UCSF

UC San Francisco Previously Published Works

Title

The incidence of and risk factors for hospitalized acute kidney injury among people living
with HIV on antiretroviral treatment.

Permalink

https://escholarship.org/uc/item/2799d31f

Journal
HIV medicine, 23(6)

ISSN
1464-2662

Authors

Muiru, Anthony N
Madden, Erin
Chilingirian, Ani

Publication Date
2022-07-01

DOI
10.1111/hiv.13216

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/27q9d31f
https://escholarship.org/uc/item/27q9d31f#author
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
HIV Med. Author manuscript; available in PMC 2022 July 01.

-, HHS Public Access
«

Published in final edited form as:
HIV Med. 2022 July ; 23(6): 611-619. doi:10.1111/hiv.13216.

The incidence of and risk factors for hospitalized acute kidney
injury among people living with HIV on antiretroviral treatment

Anthony N. Muirul2, Erin Madden?:3, Ani Chilingirianl, Anna D. Rubinsky*, Rebecca
Scherzerl:3, Richard Moore®, Celia P. Corona Villalobos®, Jose Manuel Monroy Truijillo®,
Chirag R. Parikh®, Chi-yuan Hsu?, Michael G. Shlipak:3, Michelle M. Estrellal:2:3
IKidney Health Research Collaborative, Department of Medicine, University of California, San
Francisco, CA, USA

2Division of Nephrology, Department of Medicine, University of California, San Francisco, CA,
USA

3San Francisco VA Health Care System, San Francisco, CA, USA
4Department of Epidemiology and Biostatistics, University of California, San Francisco, CA, USA

SDepartment of Medicine, Johns Hopkins University School of Medicine, Baltimore, Maryland,
USA

Abstract

Objectives: The epidemiology of hospitalized acute kidney injury (AKI) among people living
with HIV (PLWH) in the era of modern antiretroviral therapy (ART) for all PLWH is not well
characterized. We evaluated the incidence of and risk factors for hospitalized AKI from 2005 to
2015 among PLWH on ART.

Methods: We conducted a retrospective analysis of PLWH from the Johns Hopkins HIV Clinical
Cohort. We defined hospitalized AKI as a rise of = 0.3 mg/dL in serum creatinine (SCr) within any
48-h period or a 50% increase in SCr from baseline and assessed associations of risk factors with
incident AKI using multivariate Cox regression models.

Results: Most participants (75%) were black, 34% were female, and the mean age was 43
years. The incidence of AKI fluctuated annually, peaking at 40 per 1000 person-years (PY)
[95% confidence interval (Cl) 22—69 per 1000 PY] in 2007, and reached a nadir of 20 per 1000
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PY (95% CI 11-34 per 1000 PY) in 2010. There was no significant temporal trend (-3.3%
change per year; 95% CI —8.6 to 2.3%; P = 0.24). After multivariable adjustment, characteristics
independently associated with AKI included black race [hazard ratio (HR) 2.44; 95% CI 1.42—
4.20], hypertension (HR 1.62; 95% CI 1.09-2.38), dipstick proteinuria > 1 (HR 1.86; 95% ClI
1.07-3.23), a history of AIDS (HR 1.82; 95% CI 1.29-2.56), CD4 count < 200 cells/uL (HR 1.46;
95% ClI 1.02-2.07), and lower serum albumin (HR 1.73 per 1 g/dL decrease; 95% CI 1.02-2.07).

Conclusions: In this contemporary cohort of PLWH, the annual incidence of first AKI
fluctuated during the study period. Attention to modifiable AKI risk factors and social
determinants of health may further reduce AKI incidence among PLWH.

Keywords

acute kidney injury; antiretroviral therapy; chronic kidney disease; HIV; proteinuria

INTRODUCTION

Antiretroviral therapy (ART) has improved the life expectancy of people living with HIV
(PLWH) [1,2]. Unfortunately, noninfectious comorbidities including kidney diseases have
tempered the improved longevity among PLWH [3-5]. Acute kidney injury (AKI) affects
~20% of hospitalized patients in the general population [6,7]. While the incidence of
hospitalized AKI in the general population is rising [6,7], few studies have described the
epidemiology of AKI among PLWH in the era of universal ART.

