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Kidney disease in HIV-infected persons manifests in a vari- 
ety of ways, including acute kidney injury (AKI), HIV-associ-
ated kidney disease, comorbid chronic kidney disease (CKD), 
and treatment-related kidney toxicity. The burden of CKD 
and end-stage renal disease (ESRD) remains high in the HIV- 
infected population. 

There are several important caveats to consider when diag-
nosing and managing kidney disease in HIV-infected persons. 
Glomerular filtration rate (GFR) estimates are not well vali-  
dated in this population. The Chronic Kidney Disease Epide- 
miology Collaboration (CKD-EPI) equation, which incorpo-
rates serum creatinine level and demographic factors, appears 
to provide the most accurate estimates among HIV-infected 
persons who are stable on antiretroviral therapy. However, 
there are strengths and limitations for all currently used 
equations, and creatinine clearance by Cockcroft-Gault calcu-
lation remains the recommended kidney function estimate 
for drug dosing. Several antiretroviral and other medications 
(eg, dolutegravir, rilpivirine, trimethoprim, and the phar-
macoenhancers cobicistat and ritonavir) can interfere with 
creatinine secretion without affecting true GFR. In addition, 
creatine supplements and diets high in animal protein can 
increase levels of serum creatinine, resulting in an inaccurate 
estimate of GFR. Cystatin C testing may be helpful in such 
situations but should be used with caution in patients with 
HIV infection. Although normal cystatin C test results can be 
reassuring, abnormal cystatin C test results could reflect a 
decrease in GFR or an increase in systemic inflammation.1-3 
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The risk of acute and chronic kidney disease remains 
higher in HIV-infected persons than in the general pop- 
ulation, and kidney disease in HIV-infected persons is as- 
sociated with poor outcomes, including increased mor- 
tality. HIV-associated nephropathy occurs less frequently 
in the era of antiretroviral therapy. HIV immune complex 
kidney disease is being diagnosed more frequently, but 
the term is currently used to refer to a heterogeneous 
group of kidney diseases. Comorbid chronic kidney dis- 
ease poses a growing burden in HIV-infected persons 
due to an overrepresentation of risk factors such as 
black race, diabetes, hypertension, and coinfection with  
hepatitis C virus. Drug-induced kidney toxicity also re- 
mains a concern. This article summarizes a presentation 
by Christina M. Wyatt, MD, at the Ryan White HIV/AIDS 
Program Clinical Care Conference held in New Orleans, 
Louisiana, in December 2015. 
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Perspective

Kidney Disease and HIV Infection

Acute Kidney Injury 

AKI is more common in HIV-infected persons than in the gen-
eral population and is associated with increased risk of adverse 
outcomes such as heart failure, cardiovascular disease, ESRD, 
and death.4 The incidence of AKI has decreased since the 
introduction of potent antiretroviral therapy but remains sub-
stantial,5 with evidence in more recent years of an increase in 
incidence of more severe AKI.6 Data from a national sample 
of hospital admissions showed that an increasing proportion 
of hospitalizations among HIV-infected persons were compli-
cated by dialysis-dependent AKI (Figure 1).6 Although these 
data could reflect more frequent use of dialysis, the associa-
tion between severe AKI and increased risk of mortality was 
also stronger in later years of the study period.

Detailed data on the etiology of AKI in the context of HIV 
infection are outdated. In a 2005 study, the most common 
causes of AKI were systemic infections, including AIDS-defin-
ing infections.7 More recent data from the National Inpatient 
Sample mentioned above indicate that sepsis remains a 
common risk factor for severe AKI, along with other tradi-
tional risk factors (eg, diabetes, hypertension, CKD, and liver 
disease) in the aging HIV-infected population.6
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Figure 1. Proportion of hospitalizations among HIV-infected persons 
complicated by dialysis-dependent acute kidney injury (top), and ad
justed odds ratio of in-hospital mortality associated with dialysis-
dependent acute kidney injury (bottom). Adapted from Nadkarni  
et al.6
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between increased risk for kidney disease and HCV viremia 
and others have not: 2 secondary analyses of HIV treatment 
trials identified a strong association between HCV viremia 
and increased risk for CKD,12,13 whereas HCV infection was 
associated with an increased risk of CKD regardless of HCV 
RNA level in data from the North American AIDS Cohort Col-
laboration on Research and Design (NA-ACCORD).14 Although 
improvements in kidney disease have been observed in some 
HIV/HCV-coinfected persons receiving HCV treatment, the 
impact of more widespread treatment of HCV infection on 
CKD risk in HIV/HCV-coinfected persons remains unclear. As 
discussed below, practitioners should be aware of potential 
drug-drug interactions between direct-acting antiviral drugs 
and antiretroviral therapy when treating these patients.

