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Abstract: US clinicians described HIV-associated 

nephropathy (HIVAN) in the early days of the epi-

demic. Although combination antiretroviral therapy 

(cART) made HIVAN an increasingly rare complica-

tion, chronic kidney disease (CKD) persists in HIV 

populations, affecting 5% to 25% of HIV groups in 

the United States and Europe. Three studies in Eu-

rope and the United States estimate CKD incidence 

at 1 per 100 person-years in people with HIV. In-

cidence of acute kidney injury and end-stage renal 

disease ranges widely in recent US and European 

studies, depending on definitions of these condi-

tions and cohort variables. Several studies link kid-

ney disease to a higher chance of death in people 

with HIV, though the largest of these studies do not 

extend beyond 2008. Other research ties CKD to 

cardiovascular endpoints in people with HIV, find-

ings that some experts believe call for cardiovascular 

risk modification in people with CKD.

In Shakespeare’s day people sometimes called kid-

neys reins, derived from the Latin term for kidneys, 

renes, which also gave rise to our word renal. But 

whether calling kidneys reins implied a controlling 

Perspectives

function may be a stretch. Biblically and through 

Shakespeare’s time, kidneys seemed the seat of feel-

ings, conscience, or temperament—not organs with 

a prosaic physiologic duty. In the Bible, Psalm 7 

invokes a sheltering deity “who test the hearts and 

kidneys”—now usually translated as “hearts and 

minds”—of man. When Falstaff described his abduc-

tion in a humid laundry hamper, he meant “temper-

ament” when he complained, “think of that,—a man 

of my kidney,—think of that,—that am as subject to 

heat as butter; a man of continual dissolution and 

thaw” (Merry Wives of Windsor, III, v). 

In the second century an otherwise-sagacious Ga-

len rejected the notion that kidneys filter urine 

from blood.1 But in 1564, the year of Shakespeare’s 

birth, Bartolomeo Eustachio, an anatomy professor 

at Collegio della Sapienza in Rome, described renal 

tubules (“furrows and small canals”) that transport 

urine from nephrons (Figure 1).1 In 1662, at the 

age of 19, anatomist and physiologist Lorenzo Belli-

ni determined that the kidneys separate urine from 

blood “by a distinct anatomical arrangement which 

would become known as the kidney glomeruli.”1 

 

Kidney disease with HIV: 

not rare, not rarely fatal 
By Mark Mascolini



Figure 1. John Hunter, 18th-century Scottish sur-

geon and champion of the scientific method, drew 

this enlarged kidney. 

(Source: Wikipedia Commons.

http://upload.wikimedia.org/wikipedia/

commons/7/7a/Hunter_enlarged_kidney.jpg).  

continued from page 5
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Today we know the kidneys—fist-sized organs to-

ward the bottom of the ribcage—do much more 

than filter waste from the circulation. They also 

eliminate excess fluid, remove some drugs from the 

body, control blood pressure, help make red blood 

cells, and produce a form of vitamin D that pro-

motes bone health.2 When they’re working well, the 

kidneys filter 200 quarts of fluid every day.3 When 

they’re not working well, unfiltered wastes pile up 

and trouble ensues.

The National Kidney Foundation figures 26 million 

people in the United States have chronic kidney dis-

ease (CKD),4 usually defined as kidney damage or 

an estimated glomerular filtration rate (eGFR) be-

low 60 mL/min per 1.73 m2 for at least 3 months 

(Figure 2).5 The Centers for Disease Control and 

Prevention (CDC) reckons that more than 15% of 

the US population has CKD, including more than 

one third with diabetes.6 Rates are higher in women 

than in men and in blacks, Hispanics, Pacific Island-

ers, and American Indians than in whites. In 2011 

more than 113,000 people in the United States be-

gan treatment for end-stage renal disease (ESRD).6 

Kidney disease ranks as the ninth leading cause of 

death in the United States.6
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Early in the HIV epidemic, kidney disease emerged 

as HIV-associated nephropathy (HIVAN), first re-

ported in African Americans and Haitian immigrants 

with AIDS in 1984 by a group at the State University 

of New York in Brooklyn.7 By the 1990s HIVAN had 

become a leading cause of ESRD in African Ameri-

cans.8 Susceptibility of African Americans to HIVAN 

(and other forms of kidney disease) can be traced 

at least partly to single-nucleotide polymorphisms in 

the apolipoprotein L1 gene that are more prevalent 

in West Africans than in people from other regions.9 

From 1985 (just after the dawn of the US HIV epi-

demic) until 2000 (early in the current antiretroviral 

era) the proportion of US centers providing dialysis 

to people with HIV jumped more than 3-fold from 

11% to 37%.10 But midway through the 1990s, com-

bination antiretroviral therapy (cART) profoundly 

altered the epidemiology of HIV-related kidney 

disease in the United States and in countries with 

similar HIV epidemics and antiretroviral access.8 

Clinicians learned that cART prevents or reverses 

HIVAN, developments consistent with a plateau in 

ESRD incidence after cART arrived11 and with the 

observation that ongoing HIV replication directly 

injures the kidney.12 Today US adult and adoles-

cent antiretroviral guidelines say “regardless of CD4 

count, ART should be started in all patients with HI-

VAN at the earliest sign of renal dysfunction.”13 

But the arrival of cART did not banish kidney com-

plications in people with HIV. Kidney experts at 

New York’s Icahn School of Medicine at Mount Si-

nai explain that “the spectrum of HIV-related kid-

ney disease now reflects the growing burden of co-

morbid disease in an aging HIV population” as well 

as antiretroviral-induced toxicity.8 At Baltimore’s 

Figure 2. Chronic kidney disease 

(CKD) has five stages based on glo-

merular filtration rate (GFR). Stage 

1 is normal, stage 2 indicates mildly 

reduced kidney function, stage 3 in-

dicates moderately reduced kidney 

function, stage 4 indicates severely 

reduced kidney function calling for 

end-stage renal failure planning, and 

stage 5 indicates very severe or end-

stage kidney failure. Hyperfiltration—

a GFR above 140 mL/min in people 

over 40—may be an early signal of a 

subsequent drop in GFR and resulting 

CKD. (Source: The Renal Association. 

CKD stages.)

Five Stages of CKD
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Johns Hopkins University clinic, dwindling HIVAN 

incidence paralleled emergence of noncollapsing fo-

cal segmental glomerulosclerosis, acute interstitial 

nephritis, and over a dozen other renal insults that 

can cause CKD,14 defined above. 

CKD prevalence ranges from 5% to 25% 

in HIV groups

Prevalence of CKD among HIV-positive people in 

the United States and Western Europe ranges wide-

ly from 5% to 25%, depending on the CKD defini-

tion and the population studied. Among the earliest 

post-HIVAN cART-era studies, retrospective analy-

sis of 417 HIV-positive people seen at a Connecticut 

center in 2004 determined that 100 (24%) had CKD 

as defined by the National Kidney Foundation, and 

12 of these 100 had stage 4 or 5 CKD.15 In 2007 

clinical researchers at New York’s Mount Sinai Med-

ical Center determined that 192 of 1239 adults seen 

over the course of 12 months (15.5%) had CKD (de-

fined as proteinuria or eGFR below 60 mL/min) or 

ESRD.16 Fifty-one people (4.1%) had ESRD. 

More recent multicenter studies in Europe chart 

lower CKD prevalence in HIV populations. Among 

7378 people seen at seven large HIV referral centers 

in France from 1993 to 2006, 349 (4.7%) had CKD 

defined as eGFR at or below 60 mL/min for at least 

3 months.17 A 2010 literature review charted CKD 

prevalence ranging from 3.5% to 4.7% in 31 Euro-

pean countries, Israel, and Argentina.18 

But among 23,155 HIV-positive US veterans in 

care from 1998 to 2004, 12% had classically defined 

CKD,19 a rate almost as high as that seen in the ear-

lier New York study.16 This higher prevalence partly 

reflects the high proportions of blacks and Hispan-

ics in the study group (52% and 8%) compared with 

whites (38%). In contrast, a Multicenter AIDS Co-

hort Study (MACS) of CKD involved 783 men who 

have sex with men (MSM) in care in 2006 and 2007, 

only 33% of whom were black.20 Figuring CKD as 

eGFR below 60 mL/min based on serum creatinine 

or cystatin C, the MACS team calculated prevalence 

of 5% with the creatinine formula and 7% with the 

cystatin C formula. CKD prevalence was lower still 

in an analysis of 1415 women starting cART in the 

Women’s Interagency HIV Study (WIHS), only 44 

(3%) of whom had prevalent CKD—and 56% of 

these women were black.21 

In a study of 448 children and adolescents, Pediatric 

HIV/AIDS Cohort Study investigators defined CKD 

as two or more sequential urine protein/creatinine 

ratios at or above 0.2, or a clinical diagnosis not con-

tradicted by a normal ratio, or eGFR below 60 mL/

min.22 Almost three quarters of these children were 

black and almost one quarter Hispanic. Twenty chil-

dren (4.5%) had CKD during 3 years of study in the 

late 2000s, though 94 (21%) had proteinuria.

