incident CKD stage
3 was 1.30 (95% CI, 0.67–2.53) for participants with NGAL levels in the second quartile,
2.20 (95% CI, 1.12–4.35) for those in the third quartile, and 2.36 (95% CI, 1.12–5.01) for
those in the fourth quartile (p-trend= 0.01) as compared to participants with NGAL
concentrations in the first quartile (Model 1). Adjustment for baseline eGFR, SBP,
hypertension medication use, diabetes, HDL cholesterol, BMI, and current smoking did not
change the associations appreciably (Model 2). The results remained similar after additional
adjustment for ln(UACR) (Model 3). Adjustment for ln(urinary albumin) and ln(urinary
creatinine) separately attenuated the association of interest and the linear trend across
quartiles was not significant (p=0.2; Model 4).

Higher NGAL concentration was associated with a greater probability of being a case in a
log-linear manner (Figure 1). The odds of incident CKD stage 3 were 1.31 times greater for
each standard deviation higher ln(NGAL) concentration (OR, 1.31; 95% CI, 1.00–1.72) after
adjustment for covariates including ln(UACR). Adjustment for covariates and ln(urinary
albumin) and ln(urinary creatinine) separately attenuated this association (OR, 1.19; 95%
CI, 0.90–1.58).

Standardization of NGAL to the concentration of urinary creatinine resulted in multivariable
(Model 4) odds ratio for incident CKD stage 3 of 1.59 (95% CI, 0.77–3.26) for quartile 2,
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1.74 (95% CI, 0.79–3.80) for quartile 3, and 1.28 (95% CI, 0.58–2.84) for quartile 4
compared to quartile 1.

Association of KIM-1 with Incident CKD Stage 3
Higher KIM-1 quartiles were not significantly associated with incident CKD Stage 3 (Table
3). The unadjusted odds ratio for incident CKD stage 3 was 0.85 (95% CI, 0.44–1.65) for
individuals with KIM-1 levels in the second quartile, 1.18 (95% CI, 0.60–2.29) for the third
quartile, and 1.51 (95% CI, 0.72–3.17) for the fourth quartile (p-trend = 0.2) as compared to
participants with KIM-1 concentrations in the first quartile (Table 3; Model 1). These
associations did not change appreciably after adjustment.

The continuous relationship between KIM-1 and incident CKD stage 3 is shown in Figure 2.
A total of 6% of controls and 9% of cases were at the lower limit of detection of the assay
(0.028 ng/mL) for KIM-1. Overall the continuous relationship between KIM-1 and
incidence of CKD Stage 3 was relatively flat. The odds of incident CKD stage 3 were 1.18
times greater for each standard deviation higher ln(KIM-1) concentration (OR, 1.18; 95%
CI, 0.89–1.57) after adjustment for covariates including ln(UACR) and 1.07 times greater
(OR, 1.07; 95% CI, 0.80–1.43) after adjustment for covariates and ln(urinary albumin) and
ln(urinary creatinine).

Standardization of KIM-1 to the concentration of urinary creatinine resulted in multivariable
(Model 4) odds ratio for incident CKD stage 3 of 0.52 (95% CI, 0.25–1.10) for quartile 2,
0.52 (95% CI, 0.24–1.12) for quartile 3, and 0.61 (95% CI, 0.28–1.35) for quartile 4
compared to quartile 1.

Association of Urinary Albumin and Urinary Creatinine with Incident CKD Stage 3
Higher quartiles of urinary albumin were not significantly associated with incident CKD
stage 3 in multivariable adjusted models (Table 3; Model 4 – excluding adjustment for
ln(urinary albumin). Higher quartiles of urinary creatinine were associated with incident
CKD stage 3 (p-trend = 0.04) (Model 4 – excluding adjustment for ln(urinary creatinine)).

Discussion
Higher baseline urinary concentration of NGAL was associated with incident CKD stage 3
in this matched case-control study of ARIC participants, whereas urinary KIM-1 levels at
baseline were not significantly associated with development of CKD stage 3. Both NGAL
and KIM-1 levels were positively correlated with UACR levels at baseline. Multivariable
adjustment attenuated these associations somewhat and additional adjustment for baseline
urinary albumin and urinary creatinine resulted in nonsignificant associations.

NGAL and KIM-1 are known markers of AKI. Both of these markers are up-regulated after
ischemic damage in animal studies. [7, 11] NGAL can be produced in response to damaged
epithelial cells of the lungs or gastrointestinal tract [12, 13], or locally in the proximal
tubules following ischemic or nephrotoxic injury in animals and humans. [14, 15] KIM-1 is
a transmembrane protein that is undetectable in healthy kidney tissue but becomes
overexpressed in differentiated tubule cells after tubulointerstitial damage. [16] Recent
studies in adults and children who have undergone cardiac procedures or kidney transplant
indicate that NGAL and KIM-1 levels rise before currently used markers of AKI, such as
serum creatinine, and that elevated concentrations of these markers predict AKI. [14, 17–24]
[25].

