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Abstract
Background—In HIV-infected women, urine concentrations of novel tubulointerstitial injury
markers, interleukin-18 (IL-18) and kidney injury marker-1 (KIM-1) are associated with kidney
function decline and all-cause mortality. We hypothesized that HIV-infected individuals with
preserved kidney filtration function would have more extensive kidney injury, as determined by
urine injury markers, compared to the uninfected controls, and that risk factors for
tubulointerstitial injury would differ from risk factors for albuminuria.

Methods—In this cross-sectional study, we compared urine concentrations of IL-18, KIM-1, and
ACR in 908 HIV-infected and 289 HIV-uninfected women enrolled in the Women’s Interagency
HIV Study, utilizing stored urine specimens from visits between 1999 and 2000.

Results—After multivariate-adjusted linear regression analysis, mean urine concentrations were
higher in HIV-infected individuals by 38% for IL-18 (p<0.0001), 12% for KIM-1 (p=0.081), and
47% for ACR (p<0.0001). Higher HIV RNA level (15% per 10-fold increase, p<0.0001), lower
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CD4 count (8% per doubling, p=0.0025), HCV infection (30%, p=0.00018), and lower HDL (5%
per 10 mg/dL, p=0.0024) were each associated with higher IL-18 concentrations. In contrast,
hypertension (81%, p<0.0001) and diabetes (47%, p=0.018) were among the strongest predictors
of higher ACR, though HIV RNA level (15% per 10-fold increase, p=0.0004) was also associated
with higher ACR.

Conclusions—HIV-infected women had more extensive tubulointerstitial and glomerular injury
than uninfected women, but the associated factors differed among the urine biomarkers.
Combinations of urinary biomarkers should be investigated to further characterize early kidney
injury in HIV-infected women.

Introduction
With dramatic improvements in survival with HIV infection, kidney disease has become an
increasingly common co-morbidity. Prevalence estimates for chronic kidney disease (CKD)
range from 7-33% among persons with HIV.[1-5] Compared with uninfected individuals,
HIV-infected persons have a 10-fold risk of end-stage renal disease (ESRD), a 5-fold
prevalence of microalbuminuria, and a 10-fold prevalence of elevated serum cystatin C
levels, a marker of reduced kidney function.[6-8] Furthermore, in a contemporary cohort
study of HIV-infected individuals on antiretroviral therapy, both cystatin C-based estimated
glomerular filtration rate (eGFRCys) <60 ml/min/1.73m2 and albuminuria were
independently associated with a doubling of all-cause mortality.[9] These findings
demonstrate the importance of kidney disease to prognosis in the current era of HIV
infection and treatment.

A major challenge in the prevention of kidney disease in HIV infection is the reliance on
serum creatinine to detect impaired kidney function. Serum cystatin C levels appear to be
more sensitive for detecting early impairments of kidney filtration function that have
prognostic significance in the setting of HIV infection.[7, 10] However, HIV-infected
individuals may be susceptible to significant kidney injury prior to the loss of filtration
function. Albuminuria has traditionally been utilized as a measure of glomerular injury. One
study found that HIV-infected individuals had a 5-fold odds of albuminuria compared with
HIV-uninfected individuals;[8] most of these persons had an eGFR in the normal range.
Conversely, only 14-44% of HIV-infected persons with eGFR <60 mL/min/1.73m2 have
demonstrable albuminuria. This finding suggests that albuminuria does not adequately
capture the full spectrum of kidney injury in the setting of HIV infection.[11-14]

Novel urinary biomarkers have been developed that are more specific to tubulointerstitial
injury; these were originally investigated as tools to detect early acute kidney injury.
However, studies in ambulatory subjects without HIV infection have found that these novel
injury biomarkers are also associated with longitudinal decline in kidney function.[15, 16] In
the Women’s Interagency HIV Study (WIHS), we recently found that urine interleukin-18
(IL-18), kidney injury molecule-1 (KIM-1), and albuminuria had independent and
complementary associations with longitudinal kidney function decline.[17] Furthermore,
IL-18 and ACR were associated with higher mortality risk among HIV-infected participants,
independent of cystatin C, creatinine, and other risk factors in adjusted analyses.[18]