Race is hardly the only factor that explains differing 

CKD prevalence in these populations. Each study 

group comes with its complement of other CKD risk 

factors, prominently including older age, hyperten-

sion, diabetes, HCV infection, proportion respond-

ing to antiretroviral therapy, and type of antiretro-

viral therapy. The article starting on page 26 of this 

issue details research on key risk factors.
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CKD incidence 1 per 100 person-years 

in 3 cohorts

Three big prospective cohort studies in the current 

cART era—one in Europe,23 one in France,24 and 

one in the United States25—charted a CKD incidence 

of about 1 per 100 person-years, meaning CKD de-

veloped in 1 of every 100 HIV-positive people each 

year (Table 1). One US military study calculated a 

CKD incidence of 0.5 per 100 person-years,26 while 

the largest study—in the European-US-Australian 

DAD Cohort—estimated an incidence of only 0.13 

per 100 person-years.27 (Incidence in the general 

US population lies below 0.5 per 100 person-years, 

although incidence rose substantially from 2000 to 

2008.28) Reasons for this wide incidence range in 

HIV populations are not hard to find. 

Because the DAD study wanted to gauge CKD inci-

dence in people with initially normal renal function, 

it began with people whose eGFR lay at or above 

90 mL/min and so had low prevalence of renal risk 

factors such as diabetes, hypertension, and HCV 

coinfection.27 And follow-up extended only 4 or 5 

Table 1. CKD* incidence in 5 prospective cohorts in the current cART era

Author

Mocroft23†

Morlatt24 

Kalayjian25

Location

Europe 
(EuroSIDA)

France 
(Aquitaine 
cohort)

United States, 
8 clinical sites in 
CNICS cohort

Years

2004-2008, 
median 
3.7 y 
follow-up

2004-2012, 
median 5.8 y 
follow-up

1996-2009, 
median 4.8 y 
follow-up

Number

6843, median age 
43, 75.1% men, 
85.5% white, 
4.9% DM, 21.7% 
HTN, 37.2% SM

4350, 65.3% <45 
years old, 74.4% 
men, 3.9% DM, 
9% HTN, 21.2% 
HCV

3329, median 
age 40, 81% men, 
38.5% black, 3.2% 
DM, 16.1% HTN, 
14.9% HCV

Risk factors

Increasing 
cumulative exposure 
to tenofovir, 
indinavir, or 
lopinavir/ritonavir

Women, older age, 
DM, HTN, 
hyperlipidemia, 
AIDS, low baseline 
eGFR, current CD4 
<200, tenofovir

Black race, HCV, 
lower CD4, higher 
viral load, tenofovir, 
ritonavir-boosted PIs

Incidence

1.05 per 
100 p-y

0.95 per 
100 p-y

10.5 per 
1000 p-y

(1.05 per 
100 p-y)
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years. As a result, the DAD team observed, “the presented estimates of chronic renal impairment may be 

underestimated.” Even so, the nearly 7-mL/min yearly decline in eGFR among people with incident CKD far 

exceeded the expected age-related annual drop of 1-mL/min. In the French study, the yearly drop in people 

with incident CKD measured 9.0 mL/min.24 

In contrast, the US military study included anyone with an initial eGFR of 60 mL/min or higher, and follow-

up was much longer (Table 1).26 Thus, even though this 92% male group had even lower rates of renal 

Table 1. CKD* incidence in 5 prospective cohorts in the current cART era  continued...

Author

Ganesan26

Ryom27‡

Location

United States 
(US Military 
HIV Natural 
History Study)

Europe, US, 
Australia 
(DAD cohort)

Years

1995-2010, 
median 7.5 y 
follow-up

2004-2009, 
median 4.5 y 
follow-up

Number

3360, median age 
29, 92% men, 
44% black, 
0.9% DM, 
4% HTN, 
1.2% HCV

22,603, median 
age 39, 73% men, 
47% white, 
8% African, 
43% unknown 
race, 3% DM, 
8% HTN, 
12% HCV, 
42% SM

Risk factors

Older age, lower 
CD4 at HIV 
diagnosis, lower 
nadir CD4, HIV 
diagnosis pre-cART, 
DM, HBV, HTN,
less cART use

Increasing 
cumulative 
exposure to 
lopinavir/ritonavir

Incidence

5.0 per 
1000 p-y

(0.5 per 
100 p-y)

1.33 per 
1000 p-y

(0.13 per 
100 p-y)

*	 Defined as eGFR ≤ 60 mL/min unless otherwise noted.
†	 eGFR ≤ 60 mL/min if eGFR higher at baseline or confirmed 25% decline in eGFR if ≤ 60 mL/min at baseline.
‡	 All cohort members ≥ 90 mL/min at baseline.
	 DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HBV, hepatitis B virus; HCV, hepatitis C 	
	 virus; HTN, hypertension; PIs, protease inhibitors; p-y, person-years; SM, smokers.
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risk factors than the DAD cohort,27 CKD incidence 

was almost 5 times higher, at 0.5 per 100 person-

years. That incidence in the military study approxi-

mately halved the rate recorded in the other three 

cohorts,23-25 perhaps because the military group 

had the youngest median age, included almost no 

injection drug users, and had low background kid-

ney risk rates. Also, US military members typically 

get diagnosed with HIV early in the course of the 

disease and thus receive ongoing early care. The 

link between lower CD4 count and CKD in the US 

military study suggested to the authors that “routine 

HIV screening to identify subjects early in infection 

and timely introduction of [cART] to preserve CD4 

counts may reduce the burden of CKD.”26 

The remaining three cohort studies all recorded a 

CKD incidence around 1 per 100 person-years,23-25 

more than twice the CKD incidence in the general 

US population.28 All three studies considered people 

with an initial eGFR above 60 mL/min instead of the 

high 90-mL/min threshold used by DAD.27 Two of 

these three studies24,25 echoed the US military anal-

ysis26 in  identifying independent ties between low 

CD4 counts and CKD development, and all three 

studies23-25 found links between CKD and tenofovir 

and/or ritonavir-boosted PIs. 

In both EuroSIDA and the French cohort,23,24 peo-

ple with a baseline eGFR below 90 mL/min proved 

most likely to end up with a sub-60 eGFR by the end 

of follow-up. The French team suggested many HIV 

clinicians do not appreciate this heightened risk, 

which should prompt them to monitor people with a 

sub-90 eGFR more closely.24 These investigators also 

noted that CKD incidence remained fairly constant 

from year to year in this nearly 6-year study, a find-

ing suggesting a need for regular eGFR monitoring 

regardless of the initial measure.

Incidence of end-stage renal disease with HIV

Other studies assessed incidence of acute kidney in-

jury (also called acute renal failure) or end-stage re-

nal disease in people with HIV in the United States 

and Europe (Table 2). 

US Veterans Affairs researchers analyzed incidence 

of acute kidney injury (AKI) and AKI requiring di-

alysis in 56,823 HIV-positive veterans—nearly all of 

them men—from 1986 through 2006.29 They de-

fined AKI as an acute in-hospital serum creatinine 

jump of at least 0.3 mg/dL, or a relative increase of 

50% or more. AKI incidence rose inexorably from 

10 per 1000 person-years in 1986 to a peak of 62 

per 1000 person-years in 1995, the year before wide 

cART use. AKI incidence then fell to 30 per 1000 

person-years in 1999 but remained around that 

mark through 2006. Dialysis-requiring AKI rose 

from 2 per 1000 person-years in 1986 to more than 

7 per 1000 in 1989, then fell back to 2 per 1000 

in 1999. From that point, dialysis-requiring AKI 

climbed to 3.5 per 1000 person-years in 2006.

