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HIV-associated nephropathy (HIVAN) 
is not the only cause of kidney disease 
in patients with HIV infection. Acute 
kidney injury (AKI) is more common 
in HIV-infected persons than in the 
general population and is associated 
with poor health outcomes. The preva-
lence of chronic kidney disease (CKD)
is also increasing in the HIV-infected 
population, with a growing burden of 
CKD related to comorbid diabetes and 
hypertension. Dr Wyatt presented a 
series of cases to illustrate the issues 
of kidney disease in HIV infection.

Acute Kidney Injury

Case Illustration 1

A 56-year-old African-American woman 
presents with a 2-week history of nau-
sea and vomiting. She has a history of 
AIDS, with a last measured CD4+ cell 
count of approximately 300/µL and 
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Acute kidney injury (AKI) and chronic kidney disease (CKD) are more common 
in HIV-infected persons than in the general population. AKI is associated with 
poor health outcomes, including increased risk of heart failure, cardiovascular 
events, end-stage renal disease (ESRD), and mortality. The most common 
causes of AKI in HIV-infected persons are systemic infections and adverse 
drug effects. The prevalence of CKD is rising in the HIV-infected population 
and CKD is increasingly likely to be caused by comorbid conditions, such 
as diabetes and hypertension, that frequently cause CKD in the general 
population. Guidelines for CKD screening in HIV-infected patients are 
being revised. It is currently recommended that all patients be screened for 
creatinine-based estimates of glomerular filtration rate and for urine protein 
at the time of HIV diagnosis. Annual screening is recommended for high-
risk patients. Hemodialysis, peritoneal dialysis, and kidney transplantation 
are all options for treating ESRD in HIV-infected patients. Hemodialysis and 
peritoneal dialysis offer similar survival in HIV-infected patients with ESRD.  
In selected patients with well-controlled HIV infection, kidney transplantation 
is associated with survival intermediate between that in the overall transplant 
population and that among transplant recipients older than 65 years.  
This article summarizes a presentation by Christina M. Wyatt, MD, at the  
IAS–USA continuing medical education program held in Chicago in May 2012, 
describing AKI and CKD using case illustrations.

Perspective

The Kidney in HIV Infection:  
Beyond HIV-Associated Nephropathy

well compensated cirrhosis due to 
hepatitis C virus (HCV) infection. Her 
antiretroviral medication consists of 
tenofovir/emtricitabine and ritonavir-
boosted lopinavir. She has been taking 
ibuprofen for the past week for gen-
eral malaise. She had missed her most  
recent follow-up visit with her physi-
cian. Her laboratory evaluation shows 
a serum creatinine level of 21 mg/dL, 

up from the prior measurement of 1.4 
mg/dL. Apart from acidosis, routine 
electrolytes including sodium, chlo-
ride, potassium, and glucose are un-
remarkable. Urinalysis shows elevated 
protein, ketones, and glucose. An x-ray 
taken to rule out gastrointestinal ob-
struction is normal.

Characteristics of AKI. As noted, AKI 
is more common in HIV-infected indi-
viduals than in the noninfected general 
population. Several studies have indi-
cated that risk factors for acute injury 
include underlying CKD, advanced 
HIV disease (whether measured by 
CD4+ cell count or HIV viral load), and 
HCV coinfection.1-3 AKI is predictive of 
poor health outcomes in HIV-infected 
patients as well as in the general pop-
ulation, with even an asymptomatic 
increase in serum creatinine being as-
sociated with increased risk of heart 
failure, cardiovascular events, end-
stage renal disease (ESRD), and death 
(Figure 1).2,4 

In a cohort of approximately 750  
patients followed prospectively at a sin-
gle institution,1 more than 10% devel-
oped at least 1 episode of AKI. Most of 
these cases required hospitalization or 
occurred as part of a concurrent illness 

Figure 1. Outcomes in HIV-infected patients with no acute kidney injury (AKI) or AKI of increas-
ing severity. Adapted from Choi et al.4
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and hospitalization. In 52% of cases, 
the injuries were attributed to system-
ic infections, with 76% of these being 
AIDS-defining infections. These cases 
usually presented as a prerenal disorder 
or acute tubular necrosis (ATN). 

