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Review

Recent developments in HIV-related 
kidney disease

Although kidney disease has been a recognized complication of HIV infection since the beginning of the HIV epidemic, 
its epidemiology, underlying causes and treatment have evolved in developed countries where HAART has been 
widely available. HIV-associated nephropathy and HIV immune complex-mediated kidney disease were the prominent 
renal diagnoses in the earlier period of the HIV epidemic. While HIV immune complex-mediated kidney disease 
remains a common finding among HIV-infected individuals with kidney disease, the incidence of HIV-associated 
nephropathy has been diminishing in developed countries. The role of the metabolic effects of long-term HAART 
exposure and nephrotoxicity of certain antiretroviral medications on the development and progression of chronic 
kidney disease is now of increasing concern. The long-term clinical implications of acute kidney injury among HIV-
infected persons are increasingly recognized. Kidney disease in HIV-infected persons continues to be a major risk 
factor for morbidity and mortality in this patient population; therefore, early recognition and treatment of kidney 
disease are imperative in lessening the impact of kidney disease on the health of HIV-infected individuals. This 
review focuses on recent developments and ongoing challenges in the understanding, diagnosis and management 
of HIV-related kidney disease.
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Learning objectives
Upon completion of this activity, participants should be able to:

n	Distinguish risk factors for kidney disease among patients with HIV infection

n	Examine effective diagnostic strategies for assessment of kidney disease in patients with 
HIV infection 

n	Construct appropriate management strategies for HIV-associated nephropathy that recognize 
the impact of antiretroviral medications on kidney function

For reprint orders, please contact: reprints@futuremedicine.com



590 future science groupHIV Ther. (2010) 4(5)

HIV-infected individuals are at an increased 
risk for acute kidney injury (AKI) and chronic 
kidney disease (CKD). Both AKI and CKD, 
including microalbuminuria, are associated 
with increased risk for cardiovascular disease 
and mortality among HIV-infected individuals 
versus the general HIV-uninfected population. 
While the mechanisms by which kidney dis-
ease impacts outcomes in HIV-infected persons 
remain largely unclear, timely detection and 
accurate diagnosis of kidney disease in HIV-
infected individuals are necessary in averting 
further renal injury and instituting appropriate 
treatment. This paper reviews recent advances 
regarding the epidemiology, pathogenesis and 
management of kidney disease in HIV infection.

Renal disorders & their adverse effects 
in HIV infection
	n Acute kidney injury

HIV-infected individuals appear to have higher 
risk for AKI compared with HIV-uninfected 
persons. Among ambulatory HIV-infected 
persons, AKI incidence was estimated to be 
5.9 per 100 person-years [1]. Among hospital-
ized patients, approximately 18% of HIV-
infected patients developed AKI [2], with nearly 
a threefold higher risk of AKI compared with 
HIV-uninfected patients [3].

For HIV-infected persons who present with 
AKI, the differential diagnosis may be broad. 
Among ambulatory patients who develop AKI, 
the majority are thought to have pre-renal azo-
temia (38%), acute tubular necrosis (20%) or 
drug-related AKI (15%), and not necessarily 
AKI directly related to their HIV infection [1]. 
Patients who develop AKI during their hos-
pitalization often have acute tubular necrosis, 
acute interstitial nephritis, urinary obstruction 
or drug-related nephrotoxicity. In a case series 
of HIV-infected individuals who underwent 
kidney biopsies and were diagnosed with acute 

interstitial nephritis, most cases were due to 
nonsteroidal anti-inflammatory drugs or sul-
famethoxazole/trimethoprim. Antiretroviral 
medications were implicated in only three 
patients [4].

	n Chronic kidney disease
While 10–30% of HIV-infected individuals have 
microalbuminuria or proteinuria [5], the preva-
lence of impaired kidney function (defined as 
an estimated glomerular filtration rate [eGFR] 
<60 ml/min/1.73 m2) varies from 2.4 to 10% 
depending upon the social and demographic 
characteristics of the examined population [6,7]. 
HIV-associated nephropathy (HIVAN), a specific 
histopathologic form of focal segmental glomeru-
losclerosis (FSGS), has traditionally been regarded 
as the predominant renal lesion among HIV-
infected persons of African descent [8]. Recent 
studies using HIVAN mouse models suggest 
that two pathways may be involved in HIVAN 
pathogenesis. Compared with control mice, renal 
epithelial and tubular cells from HIVAN mice 
demonstrated increased expression of mesen-
chymal markers, such as a-smooth muscle actin 
(a-SMA) and fibroblast-specific protein-1 (FSP1), 
suggesting that epithelial mesenchymal transition 
may contribute to HIVAN [9]. In addition, the 
mammalian target of rapamycin (mTOR) path-
way may also contribute to HIVAN. Using the 
HIVAN mouse model, the investigators dem-
onstrated the activation of the mTOR pathway 
in the renal cortices. Treatment with the mTOR 
inhibitor r apamycin led to milder HIVAN 
h istopathology [10].