Since the approval of zidovudine in 1987 [8], there have been more than two dozen drugs
approved for HIV treatment [9]. Furthermore, newer ART regimens are associated with
less nephrotoxicity compared with older ART [10]. However, prior AKI studies included
PLWH on older more nephrotoxic agents or untreated PLWH [11-15]. Furthermore, some
of these studies relied on administrative data to define AKI [13], which have low sensitivity
in detecting AKI [16]. Given the rapid evolution in ART and changing treatment guidelines
over time, we quantified the longitudinal trends in AKI over a decade spanning 2005-2015
and evaluated risk factors for AKI among PLWH.

METHODS
Study design and setting

We conducted a cohort study nested within the Johns Hopkins HIV Clinical Cohort
(JHHCC) [17]. Briefly, the JHHCC is an longstanding open cohort that enrolls PLWH
receiving care at the Johns Hopkins Bartlett Practice—the largest provider of HIV care

in Maryland, USA [17]. Patients are approached for participation in the cohort when they
initiate longitudinal HIV care in the clinic. As per JHHCC protocol, data are collected
through patient interviews and electronic health records. The data capture information from
all hospitalizations, outpatient clinics and emergency department visits within the Johns
Hopkins Hospital. More than 95% of the laboratory data are collected electronically through
direct linkage to the Johns Hopkins electronic databases and outside laboratories. Our

study analysed data from participants enrolled in the JHHCC from 1 January 2005 to 31
December 2015. The Institutional Review Boards at the Johns Hopkins School of Medicine,
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the University of California at San Francisco, and the San Francisco Veterans Affairs health
care system approved this study.

Patient population

We identified 1637 patients enrolled in the JHHCC from 1 January 2005 to 31 December
2015 who had been initiated on ART [9]. The ART index date was the enrolment date for
prevalent users and the earliest ART start date post-enrolment for new users. We excluded
patients who met any of the following criteria: (1) end-stage kidney disease (ESKD), defined
as an outpatient estimated glomerular filtration rate (eGFR) < 15 mL/min/1.73 m2 on

two occasions at least 90 days apart, outpatient dialysis, or chart/encounter-based ESKD
diagnosis on or prior to the ART index date (/7= 46); (2) AKI event or diagnosis within

6 months prior to the index date (in order to exclude serum creatinine fluctuations during
AKI recovery) (n=121); and (3) hospitalization lacking serum creatinine within 6 months
prior to the index date (because we could not ascertain whether AKI occurred during those
hospitalizations) (7= 37). A total of 1433 patients met the inclusion criteria.

Outcome

The primary outcome was time from ART index date to first hospitalized AKI event. We
defined AKI as: (1) a rise of = 0.3 mg/dL in serum creatinine within any 48-h period during
the hospitalization (outpatient serum creatinine was considered if it preceded the inpatient
serum creatinine within 48 h); or (2) maximum inpatient serum creatinine = 50% higher
than baseline serum creatinine. For these purposes, we defined baseline serum creatinine
as the mean outpatient serum creatinine between 7 and 90 days prior to admission; most
participants had serum creatinine frequently measured as part of usual care at the Bartlett
Clinic. The median number of serum creatinine values used to define mean creatinine was
2 [interquartile range (IQR) 1-3], and the median time from the closest serum creatinine
measurement to hospital admission date was 62 days (IQR 27-139 days). When no serum
creatinine was available 7-90 days prior to admission, the mean serum creatinine from
91-365 days prior to admission was used (/7= 65). Finally, if there was no serum creatinine
measured between 7 and 365 days prior to admission, we used the lowest serum creatinine
value from 1-6 days prior to admission (/7= 5). With this approach, no participant had a
missing baseline creatinine value.

Participants were censored at the earliest of the following: death (7= 21), loss to follow-up
(last encounter date for persons who did not have an encounter in the subsequent 24
months) (7= 323), start of a hospitalization lacking a serum creatinine measurement,
which prevented determination of AKI status (/7= 88), development of ESKD (7= 8), or
administrative end of the study (31 May 2016) (n= 811).

