
UCSF
UC San Francisco Previously Published Works

Title
Association of HIV Infection with Biomarkers of Kidney Injury and Fibrosis in the Multicenter 
AIDS Cohort Study

Permalink
https://escholarship.org/uc/item/4wv4v39p

Journal
Antiviral Therapy, 22(5)

ISSN
1359-6535

Authors
Jotwani, Vasantha
Scherzer, Rebecca
Estrella, Michelle M
et al.

Publication Date
2017-07-01

DOI
10.3851/imp3124
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4wv4v39p
https://escholarship.org/uc/item/4wv4v39p#author
https://escholarship.org
http://www.cdlib.org/


Association of HIV infection with biomarkers of kidney injury 
and fibrosis in the Multicenter AIDS Cohort Study

Vasantha Jotwani1,2, Rebecca Scherzer1,2, Michelle M. Estrella3, Lisa P. Jacobson4, Mallory 
D. Witt5, Frank Palella6, Ken Ho7, Michael Bennett8, Chirag R Parikh9,10, Joachim H Ix11,12, 
and Michael Shlipak1,2

1Department of Medicine, San Francisco VA Medical Center, San Francisco, USA

2Kidney Health Research Collaborative, San Francisco VA Medical Center and University of 
California, San Francisco, USA

3Department of Medicine, Johns Hopkins School of Medicine, Baltimore, USA

4Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, USA

5Division of HIV Medicine, Department of Medicine, Harbor-UCLA Medical Center and the Los 
Angeles Biomedical Research Institute at Harbor-UCLA, Torrance, USA

6Division of Infectious Diseases, Department of Medicine, Northwestern University, Chicago, USA

7Division of Infectious Diseases, Department of Medicine, University of Pittsburgh, Pittsburgh, 
USA

8Division of Nephrology and Hypertension, Cincinnati Children’s Hospital Medical Center, 
Cincinnati, USA

9Section of Nephrology, Department of Medicine, Yale University, New Haven, USA

10Program of Applied Translational Research, Yale University, New Haven, USA

11Division of Nephrology-Hypertension, Department of Medicine, University of California, San 
Diego, USA

12Nephrology Section, Veterans Affairs San Diego Healthcare System, USA

Abstract

Background—Chronic kidney disease (CKD) is common among HIV-infected individuals, but 

serum creatinine is insensitive for detecting kidney damage at early stages. We hypothesized that 

HIV infection would be associated with elevations in subclinical markers of kidney injury and 

fibrosis in a contemporary cohort of men.

Methods—In this cross-sectional study, we measured urine levels of interleukin-18 (IL-18), 

kidney injury molecule-1 (KIM-1), pro-collagen type III N-terminal pro-peptide (PIIINP), and 
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albumin-creatinine ratio (ACR) in 813 HIV-infected and 331 uninfected men enrolled in the 

Multicenter AIDS Cohort Study.

Results—Median eGFR was 95 ml/min/1.73m2 among African-Americans (n=376) and 87 

ml/min/1.73m2 among Caucasians (n=768). Among HIV-infected men, the median CD4 

lymphocyte count was 572 cells/mm3 and 76% of men had undetectable HIV RNA levels. After 

multivariable adjustment for traditional CKD risk factors including eGFR, HIV infection was 

associated with 52% higher urine IL-18 (95% CI: 33%, 73%), 44% higher KIM-1 (27%, 64%), 

30% higher PIIINP (15%, 47%), and 84% higher ACR (54%, 120%), with similar effect sizes 

among African-Americans and Caucasians (p>0.2 for tests of interaction by race). These 

associations remained statistically significant in analyses that excluded persons with detectable 

HIV RNA levels and in models that adjusted for cumulative exposure to tenofovir disoproxil 

fumarate.

Conclusions—Compared with uninfected men, HIV-infected men had more extensive 

glomerular and tubulointerstitial damage, as assessed by urine biomarkers. Future studies should 

evaluate whether combinations of biomarkers can be used to monitor stages of kidney injury and 

to predict CKD risk in HIV-infected individuals.

Introduction

In parallel with advances in survival with HIV infection, chronic kidney disease (CKD) has 

become a common comorbidity.1 Early in the HIV epidemic, HIV-associated 

nephropathy2–4 was characterized by heavy proteinuria and rapid progression to end-stage 

renal disease (ESRD). HIVAN almost exclusively affected persons of African descent in 

whom HIV infection was poorly controlled. By contrast, CKD in the contemporary era of 

antiretroviral therapy (ART) is frequently observed among individuals with reconstituted 

immune systems and suppressed HIV viremia. Additionally, the burden of CKD in the HIV-

infected population is no longer limited to persons of African descent.5–7 Because kidney 

biopsy is performed in only a subset of individuals, the etiology of CKD is often unknown, 

and attributed to a variety of clinical risk factors including nephrotoxic antiretroviral therapy, 

concomitant chronic hepatitis C virus (HCV) infection, and comorbid conditions such as 

diabetes mellitus and hypertension.8–11 Kidney damage is frequently undetected for many 

years, due to clinical reliance on serum creatinine and proteinuria measurements.12