Various other renal lesions may also occur 
in HIV-infected persons. Among HIV-
infected individuals of non-African descent, 
HIV-related immune complex-mediated kid-
ney disease (HIVICK) develops as a direct 
result of deposition or in situ development of 
HIV antigen-specific immune complexes [11]. 
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Other cases mimic immune-complex dis-
eases observed in HIV-uninfected individu-
als and include IgA nephropathy, lupus-like 
glomerulnephritis,post-infectious glomerulone-
phritis and hepatitis C-related membranoprolif-
erative glomerulonephritis. In addition, intersti-
tial nephritis, thrombotic microangiopathy and 
more traditional CKD causes, such as diabetic 
or hypertensive nephropathy, may occur in HIV 
i nfection [12].

	n Adverse effects of AKI & CKD
In the early part of the HIV epidemic, AKI and 
CKD were associated with earlier progression 
to AIDS and death [13]. In the modern HAART 
era, AKI and CKD remain strongly associated 
with death, but are also increasingly recognized 
as important risk factors for cardiovascular 
events. In a large population of hospitalized 
HIV-infected persons, the incidence of car-
diovascular disease and heart failure increased 
incrementally with AKI severity [2,14]. Among 
HIV-infected individuals requiring dialysis for 
AKI, the risk for cardiovascular disease and 
heart failure were 1.96- and 4.20-fold greater 
compared with individuals who did not develop 
AKI during their hospitalization [2]. A similar 
association was also observed among HIV-
infected individuals with CKD. Increasing 
microalbuminuria was associated with escalat-
ing risk for incident cardiovascular disease and 
heart failure, independent of eGFR level [15]. 
In a case–control study of 315 predominantly 
black HIV-infected individuals, the odds of a 
cardiovascular event was twofold greater among 
individuals with proteinuria and 1.2-fold greater 
per 10 ml/min/1.73 m2 lower eGFR. These risks 
were independent of diabetes, hypertension, 
dyslipidemia, previous cardiovascular events, 
CD4+ cell count and HIV-1 RNA level [16]. The 
mechanism by which kidney disease and cardio-
vascular disease are associated is not fully eluci-
dated. However, the association likely involves 
shared traditional risk factors, such as diabetes 
and hypertension, but also nontraditional risk 
factors commonly observed in HIV-infected 
persons, such as inflammation.

	n Association between AKI & CKD
In HIV infection, the risk of developing end-
stage kidney disease (ESKD) increases incre-
mentally with AKI severity. Among hospitalized 
HIV-infected patients, those who experienced a 
serum creatinine increase of at least 0.3 mg/dl 
or 150% were 1.37-times more likely to progress 

to ESKD compared with those who did not 
develop AKI. This increased to 20.36-fold 
higher risk among HIV-infected individuals 
requiring dialysis [2]. Unfortunately, individu-
als with CKD are at a significantly higher risk 
of developing AKI during their hospitalization. 
This risk for in-hospital AKI rises dramatically 
with the severity of CKD at the time of admis-
sion (odds ratio: 1.95–40.07) [17]; this converse 
association between CKD and AKI has not been 
examined in the context of HIV infection.

Risk factors for kidney disease in 
HIV infection
	n Genetic susceptibility to  

HIV-related CKD
Similar to the general HIV-uninfected popu-
lation, racial disparities in the rapidity of pro-
gression to ESKD exist between HIV-infected 
African–Americans and Caucasians [18]. HIV-
infected individuals of African descent, espe-
cially those who have a family history of ESKD, 
have long been recognized as having greater risk 
for HIV-related kidney disease [19]. These obser-
vations implicate the role of genetic susceptibil-
ity in HIV-related kidney disease. This hypoth-
esis has been supported by recent advancements 
in genome-wide association studies in transgenic 
mouse models of HIVAN and in humans with 
nondiabetic ESKD.

The transgenic mouse model of HIVAN has 
key, strain-specific differences in disease suscep-
tibility depending on the genetic make-up of the 
mouse. In this model, a strain of HIV-1 devoid 
of replicative capability is randomly incorpo-
rated as a transgene into the murine genome [20]. 
HIV-1 transgenic mice with an FVB/NJ back-
ground develop kidney disease with several fea-
tures of HIVAN. However, the renal phenotype 
is modified, ranging from no appreciable renal 
abnormalities to severe kidney disease, when this 
strain is crossed to a number of other inbred 
mouse strains, suggesting that the host genetic 
background is important in determining kidney 
disease development [21–23]. Genome-wide link-
age analyses of these HIVAN mice have been 
used to identify loci within the mouse genome 
that are associated with HIVAN susceptibil-
ity [24]. The first locus, HIVAN1, is located on 
mouse chromosome 3 and corresponds with 
the locus 3q25–27 in humans, which has been 
linked with diabetic and hypertensive kid-
ney disease [25,26]. Since the identification of 
HIVAN1 [21], two additional susceptibility loci 
have been discovered: HIVAN2 and HIVAN3 
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on mouse chromosomes 13 and 4, respectively. 
The latter two loci account for 7–10% of the 
variance in disease severity in the HIVAN 
mouse model [23]. Expression quantitative trait 
locus (eQTL) mapping has afforded the study 
of the effects of HIVAN1 and HIVAN2 on the 
expression of certain genes important in podo-
cyte function. In this method, gene expression 
levels are the outcomes of interest and handled 
as quantitative traits, and regulatory networks 
underlying HIVAN may be elucidated. Utilizing 
eQTL analysis, Papeta and colleagues have dem-
onstrated that HIVAN1 and HIVAN2 modulate 
the expression of a network of podocyte genes 
(including NPHS1, NPHS2, SYNPO, KIRREL 
and MYH9) located distantly from these suscep-
tibility loci [23]. Additional experiments showed 
that the presence of HIVAN1 or HIVAN2 led to 
altered expression levels of these podocyte genes 
without leading to renal disease. However, HIV 
infection of mice carrying either HIVAN1 or 
HIVAN2 manifested more severe disturbances 
in expression levels of these podocyte genes and 
development of renal disease [23]. Such a regula-
tory network is likely to be significant in the 
pathogenesis of HIVAN.