Drug treatment was identified as 
the cause of acute injury in 32% of 
cases, with implicated drugs includ-
ing antibiotics (eg, beta-lactams and 
aminoglycosides), indinavir or teno-
fovir, radiocontrast agents, nonsteroi-
dal antiinflammatory drugs (NSAIDs), 
and lithium. The clinical presentation 
was variable, including ATN, interstitial 
nephritis, crystalluria/obstruction, or 
prerenal presentations associated with 
gastrointestinal effects of illness. Liver 
failure accounted for 10% of cases, 
with 90% of these being attributed to 
HCV disease.

Case Illustration 1, continued

Subsequent laboratory evaluation showed 
that the patient had a phosphorus level 
of 5.2 mg/dL and urine sodium level of 
60 mEq/L. Among the potential causes 
of AKI that should be considered in 
this patient are prerenal effects, hepa-
torenal syndrome in association with 
cirrhosis, and tenofovir toxicity. Postre-
nal causes are unlikely, since there is 
no evidence of obstruction. Diabetic 
ketoacidosis generally needs to be con-
sidered in the differential diagnosis of 
AKI with glycosuria, but is unlikely in 
this patient because she has no history 
of diabetes and has a normal blood 
glucose level. In fact, the only reason 
a patient with normal serum glucose 
should have glucose in the urine is tu-
bular dysfunction. Whether or not a 

patient is diabetic, the presence of “eu-
glycemic” glycosuria is a sign of proxi-
mal tubular injury—and this is a typi-
cal presentation of tenofovir toxicity.

Tenofovir toxicity. The typical pre-
sentation of tenofovir toxicity is proxi-
mal tubulopathy. Approximately 2% 
of patients taking tenofovir develop 
substantial toxicity, with subclinical 
abnormalities being more frequent. 
Numerous studies have shown small 
reductions in estimated creatinine 
clearance or glomerular filtration rate 
(eGFR) in tenofovir recipients, with 
one meta-analysis indicating a mean 
difference of 3.9 mL/min in estimat-
ed creatinine clearance rate between  
patients receiving tenofovir and pa-
tients not receiving tenofovir (Figure 2).5 
The clinical relevance of these findings 

Figure 2. Mean difference and 95% confidence interval (CI) in estimated creatinine clearance rate between patients receiving tenofovir and 
patients not receiving tenofovir in selected randomized controlled trials and cohort studies. Adapted from Cooper et al.5

Study Total Mean Difference, 
mL/min (95% CI)

Mean Difference, 
mL/min (95% CI)

Randomized controlled trials

 Antiretroviral therapy naive

 BICOMBO study 2009
 De Jesus, et al 2009

333
300

-0.70 (-2.73, 1.33)
-0.60 (-1.71, 0.51)

 Antiretroviral therapy experienced

 HEAT study 2009
 Arribas, et al 2008
 Gallant, et al 2004

672
458
600

-3.00 (-9.06, 3.06)
-3.00 (-6.77, 0.77)
-5.00 (-8.80, -1.20)

Subtotal -1.50 (-2.96, -0.005)

Cohort Studies

 Antiretroviral therapy naive

 Kinai, et al 2009
 Goicoechea, et al 2008
 Goicoechea, et al 2008
 HOPS 2007
 Winston, et al 2006

63
62
84
736
948

-17.00 (-31.35, -2.65)
-0.22 (-11.18, 10.74)
-7.88 (-18.66, 2.90)
-4.40 (-6.97, -1.83)
-6.33 (-14.85, 2.19)

 Antiretroviral therapy experienced

 Fux, et al 2007
 Fux, et al 2007 N
 Gallant, et al 2005

284
569
658

-4.90 (-8.58, -1.22)
-8.20 (-13.13, -3.27)
-5.80 (-8.70, -2.90)

