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Abstract

Background: Chronic kidney disease (CKD) occurs commonly among HIV-infected persons. 

Statins may delay CKD onset and progression via their cholesterol-lowering and pleiotropic 

effects.

Methods: Among 850 HIV-infected men from the Multicenter AIDS Cohort Study with stored 

urine samples (2009–2011), we evaluated cross-sectional associations of statin use with urine 

biomarkers of kidney damage (albumin-to-creatinine ratio [ACR], alpha-1-microglobulin, 

interleukin-18, kidney injury molecule-1, and procollagen type III N-terminal propeptide) using 

multivariable linear regression. We evaluated the longitudinal associations of statin use with 

annual change in estimated glomerular filtration rate by creatinine (eGFR) using linear mixed 

models, and with incident proteinuria and incident CKD (eGFR<60 ml/min/1.73m2) using Cox 

proportional hazards regression. We employed inverse probability weighting to address potential 

confounding related to statin use.

Results: Statin users comprised 30% of participants. In adjusted analyses, each year of 

cumulative statin use was associated with 4.0% higher baseline ACR levels (P=0.05), but there 

was no association with baseline levels of other urine biomarkers. Statin use had no overall 

association with annual eGFR decline. Among participants with baseline proteinuria, statin use 
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was modestly associated with slower annual eGFR decline compared non-use (adjusted difference: 

1.33 ml/min/1.73m2 per year; 95% CI: −0.07, 2.70). Statin use was not associated with risk of 

incident proteinuria or incident CKD.

Conclusion: Statin use was associated with higher baseline ACR, but not with biomarkers of 

tubulointerstitial injury. Statin use was associated with modestly slower eGFR decline only among 

participants with baseline proteinuria. Although these findings may be susceptible to confounding 

by indication, they suggest a limited effect of statins on CKD risk among HIV-infected men.
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Introduction

In the era of combination antiretroviral therapy, chronic kidney disease (CKD) has become 

an important comorbidity of human immunodeficiency virus (HIV) infection.1,2 HIV-

infected persons are at higher risk of developing CKD and progressing to end-stage kidney 

disease compared to the general population.3-5 In addition, HIV-infected persons with CKD 

are at increased risk of cardiovascular disease and all-cause mortality.6 Despite the 

significant burden of kidney disease in the HIV-infected population, treatment options 

remain limited.

Statins lower low-density lipoprotein cholesterol levels and have additional pleotropic, anti-

inflammatory effects.7 Atherosclerosis and inflammation contribute to the development and 

progression of kidney disease, suggesting statins may have a potential nephroprotective role.
8-10 In the general population, statins have a proven cardiovascular benefit, but their effects 

on kidney outcomes are less clear.11,12 In the HIV-infected population, there is a high 

prevalence of dyslipidemia, and HIV infection is associated with chronic immune activation 

and vascular inflammation that persist despite sustained virologic suppression on 

antiretroviral therapy.13,14 Several studies show that surrogate measures for immune 

activation and inflammation are associated with reduced kidney function in HIV-infected 

persons, and also decrease with statin use.15-27 However, there are few studies in the HIV-

infected population that have investigated whether or not statin use improves kidney health.
28

Serum creatinine is the standard filtration marker used to assess kidney function, but it lacks 

sensitivity for detecting early reductions in kidney function in HIV-infected individuals, and 

does not adequately capture changes to kidney tubular health.4,29 Urine albumin-to-

creatinine ratio (ACR), alpha-1-microglobulin (α1m), interleukin-18 (IL-18), kidney injury 

molecule-1 (KIM-1), and procollagen type III N-terminal propeptide (PIIINP) are promising 

biomarkers reflecting varying nephron regions and pathology. Urine albumin reflects 

glomerular injury, whereas α1m is a freely filtered, low-molecular-weight protein that 

reflects proximal tubular dysfunction when detected in the urine.30 IL-18 is a 

proinflammatory cytokine released by proximal tubular cells in response to injury or 

inflammation, while KIM-1 is upregulated and overexpressed by dedifferentiated proximal 

tubular cells after injury.31,32 Urine PIIINP reflects the presence type III collagen deposits in 
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the renal interstitium during fibrosis, and higher urine PIIINP concentrations correlate with 

increased severity of fibrosis on biopsy.33,34 We have shown that HIV-infected persons have 

significantly higher urine ACR, α1m, IL-18, KIM-1, and PIIINP levels compared to 

uninfected individuals.35-37 In the Women’s Interagency HIV Study, we demonstrated that 

higher urine ACR, α1m, IL-18, and KIM-1 were each associated with faster kidney function 

decline.38,39 To our knowledge, the relationships between statin use and novel urine 

biomarkers of kidney damage have not been studied.