The importance of the host genetic background 
in the development of HIVAN has also been 
highlighted in human studies. Using mapping 
by admixture linkage disequilibrium (MALD), 
which was based on the observed racial differ-
ences in ESKD prevalence between African–
Americans and Caucasians, two independent 
studies showed a strong association between the 
region of chromosome 22q12 and nondiabetic 
ESKD (including HIVAN) [27,28]. This region 
contains 21 previously recognized genes. The 
initial investigations focused on variants of the 
MYH9 gene because of its renal expression (espe-
cially in podocytes), association with Mendelian 
forms of kidney disease and protein product (non-
muscle myosin heavy-chain isoform IIA). Its pro-
tein product co-localizes with actin, an important 
component of the podocyte cytoskeletal system, 
suggesting a vital role of this protein in the con-
tractile mechanisms of podocytes and podocyte 
foot processes [29]. In total, 14 MYH9 single 
nucleotide polymorphisms (SNPs) were associ-
ated with greater odds of ESKD. Haplotype E-1 
containing the four SNPs rs4821480, rs2032487, 
rs4821481 and rs3752462 was associated 
with a sixfold increased risk for biopsy-proven 
HIVAN [27]. A similar association was observed 
in the Family Investigation of Nephropathy and 
Diabetes (FIND) Study between HIV-related 

ESKD, but was weaker [28]. The association 
between these MYH9 SNPs and kidney disease 
has been replicated in follow-up studies and 
extended to Hispanic–Americans [30–33].

Although MYH9 is an attractive candidate 
gene, emerging data suggest that variants of the 
APOL1 gene, which are in strong linkage dis-
equilibrium with MYH9, may actually harbor 
the causal variant or contribute to the renal dis-
ease attributed to MYH9. In an association study 
among African–Americans with and without 
FSGS, two APOL1 SNPs were strongly associ-
ated with FSGS. Individuals with two risk alleles 
had over tenfold greater odds of FSGS compared 
with persons with none or only one risk allele. 
Adjustment for these newly discovered APOL1 
risk variants accounted for the excess risk of 
kidney disease previously attributed to the 
MYH9 risk variants [34]. A separate study among 
African–Americans and Hispanic–Americans 
with nondiabetic ESKD observed similar find-
ings [35]. APOL1 risk variants confer resistance 
to the parasite Trypanosoma, and therefore pro-
tection against the African sleeping sickness. 
These APOL1 risk variants likely arose through 
positive natural selection [34]; however, the 
mechanism by which they may lead to kidney 
disease is unclear. APOL1 encodes for apolipo-
protein A-1 and may be involved in apoptosis, 
autophagy and vascular injury. However, renal 
expression of APOL1 mRNA has only been 
demonstrated in cultured human podocytes [36]. 
Research to clarify the association between genes 
within chromosome 22q12 and kidney disease is 
actively ongoing. Since not all individuals who 
are homozygous for the MYH9 or APOL1 risk 
alleles develop kidney disease, additional renal 
injuries of genetic and/or environmental nature 
are necessary to manifest renal disease. One such 
injury may be HIV infection.

	n Other risk factors for kidney disease in 
HIV infection
Chronic kidney disease in HIV-infected indi-
viduals develops as a result of both viral-related 
risk factors and more traditional risk factors for 
kidney disease. HIVAN develops among HIV-
infected persons with high viremia that typically 
occurs in the context of advanced HIV disease 
stage or during acute HIV infection [37,38]. HIV-1 
infection of renal parenchymal cells is thought 
to be important in the development of HIVAN 
[39]; however, the mechanism by which HIV-1 
enters these cells does not appear to involve the 
chemokine receptors that the virus uses to infect 
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CD4+ lymphocyte cells [40]. Nonetheless, protein 
products of the viral genes (e.g., nef and vpr) 
are sufficient to induce HIVAN in susceptible 
transgenic murine models [41,42].

In addition to HIV-1, the hepatitis C virus is 
also an important contributor to kidney disease 
in the HIV-infected population. Approximately 
a third of HIV-infected individuals are co-
infected with hepatitis C; however, this esti-
mate is significantly higher among HIV-infected 
hemophiliacs and injection drug users [43]. In a 
meta-analysis of 27 studies, the risks for pro-
teinuria and AKI were higher among individu-
als dually infected with HIV and hepatitis C 
compared with individuals infected with HIV 
alone, with relative risks of 1.15 and 1.64, respec-
tively [44]. More recently, hepatitis C antibody 
positivity was associated with nearly a twofold 
increased risk of developing CKD among HIV-
infected individuals [45]. However, a large pro-
portion of dually infected persons also use illicit 
drugs, which may adversely affect kidney func-
tion [46]. Cocaine, in particular, has been linked 
to arterionephrosclerosis, a histopathological 
finding linked to hypertensive kidney disease, 
among HIV-infected cocaine users despite the 
absence of hypertension [47]; therefore, a portion 
of the increased risk for kidney disease may be 
attributable to renal effects of illicit drugs rather 
than the hepatitis C virus.