Subtotal -5.45 (-7.02, -3.89)

Total -3.90 (-5.66, -2.14) 
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is unclear, and to date there have been 
no tenofovir-specific studies examin-
ing the implications of subclinical ab-
normalities for longer-term outcomes. 
A 2010 report from the EuroSIDA  
cohort indicated that cumulative expo-
sure (up to more than 3 years) to teno-
fovir, indinavir, and ritonavir-boosted 
lopinavir was associated with a small 
but statistically significant increase (P 
< .0001 for each drug) in risk of CKD, 
defined as an eGFR of less than 60 
mL/min.6 A higher risk of CKD was as-
sociated with cumulative exposure to  
atazanavir (P < .0001), although the 
magnitude of increased risk (from 1 
case per 100 patient-years at the start 
of treatment to 4 cases per 100 patient-
years at more than 3 years of follow-up)  

observed in the EuroSIDA cohort has 
not been seen in other studies. 

In a recent retrospective study con-
ducted by the Veterans Affairs Medical 
Center in San Francisco, cumulative 
exposure to tenofovir was found to 
be statistically significantly associated 
with increased risk of CKD (defined 
as eGFR less than 60 mL/min or more 
rapid decline in eGFR) in every pa-
tient subgroup examined, except for 
patients with diabetes and patients 
with preexisting CKD (Figure 3).7 The 
hazard ratios for the subgroups did not 
exceed 1.51 and generally were in the 
range of 1.2 to 1.4, representing a rela-
tively small increase in risk over a low 
baseline risk. The findings of this study 
have sometimes been misinterpreted 

by patients as showing absolute risk 
of kidney dysfunction (ie, the hazard 
ratios of 1.2 to 1.4 have been misinter-
preted as indicating an absolute risk of 
20% to 40%).

The risk factors for tenofovir tox-
icity are not well defined, but likely 
include unrecognized low GFR or re-
duced GFR associated with concomi-
tant conditions. In addition, ritonavir-
boosted protease inhibitors (PIs) have 
been associated with an increased risk 
of tenofovir toxicity. Some initial data 
suggested that tenofovir renal toxicity 
may be associated with single nucleo-
tide polymorphisms in renal trans-
porters, although such findings have 
not been confirmed in larger stud-
ies. Given the association of tenofovir  

Figure 3. Hazard ratios and 95% confidence intervals (CI) for chronic kidney disease (defined as glomerular filtration rate [GFR] of less than 
60 mL/min or more rapid decline in GFR) according to subgroups of patients receiving tenofovir. P value is for interaction within subgroups. 
Adapted from Scherzer et al.7  

Characteristic Number 
of Events

Number of 
Participants

Hazard Ratio 
(95% CI)

Hazard Ratio 
(95% CI)

Interaction 
P Value

Age < 46 years 
Age ≥ 46 years

1761
1636

4525
4100

1.29 (1.20-1.39)
1.33 (1.22-1.46)

.58

Black
Nonblack

1776
1624

3897
4738

1.30 (1.20-1.40)
1.33 (1.22.1.44)

.70

No chronic kidney disease
Chronic kidney disease

3189
211

8261
 374

1.33 (1.24-1.43)
1.09 (0.84-1.42)

.15

No smoking
Smoking

2872
528

7094
1541

1.29 (1.20-1.39)
1.51 (1.30-1.75)

.071

No cardiovascular disease
Cardiovascular disease

3154
246

8038
 597

1.30 (1.21-1.40)
1.49 (1.23-1.80)

.19

No Dyslipidemia
Dyslipidemia

2972
428

7402
1233

1.30 (1.20-1.40)
1.38 (1.21-1.58)

.43

No diabetes
Diabetes

3142
258

8130
 505

1.33 (1.24-1.43)
1.09 (0.84-1.41)