Earlier detection of kidney injury can improve our understanding of HIV-related kidney 

disease and enable intervention when injury is still reversible. In the Women’s Interagency 

HIV Study (WIHS), we previously found that HIV-infected women had higher urine levels 

of two novel proximal tubular injury markers, interleukin-18 (IL-18) and kidney injury 

molecule-1 (KIM-1), as compared with uninfected women, and that urine IL-18 and KIM-1 

predicted longitudinal kidney function decline and mortality in HIV-infected 

participants.13–15 We also found that poor HIV control, reflected by lower CD4 lymphocyte 

counts and higher HIV RNA levels, and HCV coinfection were associated with more 

extensive proximal tubular injury. However, the WIHS cohort was designed to be 

representative of the urban HIV epidemic among women in the United States;16 fewer than 

one-third of the HIV-infected women in our prior studies were virally suppressed at the time 

of urine collection in 1999–2000. Consequently, these results may not be generalizable to 
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the broader HIV-infected population. Additionally, the study was conducted before the 

widespread use of tenofovir disoproxil fumarate (TDF), which has been associated with 

Fanconi’s syndrome, acute kidney injury, proteinuria and CKD.17–19

The primary objective of this study was to evaluate whether or not HIV infection is 

associated with kidney injury in a contemporary cohort of men. We performed a cross-

sectional study of HIV-infected and uninfected men enrolled in the Multicenter AIDS 

Cohort Study, evaluating the associations of HIV infection with four urine biomarkers: IL-18 

and KIM-1, markers of proximal tubular injury; pro-collagen type III N-terminal pro-peptide 

(PIIINP), a marker of tubulointerstitial fibrosis; and albumin-creatinine ratio (ACR), a 

traditional marker of glomerular injury. We also performed race-stratified analyses to 

evaluate the effects of HIV on kidney injury among African Americans and Caucasians 

separately, based on established differences in kidney risk.6,7,20 Finally, we identified 

clinical factors associated with higher biomarker levels among HIV-infected participants.

Methods

Study Population and Design

The Multicenter AIDS Cohort Study (MACS) is a prospective cohort study designed to 

describe the epidemiology and natural history of HIV infection among men who have sex 

with men. A total of 6,972 HIV-infected and uninfected men were enrolled between 1984 

and 2003 from four sites in the United States: Baltimore, Chicago, Los Angeles and 

Pittsburgh.21 Participants attend semiannual visits that include standardized questionnaires, a 

physical examination, and collection of laboratory specimens.

The MACS Kidney Study was designed as a nested cohort study to investigate the onset and 

progression of kidney disease among HIV-infected men, using stored urine and serum 

samples. Urine specimens were refrigerated immediately after collection, and centrifuged at 

5000xg to remove cellular debris. The supernatant was aliquoted into 1cc vials and then 

stored at −80°C until biomarker measurement. A total of 1,234 participants underwent urine 

collection between October 1, 2009 and September 30, 2011. This cross-sectional study of 

kidney injury included all 1,144 men who were of self-reported African-American or 

Caucasian race, and had available urine biomarker measurements from this time period.

The institutional review boards of participating institutions approved the study protocol, and 

informed consent was obtained from all study participants. This study was also approved by 

the University of California, San Francisco, San Francisco VA Medical Center, and Johns 

Hopkins University committees on human research.

Urine Biomarkers

The outcomes of this study were urine levels of four biomarkers: IL-18, KIM-1, PIIINP, and 

ACR. Biomarker levels 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).22 Urine PIIINP was measured by a commercially available ELISA (USCN Life 
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Sciences, Wuhan, Hubei, China). 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%; PIIINP, <10%; 

albumin, 5.9%; and creatinine, 4.1%. 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 participants’ clinical information.