Analysis of 4509 HIV-positive and 1746 HIV-nega-

tive African Americans in Baltimore calculated stan-

dardized incidence ratios (SIRs) to compare rates of 

renal replacement therapy (dialysis or kidney trans-

plant) with rates in people the same age and race 

in the general population.30 Follow-up from 1998 

through 2004 spanned the dawn of the cART era. 
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Table 2. CKD* incidence in 5 prospective cohorts in the current cART era

Author

Li29

Lucas30

Roe31

Franceschini32

Location

US veterans

Baltimore

London 

North 
Carolina

Years

1984-2007

1998-2004

1998-2005

2000-2002

Number

56,823; in those 
with AKI: mean 
age 42.7, 98.6% 
men, 20% white, 
38% black, 42% 
other, 6.6% HCV, 
11.8% HTN, 
4.5% DM

4509 with HIV, 
1746 without 
HIV, median age 
37, 68% men, all 
black, 70% IDU, 
54% HCV

2274, mean age 
34.6, 62% men, 
58% black, 9.6% 
HCV, 6% IDU

754, mean age 40, 
68% men, 
61% black, 
21% HCV, 
17% HTN, 
6% diabetes

Risk factors

Black race, 
HTN, diabetes, 
dyslipidemia, 
cardiovascular 
disease, HCV, 
CD4 count below 
350 vs above 500, 
viral load above 
30,000 vs below 500, 
body mass index 
below 18.5 vs 18.5 
to 25.0, albumin 
below 3 mg/dL, 
eGFR below 
60 mL/min†

AIDS 

For acute renal failure 
in first 3 m of HIV care: 
Nadir CD4s <100, 
AIDS
For acute renal failure
in later HIV care: 
Nadir CD4s <100, 
IDU, HCV

CD4s <200, HIV 
RNA >10,000 copies/
mL, AIDS, cART use, 
male gender, HCV, 
drug toxicity

Incidence*

AKI peak 62 
per 1000 p-y 
in 1985, 
decline to 
25 per 1000 
p-y in 2006

5.8 per 1000 
p-y before 
cART, 9.7 per 
1000 p-y with 
cART

19.3 per 100 
p-y in first 
3 m of HIV 
care, 1.1 per 
100 p-y in 
later HIV 
care

5.9 per 
100 p-y
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SIRs were 2.3 for HIV-negative people, 6.9 for HIV-

positive people without AIDS, and 16.1 for people 

with AIDS. Incidence of renal replacement therapy 

measured 5.8 per 1000 person-years before cART 

and 9.7 per 1000 person-years with cART. The high-

er rate in the cART era—meaning 1 of 100 people in 

this cohort needed renal replacement therapy every 

year—did not differ significantly from the pre-cART 

rate. CKD prevalence in the cohort rose over time, 

reflecting longer survival after cART arrived.

A London study covering a similar period, 1998 

through 2005, charted more than a 10-fold lower 

acute renal failure incidence among HIV-positive 

people in care for at least 3 months compared with 

those in the first 3 months of HIV care.31 Defining 

acute renal failure as a rapid but usually reversible 

drop in eGFR, a King’s College Hospital team ana-

lyzed 2274 people receiving HIV care. Age averaged 

only 34.6 years, 58% were black, 6% had injected 

drugs, and 67% took cART. During the study period 

acute renal failure developed in 130 people (5.7%). 

Incidence measured 19.3 per 100 person-years in 

people in the first 3 months of HIV care and 1.1 

per 100 in people seen longer than 3 months—

nearly the same incidence measured in the all-black 

Baltimore group in the cART era.30 Multivariate 

analysis identified two independent risk factors for 

acute renal failure in the under-3-month group 

(nadir CD4 count below 100 cells/mm3 and AIDS) 

and three risk factors in the over-3-month group 

(nadir CD4 count below 100 cells/mm3, injection 

drug use, and HCV coinfection.)

Author

Bickel33 

Location

Frankfurt

Years

1989-2010

Number

9198, mean age 
36.5 to 42.7 across 
3 study periods, 
78% men, 89% 
white, HCV 9.3% 
to 14.4% across 
3 study periods, 
IDU 23.1% to 
11.9% across 3 
study periods

Risk factors

Black race, IDU

Incidence*

Whites: 29.9, 
41.0, 43.4 per 
100,000 p-y 
in 1989-1996, 
1997-2003, 
2004-2010
Blacks: 788.8, 
130.5, 164.1 
per 100,000 
p-y in same 
3 periods

*	 Calculated for acute kidney injury (AKI) by Li,29 for renal replacement therapy by Lucas,30 for acute renal 	
	 failure by Roe,31 for acute renal failure by Franceschini,32 and for ESRD and dialysis by Bickel.33 
	 See text for further details.
†	 Calculated for AKI, not for AKI requiring dialysis. 
	 aIRR, adjusted incidence rate ratio; AKI, acute kidney injury; eGFR, estimated glomerular filtration rate; 	
	 HCV, hepatitis C virus; HTN, hypertension; IDU, injection drug use.
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A 2000-2002 study of 754 HIV-positive adults in 

care at the University of North Carolina HIV clinic 

identified acute renal failure (defined by rising cre-

atinine or chart review) in 71 people (9.4%).32 The 

group was young, averaging 40 years in age, 68% 

were men, and 61% were black. Acute renal failure 

incidence measured 5.9 per 100 person-years, much 

higher than rates of renal replacement therapy seen 

before and after cART arrived in the Baltimore 

study,30 and much higher than acute renal failure 

incidence after 3 months of HIV care in London.31

As in the Baltimore30 and London31 cohorts, poor 

HIV control raised chances of acute renal failure 

in the North Carolina group32—specifically a CD4 

count below 200 cells/mm3 and a viral load above 

10,000 copies/mL. Acute renal failure was more com-

mon in men, people with AIDS or HCV infection, 

and people taking cART (probably indicating more 

advanced HIV disease). Half of the cases could be 

attributed to systemic infections, and three quarters 

of those infections were AIDS-related. Drugs caused 

one third of acute kidney injuries, and those drugs 

included indinavir or tenofovir, antibiotics (beta-

lactams and aminoglycosides), radiocontrast agents, 

nonsteroidal antiinflammatory drugs, and lithium.

The largest and longest single-center study of end-

stage renal disease involved 9198 people with HIV 

seen at Goethe University in Frankfurt from 1989 

through 2010.33 Three quarters (78%) of these 

people were men and 89% were Caucasian. The 

researchers considered ESRD incidence and preva-

lence in three periods: 1989-1996 (pre-cART), 1997-

2003 (early cART), and 2004-2010 (late cART).

ESRD incidence rose across the three periods in 

Caucasian patients, from 29.9 to 41.0 to 43.4 per 

100,000 person-years. Incidence was much higher in 

black patients but fell from the pre-cART era (788.8 

per 100,000 person-years) to the two cART periods 

(130.5 and 164.1 per 100,000 person-years). All of 

these rates, when refigured per 100 person-years, 

are much lower than in the VA, Baltimore, London, 

and North Carolina studies.29-32 ESRD prevalence 

rose over time as more people survived longer, but 

people with ESRD had 10-fold higher mortality than 

people without ESRD (relative risk 9.9, 95% CI 6.3 

to 14.5, P < 0.0001).

Widely differing incidence of ESRD or acute renal 

failure in the five studies defies easy explanation. 

Incidence was higher in the VA cohort than in the 

other groups, a finding perhaps partly explained by 

older age in the VA patients.29 The VA groups with 

and without AKI averaged 42.7 and 43.5 years in 

age, slightly older than the North Carolina group 

and much older than the Baltimore, London, and 

Frankfurt groups; and older age certainly heightens 

renal disease risk. Only 20% in the VA cohort were 

white, a much lower proportion than in London, 

North Carolina, or Hamburg. But everyone in the 

Baltimore group was black.

Yet other classical risk factors were not highly preva-

lent in the VA cohort (Table 2), and even after cART 

arrived in 1996, AKI incidence remained much 

higher than in the other cohorts. These investiga-

tors stressed that their findings conform to results 

of the other studies showing that AKI incidence has 

not continued to drop in the cART era. They specu-

late that this intransigence “might indicate possible 

increasing severity of underlying CKD, and may also 

reflect the lowered threshold for dialysis in the gen-

eral population.”29 
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The single-center study cohorts30-33 were largely simi-

lar in age, but the US and London studies included 

much higher proportions of blacks than the Frank-

furt study—100% in Baltimore, about 60% in Lon-

don and North Carolina, and 11% in Frankfurt. The 

Frankfurt group had a much lower proportion of 

IDUs than the Baltimore group but not the London 

group (Table 2). The North Carolina researchers 

did not report IDU status. HCV rates were similar in 

Frankfurt and London at about 9%, higher in North 

Carolina at 21%, and highest in Baltimore at 54%.

Despite the lower ESRD incidence in Frankfurt 

than in the other cohorts, the Frankfurt research-

ers noted that ESRD incidence among people with 

HIV in the late-cART period (2004-2010) remained 

twice higher than in HIV-negative people in Ger-

many. And HIV-positive people were more than 25 

years younger at ESRD diagnosis than people in the 

general German population (42.3 versus 70 years). 