We defined AKI severity according to serum creatinine thresholds in the Kidney Disease
Improvement Global Outcomes (KDIGO) AKI guidelines [18].

Risk factors and covariates

Baseline demographic and behavioural characteristics included the ART index date (to
account for temporal trends), whether the individual was a prevalent or a new user of ART,
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age, sex, self-reported race, injecting drug use, smoking status, and type of insurance.
Comorbidities included diabetes mellitus, hypertension, chronic obstructive pulmonary
disease (COPD), ischaemic heart disease, hepatitis C virus (HCV) infection (defined by
diagnosis codes or HCV antibody sero-positivity), history of AKI > 6 months prior to the
index date (defined by diagnosis codes or the serum creatinine-based schema as described
above), chronic kidney disease (CKD) (outpatient eGFRs < 60 mL/min/1.73 m2 on two
occasions at least 90 days apart), and dipstick proteinuria.

We combined encounter- (international classification of diseases-coded) and chart-based
diagnoses to define comorbid conditions [19,20]. We used outpatient serum creatinine to
calculate the CKD epidemiology collaboration eGFR [21]. GFR estimates exceeding 150
mL/min/1.73 m2 (n = 23 observations) were capped at 150 mL/min/1.73 m2. We defined
proteinuria as outpatient urine dipstick = 1 on at least two occasions at least 90 days apart.

We ascertained body mass index (BMI) and systolic and diastolic blood pressures at the
date closest to the index date (up to 1 year prior and 7 days post). We used serum albumin,
haemoglobin, HIV-1 RNA and CD4 cell count measurements that were closest to the index
date up to 1 year prior and 7 days post. HIV viral load was irregularly captured during
follow-up and thus we did not include time-updated HIV viral load in the Cox models [22].
For total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein
(LDL) cholesterol and triglycerides, we used measurements that were also closest to the
index date but up to 18 months prior and 30 days post.

We defined history of AIDS as any history of an opportunistic infection. Medication

of interest at the index date included diuretics, angiotensin-converting enzyme inhibitors
(ACE-Is), angiotensin receptor blockers (ARBs), tenofovir disoproxil fumarate (TDF) and
atazanavir. We defined medication use as having ever started the medication prior to the
study index date to avoid misclassifying users as nonusers because patterns of use appeared
implausible for some patients. To avoid immortal time bias, we strictly defined baseline
measures as those ascertained prior to or on the index date (except where noted above),
which meant that some measures were commonly missing for patients whose ART index
date coincided with their date of enrolment in the JHHCC.

Statistical analysis

We summarized baseline characteristics with frequency distributions for categorical
variables and means and standard deviations (SDs) for continuous variables. The percentage
of missing baseline data was calculated for each variable (Table S1). Missing baseline

data were addressed with multiple imputation (/=30 imputations, as recommended for
moderate-high proportion of missingness, using the fully conditional specification method)
[23]. The model used to impute missing values included the event indicator, the Nelson—
Aalen estimate of the cumulative hazard to the survival time, and all of the risk factors and
covariates listed above [24].

Incidence rates of first hospitalized AKI event were calculated using person-years at risk,
and the corresponding 95% confidence intervals (Cls) were based on Poisson distribution
[25]. Each person was allowed to contribute a maximum of one episode of AKI, and thus
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participants were removed from the risk set after the first AKI, or after experiencing a
censoring event. We presented incidence rates of first hospitalized AKI event by calendar
year to show longitudinal trends. The incidence of first hospitalized AKI stratified by level
of severity was calculated in a similar manner to overall AKI.

We then assessed associations between potential risk factors and incident AKI using
univariable and multivariable Cox regression models (combining inferences from the
multiply imputed data sets). We checked the functional form of continuous covariates

with tests of quadratic terms and plots of the cumulative martingale residuals. We also
assessed the proportional hazards assumption with Kolmogorov-type supremum tests, plots
of Schoenfeld residual vs. covariates, and tests of interaction between covariate and log of
time to event. For highly correlated risk factors, we retained the most clinically meaningful
variable in the multivariable Cox model. To address potential bias resulting from informative
censoring, we estimated the probability of remaining uncensored and weighted each patient
by the inverse (inverse probability of censoring weighting [IPCW]). We considered the
following reasons for censoring to be informative: lack of serum creatinine measurements
during hospitalization, loss to follow-up and death. We modelled the censoring process for
each type of censoring separately, and then calculated the joint stabilized inverse probability
of censoring [26]. The models of the censoring process included all risk factors (multiply
imputed data) and, importantly, indicators of missingness for all risk factors.