Despite these longitudinal associations, we do not know whether HIV-infected individuals
excrete higher levels of these urine biomarkers compared to the general population. We
hypothesized that HIV-infected individuals would have more extensive kidney injury
compared with HIV-uninfected individuals, as determined by three tubulointerstitial injury
markers: urine IL-18, KIM-1, and NGAL. In addition, we hypothesized that the risk factors
for glomerular injury in HIV-infected persons, as manifest by the albumin-to-creatinine ratio
(ACR), would differ from the risk factors for tubulointerstitial injury. To investigate these
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hypotheses, we conducted a cross-sectional study nested within the nationally representative
cohort of ethnically diverse, HIV-infected and HIV-uninfected women enrolled in the
WIHS. We compared urine concentrations of IL-18, KIM-1, NGAL, and ACR between
HIV-infected and HIV-uninfected participants, adjusting for differences in traditional risk
factors for kidney disease. Then, we described the determinants of the four urine biomarkers
to investigate whether each captures a distinct pattern of injury.

Methods
Study Population

The WIHS is a multicenter, prospective cohort study of HIV-infected and HIV-uninfected
women enrolled at six U.S. locations: Bronx, Brooklyn, Chicago, Los Angeles, San
Francisco, and Washington, DC. Details of the study design, data collection methods, and
baseline characteristics are published elsewhere.[19] The institutional review boards of
participating institutions approved the study protocol, and informed consent was obtained
from all study participants. Briefly, participants undergo semiannual visits that include an
interviewer administered questionnaire, a physical examination, and collection of laboratory
specimens.

The WIHS Kidney Aging study was designed as a nested cohort study to investigate the
onset of kidney disease in the setting of HIV, utilizing stored urine and serum specimens.
For this cross-sectional study, we included all 908 HIV-infected and 289 HIV-uninfected
women in whom urine samples were collected between October 1999 and March 2000.
WIHS was approved by the relevant institutional review boards at all study sites. This study
of kidney injury was also approved by the University of California, San Francisco, San
Francisco VA Medical Center, and Yale committees on human research.

Urine Biomarkers
The outcomes of this study were the urine concentrations of four kidney injury biomarkers:
IL-18, KIM-1, NGAL, and ACR. All four markers were measured at the Cincinnati
Children’s Hospital Medical Center Biomarker Laboratory. Urine IL-18 was measured using
a commercially available ELISA kit (Medical & Biological Laboratories Co., Nagoya,
Japan). The urine KIM-1 ELISA was constructed using commercially available reagents (R
& D Systems, Inc., Minneapolis, MN).[20] Urine NGAL was assayed using a human-
specific commercially available ELISA (AntibodyShop, Grusbakken, Denmark).[21] Urine
albumin and creatinine were measured by immunoturbidimetry and colorimetric enzyme
assay, respectively, using a Siemens Dimension Xpand plus HM clinical analyzer (Siemens,
Munich, Germany. Coefficients of variation for the urine measurements were: IL-18, 7.2%;
KIM-1, 5.2%; NGAL, 5.4%; albumin, 5.9%; and creatinine, 4.1%. All urine specimens were
in continuous storage at −80°C until biomarker measurement without prior freeze-thaw.
Laboratory personnel performing the biomarker assays were blinded to clinical information
regarding WIHS participants, including their HIV status, and the samples from the HIV-
infected and uninfected participants were interspersed.

Covariates
Candidate covariates included demographic characteristics, traditional risk factors for
kidney disease, and HIV-specific risk factors which were assessed at each WIHS semiannual
visit. The following characteristics were tested as candidate covariates in all multivariate
models: age and race/ethnicity; antihypertensive use, diabetes (fasting glucose ≥126mg/dL,
self-reported diabetes, self-reported diabetes medication use, or HbA1c ≥6.5%), cigarette
smoking status (current, former, never), and menopause status; systolic and diastolic blood
pressure, LDL and HDL cholesterol, triglycerides, body mass index (BMI), waist
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circumference, hepatitis C virus (HCV) infection (confirmed by detectable HCV RNA
following a positive HCV antibody result), and current heroin use. We also tested the
following HIV-related characteristics: current CD4 lymphocyte count, nadir CD4
lymphocyte count, history of AIDS diagnosis, current HIV viral load, current highly active
antiretroviral therapy (HAART) use, current nucleoside reverse transcriptase inhibitor
(NRTI) use, current non-nucleoside reverse transcriptase inhibitor (NNRTI) use, and current
protease inhibitor (PI) use. There was minimal use of tenofovir at the baseline of this study.
Multiple imputation with the Markov chain Monte Carlo method was used to impute
missing covariates, with 5 imputations to yield ~95% relative efficiency.[22] The percentage
of missing observations for each covariate ranged from less than 1% to 15%.