Covariates

The following demographic and clinical characteristics were tested as candidate covariates 

in multivariable models: age, race/ethnicity, diabetes mellitus (fasting glucose ≥126mg/dL; 

hemoglobin A1c ≥6.5%; or self-reported history of diabetes and diabetes medication use), 

systolic and diastolic blood pressure, hypertension (systolic blood pressure >140 mmHg or 

diastolic blood pressure >90 mmHg; or self-reported history of hypertension and 

antihypertensive medication use), cigarette smoking status (current, past, or never), LDL and 

HDL cholesterol, triglycerides, body mass index (BMI), waist circumference, and hepatitis 

C virus (HCV) infection (confirmed by detectable HCV RNA following a positive HCV 

antibody result). Candidate HIV-related characteristics included: current CD4 lymphocyte 

count, nadir CD4 lymphocyte count, history of clinical AIDS diagnosis,23 current and peak 

plasma HIV RNA levels, time-averaged historical HIV RNA level, and cumulative TDF 

exposure. Glomerular filtration rate was estimated using the CKD-EPI equation for 

creatinine (eGFR).24 CKD was defined by an eGFR<60ml/min/1.73m2. Multiple imputation 

with the Markov chain Monte Carlo method was used to impute missing covariates, with 5 

imputations to yield ~95% relative efficiency.25

Statistical Analysis

We compared race-stratified demographic and clinical characteristics of HIV-infected and 

uninfected participants using the Mann-Whitney U and Fisher’s exact tests for continuous 

and categorical variables, respectively. Next, we used multivariable robust regression models 

with M-estimation and Huber weighting26 to evaluate the associations of HIV infection with 

each biomarker outcome. Due to their right-skewed distributions, biomarker outcomes were 

log-transformed to normalize their distributions; results were back-transformed to produce 

estimated percentage differences. Models were adjusted sequentially for demographics, 

traditional kidney risk factors, and eGFR. Because urine creatinine is susceptible to bias by 

muscle mass and health status, we analyzed urine IL-18, KIM-1, and PIIINP without 

indexing to urine creatinine. In separate analyses, we adjusted for urine creatinine as a 

covariate to account for urine tonicity, and for ACR to account for clinical evidence of 

glomerular damage. We also used Poisson relative risk regression with a robust variance 

estimator27 to model associations of HIV infection with prevalent microalbuminuria, defined 

using the clinically established ACR threshold of >30mg/g.

To assess for effect modification by race, we stratified analyses by race, and also evaluated 

interactions of HIV with race for each biomarker outcome. To evaluate the effects of HIV 

infection on kidney injury in the absence of clinical CKD, sensitivity analyses were 

restricted to the 1046 individuals with eGFR>60ml/min/1.73m2. We also excluded persons 
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with detectable HIV RNA levels at the time of urine biomarker measurement (n=205), in 

order to evaluate whether HIV infection is associated with biomarker levels despite 

suppressed viremia.

Finally, we performed analyses to compare and quantify associations of demographics, 

traditional and HIV-related risk factors with each biomarker among HIV-infected 

participants. We adjusted for cumulative TDF exposure in the multivariable models, based 

on known clinical associations with nephrotoxicity.9,18,28 Associations of TDF and other 

antiretroviral medications with kidney injury biomarkers are described separately in this 

cohort.29 We used stepwise backward selection with a significance level of α=0.05 to 

remove candidate covariates that were not associated with outcome measures. As an 

alternative model building approach, we used Bayesian model averaging and retained 

predictors with posterior probabilities >35%.30 Models constructed using the two 

approaches were very similar.

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 9.4 (SAS Institute, Inc., Cary, NC).

Results

Study population by race and HIV status

Median age was 52 among the 813 HIV-infected participants and 55 among the 331 

uninfected participants. Approximately one-third of the HIV-infected (n=274) and 

uninfected (n=102) participants were African-American (Table 1). Diabetes mellitus and 

hypertension were prevalent in approximately one-sixth and one-half of participants, 

respectively, and three-quarters of participants were current or former smokers. HCV 

coinfection was far more common among African-Americans (23%) than in Caucasians 

(4%). The median eGFR was 95 mL/min/1.73 m2 in African-Americans and 87 in 

Caucasians, and showed little difference by HIV serostatus within each racial group.

Among the HIV-infected participants, median CD4 lymphocyte counts were 560 and 580 

cells/mm3 in African-Americans and Caucasians, respectively; HIV RNA levels were 

undetectable in 64% of African-Americans and 88% of Caucasians. The prevalence of TDF 

use among HIV-infected participants was 63% at the time of urine biomarker measurement, 

and did not differ by race. Median duration of TDF exposure was 2.3 years in African-

Americans and 3.4 years in Caucasians.

Associations of HIV infection with kidney injury biomarkers

Median urine levels of IL-18, KIM-1, PIIINP, and ACR were higher among HIV-infected 

participants, compared with uninfected participants, among both African-American and 

Caucasian men (Figure 1). After controlling for traditional kidney risk factors including 

eGFR (Table 2), HIV infection was associated with 52% higher IL-18, 44% higher KIM-1, 

30% higher PIIINP, and 84% higher ACR. HIV infection remained independently associated 

with higher urine IL-18, KIM-1, and PIIINP levels after additional adjustment for ACR and 

urine creatinine levels, although the effect sizes were moderately attenuated.
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Adjustment for cumulative TDF exposure moderately attenuated the associations of HIV 

infection with biomarker levels, but the associations remained statistically significant. In 

models adjusting for demographics, traditional kidney risk factors, and cumulative TDF 

exposure, HIV was associated with 42% higher urine IL-18 (95% CI: 22, 65; p<0.001), 33% 

higher KIM-1 (95% CI: 15, 55; p<0.001), 19% higher PIIINP (95% CI: 3, 37; p=0.015), and 

65% higher ACR (95% CI: 35, 102; p<0.001).