As recommended, we assessed sensitivity of Cox regression models to large IPCW weights
by running the multivariable regression model with the weights truncated at the 99t
percentile and comparing the regression coefficients with those from the model using
untruncated weights (results not shown) [27].

In order to avoid channelling bias [28], and confounding by indication associated with
certain HIV medications [29], we used a slightly different analytical approach to estimate
the associations of TDF and atazanavir use with AKI. We first compared TDF users and
nonusers on baseline characteristics and found TDF users to have significantly higher mean
eGFR compared to nonusers (108 vs. 99 mL/min/1.73 m2, respectively; A< 0.001). We
then performed logistic regression of ever prior TDF use with all the other covariates as
predictors and then calculated stabilized inverse probability of treatment weights (IPTWSs).
We assessed covariate balance in the inverse probability-weighted TDF users compared with
nonusers by calculating standardized differences and found no evidence of imbalance (all
standardized differences < 0.1). We then analysed the association of TDF with AKI by
including an indicator for TDF use and other covariates in a Cox regression model weighted
by IPTW and IPCW.

Next, we analysed the association of atazanavir with AKI using a similar approach as
described above for TDF. First, we compared atazanavir users and nonusers on baseline
characteristics and found that atazanavir users had similar baseline eGFR to nonusers;
however, they were slightly more likely to have proteinuria (7.8% vs. 3.6%, respectively;
P=0.01) and to have been hospitalized in the past year (22.5% vs. 16.3%, respectively;
P=0.01) compared to nonusers. Then we estimated IPTWs for atazanavir. We assessed
covariate balance in the inverse probability-weighted atazanavir users compared with
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nonusers by calculating standardized differences and found no evidence of imbalance for all
covariates, except that atazanavir users were slightly less likely to be TDF users compared
to atazanavir nonusers (standardized difference = -0.2). Finally, we analysed the association
of atazanavir with AKI by including an indicator for atazanavir use and other covariates in a
Cox regression model weighted by IPTW and IPCW.

All analyses were performed using sas (version 9.4; SAS Institute, Cary, NC).

Baseline characteristics

We included a total of 1433 PLWH on ART in this analysis. The median follow-up time
was 4 years (IQR 1.8-6.4 years). Baseline sociodemographic and clinical characteristics are
shown in Table 1. Most participants self-identified as black (75%), and 34% were female.
The mean age at enrolment was 43 years (SD 11 years). Sociodemographic characteristics
that were more common among participants with hospitalized AKI when compared with
those without AKI included self-identified black race, older age, earlier date of ART
initiation, history of injecting drug use, and reliance on government insurance. In addition,
individuals who experienced hospitalized AKI had a higher prevalence of comorbidities
such as hypertension and HCV infection. The prevalence of CKD and dipstick proteinuria =
1 was higher among individuals with hospitalized AKI when compared with those without
AKI. PLWH with hospitalized AKI had less controlled HIV infection, with higher viraemia,
lower CD4 counts and a higher likelihood of a history of AIDS, and a higher proportion of
TDF use.

AKI incidence

The incidence of AKI fluctuated from year to year with a peak of 40 (95% CI 22-69) per
1000 person-years (PY) in 2007 and a nadir of 20 (95% CI 11-34) per 1000 PY in 2010
(Figure 1). Overall, there was no significant temporal trend: —3.3% per year (95% CI —-8.6 to
2.3%; P=0.24). Stage 1 AKI accounted for most AKI cases in this study (74%), and nearly
all cases occurred among individuals with CKD (eGFR < 60 mL/min/1.73 m?). Stage 2 AKI
accounted for 12%, and stage 3 AKI accounted for 14% of incident AKI hospitalizations.