Glomerular filtration rate was estimated using the CKD-EPI equations for creatinine
(eGFRCr) and cystatin C (eGFRCys), respectively.[23, 24]

Statistical Analysis
We compared demographic and clinical characteristics of HIV-infected and uninfected
participants using the Mann-Whitney U test for continuous variables and Fisher’s exact test
for categorical variables. Spearman coefficients were used to evaluate correlations between
biomarkers.

We used multivariable linear regression to evaluate the associations of HIV infection and
other factors with the four urine biomarkers (IL-18, KIM-1, NGAL, and ACR), in separate
models for each outcome. In sensitivity analyses, we utilized urine biomarker-to-creatinine
ratio as the outcome, analogous to ACR used in clinical practice. We used Huber-White
standard errors which are designed to be robust to non-normally distributed residuals.[25,
26] Because the biomarkers were right-skewed, each outcome was log-transformed for
analysis; results were back-transformed to produce estimated percentage differences. To
determine whether HIV infection was independently associated with each biomarker,
multivariable models were sequentially adjusted for: 1) HIV status, 2) demographics, 3)
kidney disease risk factors (hypertension, diabetes, and HCV infection), 4) ACR, and 5)
eGFRCys. We also performed a nested analysis restricted to the 679 HIV-infected and 256
uninfected women with eGFRCys > 60 ml/min/1.73m2 and ACR < 30 to determine whether
urine IL-18, KIM-1, and NGAL levels are higher in HIV infection in the absence of
clinically detectable chronic kidney disease.

As an alternate approach, we dichotomized each biomarker as elevated or normal, using the
highest tertile cutpoint (“T3”) in uninfected women to define those with elevated biomarker
levels. We used Poisson regression with a robust variance estimator to assess the relative
risk of having “elevated” urine biomarker levels (defined as urine biomarker concentration >
T3) in HIV-infected participants as compared with uninfected controls after multivariate
adjustment.[27]

Next, we examined differences in associated risk factors by fitting separate linear regression
models for each biomarker outcome in HIV-infected women. We used stepwise backward
selection with a significance level of α=0.05 to remove candidate covariates that were not
associated with the outcome. Due to cosegregation of HCV infection, current smoking, and
heroin use, we preferentially included HCV infection in each model if it reached a
significance level of p<0.05. As an alternative model building approach, we used Bayesian
model averaging and retained predictors with posterior probabilities >35%.[28] Models
constructed using the two approaches were very similar.
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Bayesian model averaging was performed using the BMA package for the R statistical
computing language (R Development Core Team, Vienna, Austria). All other analyses were
conducted using the SAS system, version 9.2 (SAS Institute, Inc., Cary, NC).

Results
The median age was 41 among the 908 HIV-infected participants, and 40 among the 289
HIV-uninfected women from WIHS (Table 1). Over half of the participants were African-
American, and three-fourths were current or former smokers. Diabetes and hypertension
were prevalent in one-tenth and one-fourth of women, respectively, and did not differ by
HIV status. HIV-infected women were more likely to be postmenopausal and infected with
HCV than HIV-uninfected women. Compared with uninfected women, HIV-infected
women had higher triglycerides and lower HDL, BMI, and waist circumference. Among
HIV-infected women, the median CD4 lymphocyte count was 397 cells/mm3, and nearly
one-third had an undetectable HIV viral load. Among both groups of women, fewer than
10% had an eGFR <60ml/min/1.73m2, as calculated by serum cystatin C or creatinine.

HIV-infected women had more extensive kidney injury than uninfected women, manifested
by higher median urine levels of IL-18, KIM-1, NGAL, and ACR (Figure 1). Urinary IL-18
concentrations and ACR levels were approximately 40% higher in HIV-infected women
(p<0.0001), with minimal attenuation after controlling for demographics and traditional
kidney risk factors (Table 2). After additional adjustment for ACR and eGFRCys, HIV
infection was associated with 28% higher IL-18 (p=0.0007) and 33% higher ACR
(p=0.0003). HIV infection had weaker associations with urine KIM-1 and NGAL
concentrations in multivariate analyses; the HIV effect was mostly attenuated by adjustment
for eGFRCys rather than ACR.