If an exercise in teasing out reasons for differing 

kidney failure incidence fails to yield clear answers, 

the studies are more concordant in pinpointing risk 

factors. The two US studies and the London study 

all identified more advanced HIV infection—de-

fined various ways—as an independent risk factor. 

The Frankfurt study did not identify AIDS as an 

independent ESRD risk factor, though a margin-

ally higher proportion of people with than without 

ESRD had AIDS (43.6% versus 30.1%, P = 0.095). 

Both the Frankfurt and London studies identified 

injection drug use as an independent predictor of 

kidney failure. 

CKD impact on mortality in HIV populations

Strong evidence—though not unanimous evidence—

from the United States and the United Kingdom 

indicates that CKD boosts the risk of death among 

people with HIV in analyses adjusted for other risks. 

The largest mortality study, published in 2007, in-

volved a national sample of 202,927 US veterans with 

stage 3 or 4 CKD, including 534 (0.3%) with HIV and 

88,340 (43.5%) with diabetes (Figure 3).34 Through 

Figure 3. Four large cohort 

studies in the US and the 

UK found associations 

between acute renal failure 

(ARF) or chronic kidney 

disease (CKD) and higher 

mortality in people with 

HIV infection.

Kidney disease impact on mortality with HIV
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a median follow-up of 3.8 years between 2000 and 

2006, HIV infection conferred more than a doubled 

risk of death in both white veterans (adjusted hazard 

ratio [aHR] 2.21, 95% confidence interval [CI] 1.57 to 

3.13) and black veterans (aHR 2.32, 95% CI 1.70 to 

3.18) in an analysis adjusted for age, baseline eGFR, 

hypertension, and other risk factors. These height-

ened death risks easily surpassed the greater death 

risk conferred by diabetes for whites (aHR 1.23, 95% 

CI 1.21 to 1.26) or blacks (aHR 1.06, 95% CI 1.00 to 

1.12). Only about 20% of these people started cART 

before they entered the cohort. 

A UK CHIC cohort analysis of 20,132 HIV-positive 

people found that 1820 of them died during a medi-

an follow-up of 5.3 years through December 2008.35 

About 80% of these people had started cART. Com-

pared with people whose baseline eGFR lay between 

90 and 104 mL/min, those with a baseline eGFR 

from 45 to 59 mL/min had a one third higher risk of 

death from any cause in an association that stopped 

short of statistical significance (aHR 1.34, 95% CI 

0.95 to 1.89, P = 0.09). People with a baseline eGFR 

between 30 and 44 mL/min had a 70% higher death 

risk (aHR 1.70, 95% CI 1.06 to 2.72, P = 0.03). And 

those with a baseline eGFR below 30 mL/min had a 

tripled risk of death (aHR 3.08, 95% CI 1.94 to 4.88, 

P < 0.001). The UK CHIC team recommended that 

HIV-positive people with an eGFR between 30 and 

59 mL/min “should be investigated, monitored care-

fully, and considered for targeted interventions to 

slow the decrease in kidney function.”35 

A 4-million patient study of adults discharged from 

New York State acute care hospitals in 1995 (before 

cART) or 2003 (during cART era) charted a higher 

incidence of acute renal failure among HIV-positive 

people both pre-cART (adjusted odds ratio [aOR] 

4.62, 95% CI 4.30 to 4.95) and during cART (aOR 

2.82, 95% CI 2.66 to 2.99).36 During the cART era, 

acute renal failure more than quintupled odds of 

death in people with HIV (aOR 5.83, 95% CI 5.11 to 

6.65). CKD doubled chances of death in this analysis 

(aOR 1.97, 95% CI 2.45). 

A US Women’s Interagency HIV Study (WIHS) anal-

ysis of 1415 women starting cART up to the end of 

2006 found that those with CKD when starting treat-

ment had more than a doubled risk of death (aHR 

2.23, 95% CI 1.45 to 3.43) in an analysis adjusted for 

age, race, HCV status, AIDS, and CD4 count.21 When 

the analysis also adjusted for hypertension and dia-

betes, CKD no longer independently predicted death 

(aHR 1.89, 95% CI 0.94 to 3.80). Among women 

without AIDS when they started cART, every 20% 

lower eGFR when treatment began boosted the death 

risk almost 10% in a borderline-significant association 

(aHR 1.09, 95% CI 1.00 to 1.19).

Not every study confirms an association between 

kidney disease and death in people with HIV. A 

US single-center observational study involved 2127 

HIV-positive people with or without CKD seen in 

1998-2005.37 More than a third of this Nashville 

group (38%) was taking cART, and 3% had CKD at 

their baseline visit. During a median follow-up of 

2.1 years, AIDS developed in 227 people (11%) and 

80 (4%) died. Statistical analysis adjusted for sex, 

race, age, kidney function level, and several HIV 

variables found no link between CKD and AIDS 

or death (aHR 1.3, 95% CI  0.5 to 3.2), AIDS alone 

(aHR 1.0, 95% CI 0.4 or 3.1), or death alone (aHR 

1.6, 95% CI 0.4 to 3.1). 



Perspectives 17

continued...

Why did this analysis find no link between CKD and 

death when several others did? The study is smaller, 

took place at a single center, and has shorter follow-

up than the others, and the researchers adjusted the 

analysis for a great many variables (besides those al-

ready listed, anemia, cART use, HCV, cardiovascu-

lar disease, ACEI/ARB use, diabetes, injection drug 

use, HIV risk, and albumin at baseline).37 Clinically 

relevant associations may sometimes be “adjusted 

away” by analyses awash in variables. Or perhaps 

CKD management or overall care was better at this 

center than for patients in the other cohorts studied.

CKD and cardiovascular disease risk

Given the profound impact of kidney disease on 

mortality in people with HIV, it is no surprise that 

poor kidney function also bolsters the risk of ma-

jor killers—like cardiovascular disease. A study of 

17,325 HIV-positive US veterans discharged from 

their first hospital stay in 1986-2006 analyzed asso-

ciations between acute kidney injury and cardiovas-

cular endpoints, ESRD, and death starting 90 days 

after discharge.38 

Researchers typically define acute kidney injury, 

sometimes called acute renal failure, as a rapid drop 

in kidney function coupled with increased creatinine 

or dropping urine output. In this national sample, 

2453 veterans had stage 1 acute kidney injury, 273 

had stage 2 or 3, and 334 had dialysis-requiring 

acute kidney injury. All told, 1 in 6 of these hospi-

talized veterans had acute kidney injury. Follow-up 

averaged 5.7 years.

Multivariable analysis adjusted for age, sex, race, co-

morbid conditions, HIV variables, eGFR, and other 

factors determined that stage 2 or 3 acute kidney 

injury and dialysis-requiring injury each indepen-

dently raised the risk of heart failure and ESRD (for 

heart failure: HR 2.11, 95% CI 1.07 to 4.16 for stage 

2-3; HR 4.20, 95% CI 2.24 to 7.88 for dialysis). Dial-

ysis-requiring kidney injury independently doubled 

chances of cardiovascular disease (aHR 1.96, 95% CI 

1.14 to 3.38). Stage 1 acute kidney injury, stage 2 or 

3 injury, and dialysis-requiring injury each indepen-

dently raised the risk of death (HRs 1.20, 95% CI 

1.13 to 1.28; 1.18, 95% CI 1.00 to 1.41; 1.73, 95% CI 

1.49 to 2.01).

A study of 7828 HIV-positive men seen at three 

London clinics between January 2004 and Decem-

ber 2009 recorded 32 coronary heart disease (CHD) 

diagnoses in 28 people for an incidence of 1.2 per 

1000 person-years.39 Adjusted analysis linked eGFR 

below 75 mL/min to more than a quadrupled risk of 

CHD (aIRR 4.30, 95% CI 1.33 to 14.5). Older age 

and HCV infection also boosted CHD risk.

A case-control study at Baltimore’s Johns Hopkins 

HIV Clinic involved 63 people with a cardiovascular 

diagnosis between 1998 and 2008 and 252 controls 

without heart disease matched for sex, race, and 

age.40 People with a cardiovascular diagnosis had a 

significantly lower eGFR than controls (68.4 versus 

103.2 mL/min, P < 0.001). Multivariate analysis de-

termined that every 10-mL/min lower eGFR hoisted 

chances of a cardiovascular event 20% (aOR 1.20, 

95% CI 1.1 to 1.4). Depending on the formula used 

to calculate eGFR, a level below 60 mL/min was 

independently associated with 5 to 6 times higher 

odds of a cardiovascular diagnosis compared with 

an eGFR above 90 mL/min. Proteinuria also inde-

pendently predicted a cardiovascular event. The 

Hopkins team believes their findings “suggest the 

potential value of early screening and treatment of 

CKD in HIV-1-infected patients, particularly those 

with other cardiovascular risk factors.”40 Another re-
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view article in this issue outlines current thinking on 

CKD screening in people with HIV. 

