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Abstract

Objective—HIV-infected persons have substantially higher risk of kidney failure than persons
without HIV, but serum creatinine levels are insensitive for detecting declining kidney function.
We hypothesized that urine markers of kidney injury would be associated with declining kidney
function among HIV-infected women.

Methods—In the Women's Interagency HIV Study (WIHS), we measured concentrations of
albumin-to-creatinine ratio (ACR), interleukin-18 (IL-18), kidney injury marker-1 (KIM-1), and
neutrophil gelatinase-associated lipocalin (NGAL) from stored urine among 908 HIV-infected and
289 uninfected participants. Primary analyses used cystatin C based estimated glomerular
filtration rate (CKD-EPI eGFRcys) as the outcome, measured at baseline and two follow-up visits
over eight years; secondary analyses used creatinine (CKD-EPI eGFRcr). Each urine biomarker
was categorized into tertiles, and kidney decline was modeled with both continuous and
dichotomized outcomes.

Results—Compared with the lowest tertiles, the highest tertiles of ACR (-0.15ml/min/1.73m2,
p<0.0001), IL-18 (-=0.09ml/min/1.73m2, p<0.0001) and KIM-1 (-0.06ml/min/1.73m2, p<0.001)
were independently associated with faster eGFRcys decline after multivariate adjustment
including all three biomarkers among HIV-infected women. Among these biomarkers, only IL-18
was associated with each dichotomized eGFRcys outcome: =23% (Relative Risk 1.40; 95%ClI
1.04-1.89); =5% (1.88; 1.30-2.71); and =210% (2.16; 1.20-3.88) for the highest versus lowest
tertile. In alternative models using eGFRcr, the high tertile of KIM-1 had independent associations
with 5% (1.71; 1.25-2.33) and 10% (1.78; 1.07-2.96) decline, and the high I1L-18 tertile with 10%
decline (1.97; 1.00-3.87).

Conclusions—Among HIV-infected women in the WIHS cohort, novel urine markers of kidney
injury detect risk for subsequent declines in kidney function.

Keywords
HIV; KIM-1; NGAL,; IL-18; albumin-to-creatinine ratio; cystatin C; kidney injury

Introduction

Kidney disease is a major complication of HIV infection. Persons with HIV have
substantially elevated risk of end-stage renal disease (ESRD) compared with HIV-
uninfected individuals.}: 2 Elevated creatinine, a standard measure of kidney function, is
associated with adverse health outcomes in HIV infection, including mortality,
cardiovascular disease (CVD), and heart failure.3-6 However, creatinine is an imperfect
marker of kidney function, due to bias by age, sex, race, muscle mass, and hydration
status.”- 8 In HIV-infected persons, early reductions in kidney function expressed as
estimated glomerular filtration rate (eGFR) may not be detected by serum creatinine levels,
but appear to be captured by cystatin C.% 10 In the Study of Fat Redistribution and
Metabolic Change in HIV Infection, reduced kidney function (eGFR <60 mL/min/1.73m?2)
was twice as prevalent when defined by cystatin C as by creatinine, and had a much stronger
association with mortality risk.11

Although cystatin C may detect early reductions in glomerular filtration rate (GFR),
substantial kidney injury may occur in HIV-infected persons prior to any discernible effect
on kidney filtration. In some patients, kidney injury can be detected before GFR is decreased
by measuring the urine albumin-to-creatinine ratio (ACR). One study found a 5-fold odds of
albuminuria in HIV-infected individuals compared with HIV-uninfected persons, most of
whom had eGFR in the normal range.12 Both albuminuria and total urinary protein levels
have been associated with mortality risk in HIV-infected persons, 6 and albuminuria and
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cystatin C have complementary associations with mortality.1> However, urine albumin is a
marker of glomerular injury and thus may not capture renal injury at other sites of the
nephron. This is important because both HIV and its treatments may have non-glomerular
effects on the kidney. Kidney biopsy studies suggest that the proximal and distal tubules are
early targets of HIV.13-16 Several tubular injury markers have been developed for early
detection of acute kidney injury; among these, kidney injury marker-1 (KIM-1),
interleukin-18 (IL-18), and neutrophil gelatinase-associated lipocalin (NGAL) have been
extensively studied in humans. 17 To our knowledge, these markers have not been evaluated
in longitudinal studies of HIV-infected persons.

We designed this study within the Women's Interagency HIV Study (WIHS) to test the
hypothesis that markers of tubular injury could forecast the rate of subsequent eGFR decline
among women at risk for kidney disease. Our primary hypotheses were that ambulatory
women with and without HIV infection would have detectable damage to their kidney
tubules, measurable by 1L-18, KIM-1, and NGAL levels, and that the level of the injury
markers would be associated independently with the rate of subsequent kidney function
decline.

The WIHS is the largest, long-term observational study of the progression of HIV in U.S.
women. The WIHS study design and methods have been described previously.18: 19 In brief,
3,766 women (2,791 HIV-infected and 975 HIV-uninfected) were enrolled in either
1994-1995 (n=2,623) or 2001-2002 (n=1,143) from 6 U.S. sites (Bronx, Brooklyn, Chicago,
Los Angeles, San Francisco, and Washington, DC). HIV-infected women were recruited to
be representative of HIV-infected women in each community. HIVV-uninfected women were
recruited from similar venues. Participants are interviewed and examined every six months.
Serum specimens were stored in a —80°C freezer until biomarker measurement.