In this study, we investigated cross-sectional associations of statin use with urine biomarkers 

of kidney damage and longitudinal associations of statin use with kidney function in a large 

cohort of HIV-infected men enrolled in the Multicenter AIDS Cohort Study (MACS). We 

hypothesized that statin use would be associated with lower levels of kidney damage as 

measured by urine biomarkers, slower kidney function decline as measured by estimated 

glomerular filtration rate (eGFR) using serum creatinine, and decreased incidence of 

proteinuria and CKD.

Methods

Study Population

The MACS is an ongoing cohort study designed to understand the natural history and 

epidemiology of HIV infection among men. MACS enrolled 7,352 HIV-infected and -

uninfected men of similar backgrounds between 1984–1985, 1987–1990, 2001–2003, and 

after 2010 from four sites: Baltimore, MD/ Washington D.C.; Chicago, IL; Los Angeles, 

CA; and Pittsburgh, PA.40 MACS participants attend semi-annual visits that include 

standardized interviews, physical examinations, laboratory testing, and collection of 

biological 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. The study consists of 883 HIV-infected men with urine samples collected between 

October 1, 2009 and September 30, 2011; we define the baseline visit in this study as the 

time of urine specimen collection. In the present analysis, we excluded participants without 

data on medication use (n=34). In the longitudinal analysis, we also excluded participants 

with less than two follow-up serum creatinine measurements (n=21).

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, and San Francisco Veterans Affairs Medical 

Center committees on human research.

Exposure

At semi-annual study visits, medication use was ascertained through standardized in-person 

interviews. For cross-sectional analyses, we evaluated statin use at the baseline visit and 

cumulative statin exposure, which we defined as the sum of the duration of statin use prior to 

and including the baseline visit. We designated cumulative statin exposure as our primary 

predictor because we theorized that any physiological effect would accrue over time. For 

Ascher et al. Page 3

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



longitudinal analyses, we evaluated time-updated statin exposure, which we defined as 

current statin use reported at any visit starting from the baseline visit (Figure 1).

Outcomes

The outcomes for the cross-sectional analyses included baseline eGFR and five urine 

biomarkers of kidney injury: ACR, α1m, IL-18, KIM-1, and PIIINP. We calculated eGFR 

using the CKD-EPI (CKD Epidemiology Collaboration) creatinine equation.41 Serum 

creatinine was measured semi-annually using the modified Jaffe method, traceable to isotope 

dilution mass spectrometry. All urine biomarkers were measured at the Cincinnati Children’s 

Hospital Medical Center Biomarker Laboratory. Urine specimens were refrigerated 

immediately after collection and centrifuged at 5,000×g to remove cellular debris. The 

supernatant was aliquoted into 1-mL vials and then stored at −80°C without being thawed 

until urine biomarker measurements were undertaken. All laboratory personnel were blinded 

to participants’ clinical information. Details regarding the selected commercial assays and 

inter-assay coefficients of variation are shown in Supplemental Table 1.

The outcomes for the longitudinal analyses included annual change in eGFR, annual 

percentage change in urine protein-to-creatinine ratio, incident proteinuria, and incident 

CKD. We defined incident proteinuria as two consecutive measurements of urine protein-to-

creatinine ratio >200 mg/g among persons with urine protein-to-creatinine ratio <200 mg/g 

at the baseline visit. We defined incident CKD as the combination of reaching an eGFR <60 

ml/min/1.73m2 and declining ≥30%, among persons with eGFR ≥60 ml/min/1.73m2 at the 

baseline visit.