.14

No Hypertension
Hypertension      

1868
1532

5501
3134

1.36 (1.24-1.49)
1.27 (1.18-1.36)

.23

No drug abuse
Drug abuse

2142
1258

5609
3026

1.29 (1.19-1.39)
1.40 (1.26-1.55)

.22

HIV-RNA <100,000 copies/mL
HIV-RNA >100,000 copies/mL 

2300
1100

5947
2688

1.39 (1.28-1.50)
1.17 (1.05-1.30)

.011

CD4+ cell count 0-199/µL
CD4+ cell count 200-350/µL
CD4+ cell count > 350/µL

1512
753
1135

3544
1859
3232

1.33 (1.18-1.49)
1.49 (1.29-1.71)
1.19 (1.05-1.35)

.13

Body mass index < 25 kg/m2

Body mass index 25-30 kg/m2

Body mass index >30 kg/m2

1826
1101
417

4518
2754
1026

1.35 (1.23-1.48)
1.29 (1.14-1.47)
1.27 (1.03-1.57)

.27

0.5  1  2 



109

Kidney Damage in HIV   Volume 20 Issue 3   August/September 2012

tenofovir/emtricitabine/efavirenz. Co-
bicistat is associated with a rapid and 
reversible decrease in estimated GFR, 
but no change in measured GFR, be-
cause it interferes with creatinine se-
cretion. Although there is no evidence 
that cobicistat is nephrotoxic, use of 
tenofovir and cobicistat together may 
complicate the diagnosis of tenofovir 
renal toxicity. Whether the tenofovir 
prodrug in development poses a de-
creased risk of renal toxicity compared 
with tenofovir disoproxil fumarate also 
remains to be seen.

Chronic Kidney Disease

Case Illustration 2

A 43-year-old African-American wom-
an presents with stage 5 CKD. She has 
HIV and HCV coinfection, with a nadir 
CD4+ cell count of more than 200/µL. 
She has had hypertension for 20 years 
and type 2 diabetes for 8 years and 
has a body mass index of 31 kg/m2. 
She currently is receiving, at her own 
choice, suboptimal antiretroviral ther-
apy with zidovudine and lamivudine, 
yet her viral load has remained below 
detection limits and her CD4+ cell 
count is currently 598/µL. She receives 
amlodipine and lisinopril for hyper-
tension and insulin for diabetes, but 
blood pressure and blood glucose are 
poorly controlled. Her blood pressure 
is 156/98 mm Hg, serum creatinine 
level is 6.2 mg/dL, and serum phos-
phorus value is 6.4 mg/dL. Urinalysis 
shows 3+ proteinuria and 1+ glycos-
uria, and the urine:creatinine ratio is 
3.2, indicating approximately 3 grams 
of proteinuria/24 hours. 

Potential CKD diagnoses in this pa-
tient include diabetic nephropathy, hy-
pertensive nephrosclerosis, and HCV-
related glomerulonephritis, and further  
workup is necessary to arrive at a de-
finitive diagnosis. It is unlikely that the 
patient has HIVAN. African-American 
patients have excess risk of HIVAN, 
which has been linked to single nu-
cleotide polymorphisms on chromo-
some 22, although debate continues 
on which gene or genes are affected. 
However, HIVAN is classically associ-
ated with advanced HIV disease, and 

renal toxicity with concomitant use 
of ritonavir-boosted PIs, initial studies 
focused on alterations in the proximal 
tubular transporter gene multidrug re-
sistance-associated protein 2 (MRP2), 
which is known to be inhibited by rito-
navir. However, tenofovir is trafficked 
from proximal tubular cells by a differ-
ent transporter, multidrug resistance-
associated protein 4 (MRP4), and it 
remains unclear how genetic altera-
tions in MRP2 would affect tenofovir 
transport. It has also been thought 
that the decline in GFR observed with  
tenofovir may be the result of inhibition  
of tubular secretion of creatinine,  
similar to what has been observed 
with trimethoprim-sulfamethoxazole 
and what has been suggested to occur 
with the investigational antiretroviral-
boosting agent cobicistat. However, 
available data indicate that such inhi-
bition does not occur with tenofovir.