Because of heightened cardiovascular disease risk 

with CKD and HIV, Icahn/Mount Sinai HIV/kidney 

experts advise that “diagnosis of CKD [in people 

with HIV] should prompt consideration of cardio-

vascular risk modification, with the caveat that no 

studies have been performed to evaluate the impact 

of risk modification in this population.”41 

References

1. 	 Cataldi L. The kidney through the ages. Proceeding of the 8th International Workshop of Neonatal Nephrology, April 6-8, 		

	 1998, Rome. http://www.nnsg.com/kidneystoria.htm

2. 	 American Kidney Fund. Kidney basics. http://www.kidneyfund.org/kidney-health/kidney-basics/#.U0QmXYVgJP8

3. 	 National Kidney Foundation. Kidney disease. How your kidneys work. http://www.kidney.org/kidneydisease/howkidneyswrk.cfm

4. 	 National Kidney Foundation. Kidney disease. About chronic kidney disease. http://www.kidney.org/kidneydisease/aboutckd.cfm

5. 	 Gupta SK, Eustace JA, Winston JA, et al. Guidelines for the management of chronic kidney disease in HIV-infected patients:

	 recommendations of the HIV Medicine Association of the Infectious Diseases Society of America. Clin Infect Dis. 2005;40:1559-		

	 1585. http://cid.oxfordjournals.org/content/40/11/1559.long 

6. 	 Centers for Disease Control and Prevention. 2014 National chronic kidney disease fact sheet. 

	 http://www.cdc.gov/diabetes/pubs/factsheets/kidney.htm

7. 	 Sreepada Rao TK, Filippone EJ, Nicastri AD, et al. Associated focal and segmental glomerulosclerosis in the acquired 

	 immunodeficiency syndrome. N Engl J Med. 1984;310:669-673.

8. 	 Mallipattu SK, Salem F, Wyatt CM. The changing epidemiology of HIV-related chronic kidney disease in the era of 

	 antiretroviral therapy. Kidney Int. 2014;86:259-265.

9. 	 Genovese G, Friedman DJ, Ross MD, et al. Association of trypanolytic ApoL1 variants with kidney disease in African 

	 Americans. Science. 2010;329:841-845.

10. 	Tokars JI, Frank M, Alter MJ, Arduino MJ. National surveillance of dialysis-associated diseases in the United States, 2000. 		

	 Semin Dial. 2002;15:162-171.

11.	 United States Renal Data System (USRDS) 2011 Annual Data Report: Atlas of Chronic Kidney Disease and End-Stage 

	 Renal Disease in the United States. http://www.usrds.org/adr.htm 2011

12. 	Marras D, Bruggeman LA, Gao F, et al. Replication and compartmentalization of HIV-1 in kidney epithelium of patients 

	 with HIV-associated nephropathy. Nat Med. 2002;8:522-526.

13. 	Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the use of antiretroviral agents in HIV-1-infected

	  adults and adolescents. May 1, 2014. http://aidsinfo.nih.gov/guidelines/html/1/adult-and-adolescent-treatment-guidelines/0 

14. 	Berliner AR, Fine DM, Lucas GM, et al. Observations on a cohort of HIV-infected patients undergoing native renal biopsy. 

	 Am J Nephrol. 2008;28:478-486. 

15. 	Fernando SK, Finkelstein FO, Moore BA, Weissman S. Prevalence of chronic kidney disease in an urban HIV infected 

	 population. Am J Med Sci. 2008;335:89-94. 

16. 	Wyatt CM, Winston JA, Malvestutto CD, et al. Chronic kidney disease in HIV infection: an urban epidemic. AIDS. 			 

	 2007;21:2101-2103.

17. 	Flandre P, Pugliese P, Cuzin L, et al. Risk factors of chronic kidney disease in HIV-infected patients. Clin J Am Soc Nephrol. 		

	 2011;6:1700-1707. 

18. 	Naicker S, Fabian J. Risk factors for the development of chronic kidney disease with HIV/AIDS. Clin Nephrol. 2010;74

	 (Suppl 1):S51-S56. 



Perspectives 19

19. 	Fischer MJ, Wyatt CM, Gordon K, et al. Hepatitis C and the risk of kidney disease and mortality in veterans with HIV. 

	 J Acquir Immune Defic Syndr. 2010;53:222-226.

20. 	Estrella MM, Parekh RS, Astor BC, et al. Chronic kidney disease and estimates of kidney function in HIV infection: 

	 a cross-sectional study in the Multicenter AIDS Cohort Study. J Acquir Immune Defic Syndr. 2011;57:380-386.

21. 	Estrella MM, Parekh RS, Abraham A, et al. The impact of kidney function at HAART initiation on mortality in HIV-infected 		

	 women. J Acquir Immune Defic Syndr. 2010;55:217-220.

22. 	Purswani M, Patel K, Kopp JB, et al. Tenofovir treatment duration predicts proteinuria in a multiethnic United States Cohort 		

	 of children and adolescents with perinatal HIV-1 infection. Pediatr Infect Dis J. 2013;32:495-500.

23. 	Mocroft A, Kirk O, Reiss P, et al. Estimated glomerular filtration rate, chronic kidney disease and antiretroviral drug use 

	 in HIV-positive patients. AIDS. 2010;24:1667-1678. 

24. 	Morlat P, Vivot A, Vandenhende MA, et al. Role of traditional risk factors and antiretroviral drugs in the incidence of chronic 		

	 kidney disease, ANRS CO3 Aquitaine cohort, France, 2004-2012. PLoS One. 2013;8:e66223. 

25. 	Kalayjian RC, Lau B, Mechekano RN, et al. Risk factors for chronic kidney disease in a large cohort of HIV-1 infected 

	 individuals initiating antiretroviral therapy in routine care. AIDS. 2012;26:1907-1915.

26. 	Ganesan A, Krantz EM, Huppler Hullsiek K, et al. Determinants of incident chronic kidney disease and progression in 

	 a cohort of HIV-infected persons with unrestricted access to health care. HIV Med. 2013;14:65-76.

27. 	Ryom L, Mocroft A, Kirk O, et al. Association between antiretroviral exposure and renal impairment among HIV-positive 		

	 persons with normal baseline renal function: the D:A:D study. J Infect Dis. 2013;207:1359-1369. 

28. 	National Kidney and Urologic Diseases Information Clearinghouse (NKUDIC). Kidney disease statistics for the United States. 		

	 http://kidney.niddk.nih.gov/KUDiseases/pubs/kustats/index.aspx#3 

29. 	Li Y, Shlipak MG, Carl Grunfeld C, Choi AI. Incidence and risk factors for acute kidney injury in HIV infection. Am J Nephrol. 	

	 2012;35:327-334.

30. 	Lucas GM, Mehta SH, Atta MG, et al. End-stage renal disease and chronic kidney disease in a cohort of African-American 		

	 HIV-infected and at-risk HIV-seronegative participants followed between 1988 and 2004. AIDS. 2007;21:2435-2443.

31. 	Roe J, Campbell LJ, Ibrahim F, Hendry BM, Post FA. HIV care and the incidence of acute renal failure. Clin Infect Dis. 		

	 2008;47:242-249. 

32. 	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;67:1526-1531.

33. 	Bickel M, Marben W, Betz C, et al. End-stage renal disease and dialysis in HIV-positive patients: observations from a 

	 long-term cohort study with a follow-up of 22 years. HIV Med. 2013;14:127-135.

34. 	Choi AI, Rodriguez RA, Bacchetti P, Bertenthal D, Volberding PA, O’Hare AM. The impact of HIV on chronic kidney disease 		

	 outcomes. Kidney Int. 2007;72:1380-1387.

35. 	Ibrahim F, Hamzah L, Jones R, Nitsch D, Sabin C, Post FA; UK Collaborative HIV Cohort (CHIC)/CKD Study Group. 		

	 Baseline kidney function as predictor of mortality and kidney disease progression in HIV-positive patients. Am J Kidney Dis. 		

	 2012;60:539-547. 

36. 	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;20:561-565.

37. 	Alves TP, Wu P, Ikizler TA, et al. Chronic kidney disease at presentation is not an independent risk factor for AIDS-defining 		

	 events or death in HIV-infected persons. Clin Nephrol. 2013;79:93-100.