Covariates

Covariates included demographic characteristics, traditional risk factors for kidney disease, 

and HIV-specific risk factors. Traditional kidney disease risk factors included diabetes 

(defined as fasting glucose ≥ 126 mg/dL, hemoglobin A1c ≥ 6.5%, or self-reported history 

of diabetes and diabetes medication use), smoking (current, past, or never), systolic and 

diastolic blood pressures, hypertension (defined as systolic blood pressure > 140 mmHg, 

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

antihypertensive medication use), angiotensin-converting enzyme inhibitor (ACEi) or 

angiotensin II receptor blocker (ARB) use, cardiovascular disease, body mass index, waist 

circumference, and serum albumin. HIV-related risk factors included current and nadir 

CD4+ cell count, current and peak HIV-1 RNA, history of AIDS, men who have sex with 

men status, heroin use, history of intravenous drug use, history of hepatitis C virus (HCV) 

and highly active antiretroviral therapy (HAART) use, and tenofovir disoproxil fumarate 

(TDF) use. The definition of HAART was guided by the DHHS/Kaiser Panel [DHHS/Kaiser 

Nov. 2014] guidelines and defined as three or more antiretroviral drugs consisting of one or 

more protease inhibitors or one non-nucleoside reverse transcriptase inhibitor or a 

nucleoside reverse transcriptase inhibitor or an integrase inhibitor or an entry inhibitor.42

Statistical Analyses

We used inverse probability weights to account for potential differences between statin users 

and non-users due to confounding by indication; men with worse CKD and CVD profiles 
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were more likely to receive statin therapy. Specifically, stabilized inverse probability of 

treatment weights (IPTW) were calculated for each participant by modeling statin use as a 

function of demographic and clinical characteristics (as listed above in the Covariates 

section). In addition, we used stabilized inverse probability of censoring weights (IPCW) to 

account for potential bias due to loss of follow-up by modeling each participant’s probability 

of having a non-missing outcome at follow-up. We used time-fixed weights for cross-

sectional analyses and time-varying weights for longitudinal analyses. For longitudinal 

analyses, we calculated the final weights as the product of the stabilized treatment weights 

and the stabilized censoring weights. These weights were then applied to subsequent models 

evaluating the associations of statin use with kidney outcomes.43

We next compared baseline demographic and clinical characteristics by statin use (user vs. 

non-user) with chi-square and Kruskal-Wallis tests for categorical and continuous variables, 

respectively. We estimated cross-sectional associations of statin use with baseline kidney 

outcomes using two linear regression models: (1) adjusted for demographic characteristics 

only; and (2) adjusted for demographics, traditional kidney disease risk factors, and HIV-

related factors. The demographic adjusted models controlled for age and race/ethnicity. For 

analyses of urine biomarker outcomes, we adjusted additionally for urine creatinine to 

account for urine tonicity. We chose to apply inverse probability weights to our multivariable 

linear regression models so that the resulting estimates would be doubly robust.44

In the longitudinal analyses, we used multivariable linear mixed models to evaluate the 

association of time-updated statin use with annual changes in eGFR and annual percentage 

changes in urine protein-to-creatinine ratio using time-varying inverse probability weights 

(calculated as described above). We used extended Cox models with time-varying inverse 

probability weights to evaluate associations of time-updated statin use with incident CKD 

and proteinuria. We examined time-varying hazard ratios, but found no interval in which 

statin use was associated with an increased risk of proteinuria or CKD. Tests of the 

proportional hazards assumption were non-significant for both proteinuria (P=0.47) and 

CKD (P=0.45).

Because of racial differences in rates of kidney function decline, we tested for interactions of 

statin use by race with each kidney outcome.45 Additionally, we stratified the analyses of 

annual change in eGFR and annual percentage change in urine protein-to-creatinine ratio by 

baseline proteinuria status in order to evaluate whether statin associations differed by 

presence of proteinuria. Since diabetes was more prevalent among statin users, we excluded 

participants with a diagnosis of diabetes as a sensitivity analysis for each longitudinal 

outcome.

Results

Study Population by Statin Use

Among the 850 HIV-infected men included in this study, 252 (30%) were statin users at the 

baseline visit. The median duration of statin use at the baseline visit was 6.4 years 

(interquartile range [IQR]: 3.1–8.7). We first compared baseline characteristics by statin use. 

Before reweighting the data, we found that statin users were on average older, more likely to 
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be white, had lower prevalence of smoking, higher prevalence of diabetes mellitus and 

hypertension, more likely to be antihypertensive users and ACEi/ARB users, and lower LDL 

levels (Table 1). Statin users were also more likely to be HAART users, less likely to be 

TDF users, have a higher CD4 count, be virally suppressed, and have lower prevalence of 

HCV infection. Across all study participants, there was no dolutegravir use, and only 1.3% 

(11/850) used cobicistat during the follow-up period. After reweighting the sample using 

IPTW, differences in baseline characteristics between statin users and non-users were 

substantially attenuated. With the exception of higher diabetes mellitus prevalence and lower 

TDF use among statin users, there were no remaining statistically significant differences in 

age, race, traditional kidney disease risk factors, or HIV-related risk factors (Table 1).