Findings were similar when the biomarkers were standardized to urine creatinine. After
adjustment for demographics and traditional risk factors for kidney disease, HIV infection
was associated with 42% (28-58%) higher urine IL-18/Cr, 16% (6-27%) higher urine
KIM-1/Cr, and 19% (4-36%) higher NGAL/Cr. With sequential adjustment for ACR and
eGFRCys, HIV infection remained strongly associated with urine IL-18/Cr (32%, p<0.0001),
but was no longer significantly associated with urine KIM-1/Cr (6%, p=0.25) or NGAL/Cr
(5%, p=0.46). When we dichotomized each tubulointerstitial biomarker as elevated or
normal, HIV-infected women had a 30% higher risk of having “elevated” urine IL-18 as
compared with uninfected participants (95% CI 1.05-1.67), after multivariate adjustment
including ACR and eGFRCys. There were no statistically significant associations of HIV
infection with “elevated” levels of urine KIM-1 (RR 1.04; 95% CI 0.82-1.32) or NGAL (RR
1.06, 95% CI 0.83-1.34).

When we restricted our linear regression analysis to the 679 HIV-infected and 256
uninfected women with eGFRCys > 60 ml/min/1.73m2 and ACR < 30, mean urine IL-18
levels remained 38% higher (p<0.0001) in HIV- infected women after multivariate
adjustment. Urine KIM-1 and NGAL levels were not statistically associated with HIV
infection after multivariate analysis (7.4% (p=0.32) and 9.0% (p=0.29), respectively).

In both HIV-infected and uninfected women, the three tubulointerstitial injury biomarkers
(IL-18, KIM-1, and NGAL) showed moderately strong positive inter-correlations (r = 0.3 to
0.5; p<.0001). By contrast, in HIV-infected women, ACR was weakly correlated with
NGAL (r=0.12, p=0.0003) and showed little association with IL-18 (r=−0.018, p=0.59) or
KIM-1 (r=0.014, p=0.68). In HIV-uninfected women, ACR was weakly negatively
associated with KIM-1 (r=−0.19, p=0.001) and IL-18 (r=−0.14, p=0.019), and had little
association with NGAL (r=−0.062, p=0.29).
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We then examined factors associated with kidney injury markers in HIV-infected women
(Table 3). Among the demographic factors, older age was consistently associated with lower
levels of urine injury markers; the effect was more pronounced in all models after
adjustment for eGFRCys. African-American race was strongly associated with higher urine
IL-18, NGAL, and ACR. HIV-infected women who were not of Caucasian or African-
American race also had substantially higher urine IL-18 levels.

HIV-related characteristics were the strongest clinical factors associated with urinary IL-18.
Lower CD4 lymphocyte count, higher HIV viral load, HCV infection, and lower HDL were
each independently associated with higher urine IL-18 concentrations. In contrast,
hypertension diabetes, and NNRTI use were the strongest predictors of higher ACR,
although higher HIV viral load was also associated with ACR. Of the different antiretroviral
medications in the NNRTI class, only efavirenz was independently associated with higher
ACR (64% higher ACR in individuals reporting efavirenz use, p=0.0012), but the
prevalence of this agent was only 13% in this study.

We also examined the associations of individual antiretroviral medications with each urine
biomarker (Supplementary Table 1). Thirteen antiretroviral medications were reported in use
with a prevalence ≥ 1% at the time of this study. There were no class-specific patterns of
association with the biomarkers, nor was any one biomarker consistently associated with
multiple antiretroviral medications. Reported prevalence of use for each antiretroviral
medication ranged from 1-48%.