In race-stratified analyses, HIV infection remained strongly associated with higher 

biomarker levels in both African-Americans and Caucasians. There were no statistically 

significant interactions between HIV serostatus and race for the biomarker outcomes (p>0.2 

for tests of interaction). Effect sizes were similar when we restricted analyses to participants 

with eGFR>60ml/min/1.73m2 (Supplemental Table 1), and when we excluded HIV-infected 

participants with detectable HIV RNA levels (Supplemental Table 2).

The prevalence of albuminuria (ACR>30 mg/g) was higher among HIV-infected 

participants, compared with uninfected participants, in both African-Americans (23% vs. 

13%, respectively) and Caucasians (16% vs. 6%, respectively). After adjustment for 

traditional kidney risk factors, HIV infection was associated with a 2-fold prevalence of 

albuminuria among African-Americans (Prevalence ratio=2.1; 95% CI: 1.2, 3.5) and among 

Caucasians (Prevalence ratio=2.5; 95% CI: 1.4, 4.3).

Factors associated with kidney injury biomarkers among HIV-infected men

We then constructed multivariable regression models to identify factors associated with 

kidney injury biomarkers in HIV-infected men (Table 3). Older age (per decade) was 

associated with higher urine levels of all four biomarkers, with the largest effect size seen for 

ACR. African-American race was associated with higher urine levels of IL-18, PIIINP, and 

ACR, but not with urine KIM-1. Among HIV-related characteristics, lower CD4 lymphocyte 

count and HCV coinfection were independently associated with higher levels of all four 

biomarkers. Additionally, higher HIV RNA and lower HDL levels were associated with 

higher urine IL-18, and larger waist circumference was associated with higher urine KIM-1. 

Higher systolic blood pressure, antihypertensive use, higher triglycerides, and current 

smoking were each independently associated with higher ACR.

Discussion

In this cohort of HIV-infected and uninfected men who have sex with men, HIV infection 

was associated with higher urine levels of IL-18, KIM-1, PIIINP, and ACR among African-

Americans and Caucasians, independent of traditional risk factors for kidney disease and 

eGFR. These associations remained statistically significant after adjustment for TDF 

exposure. Among the HIV-infected men in this cohort, predictors of higher levels of all four 

biomarkers included older age, lower CD4 lymphocyte count, and HCV infection. To our 

knowledge, this is the first study to evaluate the associations of HIV infection with these 

specific biomarkers of kidney damage in a large, contemporary cohort of men. In 

combination with our earlier work demonstrating associations of urine IL-18 and KIM-1 

with longitudinal kidney function decline and mortality among HIV-infected women,13,14 

these findings support an ongoing role for HIV infection in the development of kidney 
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injury, even among virally suppressed persons who are receiving effective antiretroviral 

therapy.

In contrast to albuminuria, which is a clinical marker of glomerular injury, urine IL-18, 

KIM-1, and PIIINP are novel biomarkers of tubulointerstitial injury and fibrosis. Originally 

identified as markers of acute kidney injury, IL-18 and KIM-1 are released into the urine by 

injured proximal tubular epithelial cells, with levels rising by several logs of magnitude in 

the setting of ischemic acute tubular necrosis.31,32 By contrast, PIIINP (the amino-terminal 

pro-peptide of type III collagen) is released into urine during deposition of type III collagen 

in the extracellular matrix;33 therefore, urine PIIINP is indicative of ongoing renal fibrotic 

processes. In kidney biopsy series, higher urine PIIINP levels were associated with the 

severity of tubulointerstitial fibrosis.34,35 Additionally, Ix et al. recently found that urine 

PIIINP levels were independently associated with faster CKD progression in a cohort of 

elderly individuals.36 Taken together, our observed associations between HIV infection and 

higher urine IL-18, KIM-1, and PIIINP suggest that HIV infection may promote 

tubulointerstitial injury and fibrosis.