The WIHS HIV 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.
Baseline measures were collected between October 1999 and March 2000, as this was the
most recent visit that had collected and stored urine in WIHS. This study included all
participants with available serum specimens during this time interval. A total of 1,403
women (1032 HIV-infected and 371 HIV-uninfected) had cystatin C measured at baseline;
1,197 (908 HIV-infected and 289 HIV-uninfected) had stored urine available and at least
one follow-up cystatin C measure; these participants were included in the longitudinal
analyses of this manuscript. 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 Veterans Affairs Medical Center, and Yale
committees on human research.

Primary predictors in this study were urine ACR, 1L-18, KIM-1, and NGAL. All urinary
kidney injury biomarkers were measured at the Cincinnati Children's Hospital Medical
Center Biomarker Laboratory. 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). 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
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using a human-specific commercially available ELISA (AntibodyShop, Grusbakken,
Denmark).21 All urine specimens were in continuous storage without prior freeze-thaw.
Laboratory personnel were blinded to clinical information about the participants, including
HIV status, and specimens were evaluated in random order. Coefficients of variation for the
urine measures were: albumin, 5.9%; creatinine, 4.1%; IL-18, 7.2%; KIM-1, 5.2%; and
NGAL, 5.4%.

Primary outcomes of this study were derived from cystatin C measures from the three WIHS
visits, which were conducted concurrently at the UCLA Clinical Immunology Research
Laboratory. Cystatin C was chosen as the outcome because it is less correlated with muscle
mass or health status than creatinine, and may thus be less biased in the setting of HIV-
infection.22 Cystatin C was measured by a particle-enhanced immunoturbidometric assay
(Gentian), which has been calibrated against the new World Standard Reference material
ERM-DAA471/IFCC.23 Intra-assay coefficients of variation, based on 10 replicates, were
<2% at serum concentrations of 0.7 and 1.1 mg/L. Inter-assay coefficients of variation were
4.4% and 3.9% at serum concentrations of 0.8 and 2.2 mg/L, respectively. We estimated
GFR using the CKD-EPI equation for cystatin C (eGFRcys).23 24 Alternative analyses were
conducted using serum creatinine estimates of GFR by the CKD-EPI equation. Creatinine
measures were conducted at the clinical labs of each WIHS site at the time of collection.

As in our prior work, we truncated eGFR at 120 ml/min/1.73m? because the equations have
not been validated in persons with very high GFR, and higher GFR estimates are unlikely to
be accurate or precise.10 We analyzed eGFR decline over the eight years of follow-up as
both continuous and dichotomous outcomes. The linear outcome was expressed as annual
change in eGFR in mL/min/1.73m?2 over the entire 8-year follow-up. We dichotomized
eGFR in order to distinguish persons with clinically meaningful rates of declining kidney
function: mild (=3% annual eGFR decline), moderate (=5% decline), or severe (=10%
decline). We defined each dichotomized outcome by calculating the relative change in eGFR
from baseline to each follow-up visit for each participant. We defined the cystatin C
analyses as primary a priori because the measures were conducted concurrently and were
less likely to be biased by health status. Secondary analyses were implemented with the
clinical creatinine measures and are presented in Supplementary Tables and Figures.

Adjustment Variables

Other covariates of interest included demographic characteristics, kidney disease risk
factors, and HIV-specific risk factors obtained as part of the WIHS semiannual assessment.
Specifically, the following characteristics were tested as candidate covariates in all
multivariate models: age and race/ethnicity; menopause status, antihypertensive use,
diabetes (fasting glucose =126mg/dL, self-reported diabetes, self-reported medication, or
HbA1c =6.5), cigarette smoking (current, former, never); systolic and diastolic blood
pressure, LDL and HDL cholesterol, triglycerides, body mass index, and waist
circumference. We also tested the following HIV-related characteristics: hepatitis C virus
(HCV) infection (defined by detectable HCV RNA), current heroin use, current CDA4 cell
count, nadir CD4 cell count, history of AIDS diagnosis (including low CD4), current HIV
viral load, current HAART use, current NRTI use, current NNRTI use, and current Pl use.
There was minimal use of tenofovir at the baseline of this study. In a sensitivity analysis, we
included tenofovir use during follow-up. Factors forced in the full model included age, race/
ethnicity, hypertension and diabetes, current HIV viral load, current CD4 cell count, and
HCYV infection. All time-varying covariates in the model were time-updated, except for the
urine biomarkers, which were collected only at baseline. After forcing the above variables,
we used a stepwise backward selection with a significance level of a=0.05 to remove
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candidate covariates that were not associated with the outcome. Multiple imputation with the
Markov chain Monte Carlo method was used to impute missing covariates, with 5
imputations to yield ~95% relative efficiency.2> The percentage of observations with
missing covariates ranged from less than 1% to 15%.

