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Abstract

Background: Novel urine biomarkers have enabled the characterization of kidney tubular dysfunction and injury
among persons living with HIV, a population at an increased risk of kidney disease. Even though several urine
biomarkers predict progressive kidney function decline, antiretroviral toxicity, and mortality in the setting of HIV
infection, the relationships among the risk factors for chronic kidney disease (CKD) and urine biomarkers are
unclear.

Methods: We assessed traditional and infection-related CKD risk factors and measured 14 urine biomarkers at
baseline and at follow-up among women living with HIV in the Women’s Interagency Health Study (WIHS). We then
used simultaneously adjusted multivariable linear regression models to evaluate the associations of CKD risk factors
with longitudinal changes in biomarker levels.

Results: Of the 647 women living with HIV in this analysis, the majority (67%) were Black, the median age was 45
years and median follow-up time was 2.5 years. Each traditional and infection-related CKD risk factor was associated
with a unique set of changes in urine biomarkers. For example, baseline hemoglobin a1c was associated with
worse tubular injury (higher interleukin [IL]-18), proximal tubular reabsorptive dysfunction (higher α1-microglobulin),
tubular reserve (lower uromodulin) and immune response to injury (higher chitinase-3-like protein-1 [YKL-40]).
Furthermore, increasing hemoglobin a1c at follow-up was associated with further worsening of tubular injury
(higher kidney injury molecule-1 [KIM-1] and IL-18), as well as higher YKL-40. HCV co-infection was associated with
worsening proximal tubular reabsorptive dysfunction (higher β2-microglobulin [β2m]), and higher YKL-40, whereas
HIV viremia was associated with worsening markers of tubular and glomerular injury (higher KIM-1 and albuminuria,
respectively).
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Conclusions: CKD risk factors are associated with unique patterns of biomarker changes among women living with
HIV, suggesting that serial measurements of multiple biomarkers may help in detecting and monitoring kidney
disease in this setting.
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Introduction
Standard markers of kidney disease, including esti-
mated glomerular filtration rate (eGFR) and albumin-
uria, predominantly reflect glomerular dysfunction
and injury and do not adequately detect kidney tubu-
lar health [1–3]. The tubules are the site of key
physiologic functions including reabsorption and se-
cretion of solutes and fluids to maintain homeostasis,
as well as hormone production and numerous meta-
bolic activities [4–9]. Urine tubule biomarkers have
enabled the characterization of tubular reabsorption
and synthetic functions, injury, reserve, and fibrosis,
allowing a more comprehensive assessment of the
nephron [10, 11]. In addition, several urine bio-
markers are associated with chronic kidney disease
(CKD) onset, rapid declines in kidney function, medi-
cation toxicity and mortality risk, independent of
eGFR and albuminuria [12–21]. However, the rela-
tionship between various CKD risk factors and longi-
tudinal changes in urine biomarker levels is unclear.
CKD risk factors in the setting of HIV infection often

appear in combination and include traditional risk fac-
tors, such as diabetes and hypertension [22], as well as
infection-related risk factors, such as uncontrolled
viremia [23], hepatitis C virus (HCV) co-infection [24],
and exposure to potentially nephrotoxic antiretroviral
therapy (ART) [25]. These risk factors may simultan-
eously cause injury at diverse parts of the nephron. A
critical question for clinical practice is whether we can
utilize changes in urine biomarker levels to discern
which risk factors contribute the most to kidney disease
in an individual patient, and thus inform treatment
decisions.
Ultimately, we envision using this information to de-

velop parsimonious algorithms that integrate longitu-
dinal changes in biomarker levels with clinical data to
better detect and manage kidney disease. However, most
studies to date have predominantly examined the associ-
ation of CKD risk factors with biomarkers cross-
sectionally [26–30]. To advance the kidney biomarker
research field forward we need to ascertain whether
these risk factors contribute to changes in the bio-
markers over time. In this study, we evaluated the asso-
ciation of traditional and infection-related CKD risk
factors with longitudinal changes in urinary biomarkers
among women with HIV in the Women’s Interagency
HIV Study (WIHS).