With regard to other issues involv-
ing tenofovir renal toxicity, tenofovir 
is used to treat hepatitis B virus (HBV) 
infection and to date there is no sig-
nal of renal toxicity from trials in 
HIV-uninfected HBV-infected patients. 
However, it bears noting that initial 
trials of tenofovir in HIV-infected pa-
tients also provided little indication 
of potential renal toxicity. Tenofovir is 
also used in HIV preexposure prophy-
laxis (PrEP), and to date there is no 
evidence of significant renal toxicity 
in HIV-uninfected individuals receiving 
tenofovir-containing PrEP. There was a 
nonsignificant trend toward increased 
creatinine levels in subjects from the 
iPrEx (Chemoprophylaxis for HIV Pre-
vention in Men) study of tenofovir/
emtricitabine in PrEP (2% versus 1% in 
placebo-treated patients, P=0.08), but 
no difference in serum creatinine or 
phosphorus abnormalities in the Part-
ners PrEP study. 

There is interest in performing a 
pooled analysis of potential tenofo-
vir renal toxicity in numerous PrEP 
study populations. Use of an inves-
tigational fixed-dose pill containing 
tenofovir/emtricitabine, the HIV inte-
grase strand transfer inhibitor elvite-
gravir, and the elvitegravir-boosting 
agent cobicistat results in a decrease 
in eGFR compared with fixed-dose  

the patient has undetectable viral load 
and an elevated CD4+ cell count.

Changing spectrum of CKD. Data pub-
lished in 2004 indicated that nearly 
half of cases of CKD in HIV-infected 
patients were caused by HIVAN. Small-
er, roughly equal proportions of CKD 
were caused by immune complex  
disease, membranous/membranopro-
liferative glomerulonephritis in associ-
ation with viral hepatitis, and diabetes 
or hypertension. An even smaller pro-
portion was caused by acute interstitial 
nephritis.8 However, studies since then 
suggest that the spectrum of CKD in 
HIV-infected patients is changing with 
less HIVAN and more comorbid kidney 
disease, such as that caused by hyper-
tension and diabetes.9 

Dr Wyatt believes that if all HIV-
infected patients with CKD underwent 
renal biopsy, results would show that 
diabetes and hypertension are the 
leading causes of the disease, as they 
are in the general population. Indeed, 
kidney biopsy is underused for diag-
nosis, and would likely clarify the di-
agnosis in the patient in this case il-
lustration. There is a longstanding 
perception that HIV-infected patients 
are at increased risk for complications 
of kidney biopsy; however, a large ret-
rospective case series from The Johns 
Hopkins University School of Medicine 
did not demonstrate any increased risk 
of complications in HIV-infected indi-
viduals, apart from a small increase in 
risk in those coinfected with HCV.10

Guidelines for CKD screening in 
HIV-infected patients are in the process 
of being revised. It is currently recom-
mended that all patients be screened 
for creatinine-based eGFR and urine 
protein at the time of HIV diagnosis. 
Annual screening is recommended in 
high-risk patients, including African-
American patients and those with HCV 
coinfection, advanced HIV disease, 
diabetes, or hypertension.