Statistical Analysis

Results

We began our analyses by comparing the baseline characteristics of HIV-infected and HIV-
uninfected participants. We first analyzed the urine injury biomarkers as continuous (log-
transformed) predictors of kidney decline, but the assumption of linearity did not hold for all
measures. We therefore present results with the biomarkers categorized into tertiles, with the
HIV-infected and uninfected participants tertiled separately. We analyzed tertiles of ACR to
facilitate comparisons of the effect sizes of ACR with the novel urine markers; however, we
also dichotomized ACR at 30 mg/g, the standard clinical cut point.

The association of each injury marker with annual mean change in eGFR was assessed using
linear mixed models with random intercepts and slopes.28 Interaction terms between each
injury marker and time were used to determine the rate of change in eGFR. We used
generalized estimating equations (GEE) using a Poisson working model to account for
clustering from repeated events to determine relative risks for the association of each
covariate with the dichotomized kidney outcomes.

To determine whether injury markers were independently associated with kidney outcomes,
multivariable models were sequentially adjusted for: 1) demographics, and 2) traditional
kidney disease risk factors, HIV-specific risk factors, and ACR. We included ACR because
it is an established marker in widespread clinical use. Therefore, any novel marker should be
demonstrated to have associations independent of ACR. In our final model, we adjusted for
all four injury markers concurrently, allowing them to compete as predictors of each kidney
outcome. We also conducted a sensitivity analysis in which we forced in tenofovir use, as a
time-dependent covariate, into the final model.

To account for informative loss to follow-up, we also adjusted estimates using an inverse
probability weighting approach by modeling the participant's probability of having a non-
missing outcome at each visit.2” The inverse of this probability was then used as a weight
applied to persons with known outcome in the multivariable regression analyses of kidney
decline. All analyses were conducted using SAS version 9.2 (SAS Institute Inc., Cary, NC,
USA).

In our study, 1,032 HIV-infected women and 371 HIV-uninfected women with cystatin C
measured at baseline were included. Over half of women were African-American or
reported current smoking; one-fourth had hypertension (Table 1). HCV infection was more
common in HIV-infected than HIV-uninfected women. Baseline eGFRcys was significantly
lower in HIV-infected compared with uninfected women (median 89 vs. 105 ml/min/
1.73m2, p<0.0001). During the approximately 8-year follow-up period, rates of annual
eGFRcys decline were -1.18 (95% CI: -1.29, -1.06) in HIV-infected women and -0.97
(-1.16, -0.79) mI/min/1.73m? in HIV-uninfected women (p=0.06 for difference). Among the
HV-infected women, eGFRcys decline was faster among those co-infected with HCV
(-1.46; -1.79 to -1.14) compared with mono-infected women (-0.92; -1.07 to -0.93 ;
p<0.0001).

We initially examined the association of tertiles of each biomarker with the linear outcome
of rate of change in eGFRcys in HIV-infected women (Figure 1). All four markers were
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independently associated with faster eGFRcys decline in both demographic and
multivariate-adjusted models. When we controlled for all four biomarkers simultaneously,
the highest tertiles of ACR, 1L-18, and KIM-1 remained independently associated with
kidney function decline, whereas the association of NGAL weakened substantially (Figure
1). The magnitude of association for the highest ACR tertile was larger than that of IL-18 or
KIM-1. When we repeated anlyses with eGFRcr as the outcome, the biomarker associations
with eGFRcr decline were approximately half the magnitude of the eGFRcys associations
(Supplemental Figure 1). The high tertiles of ACR, KIM-1 and NGAL were independently
associated with faster eGFRcr decline in single marker models, but only ACR and KIM-1
remained associated in the combined model. Adjustment for tenofovir use during follow-up
had no material impact on the associations between the urine biomarkers and kidney
function decline.

We next compared biomarker associations with the dichotomized eGFRcys outcomes in
HIV-infected women, using similar staged adjusted models (Table 2). In fully adjusted
analysis, the highest tertile of ACR was not significantly associated with any of the
dichotomized outcomes relative to the lowest tertile. Dichotomized at ACR >30 mg/g, fully
adjusted associations were: 1.17 (0.93-1.47), 1.49 (1.14-1.95), and 1.43 (0.83, 2.44) for 3%,
5%, and 10% decline, respectively. The highest tertile of IL-18 was progressively associated
with increased risk for each endpoint. The middle tertile of IL-18 was also significantly
associated with the 3% and 5% thresholds of kidney function decline. The highest tertile of
KIM-1 was significantly associated with a doubling in risk for the 10% annual eGFR decline
outcome, but this finding was attenuated by adjustment for IL-18. NGAL showed little
association with any of these outcomes; relative risks were: 1.02 (0.79, 1.31), 0.90 (0.65,
1.24), and 0.85 (0.44, 1.63) for 3%, 5%, and 10% decline, respectively. In analyses based on
eGFRcr (Supplemental Table 1), significant associations were observed for the high tertile
of KIM-1 with the 5% and 10% decline outcomes, and the high tertile of 1L-18 was
associated with the 10% decline outcome.