Cross-Sectional Association of Statin Use with Kidney Damage and Function

In analyses that were reweighted to account for confounding by indication, statin users had 

somewhat higher levels of baseline ACR, but a similar prevalence of ACR > 30 mg/g, 

compared with non-users (Table 2). Statin users and non-users had no statistically significant 

differences in levels of urine α1m, IL-18, KIM-1, PIIINP, or baseline eGFR. In a sensitivity 

analysis excluding participants with diabetes mellitus, statin use remained associated with 

somewhat higher ACR (median 6.1 vs 5.4 mg/g, P<0.01), while differences in other urine 

biomarkers were small and did not reach statistical significance.

After multivariable adjustment for traditional and HIV-related kidney disease risk factors, 

baseline statin use was associated with 30.8% higher levels of ACR compared to no use, but 

the difference did not reach statistical significance (95% confidence interval [CI]: −6.9 to 

83.7, P=0.12) (Table 3). Each year of cumulative statin exposure was associated with 4.0% 

higher baseline ACR levels (95% CI: −0.02 to 8.2, P=0.05). In contrast, cumulative statin 

exposure showed no statistically significant associations with levels of urine α1m, IL-18, 

KIM-1, PIIINP, or eGFR.

We then tested interactions of statin use with race on urine ACR levels. After multivariable 

adjustment for demographics, traditional kidney disease, and HIV-related risk factors, 

baseline statin use was associated with 133.7% higher ACR levels in black participants 

(P=0.03) and –0.73% lower ACR levels in white participants (P=0.97), with the test for 

baseline statin by race interaction statistically significant (P=0.05). In addition, each year of 

cumulative statin exposure was associated with 21.1% higher baseline ACR levels in black 

participants (P<0.01) and only 1.8% higher baseline ACR levels in white participants 

(P=0.42), with the test for cumulative statin exposure by race interaction also statistically 

significant (P<0.01).

Longitudinal Association of Statin Use with Annual Change in eGFR, Incident Proteinuria, 
and Incident CKD

Over a median follow-up time of 4.7 years (IQR: 4.3–5.3), participants had on average 9.2 

eGFR follow-up measurements. We observed statistically significant annual eGFR declines 

in both statin users (−1.18, 95% CI: −1.62 to −0.74 ml/min/1.73m2 per year) and non-users 

(−1.46, 95% CI: −1.77 to −1.16 ml/min/1.73m2 per year) (Figure 2). In multivariable 

adjusted analyses, there was no significant difference between statin users and non-users in 
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the rate of annual eGFR decline (adjusted difference between statin user vs. non-user: 0.29, 

95% CI: −0.31 to 0.90 ml/min/1.73m2 per year) (Table 4).

In both statin users and non-users, baseline eGFR was substantially lower among 

participants with baseline proteinuria compared to those without baseline proteinuria, and 

longitudinal eGFR declined significantly in all groups except for statin users with baseline 

proteinuria (Figure 2, Table 4). Among participants without baseline proteinuria, the rate of 

annual eGFR decline did not vary by statin use (statin users vs. non-users: −1.39 vs. −1.38; 

adjusted difference: 0.12, 95% CI: −0.49 to 0.72 ml/min/1.73m2 per year). Conversely, 

among participants with baseline proteinuria, statin users had modestly slower rates of 

annual eGFR decline compared to non-users (statin users vs. non-users: −0.68 vs. −2.60; 

adjusted difference: 1.33, 95% CI: −0.07, 2.70 ml/min/1.73m2 per year). The test for statin 

use by baseline proteinuria interaction for annual change in eGFR in multivariable adjusted 

analysis resulted in P=0.10.

The median baseline urine protein-to-creatinine ratio in statin users was 110 mg/g (IQR: 72 

to 160) and 96 mg/g (IQR: 70 to 167) in non-statin users (P=0.01). The annual percentage 

change in urine protein-to-creatinine ratio did not vary by statin use or baseline proteinuria 

status (Supplemental Figure 1, Table 4). The test for statin use by baseline proteinuria 

interaction for annual change in urine protein-to-creatinine ratio in multivariable adjusted 

analysis resulted in P=0.16.