38. 	Choi AI, Li Y, Parikh C, Volberding PA, Shlipak MG. Long-term clinical consequences of acute kidney injury in the 

	 HIV-infected. Kidney Int. 2010;78:478-485. 

39. 	Campbell LJ, Desai M, Hegazi A, et al. Renal impairment is associated with coronary heart disease in HIV-positive men. 

	 HIV Clin Trials. 2012;13:343-349.

40. 	George E, Lucas GM, Nadkarni GN, Fine DM, Moore R, Atta MG. Kidney function and the risk of cardiovascular events 

	 in HIV-1-infected patients. AIDS. 2010;24:387-394.

41. Nadkarni GN, Konstantinidis I, Wyatt CM. HIV and the aging kidney. Curr Opin HIV AIDS. 2014;9:340-345.



Interview20

CKD screening and referring, 
plus insights on TDF and TAF

 

An interview with Christina M. Wyatt, MD

Associate Professor of Medicine
Icahn School of Medicine at Mount Sinai
New York, NY

Dr. Wyatt is Associate Professor of Medicine in the Division of 
Nephrology at the Icahn School of Medicine at Mount Sinai in 
New York City, where she is also Associate Director of the Medi-
cal Student Research Office. Besides her medical degree from 
Duke University, she holds a Masters of Science in Biostatistics 
from the Columbia University Mailman School of Public Health. Among the leading HIV kidney ex-
perts, Dr. Wyatt has authored several insightful reviews in the field of HIV nephrology and has con-
ducted critical research on glomerular filtration rate estimation in HIV-positive people, hepatitis virus 
infection and kidney disease with HIV, tenofovir, and the genetics of HIV-associated nephropathy. Dr. 
Wyatt is a standing member of the American Society of Nephrology study section, an ad hoc reviewer 
for NIH study sections and high-impact journals, and a coauthor of the HIV Medicine Association 
2014 Clinical Practice Guideline for the Management of Chronic Kidney Disease in Patients Infected 
With HIV.

	

CKD screening and referring pointers 

Mascolini: What are the chronic kidney disease 

(CKD) screening basics clinicians should know for 

people with HIV?

Wyatt: I think what most clinicians do in routine 

practice in terms of creatinine and eGFR [estimated 

glomerular filtration rate] screening probably ex-

ceeds what the 2014 HIV/kidney guidelines recom-

mend.1   The guidelines advise screening HIV-positive 

patients for chronic kidney disease at least annually. 

But most HIV patients engaged in care are probably 

getting quarterly chemistries. 

The additional screening measure probably not rou-

tinely done in practice is some form of testing for 

urine protein. I suspect that for most diabetics clini-

cians are following the ADA [American Diabetes As-

sociation] guidelines, screening for microalbumin2 

at least once a year. For the remaining patients with 

HIV, current HIV guidelines recommend screening 
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at least once for proteinuria, at the time of HIV di-

agnosis.1 Any patient with a CKD risk factor besides 

HIV—such as diabetes, hypertension, lupus, or black 

race—should have some form of screening for urine 

protein at least annually. 

What should that screening be? The HIVMA panel 

did not reach a firm consensus on that question.1 Al-

though data clearly show more precise and sensitive 

results with urine protein-to-creatinine ratio screen-

ing rather than dipstick urine protein, for cost-bene-

fit reasons a dipstick is probably a reasonable screen-

ing test for now.

Mascolini: Which CKD patients can HIV clinicians 

manage on their own, and which should they refer to 

a nephrologist?

Wyatt: Any patient in whom there’s not a clear di-

agnosis—and you could make a case that that’s any-

body—should be referred. Certainly patients who’ve 

got proteinuria and an unclear diagnosis should see 

a nephrologist. With a diabetic patient who has pro-

teinuria and retinopathy, the primary care physician 

can decide whether to refer. 

But for a nondiabetic patient with HIV and protein-

uria, I think the differential in patients with protein 

in their urine is broad enough that it’s reasonable 

to consider referring that patient early for diagnos-

tic purposes. That patient might have hepatitis C-

related disease that might respond to less toxic new 

therapies; or that patient could have primary kidney 

disease that has nothing to do with their HIV status; 

or a patient of African descent who is not completely 

virologically suppressed could have HIV-related kid-

ney disease. So I think most HIV patients with pro-

teinuria should probably be referred. 

Patients who have rapidly progressing kidney dys-

function—someone with rising creatinine at every 

quarterly visit—to me that’s another patient who 

should be sent to a nephrologist because the nephrol-

ogist may identify some treatable disease. Certainly 

there is a spectrum of treatable diseases that can be 

managed if you diagnose them. 

If patients were not seen by a nephrologist early for 

diagnosis—or if they were seen and a diagnosis was 

made—sometimes it’s not essential to continue seeing 

a nephrologist. For  example, if that patient has stage 

3 kidney disease with a little proteinuria, and if that 

patient is taking an ACE inhibitor or an angiotensin-

receptor blocker and the HIV clinician feels comfort-

able managing high blood pressure, diabetes, or oth-

er risk factors—that patient may not need to return 

to a nephrologist as long as kidney function is stable. 

When should an HIV patient with kidney disease re-

turn to a nephrologist? Certainly any patient who’s 

got stage 4 kidney disease—somebody with a GFR 

below 30 mL/min—should see a nephrologist to start 

talking about end-stage renal disease (ESRD) plan-

ning. Not all those patients will reach ESRD. We know 

from the general population that patients with stage 4 

kidney disease are more likely to die of cardiovascular 

disease than they are to reach ESRD; but certainly 

a considerable proportion of them will reach ESRD. 

We get much better outcomes if they know what they 

want to do before progressing to ESRD, and if they’re 

going to need hemodialysis it’s better to have a fistula 

in place when they’re ready to start.

Mascolini: In your experience talking to HIV clini-

cians, what are the main gaps in their understanding 

of diagnosing and managing CKD?
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Wyatt: I recently spoke to a group of HIV clinicians 

who were given a pretest before my talk. I was sur-

prised by the proportion of clinicians in active prac-

tice who misdiagnosed HIVAN [HIV-associated ne-

phropathy] or were under the impression that it is 

still very common.3 I think HIVAN is a disease we all 

need to be aware of because we still see it, and when 

we see HIVAN it is usually treatable. But at this point 

the treatment is probably not different from what you 

should be doing in that patient anyway. I think there 

may be a misconception that more kidney disease in 

HIV patients is from HIV itself or from its treatment 

rather than from comorbidities that develop as pa-

tients get older. 

Mascolini: When you say the care that HIVAN pa-

tients should be getting anyway, you mean . . . 

Wyatt: . . . putting them on antiretroviral therapy. 

Even if there were no trend toward treating everyone 

with HIV, these are the patients who would have firm 

indications to start therapy apart from HIVAN. 

Prescribing and monitoring TDF and TAF

Mascolini: Are there kidney markers or other 

variables that should make clinicians steer clear 

of tenofovir?

Wyatt: So far the data have not suggested that a 

patient with established chronic kidney disease—say 

someone with diabetic nephropathy—is necessarily at 

higher risk of tenofovir toxicity than someone who 

has normal kidney function, as long as the drug is 

dosed appropriately. 

I think the challenge in those patients is not so much 

that we think they’re at increased risk, but that it be-

comes a little harder to monitor them. If you have a 

patient who’s got diabetic nephropathy, a little pro-

teinuria, and occasionally some glucosuria4 because 

of intermittently uncontrolled diabetes, that might 

be a patient whose monitoring is going to be chal-

lenging, although their risk of tenofovir toxicity is not 

increased. A clinician caring for that patient should 

know what they’re going to do if this patient’s pro-

teinuria increases or they suddenly have glucosuria 

all the time. In those cases you have to plan manage-

ment on a case-by-case basis.

In general, I think it’s almost always reasonable to 

start tenofovir in someone who hasn’t already had 

an adverse reaction to tenofovir or related drugs. If 

someone was in an adefovir trial before and they had 

Fanconi syndrome,5 I would avoid giving tenofovir to 

that patient. If they were treated with tenofovir be-

fore and had classic evidence of tenofovir toxicity, I 

would hesitate to rechallenge that patient. 

But in the average patient, the most important thing 

is to know the renal baseline. Get a baseline urinaly-

sis so you know if that patient has underlying pro-

teinuria or glucosuria or any other evidence of renal 

impairment. You have to be careful dosing tenofovir 

and other renally excreted drugs in anyone with re-

duced kidney function (Table 1). And you have to 

think hard about risks and benefits, particularly for 

patients who are close to dose-reduction thresholds. 