AKI risk factors

Table 2 shows our univariable and multivariable Cox regression models assessing the
associations between potential risk factors and hospitalized AKI. In the multivariable
models, we observed that self-identified black race was the only sociodemographic factor
that was strongly associated with hospitalized AKI [adjusted hazard ratio (aHR) 2.44; 95%
Cl 1.42-4.20]. Comorbid conditions that were associated with hospitalized AKI included
hypertension (aHR 1.62; 95% CI 1.09-2.38), dipstick proteinuria (aHR 1.86; 95% CI 1.07-
3.23), and lower serum albumin (aHR 1.73 per 1 g/dL decrease; 95% CI 1.24-2.40 per

1 g/dL decrease). Of the HIV-related risk factors, a history of AIDS (aHR 1.82; 95% CI
1.29-2.56) and CD4 count < 200 cells/yuL (aHR 1.46; 95% CI 1.02-2.07, when compared
with CD4 count > 200 cells/pL) remained strongly associated with risk of AKI in the
multivariable analysis.

HIV Med. Author manuscript; available in PMC 2022 July 01.
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In a separate analysis, using IPTW to account for indication and channelling bias for TDF
and atazanavir use, neither was associated with the risk of AKI (TDF aHR 0.80; 95% ClI
0.54-1.19; atazanavir aHR 0.81; 95% CI 0.52-1.27).

Our results were almost identical in our analysis testing the sensitivity of the Cox regression
models to large IPCW.

DISCUSSION

We evaluated the incidence of and risk factors for hospitalized AKI among PLWH on

ART in a large urban medical centre in Northern America. We observed that the incidence
of AKI fluctuated from year to year, and history of AIDS, lower CD4 cell count, black

race, hypertension, proteinuria, and lower serum albumin concentrations were independently
associated with AKI.

Our study builds on one prior study of PLWH that defined AKI according to international
guidelines [18]. Li et a/. reported a gradual decrease in hospitalized AKI from 1995 to

2006 among US military veterans [12]. The nadir in incidence of AKI in that study was

29 per 1000 PY in 2006, which is similar to our findings; however, we did not find

any strong temporal trend from 2005 onwards. The decline in AKI incidence in Li et a/.

was largely attributed to ART [12]. In the absence of ART, progressive immunodeficiency
ensues and leads to AIDS-defining opportunistic infections that drastically increase the

risk of hospitalized AKI [30]. In addition, untreated HIV infection can lead to various
forms of HIV-associated kidney disease such as immune complex kidney disease [31,32], or
HIV-associated nephropathy (HIVVAN) [33], which can present with AKI. We only included
participants on ART in our study, so that may be why we did not observe any strong trends
in AKI incidence over time. However, of the HIV-related risk factors examined in our study,
markers of immune suppression, including CD4 count < 200 cells/uL and a history of AIDS,
were associated with increased risk of AKI.

In the setting of ART, traditional AKI risk factors such as proteinuria remained strongly
associated with AKI in our study. Proteinuria is highly prevalent among PLWH [34-36], and
current Infectious Diseases Society of America (IDSA) guidelines recommend screening for
proteinuria and treatment with ACE-Is/ARBs [37]. These medications may be particularly
useful among hypertensive PLWH [38]. Hypertension is another highly prevalent condition
among PLWH [38,39], and was associated with AKI in our population and among veterans
with HIV infection [12].

Our study also adds to the literature showing an increased risk of kidney disease among
black PLWH [4,12]. Despite adjustment for sociodemographic factors, comorbidities, degree
of HIV control and other kidney-preserving treatments, we could not explain the increased
risk of AKI associated with black race in our analysis. We do not believe that our findings
can be attributed to a genetic predisposition to HIVAN and other forms of kidney diseases

as a consequence of apolipoprotein L1 (APOL 1) genetic variants [40,41]. APOL 1 variants
are not associated with AKI [42], and the wide roll-out of ART has substantially decreased
the incidence of biopsy-proven HIVAN [43]. Racial disparities in AKI risk were partially
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attributed to differences in income and health insurance in one community-based cohort
study of individuals without HIV infection [42]. While we accounted for health insurance in
our multivariable models, we did not have data regarding family income, and differences in
income may explain some of the increased risk of AKI observed among black individuals.
Efforts to better identify and address other modifiable determinants of health outcomes
among black individuals such as systemic inequities (including racism and bias) are urgently
needed [44-46].