In the setting of HIV infection, tubulointerstitial damage may occur via several potential 

mechanisms. First, the occurrence of direct toxicity to the renal tubular epithelium by HIV-1 

is supported by prior studies demonstrating the presence of HIV-1 in the renal tubular 

epithelium of human kidney biopsy specimens and transgenic murine models of HIV-

associated nephropathy.37–40 Furthermore, there have been reports of HIV-infected 

individuals with undetectable plasma HIV RNA, in whom HIV-1 RNA and DNA remain 

detectable in renal tubular epithelial cells.37,38 In addition to implicating the kidney as a 

reservoir for HIV-1, these observations raise the possibility that the virus continues to exert 

toxicity to tubular epithelial cells during periods of suppressed viremia. Second, 

nephrotoxicity from antiretroviral therapy can occur through multiple mechanisms including 

direct tubular toxicity, acute interstitial nephritis, and crystal-induced obstruction. We 

recently reported that cumulative TDF exposure was associated with higher urine levels of 

IL-18, KIM-1, and PIIINP.29 This finding is consistent with prior literature implicating the 

proximal tubular epithelium as the primary site of TDF-associated injury.17,41,42 Finally, 

recent studies suggest a synergistic effect of HIV/HCV coinfection on kidney injury.10,11,43 

A meta-analysis of 12 clinical trials and observational studies reported that HIV/HCV 

coinfection was associated with a 50% increased risk of incident CKD and a 20% increased 

risk of proteinuria.11 Further studies are needed to elucidate the pathophysiological basis for 

these findings, and to determine whether HCV treatment will mitigate longitudinal kidney 

risk in coinfected individuals.

An important finding of this study is that HIV infection is associated with higher biomarker 

levels among both African-Americans and Caucasians. Large cohort studies of HIV-infected 

individuals have shown that African-Americans have substantially elevated incidence of 

ESRD, when compared with Caucasians, as well as faster progression from CKD to 

ESRD.6,7,20 Recent genetic studies have determined that approximately 10–15% of African-

Americans carry specific high-risk variants on the APOL1 gene, which lead to elevated risks 

for kidney disease.44–46 In a study of HIV-infected African-American women, we reported 

that the high-risk APOL1 genotype was associated with a 2-fold risk of albuminuria and 1.7-
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fold risk of incident CKD over 8 years.47 Consistent with these epidemiologic and genetic 

studies, we found that HIV-infected African-American men had higher urine levels of IL-18, 

PIIINP, and ACR, compared with HIV-infected Caucasians. However, in race-stratified 

analyses, HIV infection was associated with substantially elevated levels of all four 

biomarkers in Caucasians and African-Americans, suggesting that both racial groups are 

susceptible to kidney damage in HIV.

This study has important implications. First, despite the relatively high prevalence of 

individuals with suppressed HIV in this cohort, our findings raise the possibility that kidney 

injury and fibrosis may be ongoing in HIV-infected individuals. Future studies must 

correlate these and other promising urine biomarkers with kidney biopsy specimens, to 

better understand the underlying mechanisms of kidney injury in this population. Second, 

the broad spectrum of HIV-related kidney disease offers a platform for the identification of 

biomarker injury patterns that can guide clinical decision-making. For instance, specific 

combinations of biomarkers may enable clinicians to distinguish drug-induced 

nephrotoxicity from other etiologies of kidney damage, and thereby avoid changes to 

antiretroviral regimens that are not indicated. Finally, improved kidney diagnostics must 

occur in parallel with rigorous evaluation of interventions that slow the progression of 

kidney disease among HIV-infected individuals, such as blood pressure control and renin-

angiotensin system blockade.

There are several limitations to this study. First, the cross-sectional design limits our ability 

to infer causality for the observed associations. Second, this study was limited to men. 

However, our earlier work in the WIHS cohort revealed that HIV-infected women also had 

more extensive kidney injury, relative to uninfected women. Third, we did not have access to 

serum levels of IL-18, KIM-1 and PIIINP. Although IL-18, KIM-1 and PIIINP are not 

known to be filtered or secreted by the kidney, we cannot exclude the possibility that higher 

serum levels contributed to our observations. Fourth, this study was not designed to evaluate 

the potential renoprotective effects of renin-angiotensin system (RAS) blockade. Future 

longitudinal cohort studies and clinical trials are needed to determine whether RAS 

inhibitors are effective treatments for kidney injury in HIV-infected individuals. Finally, 

despite adjustment for multiple potential confounders, the possibility of residual 

confounding exists for the associations of HIV infection with the kidney injury biomarkers.