We also evaluated associations of biomarker tertiles with kidney function decline in HIV-
uninfected women (Figure 2). In the linear analyses, the highest tertiles of 1L-18, KIM-1 and
NGAL were each individually associated with more rapidly declining kidney function in
demographic- and individual multivariate-adjusted analyses, whereas ACR was not
associated with decline. When we controlled for all four biomarkers simultaneously, only
IL-18 remained independently associated with declining eGFRcys. In analyses using
eGFRecr, the high tertiles of ACR and KIM-1 were independently associated with faster
kidney function decline (Supplemental Figure 2). For the dichotomized outcomes based on
eGFRcys (Table 3), IL-18 was significantly associated with 3% annual decline in fully
adjusted models, and showed a weaker, non-significant association with 5% decline. For the
10% annual decline endpoint, the high tertiles of IL-18 and KIM-1 were each associated
with substantially elevated risk in individual marker models; but, when combined in the
same model, both weakened. An ACR >30 mg/g was also significantly associated with
higher risk of the 10% endpoint (2.95, 1.34-6.45), but not with the 3% (1.14, 0.79-1.66) or
5% (1.28, 0.77-2.13) outcomes. In eGFRcr based dichotomized outcomes, the high tertile of
KIM-1 had the strongest association with the 5% decline outcome, whereas the high tertile
of 1L-18 was most strongly associated with 10% decline (Supplemental Table 2). Both
associations became statistically non-significant when the biomarkers were adjusted for one
another.

Discussion

Although HIV-infected individuals have an elevated risk of CKD and ESRD,: 28 ongoing
kidney tubular injury has been difficult to quantify, because albuminuria is primarily a
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manifestation of glomerular injury and urine proteinuria concentrations are non-specific. We
hypothesized that novel markers of kidney injury, which have been developed for the early
detection of hospitalized acute kidney injury (AKI), would be detectable in HIV-infected,
ambulatory women and would forecast subsequent rates of declining kidney function. We
found that both 1L-18 and KIM-1 had strong and independent associations with both linear
and dichotomized outcomes of kidney decline in HIV-infected women. Of particular
interest, the relative effects of ACR and these tubular injury markers had minimal
attenuating effect on one another, suggesting that these two categories of injury markers
capture distinct patterns of kidney damage.

The findings of this study should be compared with other recent studies in this emerging
literature on urine markers of kidney tubular injury. In a study from Tokyo of 424 HIV-
infected persons without CKD, Ando and colleagues measured a different set of tubular
injury markers—A*-acetyl-p-D-glucosaminidase, y-glutamyl transpeptidase, pB,-
microglobulin and a.¢-microglobulin.2® At 1 year of follow-up, eGFRcr decline was faster
among participants with a higher index of tubular damage. In a general population study, the
Multi-Ethnic Study of Atherosclerosis (MESA), Peralta and colleagues found that higher
urine concentrations of KIM-1, but not NGAL, were associated with rapidly declining
kidney function and incident CKD.3 In contrast, a nested case-control study from the
Atherosclerosis Risk in Communities Study (ARIC) identified NGAL, but not KIM-1, as a
significant predictor of incident CKD.31 Relative to these prior manuscripts, our study is the
first to combine both HIV-infected and uninfected and to use a cohort design with prolonged
follow-up.

Because urine I1L-18 and KIM-1 are specific to the proximal tubule of the nephron, they may
be particularly useful for detecting HIV-related kidney injury and are biological
intermediates in the causal mechanisms of ischemia-reperfusion injury in the kidney. Both
biomarkers are present at very low concentrations in healthy patients, and their levels
increase by several fold in patients who develop acute kidney injury.32: 33 |L-18 is produced
by proximal tubules, and is activated by caspase-I; mice deficient in caspase-1 are protected
from acute kidney injury due to impaired IL-18 processing. KIM-1 is also expressed by
proximal tubule cells in response to injury, and its ectodomain, shed into the tubule lumen,
is detectable in urine.34 IL-18 and KIM-1 have been studied as early biomarkers in critically
ill patients, peri-operative patients, in diabetic nephropathy and polycystic kidney disease,
and in acute and chronic kidney disease after kidney transplant.3>-37 Conversely, NGAL is
produced predominantly in the distal tubules.38 The stronger associations of I1L-18 and
KIM-1 with kidney function decline, relative to NGAL, may suggest that HIV damages the
proximal tubules preferentially.

Relative to the mean annual eGFR decline of approximately 1mL/min/1.73m?2, the high
tertiles of either IL-18 or KIM-1 were associated with approximately a 7-8% faster rate of
annual kidney function decline among the HIV-infected women. . For dichotomized
outcomes of rapidly declining kidney function, the high 1L-18 tertile identified a group of
women with approximately 40%, 90%, and 110% higher adjusted risks for the thresholds of
3%, 5%, and 10% annual decline, respectively. In the general population, rates of kidney
decline of 3 ml/min/1.73m? per year or 5% annual decline have been shown to have
independent associations with death and CVD.39-41

Our findings differed somewhat between our primary analyses using cystatin C as the
outcome and our secondary analyses using eGFRcr. In the continuous variable model,
biomarker associations with eGFRcys were stronger in magnitude than with eGFRcr. IL-18
was the tubular injury marker with the strongest associations with dichotomous eGFRcys
outcomes in both HIV-infected and uninfected participants. In analyses of eGFRcr decline,
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KIM-1 had stronger overall associations than I1L-18. Although the cystatin C and creatinine
results differed, we believe that they mutually reinforce the overall finding that urine
markers of tubular injury can signal risk for declining kidney function among women with
or without HIV-infection.