Methods
Study population and study design
WIHS is an ongoing, longitudinal prospective cohort of
women who are either infected with HIV or considered
at high-risk for acquiring HIV [31, 32]. Briefly, WIHS
initially enrolled a total of 4909 women in 1994–1995
and 2001–2002 from various study sites in the United
States. Standardized questionnaires to obtain sociode-
mographic and clinical information are administered
during semi-annual study visits, as well as physical ex-
aminations and collection of biological specimens. Be-
ginning in 2009, urine samples were collected and stored
annually.
In this nested study within WIHS, we included 647

women living with HIV who had two available serial
urine and serum specimens and with preserved kidney
function (eGFR ≥60ml/min/1.73m2) at the time of the
first specimen collection. The first urine specimen was
collected between October 2009 and March 2011, and
the second urine specimen was collected a median of
2.5 years later. The Institutional Review Board (IRB) at
the University of California San Francisco (UCSF) ap-
proved the study protocol, and informed consent was
obtained from all study participants. All methods were
carried out in accordance with relevant guidelines and
regulations.

Measurement of urine biomarkers of kidney health
Clean catch spot urine specimens were collected at study
visits, refrigerated immediately after collection, and subse-
quently centrifuged. Supernatants were then stored in 1-
mL aliquots at − 80 °C until biomarker measurement was
undertaken, without prior freeze-thaw. We measured 14
urine biomarkers that represent various aspects of kidney
health including: 1) glomerular/ endothelial injury: urine
albumin (Ualb) and osteopontin (OPN); 2) proximal tubu-
lar reabsorptive dysfunction: α1-microglobulin (α1m), β2-
microglobulin (β2m), cystatin C (CysC), and trefoil factor
3 (TFF3); 3) tubular injury: kidney injury molecule-1
(KIM-1), interleukin (IL)-18, clusterin, and neutrophil
gelatinase-associated lipocalin (NGAL); 4) tubular reserve:
uromodulin (UMOD) and epidermal growth factor (EGF);
5) tubulointerstitial injury and fibrosis: monocyte chemo-
attractant protein-1 (MCP-1); and 6) immune response to
injury: chitinase-3-like protein-1 (YKL-40) [10, 33–35].
Several of these biomarkers can be classified into multiple
categories, and the current categorization is simplistic in
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order to facilitate better communication of our results. All
urine biomarkers were measured in duplicates. Urine cre-
atinine was measured using a colorimetric assay (intra-
assay coefficient of variation [CV] 3.3%, RnD Systems,
Minneapolis, MN) and α1m was measured using a com-
mercial assay (CV 4.1%, Siemens BN II Nephelometer,
Munich, Germany). All other urine biomarkers were mea-
sured using multiplex immunoassays from Meso Scale
Discovery (MSD, Rockville, MD). The MSD platform uti-
lizes a proprietary multi-array technology with electroche-
miluminescence detection of biomarkers, and included
Kidney Injury Panel 3 which measured clusterin (CV
8.8%), KIM-1 (CV 4.7%), and TFF-3 (CV 5.3%). Kidney In-
jury Panel 5 measured urine albumin (CV 5.7%), β2m (CV
4.9%), EGF (CV 7.2%), and UMOD (CV 4.0%). A custom
MSD panel was used to measure IL-18 (CV 4.7%) and
YKL-40 (CV 2.5%).

Definitions of CKD risk factors
We categorized candidate CKD risk factors as either
traditional or infection-related. Traditional risk factors
included: 1) age; 2) race (self-reported Black or other vs.
White race); 3) diabetes mellitus; 4) hemoglobin a1c; 5)
history of hypertension; 6) systolic and diastolic blood
pressure; 7) low-density lipoprotein (LDL) and high-
density lipoprotein (HDL); 8) statin use; 9) body mass
index (BMI); and 10) current or past smoking. Infection-
related risk factors included: 1) HCV co-infection; 2)
plasma HIV-1 RNA (current and peak viral load); 3)
CD4+ cell count (current and nadir); 4) serum albumin;
5) any ART use; 6) tenofovir disoproxil fumarate (TDF)
use; 7) ritonavir use; 8) history of AIDS; and 9) duration
of HIV infection.
Consistent with national guideline definitions and with