Recent literature suggests that NGAL may be a marker of prevalent CKD as well. [26–35]
Urinary NGAL is correlated with markers currently used to assess kidney function, such as
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serum creatinine and eGFR [26, 27, 31, 33–35], and has good diagnostic properties to detect
progression of CKD. [29, 31] There are fewer studies on the association between KIM-1 and
prevalent CKD. One study reported significantly higher urinary KIM-1 levels in 53 patients
with various forms of kidney disease than in 11 apparently healthy controls. [16]

Neither NGAL nor KIM-1 levels in our study were significantly correlated with eGFR at
baseline, but both were significantly correlated with baseline ln(UACR). The reasons for
this are speculative. The baseline eGFR levels in these studies were in the normal range by
design, as opposed to previous studies in participants with established CKD. [29, 31, 32]
These markers may not be sensitive to mildly decreased kidney function. Estimates of GFR
also lack precision in this range. A rise in urinary NGAL and KIM-1 levels may indicate
actively inflamed tubular cells, potentially associated with mildly increased urinary albumin
excretion, whereas elevated serum creatinine and decreased GFR may be an indicator of
accumulated loss of functional nephrons in the glomeruli and be relatively insensitive to
early damage. [36]

The association between NGAL concentration and progression of prevalent CKD was
investigated previously in a study of 96 patients with CKD (biopsy-confirmed
glomerulonephritis, diabetic nephropathy, autosomal polycystic kidney disease, or other
kidney diseases) without kidney failure (eGFR ≥15 mL/min/1.73 m2) and 14 controls. Each
10 ng/mL higher urinary NGAL or serum NGAL was associated with a 3% (HR, 1.03; 95%
CI, 1.03–1.04) and 2% (HR, 1.02; 95% CI, 1.01–1.03) higher risk for progression of CKD
(31 cases), defined as doubling of serum creatinine or development of ESRD, respectively,
after adjustment for age and baseline eGFR. [29] No previous studies to our knowledge have
examined the association between KIM-1 and incident CKD stage 3.

The role of NGAL in CKD is not completely understood. Some postulate that NGAL
upregulation promotes apoptosis [37–40] while others suggest that NGAL aids in cell
survival. [41, 42] Even less is known about the role of KIM-1 in CKD. Circulating KIM-1
may play a positive role in repair of acute kidney injury, while the attendant excessive cell
proliferation may be related to a decrease in kidney function over a longer time period.. [43–
46]

Higher urinary creatinine concentration, but not urinary albumin concentration, was
independently associated with incident CKD Stage 3 in our analyses. Adjustment for urinary
creatinine concentration attenuated the observed association between NGAL incident CKD
stage 3. Urinary creatinine concentration reflects lower urine volume output, as well as
greater creatinine production through higher muscle mass. An implicit assumption of
standardizing biomarkers to urinary creatinine is that production of urinary creatinine is
uniform over all participants, which may not hold in this study population. [47] It is
noteworthy that UACR also did not predict incident CKD stage 3 in this selected population,
possibly reflecting limited power and a limited range of albuminuria.

Limitations of this study include the case-control design, which excludes potential
participants due to deaths and losses to follow-up between the baseline and follow-up visits.
This may attenuate the associations of interest. The relatively small sample size of the study
limits the precision with which we may estimate the associations and provide limited power
to detect associations of moderate strength. Follow-up was based on a single serum
creatinine measurement, but the requirement of a decrease in eGFR of >25% from baseline
reduces the potential bias due to imprecision in GFR estimation from serum creatinine. The
inability to distinguish monomeric from dimeric forms of NGAL in the urine can have an
appreciable impact on the performance of the assay and on results. Specifically, measuring
nonmonomeric forms of NGAL may prevent elucidation of the source of NGAL-
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specifically, if NGAL is being produced by tubular epithelial cells or neutrophils, potentially
indicating different causes of CKD. [48].

In summary, we found that concentration of urinary NGAL, but not urinary KIM-1, was
associated with incident CKD stage 3. Additional studies are needed with larger populations
to confirm our findings and to assess the utility of NGAL and KIM-1 as markers of CKD
risk.
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Figure 1.
Predicted probability of case status by urinary neutrophil gelatinase-associated lipocalin
(NGAL). Dashed lines represent distribution of NGAL concentration among controls
(broken line) and cases (dashed line).
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Figure 2.
Predicted probability of case status by urinary concentration of Kidney Injury Molecule -1
(KIM-1). Dashed lines represent distribution of KIM-1 concentration among controls
(broken line) and cases (dashed line).
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Table 1

Baseline characteristics, by case status

Control (n=143) Case (n=143) p-value

age, years* 64.6 +/− 5.7 64.7 +/− 5.5 -

Female,* 53.9 53.9 -

Black,* 22.4 22.4 -

Diabetes, 14.7 18.2 0.4

SBP, mmHg 127.7 +/− 18.1 134.2 ± 19.6 0.003

Hypertension medication use, 37.1 40.4 0.5

BMI, kg/m2 27.6 ±4.7] 29.0±5.4] 0.02

weight, kg 78.1 ±14.6] 81.9 ±17.5] 0.05

Current Smoking, 14.0 12.7 0.8

HDL-C, mg/dL 51.6±18.3] 49.9±18.0] 0.4

urinary albumin, mg/L 2.0[1.0, 5.0] 3.0[1.0, 6.0] 0.1

SCr, mg/dL 0.72 ±0.17] 0.73 ±0.17] 0.6

Urinary creatinine, mg/dL 80 [40, 123] 95 [52, 147] 0.1

UACR, mg/g 3.1 [1.6, 6.7] 3.5 [1.3, 7.7] 0.3

NGAL (ng/mL) 18 [9.3, 35.0] 24 [12.0, 42.0] 0.02

KIM-1 (ng/mL) 0.14 [0.05, 0.27] 0.14 [0.06, 0.33] 0.5

baseline eGFR* (mL/min/1.73 m2) 83.2 ±15.7] 81.6 ±14.0] 0.4

follow-up eGFR (mL/min/1.73 m2) 80.8 ±19.3] 48.4 ±7.6] -

Values for continuous variables shown as mean ± SD or median [25th, 75th] percentile; values for categorical variables given as percentage.

BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; SCr, serum creatinine; UACR,
urinary albumin-creatinine ratio; NGAL, neutrophil gelatinase-associatec lipocalin; KIM-1, kidney injury molecule 1; SBP, systolic blood pressure.

*
Matching characteristics
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