In conclusion, HIV-infected men had more extensive glomerular and tubulointerstitial 

kidney damage than uninfected men, as assessed by urine biomarker levels. Future studies 

should investigate the utility of screening HIV-infected individuals with a urine biomarker 

panel, in order to identify kidney injury at earlier stages and, ultimately, reduce kidney 

disease burden in this population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding Sources

Jotwani et al. Page 8

Antivir Ther. Author manuscript; available in PMC 2017 November 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The MACS Kidney Study is funded by grant 1 R01 AG034853-01A2 (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 Multicenter AIDS Cohort Study 
(MACS) with centers at Baltimore (U01-AI35042): The Johns Hopkins University Bloomberg School of Public 
Health: Joseph B. Margolick (PI), Jay Bream, Todd Brown, Barbara Crain, Adrian Dobs, Richard Elion, Richard 
Elion, Michelle Estrella, Lisette Johnson-Hill, Sean Leng, Anne Monroe, Cynthia Munro, Michael W. Plankey, 
Wendy Post, Ned Sacktor, Jennifer Schrack, Chloe Thio; Chicago (U01-AI35039): Feinberg School of Medicine, 
Northwestern University, and Cook County Bureau of Health Services: Steven M. Wolinsky (PI), John P. Phair, 
Sheila Badri, Dana Gabuzda, Frank J. Palella, Jr., Sudhir Penugonda, Susheel Reddy, Matthew Stephens, Linda 
Teplin; Los Angeles (U01-AI35040): University of California, UCLA Schools of Public Health and Medicine: 
Roger Detels (PI), Otoniel Martínez-Maza (Co-P I), Aaron Aronow, Peter Anton, Robert Bolan, Elizabeth Breen, 
Anthony Butch, Shehnaz Hussain, Beth Jamieson, Eric N. Miller, John Oishi, Harry Vinters, Dorothy Wiley, 
Mallory Witt, Otto Yang, Stephen Young, Zuo Feng Zhang; Pittsburgh (U01-AI35041): University of Pittsburgh, 
Graduate School of Public Health: Charles R. Rinaldo (PI), Lawrence A. Kingsley (Co-PI), James T. Becker, 
Phalguni Gupta, Kenneth Ho, Susan Koletar, Jeremy J. Martinson, John W. Mellors, Anthony J. Silvestre, Ronald 
D. Stall; Data Coordinating Center (UM1-AI35043): The Johns Hopkins University Bloomberg School of Public 
Health: Lisa P. Jacobson (PI), Gypsyamber D’Souza (Co-PI), Alison, Abraham, Keri Althoff, Jennifer Deal, Priya 
Duggal, Sabina Haberlen, Alvaro Muoz, Derek Ng, Janet Schollenberger, Eric C. Seaberg, Sol Su, Pamela Surkan. 
Institute of Allergy and Infectious Diseases: Robin E. Huebner; National Cancer Institute: Geraldina Dominguez. 
The MACS is funded primarily by the National Institute of Allergy and Infectious Diseases (NIAID), with 
additional co-funding from the National Cancer Institute (NCI), the National Institute on Drug Abuse (NIDA), and 
the National Institute of Mental Health (NIMH). Targeted supplemental funding for specific projects was also 
provided by the National Heart, Lung, and Blood Institute (NHLBI), and the National Institute on Deafness and 
Communication Disorders (NIDCD). MACS data collection is also supported by UL1-TR001079 (JHU ICTR) from 
the National Center for Advancing Translational Sciences (NCATS) a component of the National Institutes of 
Health (NIH), and NIH Roadmap for Medical Research. The contents of this publication are solely the 
responsibility of the authors and do not represent the official views of the National Institutes of Health (NIH), Johns 
Hopkins ICTR, or NCATS. The MACS website is located at http://www.statepi.jhsph.edu/macs/macs.html.

References

1. Wyatt CM, Winston JA, Malvestutto CD, et al. Chronic kidney disease in HIV infection: an urban 
epidemic. Aids. 2007; 21(15):2101–2103. [PubMed: 17885301] 

2. Rao TK, Filippone EJ, Nicastri AD, et al. Associated focal and segmental glomerulosclerosis in the 
acquired immunodeficiency syndrome. The New England journal of medicine. 1984; 310(11):669–
673. [PubMed: 6700641] 

3. Cantor ES, Kimmel PL, Bosch JP. Effect of race on expression of acquired immunodeficiency 
syndrome-associated nephropathy. Archives of internal medicine. 1991; 151(1):125–128. [PubMed: 
1985586] 

4. Lucas GM, Eustace JA, Sozio S, Mentari EK, Appiah KA, Moore RD. Highly active antiretroviral 
therapy and the incidence of HIV-1-associated nephropathy: a 12-year cohort study. Aids. 2004; 
18(3):541–546. [PubMed: 15090808] 

5. Szczech LA, Gupta SK, Habash R, et al. The clinical epidemiology and course of the spectrum of 
renal diseases associated with HIV infection. Kidney international. 2004; 66(3):1145–1152. 
[PubMed: 15327410] 

6. Choi AI, Rodriguez RA, Bacchetti P, Bertenthal D, Volberding PA, O’Hare AM. The impact of HIV 
on chronic kidney disease outcomes. Kidney international. 2007; 72(11):1380–1387. [PubMed: 
17805235] 

7. 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. The Journal 
of infectious diseases. 2008; 197(11):1548–1557. [PubMed: 18422458] 