Case Illustration 2, continued

The patient agreed to a kidney biopsy, 
because she was considering changing 
her antiretroviral regimen and it was 
agreed that she would do so if HIVAN 
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was demonstrated on biopsy. The bi-
opsy showed advanced diabetic ne-
phropathy and hypertensive vascular 
changes. There is no reason to believe 
that management of the CKD in this 
patient should differ from manage-
ment of CKD from these causes in the 
general population. Thus, manage-
ment should include tight blood pres-
sure and glycemic control, weight loss, 
and cardiovascular risk modification, 
as well as a nephrology referral. Im-
proved blood pressure and glycemic 
control are effective in delaying pro-
gression of CKD in the general popula-
tion. Cardiovascular risk modification, 
including weight loss and smoking ces-
sation when necessary, are important 
not only because they might improve 
the natural history of the kidney dis-
ease, but because patients with CKD 
are at increased cardiovascular risk. 
Drug regimens and dosing should also 
be reviewed. Apart from any need 
for diagnostic testing, referral to a 
nephrologist is appropriate for ESRD 
planning. In ESRD planning, hemodi-
alysis, peritoneal dialysis, and kidney 
transplantation should be discussed 
with the patient.

HIV and ESRD. Data on prevalence of 
ESRD in HIV-infected patients are lim-
ited to ESRD caused by HIVAN. These 
data show an increasing prevalence of 
ESRD in the HIV-infected population, 
despite stabilization of the incidence 
of HIVAN-related ESRD that has oc-
curred with wide use of antiretroviral 
therapy. It is likely that the prevalence 
of ESRD from any cause has also in-
creased among HIV-infected patients. 
The prevalence of HIV infection in 
dialysis units is variable, with higher 
prevalence in urban centers such as 
New York City and Baltimore.

Hemodialysis, peritoneal dialysis, 
and kidney transplantation are all op-
tions for managing ESRD in HIV-infected 
patients. Survival rates are very similar 
with hemodialysis and peritoneal dialy-
sis in HIV-infected patients with ESRD. 
Thus, it is reasonable to offer both op-
tions to patients and let them decide 
based on quality-of-life issues. Many 
patients have a strong preference for 
one modality or the other. For patients 

in whom hemodialysis is planned, early 
referral for fistula creation is essential to 
avoid use of a tunneled catheter. Devel-
opment of a functioning fistula requires 
at least 8 weeks and may take up to 6 
months in some patients. For patients 
on dialysis, antiretroviral drug regimens 
and doses should be carefully reviewed 
and adjusted if necessary.

A National Institutes of Health–spon-
sored study assessed outcomes of kid-
ney transplantation in 150 HIV-infected 
patients with undetectable viral load, 
CD4+ cell count greater than 200/µL, 
and stable antiretroviral therapy.11 Pa-
tient and graft survival rates were ac-
ceptable, being somewhat poorer than 
rates in the overall transplant popula-
tion and somewhat better than those 
among HIV-uninfected transplant recip-
ients older than 65 years. No increase 
in frequency of opportunistic infections 
was observed, and the 5 AIDS-defining 
illnesses that occurred can also be ob-
served in HIV-uninfected kidney trans-
plant recipients. However, substantial 
drug interactions occurred, particularly 
with PIs and nonnucleoside analogue 
reverse transcriptase inhibitors. It is 
crucial that any potential changes in 
antiretroviral regimens in the posttrans-
plantation period be discussed with pa-
tients’ transplant team. There can be 
large swings in trough levels of tacroli-
mus or cyclosporine, the calcineurin in-
hibitors used for immunosuppression, 
with changes in antiretroviral regimen, 
and some patients have lost their grafts 
due to changes in antiretroviral regi-
mens in the posttransplantation period. 

It should be noted that the patient 
under discussion likely would not be 
considered a candidate for transplan-
tation unless her antiretroviral regi-
men were optimized and it was found 
that she could tolerate a stable optimal 
regimen.

Summary

AKI is common in HIV-infected pa-
tients and is associated with poor out-
comes. Antiretroviral nephrotoxicity 
may be difficult to distinguish from 
AKI or CKD from other causes. Co-
morbid CKD is increasingly prevalent 
in HIV-infected patients. HIV-infected 

patients are candidates for hemodi-
alysis or peritoneal dialysis, and select 
patients may be candidates for kidney 
transplantation. 

Presented by Dr Wyatt in May 2012. First 
draft prepared from transcripts by Matthew 
Stenger. Reviewed and edited by Dr Wyatt in 
August 2012.
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