In addition to these viral-related factors, more 
traditional risk factors are likely to explain an 
increasing proportion of kidney disease in HIV 
infection due to the general aging of HIV-
infected persons and earlier use and increased 
availability of HAART. In the USA, diabetes 
and hypertension account for more than half of 
the cases of ESKD in the HIV-uninfected popu-
lation. The relative contributions of these dis-
eases to kidney disease are anticipated to increase 
in other developed countries [48]. Elevated low-
density lipoprotein (LDL) and decreased high-
density lipoprotein (HDL) levels have also been 
independently associated with kidney function 
decline [49]. Among HIV-infected persons, 
diabetes, hypertension and dyslipidemia have 
been associated with HAART exposure. HIV-
infected individuals receiving HAART expe-
rience a fourfold higher incidence of diabetes 
compared with HIV-uninfected persons [50]. 
Similarly, systolic hypertension develops after 
HAART exposure of 2 years or longer [51]. In a 
recent study comparing HIV-uninfected indi-
viduals matched on age, gender, race, smoking 
status and body mass index with HIV-infected 

persons aged 50 years or older, HIV-infected 
individuals had a higher prevalence of hyper-
tension (38 vs 54%, respectively) [52]. HIV infec-
tion also leads to reductions in LDL and HDL 
levels; HAART, however, is associated with 
increased LDL, but depressed HDL levels [53]. 
These HAART-related metabolic abnormalities 
likely play a role in the development of CKD 
among HIV-infected individuals as they do in 
the general population. Insulin resistance and 
hypertension correlate with more severe albu-
minuria [5]. These observations were supported 
by recent findings from the EuroSIDA Study in 
which hypertension and diabetes were indepen-
dent predictors of incident CKD [45]. Moreover, 
diabetes and hyperlipidemia were associated 
with greater decline in kidney function among 
HAART-treated, HIV-infected individuals [54].

Diagnosis & management of kidney 
disease in HIV infection
	n Recognition of kidney disease

Early recognition of kidney disease in HIV-
infected persons is imperative in preventing fur-
ther renal damage and instituting appropriate 
management efficiently. The diagnosis of AKI 
is based on serum creatinine rather than eGFR, 
which assumes that creatinine clearance is con-
stant, an invalid assumption in AKI [55]. The AKI 
Network (AKIN) has developed diagnostic crite-
ria to facilitate research on AKI and to improve 
AKI recognition and management (Box 1) [56]. 
These criteria include urine output because it is 
an early indicator of AKI and renal recovery and 
often precedes changes in serum creatinine.

Box 1. Definition and staging of acute kidney injury.
Acute kidney injury
Development of any one of the following within 48 h:

	n Absolute increase in SCr ≥0.3 mg/dl
	n Percentage increase in SCr ≥50% from baseline
	n Decrease in urine output to <0.5 ml/kg/h for >6 h

Staging of acute kidney injury
Stage 1

	n Increase in SCr ≥0.3 mg/dl or ≥150–200% from baseline
	n Urine output <0.5 ml/kg/h for >6 h

Stage 2

	n Increase in SCr >200–300% from baseline
	n Urine output <0.5 ml/kg/h for >12 h

Stage 3

	n Increase in SCr >300% from baseline
	n SCr ≥4 mg/dl with acute SCr increase ≥0.5 mg/dl
	n Urine output <0.3 ml/kg/h for >24 h or no urine output for ≥12 h

SCr: Serum creatinine.
[56].
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To assist clinicians in the recognition of CKD, 
the Infectious Diseases Society of America 
(IDSA) guidelines recommend urinalysis and 
estimation of kidney function for all HIV-
infected persons at the time of HIV diagno-
sis [57]. While urine dipsticks are more readily 
available and simple to use, they may not detect 
lower levels of clinically significant albumin-
uria. Comparison of urine dipsticks and ran-
dom urine protein-to-creatinine ratios in HIV-
infected individuals has demonstrated that the 
former may miss up to 21% of individuals with 
low-to-moderate proteinuria (300–999 mg/g 
creatinine) [58]. Therefore, proteinuria screening 
should rely on random urine albumin-to-creat-
inine ratios [59]. In persons with higher levels of 
albuminuria or with known proteinuria, random 
urine protein-to-creatinine ratios serve as accu-
rate surrogates for 24-h urine protein quantifi-
cations, but may be inaccurate in the context of 
AKI, in individuals with extremely high or low 
muscle mass, and in persons with very advanced 
CKD [55,60,61].

Several GFR-estimating equations based on 
serum creatinine exist. The two most com-
monly used equations in clinical practice are the 
Cockcroft–Gault equation and the Modification 
of Diet in Renal Disease (MDRD) equation 
(Table 1) [62,63]. The abbreviated MDRD equa-
tion contains only four of the variables from the 
original equation [64], while the re-expressed 
MDRD equation is used with standardized 
serum creatinine measurements [65]. The CKD 
Epidemiology Collaboration (CKD-EPI) equa-
tion, which was developed in a larger population, 
is thought to provide more precise and accurate 
estimates of GFR compared with the MDRD 
equation [66]. However, all of these equations 
have diminished accuracy at eGFR levels above 
60 ml/min/1.73 m2 [66–68]. None has been thor-
oughly validated in HIV-infected individuals. 