Discussion
In this cross-sectional analysis of WIHS participants, we found that HIV-infected women
had higher urine concentrations of four kidney injury markers, IL-18, KIM-1, NGAL, and
ACR, as compared with HIV-uninfected participants. Factors associated with the three novel
tubulointerstitial injury markers – IL-18, KIM-1, and NGAL – differed from factors
associated with albuminuria, a clinical marker of glomerular injury. While albuminuria was
most strongly associated with the traditional kidney risk factors of hypertension and
diabetes, the tubulointerstitial injury markers, particularly IL-18, had strong associations
with HIV-related and other factors, such as CD4 lymphocyte count, HIV viral load, and
HCV infection. In combination with our earlier work demonstrating associations of these
urine biomarkers with kidney function decline and mortality risk, this study demonstrates
the potential of tubulointerstitial injury biomarkers to capture a unique dimension of kidney
disease.

To our knowledge, this is the first study to compare urine levels of IL-18, KIM-1, and
NGAL in a large cohort of HIV-infected and uninfected individuals. Urinary IL-18 and
KIM-1 are specific to the proximal tubule, and have been implicated in ischemia-reperfusion
injury to the kidney.[29-32] Urinary IL-18 also predicts the duration of acute kidney injury
(AKI),[33] in-hospital mortality,[34] and severity of kidney disease in patients with
nephrotic syndrome,[35, 36] while urine KIM-1 levels have been associated with the
severity of pathology in CKD.[37, 38] In contrast to IL-18 and KIM-1, NGAL is expressed
by epithelial cells in the distal tubule. Urinary NGAL concentrations have been shown to
predict AKI in children and adults,[39-41] and are also elevated in individuals with
polycystic kidney disease,[42] IgA nephropathy,[43] and lupus nephritis.[44]

Our finding that HIV-infected women have higher urine concentrations of IL-18, KIM-1 and
NGAL suggests that HIV infection or HIV-specific therapies promote renal tubulointerstitial
injury. This hypothesis is supported by prior kidney biopsy studies implicating the proximal
and distal tubules as early targets of HIV infection.[13, 45-47] One recent kidney biopsy
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series of 25 HIV-infected individuals with proteinuric glomerulopathies found that urine
NGAL excretion was 4-fold higher in individuals with HIVAN as compared with other
etiologies of HIV-related kidney disease.[48] Though the study was small, it suggests that
urine kidney injury markers may be linked to specific types of kidney pathology. Additional
studies are needed to correlate the concentrations of tubulointerstitial and glomerular injury
markers with specific pathologic findings on kidney biopsy.

The relatively low prevalence of eGFR <60ml/min/1.73m2 in our cohort implies that HIV-
infected individuals experience significant kidney injury prior to the clinician’s ability to
detect an appreciable loss of filtration function. The measurement of tubulointerstitial
biomarkers, in addition to eGFR and albuminuria, could constitute a novel and more
comprehensive method of screening for and quantifying kidney injury in HIV-infected
individuals. The ability to detect early kidney injury is particularly important in the HIV-
infected population because HIV-related muscle loss makes creatinine-based eGFR less
accurate and HIV-related therapies can be nephrotoxic. This study identified an association
between NNRTI use and higher ACR, but these results must be interpreted cautiously given
the cross-sectional design and low prevalence of use of individual NNRTIs. The associations
of specific antiretroviral medications with kidney injury and decline, particularly tenofovir-
based regimens, should be further evaluated in rigorous longitudinal cohort studies with
measurement of urine biomarkers in patients with well-controlled HIV infection. For
instance, one could prospectively measure urine tubulointerstitial injury markers in
individuals being initiated on tenofovir-based antiretroviral regimens to assess their ability
to detect kidney injury prior to the onset of Fanconi’s syndrome, albuminuria, or CKD.

An important finding of this study is the independent association of African-American race
with higher levels of several kidney injury markers in HIV infection. Prior cohort studies of
HIV-infected individuals have demonstrated that African-Americans have a markedly higher
incidence of ESRD as compared with Caucasians, and experience faster progression from
CKD to ESRD.[49-51] Additionally, HIV-associated nephropathy (HIVAN) was historically
observed almost exclusively in African-American individuals. Our finding of elevated urine
IL-18, NGAL, and ACR in African-Americans with HIV infection implicates
tubulointerstitial and glomerular injury in the pathogenesis of this racial predilection for
HIV-related kidney disease. Recent literature suggests there may be genetic polymorphisms
that predispose African-Americans to kidney disease to a greater degree than Caucasians.
[52] Future studies should investigate potential mechanisms linking these specific genetic
polymorphisms to susceptibility to tubulointerstitial and glomerular injury.