Among participants in our study who developed CKD, the median eGFR at baseline and at 

the time of incident CKD were 82.9 (IQR: 75.8, 90.5) and 52.6 (iQR: 46.1, 56.2) ml/min/

1.73m2, respectively. The overall 5-year incidence of CKD appeared to be similar in statin 

users and non-users (12.6% vs. 10.8%), and in multivariable adjusted analysis this difference 

was not statistically significant (HR=1.04, 95% CI: 0.52, 2.10) (Supplemental Figure 2).

17.8% (151/850) of participants had proteinuria at baseline. The overall 5-year incidence of 

proteinuria appeared to be similar in statin users and non-users (14.5% vs. 14.8%). In 

multivariable adjusted analysis, there was no significant difference in the risk of incident 

proteinuria (hazard ratio [HR]=0.82, 95% CI: 0.45, 1.51).

Race did not modify the associations of statin use with annual change in eGFR (P=0.26), 

annual change in urine protein-to-creatinine ratio (P=0.94), incident proteinuria (P=0.66), 

and incident CKD (P=0.14). In sensitivity analyses excluding participants with diabetes 

mellitus, there were no significant differences between statin users and non-users for eGFR 

decline, change in urine protein-to-creatinine ratio, incident CKD, or incident proteinuria.

Discussion

In this ambulatory cohort of HIV-infected men, we evaluated associations of statin use with 

baseline urine biomarkers of kidney damage, longitudinal changes in eGFR and urine 

protein-to-creatinine ratio, and incident CKD and proteinuria. In multivariable adjusted 

cross-sectional analyses, cumulative statin exposure was associated with higher baseline 

ACR levels, but the association appeared to be limited to black participants. We found no 

statistically significant cross-sectional associations between statin use and biomarkers of 
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kidney tubular health. In multivariable adjusted longitudinal analyses, we found that statin 

use was associated with a modestly slower annual eGFR decline compared to no statin use 

among participants with baseline proteinuria, but not among participants without baseline 

proteinuria. There were no statistically significant associations between statin use and 

change in urine protein-to-creatinine ratio, incident CKD, or incident proteinuria. To our 

knowledge, this is the first study to evaluate the association of statin use with multiple 

indicators of kidney damage and function in the HIV population.

Multiple trials in the general population have evaluated the effect of statins on kidney 

outcomes, but overall the findings remain unclear. A meta-analysis of 57 RCTs found statin 

use was associated with mild reductions in proteinuria and eGFR decline compared to 

placebo, but not a reduction in kidney failure events.12 The SATURN-HIV trial, which 

included 147 HIV-infected individuals with normal kidney function on stable antiretroviral 

therapy and either increased markers of inflammation or immune activation, found that 

rosuvastatin 10mg daily was associated with slower creatinine-based eGFR decline and 

decreased serum cystatin C compared to placebo over 24 weeks.28 Decreases in cystatin C in 

the rosuvastatin group also correlated with decreases in markers reflecting T-cell activation 

and endothelial activation. In addition, rosuvastatin use was associated with a reduction in 

levels of lipoprotein-associated phospholipase A2, a marker specific for vascular 

inflammation, but not with markers of systemic inflammation.22 In our study, statin use was 

associated with modestly slower annual eGFR decline only among participants with baseline 

proteinuria. Urine protein excretion is a measure of kidney disease, and is also thought to be 

a surrogate for systemic endothelial dysfunction and inflammation.46,47 Our findings suggest 

that statin use in HIV-infected persons with prevalent kidney damage may improve long-

term kidney function. The REPRIEVE trial aims to examine the effects of statin use on 

measures of kidney function in HIV-infected persons on antiretroviral therapy, but the trial 

will not be completed for several years.48

To our knowledge, our study is the first to investigate the association of statin use with 

albuminuria in the HIV population. We observed a small association of cumulative statin 

exposure with higher baseline ACR levels, which was predominantly seen in black 

participants. However, the difference in ACR levels do not appear to be clinically significant 

because the majority of urine albumin levels in both statin users and non-users were <30 

mg/g. In addition, we found no significant longitudinal association between statin use and 

change in urine protein-to-creatinine ratio or risk of incident proteinuria. Contrary to our 

findings, a meta-analysis investigating the effect of statins on albuminuria in the general 

population found that statins may reduce albuminuria.49 The cross-sectional association of 

higher baseline ACR levels among statin users may reflect greater atherosclerotic disease 

burden in statin users compared to non-users in our study that were not completely 

accounted for by our extensive statistical adjustments. The higher baseline ACR levels 

among African American statin users in our study may also be explained by statin-mediated 

effects on apolipoprotein 1 (APOL1). APOL1 is a protein component of high density 

lipoprotein (HDL) cholesterol, and APOL1 genetic variants confer an increased risk of 