These findings have potential implications for the clinical care of patients with HIV
infection. Current strategies for monitoring the impact of HIV on the kidney rely primarily
on surveillance with serum creatinine concentrations, which are an indicator of glomerular
filtration rate rather than injury. The effectiveness of antiretroviral therapy for preventing
kidney complications could potentially be monitored by specific kidney injury biomarkers,
such as ACR, IL-18, and KIM-1. Another application of these biomarkers could be for
surveillance of toxicity from antiretroviral medications such as tenofovir.*2 The specimens
in this study were collected in 1999-2000, prior to the widespread use of tenofovir. These
biomarkers are already used in animal studies to detect drug toxicity.*3 Future studies should
evaluate whether an injury marker panel can detect reversible medication-related injury in
humans. Finally, kidney injury biomarkers could be used to guide the intensity of risk factor
control, such as systolic blood pressure and glycemia targets in order to mitigate ongoing
damage to the kidney. Thus, urine biomarkers and plasma filtration markers may be useful
to capture the processes of kidney injury and functional decline in the setting of HIV
infection.

There are several notable limitations in this study. First, our urine injury markers were
measured only at baseline, and were obtained from specimens collected over a decade prior
to analysis. However, we believe that any protein degradation would have biased our study
toward null results. Second, we used a kidney filtration marker instead of direct GFR
measures; however, measured GFR is rarely utilized in clinical research or practice.** Our
cystatin C measures were conducted concurrently from all three visits, and had excellent
precision; however, creatinine measures were conducted in multiple labs and at different
time periods. Furthermore, we cannot be certain whether or not our findings apply to HIV-
infected or uninfected men, though we have no reason to expect different biology in men.
Since tenofovir was not used extensively at the time of our urine collections, we cannot
evaluate any effect of tenofovir on kidney injury. Finally, we prioritized measures in the
HIV-infected participants, and thus had limited statistical power among the HIV-uninfected.

In conclusion, our study has made novel observations that specific urine biomarkers for
tubular injury can forecast subsequent declines in kidney function. Future research should
determine whether changes in the biomarkers are accompanied by parallel changes in kidney
function, and the specific risk factors for increases in each injury marker. An additional
objective should be to determine the role of urine injury biomarkers for predicting kidney
function decline in broader samples of the general population. Although our results are
promising, the above steps in research are critical to complete prior to the biomarkers being
used in clinical medicine.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding Sources. The WIHS Kidney Aging Study is funded by grant 1IR01AG034853-01A2 (PI Shlipak), which
was administered by the Northern California Institute for Research and Education, and with resources of the
Veterans Affairs Medical Center, San Francisco, California. Data in this manuscript were collected by the Women's
Interagency HIV Study (WIHS) Collaborative Study Group with centers (Principal Investigators) at New York
City/Bronx Consortium (Kathryn Anastos); Brooklyn, NY (Howard Minkoff); Washington DC Metropolitan

J Acquir Immune Defic Synadr. Author manuscript; available in PMC 2013 December 15.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Shlipak et al.

Page 9

Consortium (Mary Young); The Connie Wofsy Study Consortium of Northern California (Ruth Greenblatt); Los
Angeles County/Southern California Consortium (Alexandra Levine); Chicago Consortium (Mardge Cohen); Data
Coordinating Center (Stephen Gange). The WIHS is funded by the National Institute of Allergy and Infectious
Diseases (UO1-Al-35004, UO1-Al-31834, UO1-Al-34994, UO1-Al-34989, UO1-Al-34993, and UO1-Al-42590)
and by the Eunice Kennedy Shriver National Institute of Child Health and Human Development (UO1-HD-32632).

Th

e study is co-funded by the National Cancer Institute, the National Institute on Drug Abuse, and the National

Institute on Deafness and Other Communication Disorders. Funding is also provided by the National Center for

Re!

search Resources (UCSF-CTSI Grant Number UL1 RR024131). The contents of this publication are solely the

responsibility of the authors and do not necessarily represent the official views of the National Institutes of Health.

References
1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Lucas GM, Mehta SH, Atta MG, et al. End-stage renal disease and chronic kidney disease in a
cohort of African-American HIV-infected and at-risk HIV-seronegative participants followed
between 1988 and 2004. Aids. Nov 30; 2007 21(18):2435-2443. [PubMed: 18025880]

. [Accessed July 28, 2009] United States Renal Data System. 2009. http://www.usrds.org
. Choi Al, Li Y, Deeks SG, Grunfeld C, Volberding PA, Shlipak MG. Association between kidney

function and albuminuria with cardiovascular events in HIV-infected persons. Circulation. Feb 9;
2010 121(5):651-658. [PubMed: 20100969]

. George E, Lucas GM, Nadkarni GN, Fine DM, Moore R, Atta MG. Kidney function and the risk of

cardiovascular events in HIV-1-infected patients. AIDS. Jan 28; 2010 24(3):387-394. [PubMed:
20019575]