The early studies evaluating the accuracy of the 
Cockcroft-Gault equation in HIV-infected per-
sons yielded conflicting results, perhaps due to 
their reliance on small sample sizes and 24-h 
urine collections for creatinine clearance as 
the gold standard [69–71]. A comparison of the 
Cockcroft-Gault and MDRD equations to GFR 
measurements using a radiotracer in 27 HIV-
infected individuals demonstrated that the GFR 
estimates yielded by the MDRD equation were 
generally more accurate than those based on 
the Cockcroft-Gault equation. While 89% of 
the MDRD-based eGFRs were within 30% of 
measured GFR, only 70% of the GFR estimates 
based on the Cockcroft-Gault equation were 
within 30% of the measured GFR. As observed 
in the general population, the accuracy of both 
estimating equations was lower at higher levels 
of kidney function [72]. Additional validation 
studies that include larger study populations 
of HIV-infected individuals and also evaluate 
the performance of the CKD-EPI equation 
are forthcoming.

Serum cystatin C has been evaluated as an 
alternative or additional renal biomarker in 
estimating kidney function. In elder HIV-
uninfected individuals, cystatin C predicts sub-
sequent cardiovascular disease and mortality 
better than serum creatinine [73]. Like serum 
creatinine, however, cystatin C is influenced by 
age, gender and race [74,75]. Estimates of GFR 
using the equation with cystatin C alone and 
with adjustments for age, gender and race were 
slightly less accurate compared with those based 
on the equation with both cystatin C and serum 
creatinine, with 83 versus 89% of the eGFRs 
within 30% of the measured GFR, respec-
tively [75]. The comparison of cystatin-based 
GFR estimates with measured GFR in HIV-
infected persons showed that cystatin C-based 
eGFR generally underestimated the measured 

Table 1. Glomerular filtration rate-estimating equations.

Equation Expression Ref.

Cockcroft–Gault CrCl = ([140 - age)] × weight/(72 × SCr) × 0.85 if female [62]

Abbreviated MDRD eGFR = 186 × SCr-1.154 × age-0.203 × 0.742 if female × 1.212 if black [64]

Re-expressed MDRD eGFR = 175 × standardized SCr-1.154 × age-0.203 × 0.742 if female × 1.212 if black [65]

CKD-EPI eGFR = 141 × min(SCr/k,1)a × max(SCr/ k,1) – 1.209 × 0.933age × 1.018 if female × 1.159 if black 
where k is 0.7 for males and 0.9 for females; a is -0.411 for males and -0.329 for females; min 
indicates minimum of SCr/k or 1; and max indicates maximum of SCr/k or 1

[66]

CysC only eGFR = 127.7 × CysC-1.17 × age-0.13 × 0.91 if female × 1.06 if black [75]

SCr and CysC eGFR = 177.6 × SCr-0.65 × Cys C-0.57 × age-0.20 × 0.82 if female × 1.11 if black [75]

Age is given in years, weight in kg, SCr in mg/dl and CysC in mg/l.
CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; CrCl: Estimated creatinine clearance; CysC: Serum cystatin C; eGFR: Estimated glomerular filtration 
rate; MDRD: Modification of Diet in Renal Disease; SCr: Serum creatinine.
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GFR and had poor accuracy, with only 41% of 
the eGFR estimates within 30% of the measured 
GFR [72]. However, this study was quite small 
and did not use a cystatin C-based equation 
adjusting for age, gender and race. The poor 
performance of cystatin C-based eGFR in this 
study may also be due to the influence of addi-
tional extra-renal factors more commonly found 
in HIV-infected persons [76]. Studies of cys-
tatin C levels in HIV-infected individuals have 
consistently shown higher levels in HIV-infected 
compared with HIV-uninfected persons [7,77,78]. 
Cystatin C correlated with markers of inflamma-
tion and degree of HIV viral suppression [78,79]. 
Although the current IDSA guidelines recom-
mend using the MDRD equation to estimate 
kidney function in HIV-infected individuals, 
based on the authors’ observations in clinical 
practice and unpublished data, the CKD-EPI 
equation likely provides a more precise and less 
biased estimate of kidney function in this patient 
population. The updated IDSA guidelines on 
management of kidney disease in HIV infection 
are currently underway.