8. De Wit S, Sabin CA, Weber R, et al. Incidence and risk factors for new-onset diabetes in HIV-
infected patients: the Data Collection on Adverse Events of Anti-HIV Drugs (D:A:D) study. 
Diabetes care. 2008; 31(6):1224–1229. [PubMed: 18268071] 

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

10. Tsui J, Vittinghoff E, Anastos K, et al. Hepatitis C seropositivity and kidney function decline 
among women with HIV: data from the Women’s Interagency HIV Study. American journal of 

Jotwani et al. Page 9

Antivir Ther. Author manuscript; available in PMC 2017 November 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.statepi.jhsph.edu/macs/macs.html


kidney diseases : the official journal of the National Kidney Foundation. 2009; 54(1):43–50. 
[PubMed: 19394735] 

11. Wyatt CM, Malvestutto C, Coca SG, Klotman PE, Parikh CR. The impact of hepatitis C virus 
coinfection on HIV-related kidney disease: a systematic review and meta-analysis. Aids. 2008; 
22(14):1799–1807. [PubMed: 18753863] 

12. 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 international. 2008

13. Shlipak MG, Scherzer R, Abraham A, et al. Urinary markers of kidney injury and kidney function 
decline in HIV-infected women. Journal of acquired immune deficiency syndromes. 2012; 61(5):
565–573. [PubMed: 23023103] 

14. Peralta C, Scherzer R, Grunfeld C, et al. Urinary biomarkers of kidney injury are associated with 
all-cause mortality in the Women’s Interagency HIV Study (WIHS). HIV Med. 2013

15. Jotwani V, Scherzer R, Abraham A, et al. Does HIV infection promote early kidney injury in 
women? Antiviral therapy. 2014; 19(1):79–87.

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

17. Herlitz LC, Mohan S, Stokes MB, Radhakrishnan J, D’Agati VD, Markowitz GS. Tenofovir 
nephrotoxicity: acute tubular necrosis with distinctive clinical, pathological, and mitochondrial 
abnormalities. Kidney international. 2010; 78(11):1171–1177. [PubMed: 20811330] 

18. Rifkin BS, Perazella MA. Tenofovir-associated nephrotoxicity: Fanconi syndrome and renal 
failure. Am J Med. 2004; 117(4):282–284. [PubMed: 15308442] 

19. Hall AM, Hendry BM, Nitsch D, Connolly JO. Tenofovir-associated kidney toxicity in HIV-
infected patients: a review of the evidence. American journal of kidney diseases : the official 
journal of the National Kidney Foundation. 2011; 57(5):773–780. [PubMed: 21435764] 

20. Jotwani V, Li Y, Grunfeld C, Choi AI, Shlipak M. Risk factors for end-stage renal disease in HIV-
infected individuals: traditional and HIV-related factors. AJKD. 2012

21. Kaslow RA, Ostrow DG, Detels R, Phair JP, Polk BF, Rinaldo CR Jr. The Multicenter AIDS 
Cohort Study: rationale, organization, and selected characteristics of the participants. American 
journal of epidemiology. 1987; 126(2):310–318. [PubMed: 3300281] 

22. 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] 

23. Castro, KGWJ., Slutsker, L., et al. 1993 Revised Classification System for HIV Infection and 
Expanded Surveillance Case Definition for AIDS Among Adolescents and Adults. Center for 
Disease Control and Prevention; 1992. 

24. Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomerular filtration rate. 
Annals of internal medicine. 2009; 150(9):604–612. [PubMed: 19414839] 

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

26. Heritier, S., Cantoni, E., Copt, S., Victoria-Feser, MP. Robust methods in Biostatistics. Vol. 825. 
John Wiley & Sons; 2009. 

27. Zou G. A modified poisson regression approach to prospective studies with binary data. American 
journal of epidemiology. 2004; 159(7):702–706. [PubMed: 15033648] 

28. Flandre P, Pugliese P, Cuzin L, et al. Risk factors of chronic kidney disease in HIV-infected 
patients. Clinical journal of the American Society of Nephrology : CJASN. 2011; 6(7):1700–1707. 
[PubMed: 21566114] 

29. Jotwani V, Scherzer R, Estrella MM, et al. Cumulative tenofovir disoproxil fumarate exposure is 
associated with biomarkers of tubular injury and fibrosis in HIV-infected men. Journal of acquired 
immune deficiency syndromes. 2016

30. Hoeting JMD, Raftery A, Volinsky C. Bayesian Model Averaging: A Tutorial. Statistical Science. 
1999; 14:382–401.

31. Parikh CR, Jani A, Melnikov VY, Faubel S, Edelstein CL. Urinary interleukin-18 is a marker of 
human acute tubular necrosis. American journal of kidney diseases : the official journal of the 
National Kidney Foundation. 2004; 43(3):405–414. [PubMed: 14981598] 