CKD, associate with proteinuria, and are prevalent among people of African descent.50-52 

Whether or not statins modify the effects of APOL1 risk variants on CKD risk warrants 

further investigation.
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No prior study to our knowledge has evaluated the association of statin use with urine 

biomarkers of kidney tubular health. α1m is a marker of proximal tubular dysfunction; IL-18 

and KIM-1 are markers of proximal tubular injury; and PIIINP is a marker of renal 

interstitial fibrosis. The null cross-sectional associations of statin use with α1m, IL-18, 

KIM-1, and PIIINP levels are consistent with the overall null longitudinal associations of 

statin use with kidney function. Alternatively, the pleotropic effects of statins on HIV-

associated inflammation may be more pronounced in the glomerulus compared to the 

tubulo-interstitium.

The strengths of our study include the use of a multicenter, racially and ethnically diverse 

cohort representative of HIV-infected men, evaluation of long-term cumulative statin as an 

exposure, average follow-up period of 5 years with frequently measured serum creatinine, 

the use of novel measures of kidney tubule damage, and the ability to adjust for multiple 

traditional and HIV-related risk factors for kidney disease. Our study also has several 

limitations. First, because urine biomarkers of kidney damage were measured once, we were 

unable to determine if the associations of statin use with higher ACR levels persisted 

longitudinally. Second, statin use was determined by semi-annual questionnaire, which may 

be subject to exposure misclassification. Third, we were unable to determine the type and 

intensity of statin therapy, which precluded evaluation of treatment effect heterogeneity of 

different statins on kidney measures. Fourth, there may be residual confounding by 

indication despite extensive statistical adjustments, although this would likely bias statin 

associations to appear more harmful given the higher prevalence of traditional kidney 

disease risk factors in the statin group. Fifth, the longitudinal analyses include participants 

with varying durations of statin use, which may have led to inadequate assessment of 

potential time-varying and cumulative statin effects on kidney outcomes; adjustment for 

intermediate confounding variables that may function as mediators; and potential for 

selection bias if statins have early protective effects that lead to an enrichment of susceptible 

participants in the statin group. Finally, our results may not be generalizable to HIV-infected 

women.

In summary, we found that statin use was cross-sectionally associated with higher ACR 

levels, but not with other biomarkers of kidney damage. Statin use was associated with 

modestly slower longitudinal eGFR decline only among participants with baseline 

proteinuria, and there were no associations with incident proteinuria or incident CKD. The 

association between statin use and higher baseline ACR among African-Americans warrants 

further study, as does the association with slower eGFR declines among participants with 

proteinuria. Overall, these findings suggest at most a limited effect of statins on CKD risk 

among HIV-infected men.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study design of statin use association with eGFR, proteinuria, and urine biomarkers in 
HIV-infected men in MACS
Cumulative statin exposure captures duration of statin use prior to the baseline visit between 

2009–2011. Urine biomarkers and eGFR were first measured at the baseline visit, and eGFR 

measures were repeated approximately every six months thereafter. Time-updated statin use 

captures statin exposure reported at each follow-up visit.
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Figure 2. Association of statin use with eGFR trajectory in HIV-infected men in MACS
Panel A shows eGFR over time from model controlling for time-updated statin use with 

time-updated inverse probability of treatment and censoring weights. Shaded bands denote 

95% confidence interval bands. Panel B shows eGFR over time from model controlling for 

baseline proteinuria and time-updated statin use with time-updated inverse probability of 

treatment and censoring weights. Red lines denote statin users and black lines denote non-

users. Solid lines denote subjects with baseline proteinuria (Prot+), and broken lines denote 

subjects without baseline proteinuria (Prot-). Shaded bands denote 95% confidence interval 

bands.
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