	n Other potential indicators of 
kidney injury
Among HIV-infected individuals, retinol-
binding protein (RBP), N-acetyl-b-d-
glucosaminidase (NAG), and neutrophil gel-
atin-associated lipocalin (NGAL) have been 
studied as indicators of kidney injury. RBP and 
NAG may reflect renal proximal tubular func-
tion [80–82], while NGAL may indicate glomeru-
lar or proximal or tubular dysfunction [83]. In a 
cross-sectional study of 99 HIV-infected persons 
with serum creatinine levels below 1.7 mg/dl and 
without evidence of proteinuria by urine dip-
stick, those receiving tenofovir had higher levels 
of urinary RBP excretion; however, the investiga-
tors did not observe differences in urinary NAG 
excretion between tenofovir and nontenofovir-
treated individuals [84]. The data on the utility 
of NGAL in HIV-related kidney disease are also 
limited. HIV-infected individuals appear to have 
lower levels of serum NGAL compared with 
HIV-uninfected persons. Among HIV-infected 
individuals who experienced viral suppression 
with HAART, the serum NGAL levels rose to 
near normal levels [85]. These observations sug-
gest that serum NGAL levels may be associated 
with HIV-infection due to changes in neutro-
phil numbers and function [85]; kidney function, 
however, was not examined in this study. In an 
HIV-infected pediatric patient, urinary NGAL 

levels decreased progressively upon HAART 
initiation for biopsy-proven HIVAN, although 
it remains unclear whether these changes signi-
fied improved renal tubular function or rather 
improved immune function [86]. In a study 
comparing urinary NGAL levels among HIV-
infected individuals with HIVAN, HIV-infected 
individuals with other forms of kidney disease, 
and HIV-infected individuals without evidence 
of kidney disease, those with HIVAN had higher 
levels of urinary NGAL. In transgenic mouse 
models of HIVAN, NGAL mRNA was highly 
expressed in renal tubular microcysts, typi-
cally found in the human form of HIVAN [87]. 
Further validation of the utility of these novel 
biomarkers is needed before their application 
in clinical practice. The discovery and study of 
biomarkers for kidney disease are accelerating 
and may provide early detection of kidney dis-
ease, prediction of underlying renal histopathol-
ogy and improved prognostication for kidney-
related outcomes in HIV-infected individuals 
in whom early diagnosis is of the essence and 
kidney biopsies are not often performed outside 
of tertiary centers.

	n Management of HIV-infected patients 
with kidney disease
A careful review of a patient’s history and 
recent exposures are imperative in informing 
appropriate further work-up and management 
of kidney disease in HIV-infected individuals. 
Additional work-up may include assessment of 
the kidney function trend, examination of the 
urinary sediment, renal sonogram and kidney 
biopsy. A study of kidney biopsy from a single 
center showed similar incidence of complica-
tions between HIV-infected and -uninfected 
individuals, suggesting that ultrasound-guided 
percutaneous kidney biopsies in the hands of 
experienced operators is well-tolerated [88]. 
However, patients who were dually infected with 
HIV and hepatitis C had greater risk of biopsy-
related complications compared with individu-
als infected with HIV or hepatitis C alone; 
therefore, HIV-infected patients co-infected 
with hepatitis C should be counseled on their 
increased risk of biopsy-related complications.

Since adverse effects associated with kidney 
disease in HIV-infected persons may be due to 
inappropriate dosing of medications [89], drug 
dosages should be adjusted according to kidney 
function. Treatment of HIV-infected individu-
als with kidney disease should also encompass 
management of blood pressure, serum glucose 
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and lipid levels. HAART initiation in per-
sons diagnosed with HIVAN regardless of the 
CD4+ cell counts and HIV viral loads is now 
advocated [90–92]. Steroids and angiotensin-
converting enzyme (ACE) inhibitors may also 
be partially effective in treating HIVAN [91,93]. 
The efficacy of HAART and other specific inter-
ventions (e.g., ACE inhibitors) for HIV-infected 
individuals with non-HIVAN kidney disease 
have not been studied.

Impact of antiretroviral medications 
on kidney function
The impact of HAART on long-term kidney 
function encompasses both their beneficial effect 
on HIV disease progression and HIVAN, but 
also the potential adverse effects associated with 
prolonged HAART exposure. In addition to the 
potential impact of metabolic changes related to 
HAART upon kidney function, certain anti-
retroviral medications may also affect kidney 
function acutely or longitudinally.

	n Tenofovir-associated 
acute nephrotoxicity
Tenofovir, a nucleoside transcriptase inhibi-
tor, is now a first-line agent for treatment of 
HAART-naive HIV-infected persons; however, 
it has acute and chronic renal effects that should 
be noted. Tenofovir enters the proximal renal 
tubules via the organic anion transporter pro-
tein-1 (OAT1) and to a lesser extent the OAT3 
protein located along the basal membrane of 

the proximal renal tubule cells (Figure 1) [94]. 
Tenofovir is then excreted into the urinary 
tract via the multi-drug-resistant protein-4 
(MRP4) [95]. Despite a good understanding of 
tenofovir’s renal excretion, the mechanisms by 
which it injures the kidneys remain unclear. 
Tenofovir may perturb mitochondrial func-
tion or interfere with the function of renal 
tubular proteins involved in its elimination [96]. 
Tenofovir is linked with partial or full Fanconi’s 
syndrome, which is characterized by protein-
uria, normoglycemic glycosuria, hypokalemic 
renal tubular acidosis and phosphaturia [97–99]. 
Individuals with tenofovir-induced phosphaturia 
may not present with accompanying hypophos-
phatemia, and without intervention, phosphatu-
ria may lead to severe mineral bone disease and 
pathologic fractures [100,101]. Affected individuals 
with tenofovir-related Fanconi’s syndrome may 
or may not have accompanying renal function 
impairment. Tenofovir renal toxicity may also 
present with acute tubular necrosis and more 
rarely nephrogenic diabetes insipidus [102,103].