The major strengths of our study are its large sample size, which leveraged a long-standing
clinical cohort, and exclusion of untreated PLWH. ART is recommended for all PLWH
[47], and thus our study is more representative of PLWH in the current era of universal
ART. In addition, we used acute changes in serum creatinine to define AKI according to
the KDIGO guidelines [18]. However, we also acknowledge several limitations. First, this
was a single-centre study. Secondly, although there are numerous causes of AKI, we lacked
information regarding the aetiology of AKI, which limits our ability to further explain the
observed incidence of AKI and racial differences. Thirdly, we only captured AKI events
that occurred in the setting of hospitalization and could not capture cases that may have
been managed in the outpatient setting. Fourthly, it is possible that participants obtained care
outside of Johns Hopkins, leading to incomplete AKI ascertainment and underestimation
of incidence. Fifthly, medication exposure was ascertained using electronic medical records
which may lead to misclassification of medication exposure and does not capture treatment
adherence. In addition, using electronic medical records has inherent biases which we
attempted to address using IPCW.

In conclusion, we report that the AKI incidence has been fluctuating in the decade spanning
2005-2015 without strong temporal trends among those uniformly on ART. With universal
roll-out of ART among all PLWH, it is important to treat proteinuria and hypertension and
eliminate barriers to equitable care that black PLWH face.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGEMENTS

The authors would like to thank the study participants.
Funding information

ANM is supported by University of California, San Francisco, Dean’s Diversity award, R0O1DK114014-01A1S1
diversity supplement and K23DK119562. RM is supported by U01 DA036935 and P30 Al094189. CRP is
supported by RO1HL085757 and P30DK079310. CYH is supported by K24DK92291 and MME by R01DK103574

REFERENCES

1. Antiretroviral Therapy Cohort C. Survival of HIV-positive patients starting antiretroviral therapy
between 1996 and 2013: a collaborative analysis of cohort studies. Lancet HIV. 2017;4(8):e349-
e356. [PubMed: 28501495]

2. Samji H, Cescon A, Hogg RS, et al. Closing the gap: increases in life expectancy among treated
HIV-positive individuals in the United States and Canada. PLoS One. 2013;8(12):e81355.

HIV Med. Author manuscript; available in PMC 2022 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Muiru et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

Page 9

. Wong C, Gange SJ, Buchacz K, et al. First occurrence of diabetes, chronic kidney disease,

and hypertension among North American HIV-infected adults, 2000-2013. Clin Infect Dis.
2017;64(4):459-467. [PubMed: 28172581]

. Abraham AG, Althoff KN, Jing Y, et al. End-stage renal disease among HIV-infected adults in North

America. Clin Infect Dis. 2015;60(6):941-949. [PubMed: 25409471]

. Wong C, Gange SJ, Moore RD, et al. Multimorbidity among persons living with human

immunodeficiency virus in the United States. Clin Infect Dis. 2018;66(8):1230-1238. [PubMed:
29149237]

. Siew ED, Davenport A. The growth of acute kidney injury: a rising tide or just closer attention to

detail? Kidney Int. 2015;87(1):46-61. [PubMed: 25229340]

. Susantitaphong P, Cruz DN, Cerda J, et al. World incidence of AKI: a meta-analysis. Clin J Am Soc

Nephrol. 2013;8(9):1482-1493. [PubMed: 23744003]

. Kaiser Family Foundation. Global HIV/AIDS timeline. https://www.kff.org/hivaids/timeline/global-

hivaids-timeline/#1987. Published 2018 Accessed December 28, 2020.

. Department of Health and Human Services. Panel on antiretroviral guidelines for adults and

adolescents. guidelines for the use of antiretroviral agents in adults and adolescents with

HIV. https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/AdultandAdolescentGL.pdf
Published 2021. [accessed 8 December 2021].