prior WIHS analyses, diabetes mellitus was defined as:
hemoglobin A1c ≥6.5%, fasting plasma glucose ≥126mg/
dL (7mmol/L) or self-reported history of diabetes on anti-
diabetic medications [36]. Hypertension was defined as:
two consecutive measurements of systolic blood pressure
(SBP) ≥140mmHg, or diastolic blood pressure (DBP) ≥90
mmHg, or self-reported history of hypertension on antihy-
pertensive medications [37]. HCV co-infection was de-
fined as having a positive HCV antibody result confirmed
with detectable HCV RNA. Plasma HIV RNA viral load
was measured using the Roche COBAS AmpliPrep/
COBAS TaqMan HIV-1 Test (LLD of 20 or 48 copies
HIV RNA/mL). Serum creatinine-based eGFR was calcu-
lated using the CKD-EPI equation [38].

Statistical analysis
We summarized demographic and clinical characteristics
at the baseline and follow-up biomarker collection visits
(baseline in 2009–2011 and follow-up [median of 2.5
years later]). We considered baseline CKD risk factors

and changes in these risk factors between biomarker
visits as exposures of interest. Our main outcome of
interest was changes in biomarker levels over time. We
first evaluated associations of CKD risk factors with bio-
marker levels using separate unadjusted linear regression
models with robust Huber-White standard errors. We
then modeled all the CKD risk factors (including both
baseline and changes in risk factors) and all the bio-
markers in combination using the multivariable sparse
group least absolute shrinkage and selection operator
(MSG-LASSO) method for variable selection [39]. This
method is appropriate for settings involving both mul-
tiple predictors and multiple outcomes, and is able to
produce a sparse solution, removing less influential vari-
ables and groups. Finally, we used multivariate simultan-
eous linear equations (constructed with three-stage least
squares), retaining only variables selected by MSG-
LASSO, to account for correlations between urine bio-
markers and to create confidence intervals around the
coefficient for each risk factor/biomarker dyad. This
method is more appropriate than individual regression
models given the inter-relatedness of the biomarkers.
In all models, biomarker concentrations were log-

transformed to normalize their distributions and stan-
dardized to the same scale (mean 0, SD 1), and results
were reported as standardized beta coefficients with 95%
confidence intervals (CIs) to facilitate comparisons be-
tween each CKD risk factor and urine biomarker associ-
ations. For example, an estimate of 0.2 indicates a 1
standard deviation (SD) increase in a CKD risk factor is
associated with a 0.2 SD increase in a biomarker level.
Finally, we controlled for urine creatinine as a separate
covariate, rather than indexing as urine biomarker/cre-
atinine ratios, in all analyses to account for urine ton-
icity. Although our multivariate models mutually
adjusted for multiple CKD risk factors and analyzed all
14 biomarkers in combination, we have summarized 7
key CKD risk factors and 8 biomarkers below which
were selected based on clinical utility and prior literature
showing strong associations with kidney disease. The 7
CKD risk factors included hemoglobin a1c, systolic
blood pressure, serum albumin, HCV, CD4 count, HIV
viral load and TDF duration, while the 8 biomarkers in-
cluded Ualb, α1m, β2m, KIM-1, IL-18, UMOD, EGF and
YKL-40. Full results including all risk factors, covariates
and biomarkers analyzed can be found in Supplemental
Table 1.
Penalized regression was performed using the R package

MSGLasso. All other analyses were performed using the
SAS system, version 9.4 (SAS Institute, Inc., Cary, NC).