. Wyatt CM, Hoover DR, Shi Q, et al. Microalbuminuria Is Associated With All-Cause and AIDS

Mortality in Women With HIV Infection. J Acquir Immune Defic Syndr. Jan 21.2010

. Szczech LA, Hoover DR, Feldman JG, et al. Association between renal disease and outcomes

among HIV-infected women receiving or not receiving antiretroviral therapy. Clin Infect Dis. Oct
15; 2004 39(8):1199-1206. [PubMed: 15486845]

. Wu I, Parikh CR. Screening for kidney diseases: older measures versus novel biomarkers. Clin J Am

Soc Nephrol. Nov; 2008 3(6):1895-1901. [PubMed: 18922990]

. Stevens LA, Coresh J, Greene T, Levey AS. Assessing kidney function--measured and estimated

glomerular filtration rate. N Engl J Med. Jun 8; 2006 354(23):2473-2483. [PubMed: 16760447]

. Odden MC, Scherzer R, Bacchetti P, et al. Cystatin C level as a marker of kidney function in human

immunodeficiency virus infection: the FRAM study. Arch Intern Med. Nov 12; 2007 167(20):2213—
2219. [PubMed: 17998494]

Longenecker CT, Scherzer R, Bacchetti P, Lewis CE, Grunfeld C, Shlipak MG. HIV viremia and
changes in kidney function. AIDS. Jun 1; 2009 23(9):1089-1096. [PubMed: 19352136]

Choi A, Scherzer R, Bacchetti P, et al. Cystatin C, albuminuria, and 5-year all-cause mortality in
HIV-infected persons. Am J Kidney Dis. Nov; 2010 56(5):872-882. [PubMed: 20709438]
Szczech LA, Grunfeld C, Scherzer R, et al. Microalbuminuria in HIV infection. Aids. May 11;
2007 21(8):1003-1009. [PubMed: 17457094]

Ross MJ, Klotman PE. Recent progress in HIV-associated nephropathy. J Am Soc Nephrol. Dec;
2002 13(12):2997-3004. [PubMed: 12444220]

Bruggeman LA, Ross MD, Tanji N, et al. Renal epithelium is a previously unrecognized site of
HIV-1 infection. J Am Soc Nephrol. Nov; 2000 11(11):2079-2087. [PubMed: 11053484]
Winston JA, Bruggeman LA, Ross MD, et al. Nephropathy and establishment of a renal reservoir
of HIV type 1 during primary infection. N Engl J Med. Jun 28; 2001 344(26):1979-1984.
[PubMed: 11430327]

Wyatt CM, Morgello S, Katz-Malamed R, et al. The spectrum of kidney disease in patients with
AIDS in the era of antiretroviral therapy. Kidney Int. Dec 3.2008

Bolignano D, Coppolino G, Campo S, et al. Neutrophil gelatinase-associated lipocalin in patients
with autosomal-dominant polycystic kidney disease. Am J Nephrol. 2007; 27(4):373-378.
[PubMed: 17570904]

Barkan SE, Melnick SL, Preston-Martin S, et al. WIHS Collaborative Study Group. The Women's
Interagency HIV Study. Epidemiology. Mar; 1998 9(2):117-125. [PubMed: 9504278]

J Acquir Immune Defic Synadr. Author manuscript; available in PMC 2013 December 15.


http://www.usrds.org

1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Shlipak et al.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 10

Bacon MC, von Wyl V, Alden C, et al. The Women's Interagency HIV Study: an observational
cohort brings clinical sciences to the bench. Clin Diagn Lab Immunol. Sep; 2005 12(9):1013—
1019. [PubMed: 16148165]

Chaturvedi S, Farmer T, Kapke GF. Assay validation for KIM-1: human urinary renal dysfunction
biomarker. Int J Biol Sci. 2009; 5(2):128-134. [PubMed: 19173034]

Bennett M, Dent CL, Ma Q, et al. Urine NGAL predicts severity of acute kidney injury after
cardiac surgery: a prospective study. Clin J Am Soc Nephrol. May; 2008 3(3):665-673. [PubMed:
18337554]

Odden MC, Scherzer R, Bacchetti P, et al. Cystatin C level as a marker of kidney function in
human immunodeficiency virus infection: the FRAM study. Arch Intern Med. 2007; 167:2213—
2219. [PubMed: 17998494]

Inker LA, Eckfeldt J, Levey AS, et al. Expressing the CKD-EPI (Chronic Kidney Disease
Epidemiology Collaboration) Cystatin C Equations for Estimating GFR With Standardized Serum
Cystatin C Values. Am J Kidney Dis. Aug 18.2011

Stevens LA, Coresh J, Schmid CH, et al. Estimating GFR using serum cystatin C alone and in
combination with serum creatinine: a pooled analysis of 3,418 individuals with CKD. Am J
Kidney Dis. Mar; 2008 51(3):395-406. [PubMed: 18295055]

Gilks, WR.; Richardson, S.; Spiegehalter, DJ. Markov chain Monte Carlo in practice. London:
Chapman & Hall; 1996.

Kenward MG. A Method for Comparing Profiles of Repeated Measurements. J Royal Statist Soc
Ser C. 1987; 36(No. 3):296-308.