They can be challenging.
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Mascolini: Do you monitor people taking tenofo-

vir differently for renal function than people not 

taking tenofovir?

Wyatt: The guidelines suggest that you monitor 

them more often, but the guidelines assume a bare 

minimum of monitoring for patients who are not 

on tenofovir.1 If clinicians are doing quarterly renal 

monitoring, that’s certainly adequate. I don’t think 

you need to get a urinalysis at every visit, although 

some nephrologists in the HIV community might be-

lieve you do. I think it’s not totally straightforward. 

I certainly would follow up any abnormal creatinine 

with a confirmatory test and urine testing as well. 

		  Tenofovir (TDF)	 Truvada (TDF/FTC)

Usual dose	 300 mg daily	 300/200 mg daily

Creatinine clearance		

≥50 mL/min	 No adjustment	 No adjustment

30 to 49 mL/min	 300 mg every 2 days	 300/200 mg every 2 days

<30 mL/min		  Do not use combination tablet

10 to 29 mL/min	 300 mg every 3 to 4 days	

With hemodialysis	 300 mg every 7 days*	

With peritoneal hemodialysis	 Unknown, use with caution, 
		  reduce dose

Table 1. Renal dose adjustments for tenofovir and Truvada (tenofovir/emtricitabine)

*	 Additional dose may be needed if more than 12 h hemodialysis weekly.
Source: Lucas GM, 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.1

See Tables 6 and 7 of 2014 HIVMA guidelines for other antiretroviral and nonantiretroviral dose adjustments.1

Mascolini: Have you seen enough data on TAF (te-

nofovir alafenamide fumarate) to decide whether it 

poses a lower kidney risk than TDF (tenofovir diso-

proxil fumarate)?

Wyatt: Based on what we think we know about why 

tenofovir causes kidney injury, it makes sense that 

TAF might pose a lower risk. We think the mecha-

nism of tenofovir kidney toxicity involves accumula-

tion of higher levels of the active metabolite of tenofo-

vir inside proximal renal tubular cells. As a result they 

become sensitive to injury, potentially mitochondrial 

injury. Presumably that accumulation is a result of 

high plasma levels of the active drug, and we know 



Interview24

continued from page 23

that TAF results in much lower levels of active drug 

in the blood than TDF does.6,7 On that basis it makes 

sense that TAF would have less renal toxicity. Certain-

ly the phase 2 studies8 and what we know so far about 

the phase 3 trials would be consistent with that. There 

may be a small differential effect in favor of TAF over 

TDF for both kidney and bone toxicity. 

I think the proof is in the pudding in terms of wheth-

er what we see in randomized trials turns out to be 

true in clinical practice. We know that TDF did not 

have a renal safety signal at all in clinical trials. So at 

least for now I would consider TAF the same as TDF 

in terms of monitoring. And if I was going to consider 

not starting a patient on TDF, I would consider TAF 

with the same level of vigilance, with the expectation 

that it’s going to be safer. But I think that until we 

know for sure we should consider TAF use and moni-

toring carefully. 

Consulting a pharmacologist on 

renally excreted drugs

Mascolini: Many antiretrovirals and other drugs are 

eliminated via the kidney. Should HIV clinicians con-

sult a pharmacologist to review possible dose adjust-

ments in people with declining kidney function?

Wyatt: I think that depends on the clinician’s comfort 

with GFR estimates and with the medications they’re 

using. If a patient is on a group of drugs that are not 

cleared by the kidney or if the clinician is familiar and 

comfortable with the HIV drugs prescribed, then I 

don’t think it’s necessary to consult a pharmacologist. 

At the same time, I can certainly think of a lot of cases 

where consultation would be helpful, particularly 

for patients who are very close to dose-adjustment 

thresholds, with a Cockroft-Gault creatinine clear-

ance of 55 mL/min, for example, and who are taking 

multiple drugs that are renally eliminated. In a case 

like that consulting a pharmacologist might be worth-

while. We know that GFR estimates are not perfect. 

In a case like the one I just described, prescribers need 

to consider the therapeutic window of the drug—the 

range between the minimum effective concentration 

and maximum tolerated concentration. If the drug 

has a wide therapeutic window, then you can proba-

bly give it at the higher dose. If the drug has a narrow 

therapeutic window and you’re worried about toxic-

ity, then the question becomes whether you should 

recalculate creatinine clearance and recalculate GFR 

by another method. If there’s evidence of an overes-

timate or underestimate of kidney function, you can 

adjust the dose accordingly. So I think the need to 

consult a pharmacologist varies from patient to pa-

tient, but there certainly are cases where it would be 

valuable.

Mascolini: Are there any other points you would like 

to make that you think HIV clinicians should con-

sider concerning kidney disease in people with HIV?

Wyatt: One thing I like to mention when I’m talking 

about tenofovir is that, until we know how safe it is in 

healthy people, when healthy HIV-negative people 

take tenofovir as PrEP, the same monitoring guide-

lines should apply.
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Classic and HIV-specific risk factors 

for kidney disease
By Mark Mascolini

Abstract: Several variables that heighten kidney dis-
ease risk in the general population are highly preva-
lent in HIV populations, including diabetes, hyper-
tension, HCV infection, and smoking. Blacks run a 
higher risk of kidney disease than whites. As people 
with HIV live longer thanks to antiretroviral therapy, 
older age confers an ever-increasing kidney disease 
risk. Tenofovir and the obsolete protease inhibitor 
indinavir threaten the kidney. To lesser extents, rito-
navir, atazanavir, and lopinavir/ritonavir have been 
tied to kidney disease risk. There is no question, 
though, that the higher CD4 counts and lower viral 
loads that come with successful antiretroviral therapy 
ease the risk of kidney trouble. 

Risk factors for kidney disease in people with HIV 
mirror those in the general population: black race, 
diabetes, hypertension, HCV infection, and smok-
ing. HIV clinicians will immediately recognize that 
all these risk factors are more common in people 
with than without HIV in the United States. Further 
complicating the renal risk picture, people with HIV 
typically take more drugs than HIV-negative peo-
ple—and several key antiretrovirals and drugs for 
comorbidities buffet the kidney. HIV infection itself 
threatens the kidneys, and poorly controlled HIV 

infection compounds the threat. Finally, older age 
weakens the kidneys, an important concern as people 
with HIV survive into their 60s and beyond. 

A 2012 systematic review and meta-analysis of 23 
studies confirm the impact of the higher kidney dis-
ease prevalence and incidence in HIV populations 
cataloged in the first article in this issue of RITA!:1 
Compared with HIV-negative populations, people 
with HIV have almost a quadruped risk of renal dis-
ease (relative risk [RR] 3.87, 95% confidence inter-
val [CI] 2.85 to 6.85). This article reviews classic and 
HIV-related risk factors that drive the higher kidney 
disease risk in people with HIV. Except for age, race, 
and family history of kidney disease, all these risk fac-
tors can be prevented or modified.

Older age: the risk factor everyone wants

In the general population, people over 60 years old 
have a 20% to 30% lower glomerular filtration rate 
(GFR) than people younger than 50.2 HIV/kidney 
experts at New York’s Icahn School of Medicine at 
Mount Sinai note that as HIV populations age thanks 
to combination antiretroviral therapy (cART), risk of 
acute and chronic kidney disease (CKD) grows apace, 
and they offer a practical review of the interactions 
between HIV infection, age, and renal impairment.3 



continued...

Perspectives 27

Cohort studies in France and the Unit-
ed States found a similar impact of 
age on CKD despite a great difference 
in the racial composition of these two 
HIV cohorts—fewer than 10% black in 
the French Aquitaine cohort4 and 78% 
black in Baltimore’s Johns Hopkins 
cohort.5 In France 45- to 60-year-olds 
with HIV had a 70% higher CKD in-
cidence than people under 45, and 
people older than 60 had more than 
a doubled CKD incidence (Figure 1). 
In Baltimore 45- to 55-year-olds had a 
45% higher CKD incidence than peo-
ple under 45, and those older than 55 
had more than a tripled risk (Figure 1).
 