Results
Demographic and CKD risk factors at baseline and
follow-up are presented in Table 1. Of the 647 women
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Table 1 Summary of baseline and follow-up demographic and clinical characteristics of women living with HIV included in this
study

Parameter Baseline
n = 647

Follow-up
n = 647

Calendar year, mean ± SD 2009 ± 0.5 2012 ± 0.3

Race and/or ethnicity, N (%)

African American 432 (67%)

Other 100 (15%)

White 115 (18%)

Hispanic 133 (21%)

Age, years, median (IQR) 45 (40, 51) 48 (43, 53)

Smoking, N (%)

Current 249 (38) 229 (35)

Past 210 (32) 232 (36)

Never 188 (29) 186 (29)

Diabetic, N (%) 130 (20) 147 (23)

Hemoglobin A1c, %, median (IQR) 5.6 (5.3, 5.9) 5.7 (5.4, 5.9)

Systolic Blood Pressure, mmHg, median (IQR) 117 (108, 131) 118 (107, 132)

Diastolic Blood Pressure, mmHg, median (IQR) 73 (67, 81) 73 (67, 81)

Hypertension, N (%) 229 (35) 267 (41)

Antihypertensive use, N (%) 171 (26) 213 (33)

LDL, mg/dL, median (IQR) 93 (76, 118) 97 (74, 117)

HDL, mg/dL, median (IQR) 51 (40, 61) 51 (41, 65)

TG, mg/dL, median (IQR) 103 (75, 147) 107 (76, 152)

Statin use, N (%) 93 (14) 109 (17)

History of CVD, N (%) 5 (1) 5 (1)

BMI (kg/m2), median (IQR) 29 (25, 34) 29 (25, 34)

Waist Circumference (cm), median (IQR) 94 (86, 107) 95 (85, 108)

Duration of HIV infection (y), median (IQR) 14 (8, 15) 17 (10, 17)

Current ART, N (%)

Any ART use 487 (75) 548 (85)

NRTI use 483 (75) 537 (83)

NNRTI use 202 (31) 221 (34)

PI use 274 (42) 302 (47)

TDF use 396 (61) 451 (70)

Current CD4, cells/μL, median (IQR) 518 (343, 730) 537 (365, 756)

Nadir CD4, cells/μL, median (IQR) 213 (113, 307) 200 (98, 290)

History of AIDS, N (%) 233 (36) 250 (39)

Plasma HIV RNA < 80 copies/mL, N (%) 386 (60) 447 (69)

Peak HIV RNA > 10 K copies/mL, N (%) 510 (79) 521 (81)

Hepatitis C, N (%) 124 (19) 130 (20)

Heroin use, N (%) 8 (1) 9 (1)

eGFR mL/min/1.73m2, median (IQR) 104 (89, 117) 100 (83, 115)

eGFR < 60 mL/min/1.73m2, N (%) 0 17 (2.6%)

LDL low-density lipoprotein (LDL), HDL high-density lipoprotein, TG triglycerides, BMI Body mass index, ART Antiretroviral therapy, NRTI Nucleoside reverse
transcriptase inhibitors, NNRTI Non-nucleoside reverse transcriptase inhibitors, PI Protease inhibitor, TDF Tenofovir Disoproxil Fumarate, eGFR estimated glomerular
filtration rate
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living with HIV in this analysis, the majority (67%) self-
identified as Black, and the median age at baseline was
45 years (IQR: 40, 51). Median time to second biomarker
measurement was 2.5 years (IQR 2.4–2.5 years). ART
usage was 75% at baseline and 85% at follow-up; other
markers of HIV control such as median CD4 count and
HIV viral load improved over time. However, the pro-
portion of participants with non-infectious comorbidities
including diabetes and hypertension increased in preva-
lence during follow-up. Nearly all participants (97%) had
normal or mildly decreased kidney function by eGFR (>
60ml/min) at both baseline and follow-up.
In our fully adjusted models, we observed that each

traditional CKD risk factor was associated with a distinct
set of urine biomarker changes (Table 2). For example,
baseline hemoglobin a1c was associated with several di-
mensions of worsening kidney health including proximal
tubular reabsorptive dysfunction (higher α1m), tubular
injury (higher IL-18), tubular reserve (lower UMOD)
and immune response to injury (higher YKL-40). Add-
itionally, changes in hemoglobin a1c during follow-up
were simultaneously associated with worsening tubular
injury (higher KIM-1 and IL-18) and immune response
to injury (higher YKL-40). In contrast, baseline systolic
blood pressure was associated with worse markers of
glomerular injury (higher Ualb) and tubular reserve
(lower EGF).