There are several limitations to this study. First, as a cross-sectional study, we have
identified associations between the urine biomarkers, HIV infection, and related
comorbidities, but we cannot make conclusions regarding causality. Second, the urine
specimens were collected and stored over a decade prior to biomarker measurement.
However, protein degradation over time would be expected to bias our study towards null
findings. Third, because we exclusively studied women, we cannot generalize these results
to men. Fourth, the analyses correcting urine IL-18, KIM-1 and NGAL for urine creatinine
concentration must be interpreted cautiously, as creatinine excretion may be unpredictable in
HIV-infected women who may experience muscle loss. Fifth, we did not have access to
serum concentrations of the tubulointerstitial injury markers, so we cannot exclude the
possibility that higher serum levels contributed to the observed elevations in urine. Finally,
although we adjusted for multiple potential confounders, the possibility of residual
confounding exists for our associations of HIV infection with the kidney injury biomarkers.

In summary, we found that HIV-infected women have more extensive kidney injury as
compared with HIV-uninfected women, manifested by elevations in four kidney injury
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markers: urine IL-18, KIM-1, NGAL, and ACR. Future studies should correlate these
biomarkers with pathology from kidney biopsies and evaluate the clinical utilities of using
urine biomarkers to detect early kidney injury related to HIV infection or its treatments.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Association of HIV infection with urine biomarkers among HIV-infected (N=908) and
uninfected (N=289) WIHS participants
Note: Bars represent median urine biomarker concentrations with 95% confidence intervals.
P-values from Mann-Whitney U test.
Abbreviations: ACR, albumin-to-creatinine ratio; IL-18, interleukin-18; KIM-1, kidney
injury molecule-1; NGAL, neutrophil gelatinase-associated lipocalin.
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Table 1
Baseline characteristics of HIV-infected and uninfected women in WIHS

HIV+
(N = 908)

Control
(N = 289) P Value

Age (y) 41 (36-46) 40 (34-45) 0.0086

 <30 55 (6%) 38 (13%)

 30-40 350 (39%) 109 (38%)

 40-50 410 (45%) 111 (38%)

 >50 93 (10%) 31 (11%)

Race 0.0058

 African American 524 (58%) 178 (62%)

 Caucasian 175 (19%) 33 (11%)

 Other 209 (23%) 78 (27%)

Cigarette Smoking 0.071

 Current 464 (51%) 170 (59%)

 Past 224 (25%) 62 (21%)

 Never 220 (24%) 57 (20%)

Diabetes Mellitus 86 (9%) 26 (9%) 0.91

Hypertension 228 (25%) 80 (28%) 0.40

Antihypertensive Use 98 (11%) 35 (12%) 0.52

Menopause 185 (21%) 40 (14%) 0.0076

Hepatitis C 281 (31%) 62 (22%) 0.0021

LDL (mg/dL) 103 (80-132) 104 (86-129) 0.30

HDL (mg/dL) 44 (36-56) 51 (42-62) <0.0001

TG (mg/dL) 133 (93-196) 101 (73-150) <0.0001

Body Mass Index (kg/m2) 27 (23-31) 29 (24-34) <0.0001

Waist Circumference (cm) 88 (80-99) 93 (80-104) 0.0064

Current Heroin Use 43 (5%) 23 (8%) 0.053

Current HAART Use 533 (59%)

Current NRTI Use 606 (67%)

Current NNRTI Use 246 (27%)

Current PI Use 381 (42%)

Current CD4 Count (cells/mm3) 397 (245-576)

Nadir CD4 Count (cells/mm3) 212 (109-326)

History of AIDS 445 (49%)

HIV Viral Load (copies/mL)

 ≤80 276 (31%)

 81-1999 204 (23%)

 2000-9999 147 (16%)

 >10000 275 (30%)

eGFR Cys <60ml/min/1.73m2 84 (9%) 6 (2%) <.0001

eGFR Cr <60ml/min/1.73m2 64 (7%) 14 (5%) 0.22
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Data are presented as Median (IQR) or numbers (percent).

Abbreviations: IQR, interquartile range; HAART, highly active antiretroviral therapy; NRTI, nucleoside reverse transcriptase inhibitor; NNRTI,
non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor
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