Treatment-Related Kidney Toxicity

The antiretroviral drugs most strongly implicated in kidney 
injury are protease inhibitors (in particular indinavir and ata-
zanavir) and tenofovir disoproxil fumarate (TDF). Practitioners 
still report cases of CKD resulting from prior use of indinavir, 
although this drug is rarely used any longer. These individuals 
may present with scarring from chronic interstitial nephritis 
or obstructive nephropathy, posing increased risk for future 
comorbid CKD or treatment-related kidney toxicity. Although 
indinavir is the most strongly linked to interstitial nephritis 
and nephrolithiasis, all protease inhibitors are poorly solu-
ble in urine, resulting in crystalluria that can promote renal 
inflammation or stone formation. The risk of nephrolithiasis 
may be higher with atazanavir than with other commonly 
used protease inhibitors, and this drug has also been associ-
ated with decreased GFR in observational studies.15,16 

TDF-related kidney toxicity is generally a clinical diagnosis. 
A biopsy is not necessary for a person who is taking tenofovir 
who presents with typical tubular injury with hypophosphate-
mia, glycosuria, proteinuria, and an elevated creatinine level. 
If alternative therapy is available, the recommendation is  

HIV-Associated Kidney Disease

HIV-associated nephropathy (HIVAN) was the first kidney  
disease described in HIV-infected persons but is now infre- 
quently encountered in populations with access to antiretro-
viral therapy. It is most commonly seen in persons who are 
newly diagnosed with late-stage HIV infection or in those 
who have discontinued antiretroviral therapy, and it may 
present as AKI or CKD. In addition to HIVAN, the spectrum 
of HIV-associated kidney disease includes HIV immune com- 
plex kidney disease (HIVICK) and, less commonly, throm- 
botic microangiopathy. 

HIVAN is classically associated with rapid progression to 
ESRD, occurs in advanced HIV disease, and is observed almost 
exclusively in persons of African descent, who account for 
approximately 90% of HIVAN-related cases of ESRD. HIVAN 
has a distinct histology, representing a collapsing form of 
focal segmental glomerulosclerosis (FSGS). The pathogenesis 
of HIVAN requires local HIV infection of the kidney, with the 
virus infecting tubular and glomerular epithelial cells. Along 
with local infection of the kidney, systemic HIV infection and 
systemic immune dysfunction may also contribute to disease 
pathogenesis. The strong racial disparity in HIVAN and associ-
ated ESRD is related to polymorphisms in the APOL1 gene,  
a gene on chromosome 22 that encodes apolipoprotein 1 
and is associated with susceptibility to trypanosomiasis. Anti-
retroviral therapy is the recommended initial treatment for 
HIVAN, and there is some evidence of benefit with adjunctive 
therapies including angiotensin-converting enzyme inhibitors 
or angiotensin receptor blockers and corticosteroids. Most 
experts would limit the use of corticosteroids to patients with 
progressive disease despite antiretroviral therapy.8 

HIVICK has not been as well studied, in part because the 
term has been used to refer to a broad spectrum of heteroge-
neous glomerular diseases. The causal relationship between 
HIV infection and HIVICK is less clear than for HIVAN, and 
whether antiretroviral therapy can reverse or delay the pro-
gression of HIVICK is also unclear.  

Comorbid Kidney Disease

Although there has been a decrease in the incidence of HIVAN, 
comorbid CKD is a growing burden in the HIV-infected pop- 
ulation. Traditional risk factors for CKD, including black race,  
diabetes, hypertension, and coinfection with HCV, are over- 
represented in this population, making it difficult to dis-
tinguish the contribution of HIV infection. In a study by 
Medapalli and colleagues, HIV infection and diabetes had an 
additive effect on risk for CKD progression (Figure 2).9 Data 
from animal studies suggest that this may be related to syn-
ergistic inflammatory pathways upregulated by diabetes and 
HIV infection.10 

HCV infection is also associated with increased risk of 
kidney disease in HIV/HCV-coinfected persons.11 Whether 
injection drug use or other risk factors for HIV and HCV infec-
tions contribute to the increased risk of kidney disease has not 
been determined. Some studies have found an association 
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Figure 2. Additive effect of HIV infection and diabetes on progression 
of chronic kidney disease. Adapted from Medapalli et al.9
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to discontinue TDF. A biopsy to confirm TDF-related kid-
ney toxicity is warranted in cases in which there are atypical 
presentations or comorbidities or in which antiretroviral ther-
apy options are limited. 