Jotwani et al. Page 10

Antivir Ther. Author manuscript; available in PMC 2017 November 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



32. Han WK, Bailly V, Abichandani R, Thadhani R, Bonventre JV. Kidney Injury Molecule-1 
(KIM-1): a novel biomarker for human renal proximal tubule injury. Kidney international. 2002; 
62(1):237–244. [PubMed: 12081583] 

33. Soylemezoglu O, Wild G, Dalley AJ, et al. Urinary and serum type III collagen: markers of renal 
fibrosis. Nephrology, dialysis, transplantation : official publication of the European Dialysis and 
Transplant Association - European Renal Association. 1997; 12(9):1883–1889.

34. Ghoul BE, Squalli T, Servais A, et al. Urinary procollagen III aminoterminal propeptide (PIIINP): 
a fibrotest for the nephrologist. Clinical journal of the American Society of Nephrology : CJASN. 
2010; 5(2):205–210. [PubMed: 20089486] 

35. Teppo AM, Tornroth T, Honkanen E, Gronhagen-Riska C. Urinary amino-terminal propeptide of 
type III procollagen (PIIINP) as a marker of interstitial fibrosis in renal transplant recipients. 
Transplantation. 2003; 75(12):2113–2119. [PubMed: 12829921] 

36. Ix JH, Biggs ML, Mukamal K, et al. Urine Collagen Fragments and CKD Progression-The 
Cardiovascular Health Study. Journal of the American Society of Nephrology : JASN. 2015

37. Bruggeman LA, Ross MD, Tanji N, et al. Renal epithelium is a previously unrecognized site of 
HIV-1 infection. Journal of the American Society of Nephrology : JASN. 2000; 11(11):2079–
2087. [PubMed: 11053484] 

38. Winston JA, Bruggeman LA, Ross MD, et al. Nephropathy and establishment of a renal reservoir 
of HIV type 1 during primary infection. The New England journal of medicine. 2001; 344:1979–
1984. [PubMed: 11430327] 

39. Ross MJ, Bruggeman LA, Wilson PD, Klotman PE. Microcyst formation and HIV-1 gene 
expression occur in multiple nephron segments in HIV-associated nephropathy. Journal of the 
American Society of Nephrology : JASN. 2001; 12(12):2645–2651. [PubMed: 11729233] 

40. Bruggeman LA, Dikman S, Meng C, Quaggin SE, Coffman TM, Klotman PE. Nephropathy in 
human immunodeficiency virus-1 transgenic mice is due to renal transgene expression. The 
Journal of clinical investigation. 1997; 100(1):84–92. [PubMed: 9202060] 

41. Kohler JJ, Hosseini SH, Hoying-Brandt A, et al. Tenofovir renal toxicity targets mitochondria of 
renal proximal tubules. Laboratory investigation; a journal of technical methods and pathology. 
2009; 89(5):513–519. [PubMed: 19274046] 

42. Lebrecht D, Venhoff AC, Kirschner J, Wiech T, Venhoff N, Walker UA. Mitochondrial tubulopathy 
in tenofovir disoproxil fumarate-treated rats. Journal of acquired immune deficiency syndromes. 
2009; 51(3):258–263. [PubMed: 19582894] 

43. Fischer MJ, Wyatt CM, Gordon K, et al. Hepatitis C and the risk of kidney disease and mortality in 
veterans with HIV. Journal of acquired immune deficiency syndromes. 2010; 53(2):222–226. 
[PubMed: 20104121] 

44. Genovese G, Friedman DJ, Ross MD, et al. Association of trypanolytic ApoL1 variants with 
kidney disease in African Americans. Science. 2010; 329(5993):841–845. [PubMed: 20647424] 

45. Tzur S, Rosset S, Shemer R, et al. Missense mutations in the APOL1 gene are highly associated 
with end stage kidney disease risk previously attributed to the MYH9 gene. Human genetics. 2010; 
128(3):345–350. [PubMed: 20635188] 

46. Peralta CA, Bibbins-Domingo K, Vittinghoff E, et al. APOL1 Genotype and Race Differences in 
Incident Albuminuria and Renal Function Decline. Journal of the American Society of 
Nephrology : JASN. 2015

47. Jotwani V, Shlipak MG, Scherzer R, et al. APOL1 Genotype and Glomerular and Tubular Kidney 
Injury in Women With HIV. American journal of kidney diseases : the official journal of the 
National Kidney Foundation. 2015; 65(6):889–898. [PubMed: 25921719] 

Jotwani et al. Page 11

Antivir Ther. Author manuscript; available in PMC 2017 November 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Urine biomarker levels by HIV serostatus in African American and Caucasian MACS 

participants
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