Margolis AM, Heverling H, Pham PA, Stolbach A. A review of the toxicity of HIV medications. J
Med Toxicol. 2014;10(1):26-39. [PubMed: 23963694]

Roe J, Campbell LJ, Ibrahim F, Hendry BM, Post FA. HIV care and the incidence of acute renal
failure. Clin Infect Dis. 2008;47(2):242-249. [PubMed: 18540821]

Li Y, Shlipak MG, Grunfeld C, Choi Al. Incidence and risk factors for acute kidney injury in HIV
infection. Am J Nephrol. 2012;35(4):327-334. [PubMed: 22456100]

Wyatt CM, Arons RR, Klotman PE, Klotman ME. Acute renal failure in hospitalized patients
with HIV: risk factors and impact on in-hospital mortality. AIDS. 2006;20(4):561-565. [PubMed:
16470120]

Franceschini N, Napravnik S, Eron JJ Jr, Szczech LA, Finn WF. Incidence and etiology of

acute renal failure among ambulatory HIV-infected patients. Kidney Int. 2005;67(4):1526-1531.
[PubMed: 15780107]

Valeri A, Neusy AJ. Acute and chronic renal disease in hospitalized AIDS patients. Clin Nephrol.
1991;35(3):110-118. [PubMed: 2032395]

Grams ME, Waikar SS, MacMahon B, Whelton S, Ballew SH, Coresh J. Performance and
limitations of administrative data in the identification of AKI. Clin J Am Soc Nephrol.
2014;9(4):682-689. [PubMed: 24458075]

Moore RD. Understanding the clinical and economic outcomes of HIV therapy: the Johns Hopkins
HIV clinical practice cohort. J Acquir Immune Defic Syndr Hum Retrovirol. 1998;17(Suppl
1):S38-S41. [PubMed: 9586651]

Khwaja A. KDIGO clinical practice guidelines for acute kidney injury. Nephron.
2012;120(4):c179-c184. 10.1159/000339789 [PubMed: 22890468]

Chaisson RE, Keruly JC, Moore RD. Race, sex, drug use, and progression of human
immunodeficiency virus disease. N Engl J Med. 1995;333(12):751-756. [PubMed: 7643881]
Moore RD, Chaisson RE. Natural history of opportunistic disease in an HIV-infected urban clinical
cohort. Ann Intern Med. 1996;124(7):633-642. [PubMed: 8607591]

Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomerular filtration rate.
Ann Intern Med. 2009;150(9):604-612. [PubMed: 19414839]

Rizopoulos D. Joint models for longitudinal and time-to-event data: With applications in R. CRC
Press; 2012.

Van Buuren S. Flexible imputation of missing data. CRC Press; 2018.

White IR, Royston P. Imputing missing covariate values for the cox model. Stat Med.
2009;28(15):1982-1998. [PubMed: 19452569]

Ulm K. A simple method to calculate the confidence interval of a standardized mortality ratio
(SMR). Am J Epidemiol. 1990;131(2):373-375. [PubMed: 2296988]

HIV Med. Author manuscript; available in PMC 2022 July 01.


https://www.kff.org/hivaids/timeline/global-hivaids-timeline/#
https://www.kff.org/hivaids/timeline/global-hivaids-timeline/#

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Muiru et al.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 10

Yoshida M, Matsuyama Y, Ohashi Y, Group MS. Estimation of treatment effect adjusting for
dependent censoring using the IPCW method: an application to a large primary prevention study
for coronary events (MEGA study). Clin Trials. 2007;4(4):318-328. [PubMed: 17848493]

Cole SR, Hernan MA. Constructing inverse probability weights for marginal structural models. Am
J Epidemiol. 2008;168(6):656—664. [PubMed: 18682488]

Petri H, Urquhart J. Channeling bias in the interpretation of drug effects. Stat Med.
1991;10(4):577-581. [PubMed: 2057656]

Triant VA, Josephson F, Rochester CG, et al. Adverse outcome analyses of observational data:
assessing cardiovascular risk in HIV disease. Clin Infect Dis. 2012;54(3):408-413. [PubMed:
22095570]

Brooks JT, Kaplan JE, Holmes KK, Benson C, Pau A, Masur H. HIV-associated opportunistic
infections—going, going, but not gone: the continued need for prevention and treatment guidelines.
Clin Infect Dis. 2009;48(5):609-611. [PubMed: 19191648]