Similar to traditional CKD risk factors, each infection-
related risk factor was associated with unique patterns of
urine biomarker changes (Table 2). For example, base-
line HCV co-infection was associated with worsening
reabsorptive dysfunction (higher β2m) and immune re-
sponse to injury (higher YKL-40), while baseline HIV
viral load was associated with tubular (higher KIM-1)
and glomerular (higher Ualb) injuries. Increasing HIV
viral load during follow-up was additionally associated
with worsening reabsorptive dysfunction (higher β2m)
and tubular injury (higher IL-18). Longer TDF duration
was associated with worsening reabsorptive dysfunction
(higher β2m), but with improving markers of immune
response to injury (lower YKL-40). In contrast, higher
serum albumin concentrations at baseline were associ-
ated with improvement in tubular reabsorptive dysfunc-
tion, immune response and tubular reserve (lower KIM-
1, YKL-40, and higher EGF, respectively), as were in-
creasing serum albumin concentrations over time (lower
α1m, β2m, and higher UMOD). Higher CD4 count at
baseline was associated with improvements in reabsorp-
tive dysfunction, tubular injury, and reserve (lower β2m
and IL-18 and higher UMOD, respectively) and increas-
ing CD4 count at follow-up was associated with im-
proved reabsorptive dysfunction (decreasing α1m and
β2m). Full results including all risk factors, and all bio-
markers analyzed can be found in Supplemental Table 1.

Table 2 Simultaneous multivariable adjusted associations of baseline and follow-up CKD risk factors with longitudinal changes in
urine biomarker levels among HIV-positive women

We modeled biomarkers in combination using the multivariable sparse group least absolute shrinkage and selection operator (MSG-LASSO) method for variable
selection. Red shading indicates worsening marker of kidney markers, while green shading indicates improving kidney biomarkers. Blank boxes indicate variables
that were not selected by the MSG-LASSO method. We have summarized 7 key CKD risk factors and 8 biomarkers which were selected based on clinical utility
and prior literature showing strong associations with kidney disease. Estimates are reported as standardized regression coefficients (e.g 1 standard deviation (SD)
increase in hemoglobin a1c is associated with a 0.06 SD increase in α1m). ▲: change in risk factor or biomarker level; α1m: α1-microglobulin; β2m: β2-
microglobulin; KIM-1: kidney injury marker-1; IL-18: interleukin 18; UMOD: uromodulin; EGF: epidermal growth factor; YKL-40: chitinase-3-like protein-1; TDF:
Tenofovir Disoproxil Fumarate.
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We then plotted the results shown in Table 2 in order
to better identify the set of CKD risk factors that are as-
sociated with each individual urine biomarker. We noted
that each urine biomarker changes were influenced by
multiple traditional and infection-related CKD risk fac-
tors, but their associations varied in magnitude (Fig. 1).
For example, baseline hemoglobin a1c, change in
hemoglobin a1c, baseline CD4 count and change in HIV
RNA viral load were all associated with varying levels of
changes in IL-18, a marker of tubular injury (standard-
ized beta coefficients of + 0.06, + 0.05, − 0.09, and + 0.18,
respectively). In contrast, baseline hemoglobin a1c,
changes in serum albumin and CD4 count were associ-
ated with different levels of α1m, a marker of proximal
tubular reabsorptive dysfunction (standardized beta coef-
ficient + 0.06, − 0.10 and − 0.09, respectively).