Robins JM, Finkelstein DM. Correcting for noncompliance and dependent censoring in an AIDS
Clinical Trial with inverse probability of censoring weighted (IPCW) log-rank tests. Biometrics.
Sep; 2000 56(3):779-788. [PubMed: 10985216]

Lucas GM, Lau B, Atta MG, Fine DM, Keruly J, Moore RD. Chronic kidney disease incidence,
and progression to end-stage renal disease, in HIV-infected individuals: a tale of two races. J
Infect Dis. Jun 1; 2008 197(11):1548-1557. [PubMed: 18422458]

Ando M, Yanagisawa N, Ajisawa A, Tsuchiya K, Nitta K. Kidney tubular damage in the absence
of glomerular defects in HIV-infected patients on highly active antiretroviral therapy. Nephrol
Dial Transplant. Oct; 2011 26(10):3224-3229. [PubMed: 21372250]

Peralta CA, Katz R, Bonventre JV, et al. The Associations of Urinary Levels of Kidney Injury
Molecule-1 (KIM-1) and Neutrophil Gelatinase-Associated Lipocalin (NGAL) with Kidney
Function Decline in the Multi-Ethnic Study of Atherosclerosis (MESA). Am J Kidney Dis. In
press.

Bhavsar NA, Kottgen A, Coresh J, Astor BC. Neutrophil Gelatinase-Associated Lipocalin (NGAL)
and Kidney Injury Molecule 1 (KIM-1) as Predictors of Incident CKD Stage 3: The
Atherosclerosis Risk in Communities (ARIC) Study. Am J Kidney Dis. Apr 27.2012

Melnikov VY, Ecder T, Fantuzzi G, et al. Impaired IL-18 processing protects caspase-1-deficient
mice from ischemic acute renal failure. J Clin Invest. May; 2001 107(9):1145-1152. [PubMed:
11342578]

Melnikov VY, Faubel S, Siegmund B, Lucia MS, Ljubanovic D, Edelstein CL. Neutrophil-
independent mechanisms of caspase-1- and 1L-18-mediated ischemic acute tubular necrosis in
mice. J Clin Invest. Oct; 2002 110(8):1083-1091. [PubMed: 12393844]

Bonventre JV. Kidney injury molecule-1 (KIM-1): a urinary biomarker and much more. Nephrol
Dial Transplant. Nov; 2009 24(11):3265-3268. [PubMed: 19318357]

Belcher JM, Edelstein CL, Parikh CR. Clinical applications of biomarkers for acute kidney injury.
Am J Kidney Dis. Jun; 2011 57(6):930-940. [PubMed: 21411200]

Parikh CR, Lu JC, Coca SG, Devarajan P. Tubular proteinuria in acute kidney injury: a critical
evaluation of current status and future promise. Ann Clin Biochem. Jul; 2010 47(Pt 4):301-312.
[PubMed: 20511371]

Parikh CR, Devarajan P, Zappitelli M, et al. Postoperative biomarkers predict acute kidney injury
and poor outcomes after adult cardiac surgery. J Am Soc Nephrol. Sep; 2011 22(9):1748-1757.
[PubMed: 21836143]

J Acquir Immune Defic Synadr. Author manuscript; available in PMC 2013 December 15.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Shlipak et al.

38.

39.

40.

41.

42.

43.

44,

Page 11

Paragas N, Qiu A, Zhang Q, et al. The Ngal reporter mouse detects the response of the kidney to
injury in real time. Nat Med. Feb; 2011 17(2):216-222. [PubMed: 21240264]

Rifkin DE, Shlipak MG, Katz R, et al. Rapid kidney function decline and mortality risk in older
adults. Arch Intern Med. Nov 10; 2008 168(20):2212-2218. [PubMed: 19001197]

Shlipak MG, Katz R, Kestenbaum B, et al. Rapid decline of kidney function increases
cardiovascular risk in the elderly. J Am Soc Nephrol. Dec; 2009 20(12):2625-2630. [PubMed:
19892934]

Matsushita K, Selvin E, Bash LD, Franceschini N, Astor BC, Coresh J. Change in estimated GFR
associates with coronary heart disease and mortality. J Am Soc Nephrol. Dec; 2009 20(12):2617-
2624. [PubMed: 19892932]

Scherzer R, Estrella M, Li Y, et al. Association of tenofovir exposure with kidney disease risk in
HIV infection. AIDS. Apr 24; 2012 26(7):867-875. [PubMed: 22313955]

Vasan RS. Biomarkers of cardiovascular disease: molecular basis and practical considerations.
Circulation. May 16; 2006 113(19):2335-2362. [PubMed: 16702488]

Hsu CY, Propert K, Xie D, et al. Measured GFR does not outperform estimated GFR in predicting
CKD-related complications. J Am Soc Nephrol. Oct; 2011 22(10):1931-1937. [PubMed:
21921144]

J Acquir Immune Defic Synadr. Author manuscript; available in PMC 2013 December 15.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1X3]-){Jewtarems

Shlipak et al.