In addition to being associated with proximal tubular 
dysfunction, TDF may also be associated with a decrease 
in creatinine clearance or GFR. In randomized and cohort 
studies, declines in creatinine clearance were greater with 
TDF-containing regimens than with regimens that did not 
contain TDF.17 In a study in the US Veterans Affairs popula-
tion, the hazard ratio for developing an estimated GFR below 
60 mL/min/1.73 m2 when taking a TDF-containing regimen 
was statistically significant for all subgroups except for per-
sons with preexisting CKD or diabetes, conditions which are 
likely stronger determinants of developing a low GFR.15 In 
addition to TDF, the protease inhibitors indinavir, atazanavir, 
and ritonavir-boosted lopinavir have been associated with 
CKD risk that increases with cumulative exposure.16 This 
increased risk has not been observed with other boosted pro-
tease inhibitors or with abacavir. 

Drug-drug interactions may also increase the risk of TDF-
related kidney toxicity by increasing exposure to tenofovir. 
In particular, the pharmacoenhancers ritonavir and cobici-
stat are both known to increase plasma concentrations of  
tenofovir. Vigilance is also warranted when using TDF with 
newer treatments for HCV infection. Tenofovir levels have 
been shown to increase when TDF is used concurrently with 
coformulated (/) ledipasvir/sofosbuvir with or without a rito-
navir-boosted protease inhibitor. 

In addition to the risk in HIV-infected persons, much 
remains to be learned about the potential for cumulative 
kidney toxicity in HIV-seronegative persons taking a TDF-con-
taining regimen long term as HIV preexposure prophylaxis; 
available evidence suggests a small but statistically significant 
decrease in creatinine clearance or GFR but an absence of 
overt kidney toxicity.18,19 

The newer prodrug tenofovir alafenamide (TAF) may re- 
duce the risk of kidney toxicity compared with TDF. TAF 
results in lower plasma concentrations of tenofovir than TDF, 
which is anticipated to result in a lower risk of exposure-
dependent kidney and bone toxicities. Premarketing clinical 
trials have demonstrated a favorable effect of TAF versus 
TDF on biomarkers of subclinical kidney injury or proxi-
mal tubular dysfunction, although adverse clinical events 
were very rare regardless of treatment assignment.20-22 In 
a small open-label study among individuals with creati-
nine clearance of 30 to 69 mL/min who were switched to a 
TAF-containing regimen, similar improvements in urine bio-
markers were observed among those whose initial regimen 
included TDF. Two participants in the study discontinued 
TAF during the follow-up period because of decreased 
creatinine clearance, although both had traditional risk fac-
tors for progressive kidney disease.23 Because tenofovir 
levels are increased following TAF administration in the set-
ting of decreased GFR, individuals in this setting should 
be monitored for potential drug-related kidney toxicity until 
ongoing studies confirm the safety of long-term use in this 

population. The safety of TAF in individuals with a prior his-
tory of TDF-related kidney toxicity has not been studied.

Management of ESRD in HIV-Infected Persons

Persons with well-controlled HIV infection and ESRD are 
candidates for both hemodialysis and peritoneal dialysis 
and should be evaluated for kidney transplantation. Early 
discussion and planning is important so that use of hemodi-
alysis catheters can be avoided, as HIV-infected persons are 
at similar, if not higher, risk for infection and other complica-
tions related to catheter use. HIV-infected kidney transplant 
recipients are at risk for substantial drug-drug interactions, 
and any change in antiretroviral therapy should be com-
municated to the transplant team immediately. Based on 
promising data from South Africa,24 an ongoing US study 
will evaluate the safety of kidney transplantation from HIV-
infected donors to HIV-infected recipients. If successful, this 
approach could reduce the wait time for kidney transplanta-
tion for HIV-infected persons, which may exceed 5 years in 
some urban areas.�

Presented by Dr Wyatt in December 2015. First draft prepared from 
transcripts by Matthew Stenger. Reviewed and edited by Dr Wyatt in 
February 2017.
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