	n Tenofovir-associated CKD
Although its propensity to cause Fanconi’s 
syndrome and AKI is well-recognized, teno-
fovir’s effect on longitudinal kidney func-
tion is debated. Clinical trials generally show 
that tenofovir-related Fanconi’s syndrome 
is uncommon and that tenofovir has no or 
minimal effect on longitudinal eGFR [104–106]. 
In trials of HAART-naive persons in which 
tenofovir-containing HAART regimens were 
compared with regimens without tenofovir, the 
median eGFR declined similarly between both 
groups [105,106]. Results from observational stud-
ies are conflicting. While data from the Chelsea 
and Westminster HIV cohort did not show an 
association between tenofovir and kidney dys-
function [107], tenofovir-treated individuals in 
the Johns Hopkins Clinical Cohort experienced 
a greater decline in creatinine clearance over a 
period of 3 years compared with persons not 
receiving tenofovir (-13.3 vs 7.5 ml/min) [108]. 
However, a more recent study from the same 
clinical cohort demonstrated only minor dif-
ferences in kidney function changes over time 
between HIV-infected patients initiating 
HAART with versus without tenofovir [109]. 
The disparate results between the two studies 
reported by Gallant and Moore may be due 
to the latter study having only HAART-naive 
patients versus the earlier study, which exam-
ined both HAART-naive and -experienced 

Basolateral 
membrane Proximal tubule cell

Apical
membrane

MRP4

Tenofovir

Tenofovir

OAT3

OAT1

Figure 1. Excretion of tenofovir by the proximal tubule cell. Tenofovir is 
filtered by the glomerulus. At the basolateral membrane of the proximal tubule, 
tenofovir enters the cell via OAT1 and OAT3. It is then excreted into the urine via 
the apical MRP4. 
MRP: Multidrug-resistant protein; OAT: Organic anion transporter.
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patients. The contrary findings regarding teno-
fovir’s effect on long-term kidney function 
among studies are also likely a consequence of 
differing study populations, differing methods 
of estimating kidney function, and differing 
CKD definitions. Participants in clinical tri-
als with tenofovir were generally Caucasian 
and HAART-naive; they were also unlikely to 
receive concurrent nephrotoxic drugs [104–106]. 
Participants within observational studies were 
predominantly of African descent and included 
both HAART-naive and -experienced individu-
als. Moreover, participants within observational 
studies had additional risk factors for CKD, such 
as hypertension and diabetes [45,108]. Additional 
risk factors for tenofovir-related nephrotoxicity 
include older age, lower body mass, established 
CKD and certain polymorphisms of the ABCC2 
gene, which encodes for the MRP2 [110,111].

	n Other antiretroviral drugs associated 
with kidney disease
Indinavir and atazanavir have also been impli-
cated in causing longitudinal renal function 
decline. Indinavir has been associated with AKI 
due to crystal nephropathy as well as interstitial 
nephritis [112,113]. These adverse renal effects 
were thought to be limited to the previously 
prescribed doses of indinavir (800 mg twice 
per day). However, in a contemporary cohort, 
cumulative exposure to indinavir was associated 
with an 11% rise in CKD incidence per year of 
exposure [45].

Atazanavir has been rarely associated with 
nephrolithiasis and interstitial nephritis [114,115]. 
In a more recent study, atazanavir was also asso-
ciated with a 22% increase in incident CKD per 
year of exposure. When atazanavir was used in 
combination with tenofovir, the CKD incidence 
was even higher at 41% per year of exposure [45].

Conclusion
Although kidney disease has been a recognized 
complication of HIV infection since the onset 
of the HIV epidemic, its epidemiology and 
management has evolved with the increased 
availability of HAART. Both AKI and CKD 
impact health outcomes in the HIV-infected 
population, with important implications for 
cardiovascular disease. Several factors, includ-
ing host genetic susceptibility to kidney disease, 
contribute to the development and progression 
of kidney disease in HIV-infected individuals. 
Estimates of kidney function have not been well-
validated in the context of HIV infection and 

may be insensitive to early decrements in kidney 
function. Examination of the urinary protein 
excretion may yield earlier recognition of kidney 
injury in HIV infection. HAART is thought to 
be effective in the treatment of HIVAN; how-
ever, its efficacy in others types of kidney disease 
observed in HIV infection is uncertain.

Future perspective
There have been significant strides over the 
last two decades into the understanding of the 
pathogenesis of HIVAN and recognition of the 
risk factors for AKI and CKD in HIV-infected 
individuals; however, there are ongoing research 
questions and practical challenges that lie ahead. 
The means by which AKI exerts its effect on 
health outcomes among HIV-infected persons 
remain largely unknown. Possible reasons for the 
increased risk of death and cardiovascular events 
in this particular population include, but are not 
limited to, inappropriate drug dosing, HAART 
interruption and drug interactions. The pur-
suance of the study of these potential mecha-
nisms is important because they are m odifiable 
in practice.

The discovery of a locus associated with 
HIVAN has afforded a new direction of research 
in this field. Although MYH9 is an excellent 
candidate gene, research efforts thus far have 
failed to determine the causal variant, and the 
strong association of APOL1 with nondiabetic 
kidney further complicates these associations. 
The study of gene–environment and gene–gene 
interactions in the context of HIV infection is 
fascinating, but challenging due to the complex 
nature of renal disease phenotypes among HIV-
infected persons, and issues of study design and 
statistical analyses of such interactions.