Nobakht E, Cohen SD, Rosenberg AZ, Kimmel PL. HIV-associated immune complex kidney
disease. Nat Rev Nephrol. 2016;12(5):291-300. [PubMed: 26782145]

Booth JW, Hamzah L, Jose S, et al. Clinical characteristics and outcomes of HIV-associated
immune complex kidney disease. Nephrol Dial Transplant. 2016;31(12):2099-2107. [PubMed:
26786550]

Wyatt CM, Klotman PE, D’Agati VD. HIV-associated nephropathy: clinical presentation,
pathology, and epidemiology in the era of antiretroviral therapy. Semin Nephrol. 2008;28(6):513—
522. [PubMed: 19013322]

Palella FJ Jr, Li X, Gupta SK, et al. Long-term kidney function, proteinuria, and associated risks
among HIV-infected and uninfected men. AIDS. 2018;32(10):1247-1256. [PubMed: 29561293]
Zeder AJ, Hilge R, Schrader S, Bogner JR, Seybold U. Medium-grade tubular proteinuria is
common in HIV-positive patients and specifically associated with exposure to tenofovir disoproxil
fumarate. Infection. 2016;44(5):641-649. [PubMed: 27256076]

Gravemann S, Brinkkoetter PT, Vehreschild JJ, et al. Low-grade proteinuria is highly prevalent
in HIV-positive patients on antiretroviral treatment. AIDS. 2014;28(12):1783-1789. [PubMed:
24841129]

Lucas GM, Ross MJ, Stock PG, et al. Clinical practice guideline for the management of chronic
kidney disease in patients infected with HIV: 2014 update by the HIV medicine association

of the infectious diseases society of America. Clin Infect Dis. 2014;59(9):e96—e138. [PubMed:
25234519]

Fahme SA, Bloomfield GS, Peck R. Hypertension in HIV-infected adults: novel pathophysiologic
mechanisms. Hypertension. 2018;72(1):44-55. [PubMed: 29776989]

Hyde JR, Sears SC, Buendia JR, Odem SL, Vaaler ML, Mgbere OO. HIV comorbidities-pay
attention to hypertension amid changing guidelines: an analysis of Texas medical monitoring
project data. Am J Hypertens. 2019;32(10):960-967. [PubMed: 31070706]

Kasembeli AN, Duarte R, Ramsay M, et al. APOL1 risk variants are strongly associated with
HIV-associated nephropathy in Black South Africans. J Am Soc Nephrol. 2015;26(11):2882—2890.
[PubMed: 25788523]

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]
Grams ME, Matsushita K, Sang Y, et al. Explaining the racial difference in AKI incidence. J Am
Soc Nephrol. 2014;25(8):1834-1841. [PubMed: 24722442]

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]

Hall WJ, Chapman MV, Lee KM, et al. Implicit racial/ethnic bias among health care
professionals and its influence on health care outcomes: a systematic review. Am J Public Health.
2015;105(12):e60—76.

Hardeman RR, Medina EM, Kozhimannil KB. Structural racism and supporting black lives - the
role of health professionals. N Engl J Med. 2016;375(22):2113-2115. [PubMed: 27732126]

HIV Med. Author manuscript; available in PMC 2022 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Muiru et al. Page 11

46. King CJ, Redwood Y. The health care institution, population health and black lives. J Natl Med
Assoc. 2016;108(2):131-136. [PubMed: 27372475]

47. Saag MS, Gandhi RT, Hoy JF, et al. Antiretroviral drugs for treatment and prevention of HIV
infection in adults: 2020 recommendations of the international antiviral society-USA panel.
JAMA. 2020;324(16):1651-1669. [PubMed: 33052386]

HIV Med. Author manuscript; available in PMC 2022 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Muiru et al. Page 12

150

100

50

Incidence of hospitalized AKI
(per 1000 person-years)

2005 2006 2007 2008 2009 2010 2011 2012 2013
Year

FIGURE 1.
Crude incidence of first acute kidney injury (AKI) by calendar year among people living

with HIV from 2005 to 2015 enrolled in the Johns Hopkins HIV Clinical Cohort (JHHCC)
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