Page 12
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ACR | IL-18 | KIM-1 | NGAL

Additional Adjustment for Other
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Figure 1. Multivariable-Adjusted Associations of Urine Biomarkerswith Annual Changein
eGFRcys (mL/min/1.73m2) in 908 WIHS HIV-Infected Participants

Note: Estimates are highest versus lowest biomarker tertile. Tertile 1 is reference category,
and represents those with lowest amount of biomarker; Tertile 3 results shown. Cutoff points
for biomarker tertiles are as follows: ACR T1: <7.1 mg/g, T2: 7.1-15.8 mg/g, T3: >15.8 mg/
g; IL-18 T1: <81 pg/mL, T2: 81-196 pg/mL, T3: >196 pg/mL; KIM-1 T1: <319 pg/mL, T2:
319-723 pg/mL, T3: >723 pg/mL; NGAL T1: <22 ng/mL, T2: 22-57 ng/mL, T3: >57 ng/
mL. Results reported as estimated annual change in eGFR from baseline in mL/min/1.73m?
(95% confidence interval). Demographic-adjusted model includes single biomarker, age,
and ethnicity. Single injury marker multivariable model includes age, ethnicity, traditional
kidney risk factors, HIV-related risk factors, and ACR. Additional adjustment for other
injury biomarker model includes single injury biomarker multivariable model and all 4
markers.
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Injury Biomarkers
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Figure 2. Multivariable-Adjusted Associations of Urine Biomarkerswith Annual Changein
eGFRcys (mL/min/1.73m2) in 289 WIHS Uninfected Participants

Tertile 1 is reference category, and represents those with lowest amount of biomarker;
Tertile 3 results shown. Cutoff points for biomarker tertiles are as follows: ACR T1: <6.1
mg/g, T2: 6.1-10.0 mg/g, T3: >10.0 mg/g; IL-18 T1: <53 pg/mL, T2: 53-132 pg/mL, T3:
>132 pg/mL; KIM-1 T1: <272 pg/mL, T2: 272-645 pg/mL, T3: >645 pg/mL; NGAL T1:
<21 ng/mL, T2: 21-53 ng/mL, T3: >53 ng/mL. Results reported as estimated annual change
in eGFR from baseline in mL/min/1.73m? (95% confidence interval). Demographic-adjusted
model includes single biomarker, age, and ethnicity. Single injury marker multivariable
model includes age, ethnicity, traditional kidney risk factors, and ACR. Additional
adjustment for other injury biomarker model includes single injury biomarker multivariable
model and all 4 markers.
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Table 1
Baseline Characteristics of HIV-Infected and Uninfected Women in WIHS Cystatin C
Study

Characteristic HIV-Infected (N =1,032) HIV-Uninfected (N=371) P Value
Baseline Age, years 41 (36-45) 38 (32-44) <0.0001

<30 65 (6%) 62 (17%)

30-40 411 (40%) 145 (39%)

40-50 456 (44%) 130 (35%)

>50 100 (10%) 34 (9%)
Race

African American 610 (59%) 228 (61%) 0.09

Caucasian 198 (19%) 53 (14%)

Other 224 (22%) 90 (24%)
History of Coronary Artery Disease 202 (20%) 41 (11%) <0.0001
Cigarette Smoking

At Baseline 542 (53%) 221 (60%) 0.063

Past 246 (24%) 73 (20%)

Never 244 (24%) 77 (21%)
Diabetes Mellitus 102 (10%) 39 (11%) 0.76
Systolic Blood Pressure, mmHg 118 (108-128) 119 (109-130) 0.079
Diastolic Blood Pressure, mmHg 72 (66-80) 72 (68-80) 0.68
Hypertension 254 (25%) 92 (25%) 0.94
Antihypertensive Use 115 (11%) 38 (10%) 0.70
LDL, mg/dL 101 (78-129) 104 (84-129) 0.13
HDL, mg/dL 44 (35-56) 51 (42-62) <0.0001
Triglycerides, mg/dL 131 (91-192) 97 (69-142) <0.0001
Body Mass I ndex, kg/m? 27 (23-31) 29 (24-36) <0.0001
Waist Circumference, cm 88 (80-99) 92 (80-104) 0.0058
Hepatitis C 315 (31%) 67 (18%) <0.0001
Baseline Heroin Use 48 (5%) 28 (8%) 0.044
Baseline HAART Use 596 (58%)
Baseline NRTI Use 671 (65%)
Basdline NNRT! Use 276 (27%)

Baseline Pl Use
Baseline CD4
Nadir CD4

History of AIDS™
Plasma HIV RNA
<80
81-1,999
2,000-9,999
>10,000
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Characteristic HIV-Infected (N=1,032) HIV-Uninfected (N=371) P Value
eGFR Cystatin, ml/min/1.73m? 89 (75-105) 105 (91-119) <0.0001

Data are presented as Median (Interquartile Range) or numbers (percent).

*
Defined by CD4 count or opportunistic infection.

Abbreviations. Women's Interagency HIV Study (WIHS), Highly Active Antiretroviral Therapy (HAART), nucleoside reverse transcriptase
inhibitor (NRTI), nonnucleoside reverse transcriptase inhibitor (NNRTI), protease inhibitor (PI), estimated glomerular filtration rate (eGFR)

J Acquir Immune Defic Synadr. Author manuscript; available in PMC 2013 December 15.
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