While HAART has been shown to be effec-
tive in the treatment of HIVAN, a similar treat-
ment has not been developed for non-HIVAN 
kidney disease among HIV-infected persons. 
While renal biomarkers that may indicate 
early kidney injury are actively being pursued 
and may eventually prove helpful in monitor-
ing patients receiving potentially nephrotoxic 
medications, evaluation of the efficacy of estab-
lished renal-protective drugs (e.g., ACE inhibi-
tors) on non-HIVAN kidney disease is still 
lacking. Novel medications that may reverse 
renal fibrosis regardless of the inciting event 
may soon be developed. Forthcoming studies 
that aim to validate GFR-estimating equations 
in HIV-infected individuals will facilitate these 
research endeavors.
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Executive summary

Renal disorders & their adverse effects in HIV infection
	n HIV-infected individuals are at greater risk for acute kidney injury (AKI) and chronic kidney disease (CKD).
	n Both AKI and CKD are independently associated with cardiovascular disease and mortality.

Risk factors for kidney disease in HIV infection
	n Variants of the MYH9 gene, which encodes for the non-muscle myosin heavy chain isoform IIA, have been associated with HIV-

associated nephropathy (HIVAN). However, emerging data suggest that variants of the APOL1 gene, which are in strong linkage 
disequilibrium with MYH9, may account for part if not all the risk of kidney disease previously attributed to MYH9.

	n Three loci within the mouse chromosome (HIVAN1, HIVAN2 and HIVAN3) have been associated with increased susceptibility to HIVAN in 
the transgenic mouse model of HIVAN. HIVAN1 and HIVAN2 appear to regulate the expression of a network of podocyte genes located 
distantly from these susceptibility loci; such a mechanism likely plays a role in the development of HIVAN in humans.

	n Risk factors for CKD among HIV-infected individuals include African ancestry, HIV disease stage, hepatitis C co-infection, cocaine use, 
hypertension, diabetes, dyslipidemia and perhaps AKI.

Diagnosis & management of kidney disease in HIV infection
	n AKI diagnosis relies upon serum creatinine levels and urine output, while CKD diagnosis relies upon the urinary sediment and estimated 

glomerular filtration rate (GFR).
	n Sufficient validation of currently available GFR-estimating equations in the HIV-infected patient population is lacking. The preferred  

GFR-estimating equation for HIV-infected individuals is the CKD Epidemiology Collaboration (CKD-EPI) equation.
	n Several renal biomarkers that may offer earlier detection of kidney disease, improve diagnosis of underlying histopathological findings 

and improve prognostication among HIV-infected persons with kidney disease are emerging, but require rigorous evaluation of their 
clinical utility.

	n HIVAN is now an indication for HAART initiation even before a patient’s CD4+ cell count falls below 350 cells/mm3. The efficacy of 
HAART for the treatment of non-HIVAN kidney disease remains unclear.

	n A subset of HAART-treated HIV-infected individuals may experience ongoing kidney function decline as a result of HAART-related 
metabolic effects or adverse effects associated with long-term exposure to certain antiretroviral drugs (e.g., tenofovir, indinavir 
and atazanavir).
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Activity evaluation: where 1 is strongly disagree and 5 is strongly agree.

1 2 3 4 5

The activity supported the learning objectives.

The material was organized clearly for learning to occur.

The content learned from this activity will impact my practice.

The activity was presented objectively and free of commercial bias.

1. A 39-year-old, black man presents with a 15-year history of HIV infection and 
chronic kidney disease (CKD). He has been off all medications for several years and 
was just admitted to the hospital with symptomatic kidney disease. 

Which of the following statements about risk factors for kidney disease in this 
patient is most accurate?

£ A Blacks are at a lower risk for HIV-related kidney disease

£ B The presence of hepatitis C coinfection paradoxically reduces the risk for kidney disease

£ C Variants of the MYH9 gene may promote HIVAN

£ D Variants of the APOL1 gene oppose kidney disease promoted by other genetic factors

2. You and the patient discuss his history of kidney disease. Which of the following 
statements about the diagnosis of kidney disease among patients with HIV 
infection is most accurate?

£ A A dipstick urinalysis is sufficient for screening at the time of HIV diagnosis

£ B The Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation is probably 
the most accurate calculation in determining estimated glomerular filtration rate (eGFR)

£ C eGFR is the most important element in the diagnosis of acute kidney injury

£ D N-acetyl-beta-d-glucosaminidase is now considered the gold standard to diagnose CKD 
among patients with HIV infection
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3. The patient is diagnosed with HIV-associated nephropathy (HIVAN). Which of the 
following treatments is most effective for HIVAN?

£ A Immediate initiation of highly active antiretroviral therapy (HAART)

£ B Initiation of HAART when the eGFR improves to 60 ml/min/1.73 m2

£ C Renin-angiotensin inhibitors

£ D Corticosteroids

4. Which of the following should you consider in regard to the effect of HAART 
on CKD?

£ A Tenofovir promotes renal damage by reducing afferent blood flow to the nephron

£ B Tenofovir may promote Fanconi syndrome

£ C Tenofovir consistently reduces eGFR over time

£ D Renal complications do not occur with the current dosing of indinavir 
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