Discussion
In this study, we evaluated the associations of multiple
CKD risk factors with longitudinal changes in a panel of 14
urine biomarker levels in a contemporary cohort of women
living with HIV. We observed that each traditional or
infection-related CKD risk factor was associated with a dis-
tinct pattern of changes in biomarker levels. These findings
suggest that the impact of CKD risk factors on kidney
health can be detected and monitored by serial measure-
ments of urine biomarkers. For instance, the associations of
hemoglobin A1c with nearly all dimensions of tubular
markers including tubular injury (higher IL-18), dysfunc-
tion (higher α1m), reserve (lower UMOD) and fibrosis
(higher YKL-40), suggest the possibility of monitoring the

various ways that hyperglycemia damages the kidney by
measuring changes in these biomarker levels over time.
Findings from this analysis are in line with our prior

cross-sectional study [26], and extend our earlier obser-
vations to longitudinal analyses, which allow for much
stronger inferences. For instance, serum albumin is
strongly predictive of mortality among PLWH [40–42],
and the importance of serum albumin in our study was
reflected by the association of both baseline and changes
in serum albumin with biomarkers of tubular reabsorp-
tive dysfunction, immune response and tubular reserve.
To our knowledge, our current study is the first to re-
port the associations of CKD risk factors with longitu-
dinal changes in a comprehensive panel of urine
biomarkers that capture various aspects of kidney health.
One prior study reported on predictors of urine bio-
marker changes among women living with HIV, but only
evaluated 3 urine biomarkers (IL-18, albumin-to-
creatinine ratio and α1m) [43].
Urine biomarkers offer a path to a comprehensive as-

sessment of kidney health beyond the current standard
markers of kidney disease, eGFR and albuminuria, which
generally reflect glomerular dysfunction and injury, re-
spectively [1, 2]. Due to single-nephron compensatory
hyperfiltration, reduction in eGFR is often only detected
after significant kidney damage has occurred [44–46],
and it is therefore limited for detection of early kidney
disease [47–49]. In this study, changes in various bio-
markers levels demonstrated evidence of kidney damage,
even though only 2.6% of our study participants had
eGFR < 60ml/min at follow-up, indicating that these

Fig. 1 The vertical axis shows standardized regression coefficients, horizonatal axis shows changes in each urinary biomarker. α1m: α1-
microglobulin; β2m: β2-microglobulin; KIM-1: kidney injury marker-1; IL-18: interleukin 18; UMOD: uromodulin; EGF: epidermal growth factor; YKL-
40: chitinase-3-like protein-1; TDF: Tenofovir Disoproxil Fumarate
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urine biomarkers detect kidney disease earlier than
eGFR. Likewise, longitudinal increases in Ualb appeared
to be influenced by systolic blood pressure and HIV viral
load in this study. However, Ualb did not capture the ef-
fects of various other CKD risk factors that were
reflected by changes in other biomarkers. Therefore,
non-albumin urine biomarkers can complement albu-
minuria and eGFR in detecting and monitoring the ef-
fects of various CKD risk factors that are encountered in
the care of HIV patients. Detection of subclinical injury
can identify patients who may benefit from therapies to
slow disease progression and avert associated adverse
outcomes.
Our results should be interpreted in the context of our

study’s limitations. First, we did not have kidney biop-
sies—the gold standard for diagnosing kidney disease
[50]—and thus could not confirm the presence of kidney
injury histologically. However, we focused on urinary
biomarkers that have been associated with clinically rele-
vant outcomes in persons living with HIV [12–21]. Sec-
ond, we only had two serial urine biomarker
measurements so assessment of longitudinal biomarker
trajectories are limited. Third, our study may not have
accounted for all potential risk factors and confounders,
including exposure to other nephrotoxic medications.
Fourth, this study is observational, so we cannot deter-
mine whether risk factor associations were causally re-
lated to biomarker changes. Lastly, we only included
women living with HIV in this analysis, and thus our
findings may not be generalizable to men living with
HIV or individuals without HIV.
In conclusion, we have demonstrated that CKD risk

factors are associated with distinct patterns of longitu-
dinal changes in biomarker levels among women living
with HIV. The contribution of these findings serves as
an important step toward a biomarker guided strategy
for monitoring kidney health in the setting of HIV infec-
tion. Future work should aim to identify the most parsi-
monious panel of biomarkers that can integrate
longitudinal changes in biomarkers levels with clinical
data to better detect and manage kidney disease risk
within each individual.
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