Other notable age-related findings on 
renal disease emerged from a large me-
ta-analysis and big prospective cohorts 
in Italy and Germany:

— In a 23-study meta-analysis of people with HIV, 
every 10 years of age raised renal disease risk by half 
(RR 1.54, 95% CI 1.16 to 2.05).1 

— In a case-control comparison of 2854 HIV-positive 
people in Italy and 8562 HIV-negative controls, HIV-
positive people 51 to 60 years old had a significantly 
higher CKD prevalence than age-, sex-, and race-
matched controls (5.2% versus 0.29%, P < 0.001), as 
did HIV-positive people older than 60 (24.3% versus 
0.49%, P < 0.001).6

— In a study of 9198 people in the Frankfurt HIV 
Cohort, incidence of end-stage renal disease (ESRD) 

Impact of age on CKD incidence with HIV

Figure 1. Despite a difference in racial make-up in two large HIV 
cohorts, older age had a similar impact on CKD incidence in France4 
(45 to 60 and over 60 versus under 45) and the United States5 (45 to 
55 and over 55 versus under 45).

remained twice higher than in the general population 
in the most recent study period (2004-2010).7 People 
with HIV were more than 25 years younger when di-
agnosed with ESRD than were people in the general 
German population (42.3 versus 70 years). 

But a Veterans Aging Cohort Study comparison of 
31,139 people with HIV and 68,113 without HIV 
found that ESRD did not develop at an earlier age in 
the HIV group, although ESRD incidence was higher 
with than without HIV (adjusted incidence rate ratio 
[aIRR] 1.43, 95% CI 1.22 to 1.65).8 And HIV-positive 
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people 60 or older in the CDC Medical Monitoring 
Project cohort did not have higher CDK prevalence 
than age-matched HIV-negative controls in the Na-
tional Health and Nutrition Examination Survey.9 

The CDC team cautioned that this lack of difference 
in CKD prevalence among older adults with and 
without HIV could reflect premature death among 
HIV-positive people with CKD.

Black race: high risk outlives HIVAN

In 2010 blacks made up 12% of the US population 
but accounted for 44% of all new HIV infections.10 

Black women contribute to this disparity. The CDC 
estimates that 5300 black heterosexual women got 
HIV infection in 2010, 4 times the rate in white het-
erosexual women.10 

In 1984 emergence of HIV-associated nephropathy 
(HIVAN) in African Americans and Haitians with 
AIDS made it clear that this immunodeficiency syn-
drome did not spare the kidneys.11 Although cART 
profoundly minimized the HIVAN threat, blacks 
continue to run a higher risk of kidney disease than 
whites, partly because of single-nucleotide polymor-
phisms in the apolipoprotein L1 gene that arise in 
West Africans more than in people from other re-
gions.12 In the mid-2000s, for example, the US Re-
nal Data System figured that HIV-positive blacks ran 
about a 50% higher risk of ESRD than HIV-positive 
whites.13 This same analysis determined that African-
American men between 25 and 44 account for 40% 
of HIV-positive people receiving renal replacement 
therapy (dialysis or transplant) yet make up only 2% 
of the US population.

Why HIV-positive African Americans in the cART 
era reach ESRD so much more often than whites 
with HIV remained poorly understood until a com-
parison of 3332 blacks and 927 whites with HIV at 

Johns Hopkins University in Baltimore.5 The Hop-
kins team asked whether CDK incidence is greater 
among HIV-positive blacks than whites, whether 
progression rates are faster in blacks, or whether 
both factors play a role.

Through an average follow-up of 4.5 years from 1990 
through 2004, CKD developed in 284 people—253 
blacks (7.6%) and 31 whites (3.3%).5 Kaplan-Meier 
analysis determined that blacks had almost a twice 
higher CKD incidence than whites (hazard ratio [HR] 
1.9, 95% CI 1.2 to 2.8). After statistical adjustment 
for age, sex, AIDS status, injection drug use, and cal-
endar period, the higher CKD rate in blacks dimin-
ished to a marginally significant 1.65 (95% CI 1.00 to 
2.71). But progression from CKD proved almost 18 
times more frequent in blacks than whites (HR 17.7, 
95% CI 2.5 to 127.0). This accelerated progression in 
blacks reflected a 6 times more rapid fall in GFR after 
CKD diagnosis in blacks than whites. 

The Hopkins team proposed that “African American-
white disparities in HIV-related ESRD are explained 
predominantly by a more aggressive natural disease 
history in African Americans and less by racial differ-
ences in CKD incidence.”5 The authors noted that 
HIVAN accounted for a portion of the excess progres-
sion risk in blacks, but progression risk also proved 
higher in blacks with non-HIVAN histopathology 
than in whites. They cited evidence of faster progres-
sion from CKD to ESRD in blacks versus whites in the 
general US population14 and suggested that “genetic 
susceptibility to kidney failure has been hypothesized 
on the basis of familial clustering of ESRD, in several 
settings.”15-17 

A 2000-2001 study of more than 2 million US veter-
ans with a median 3.7 years of follow-up confirmed 
faster progression to ESRD in blacks than whites with 
HIV.18 The cohort included 15,135 veterans with HIV 

continued from page 27
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(0.8%) and 594,430 with diabetes (29.5%). Age- and 
sex-adjusted ESRD incidence was similar in blacks 
with HIV and without diabetes and in blacks without 
HIV and with diabetes (Figure 2). ESRD incidence 
among blacks with HIV and without diabetes was 
more than 7 times higher than incidence in whites 
with HIV and without diabetes or in whites without 
HIV but with diabetes (Figure 2). HIV did not boost 
ESRD incidence among whites, but HIV more than 
quadrupled ESRD risk in blacks (HR 4.56, 95% CI 
3.44 to 6.05). 

Other cohort studies in the United States and Europe 
largely support findings in the Baltimore and veter-
ans studies:5,18 

— A prospective study of 56,823 HIV-positive vet-
erans determined that black race raises risk of acute 
kidney injury 20% compared with white race (HR 
1.22, 95% CI 1.14 to 1.29)19

Impact of race on ESRD incidence 

with HIV or diabetes

Figure 2. In a study 2,015,891 US 
veterans with or without HIV and 
with or without diabetes mellitus 
(DM), black veterans with HIV and 
without diabetes had a 7 times high-
er age- and sex-adjusted incidence 
of end-stage renal disease (ESRD) 
than whites with HIV and without 
diabetes or whites with diabetes and 
without HIV.18

— A single-center study of 2468 HIV-positive people 
in Nashville determined that blacks did not have a 
statistically significant difference in risk of estimated 
glomerular filtration rate (eGFR) decline than non-
blacks.20 But blacks had a significantly higher risk of 
ESRD and tended to have a higher risk of death.

— A study of 21,951 HIV-positive people in the UK 
CHIC cohort found that prevalence of ESRD rose 
among blacks from 0.26% in 1998-1999 to 0.92% in 
2006-2007 (P = 0.001).21 Black race boosted the risk 
of ESRD 7 times (HR 6.93, 95% CI 3.56 to 13.48)—a 
risk similar to that found in the US veterans study.18

— A more recent UK CHIC analysis of 20,132 people 
with HIV figured that blacks had almost a tripled risk 
of progression to stage 4 or 5 CKD compared with 
whites and others (rate ratio 2.8, 95% CI 1.6 to 4.8).22 
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Troublesome triad: diabetes, 

hypertension, HCV

Among comorbid diseases, diabetes, hypertension, 
and HCV infection all pose a substantial threat to the 
kidneys. And all three diseases disproportionately af-
fect people with HIV. US Health Resources and Ser-
vices Administration (HRSA) HIV care guidelines 
note that people with HIV run a 4-fold higher risk 
of diabetes and a 3-fold higher risk of hypertension 
than HIV-negative indivduals.23 Chronic HCV infec-
tion affects 30% to 40% of HIV-positive people in the 

United States,23 and HCV rates among HIV-positive injection 
drug users range from 50% to 90%.24 

In the United States in 2011, diabetes accounted for 44% of 
new kidney failures and hypertension for 28%.25 In other 
words nearly three quarters of kidney failures in 2011 could be 
traced to diabetes or hypertension. A 2008 systematic review 
and meta-analysis determined that HCV infection heightened 
the risk of CKD about 50% (relative risk 1.49, 95% CI 1.08 to 
2.06).26 Tables 1 and 2 outline key findings on how diabetes 
and hypertension affect kidney disease risk.

*	 Only independent associations reported.
†	 Compared with whites without HIV or diabetes.
‡	 In-hospital serum creatinine increase ≥0.3 mg/dL or a relative increase ≥50%.
	 AKI; acute kidney injury; CKD, chronic kidney disease; DM, diabetes mellitus; eGFR, estimated glomerular 
	 filtration rate; ESRD, end-stage renal disease; NR, not reported.

Table 1. Impact of diabetes on kidney disease risk in people with HIV

				  
Author 

Choi18 

Mocroft27 

Medapalli28 

Li19	

Location 

US, veterans

Europe, 
EuroSIDA

US, Veterans 
Aging Cohort 
Study

US, veterans

Years 

2000-2001, 
median 3.7 y 
follow-up

2004-2008,
median 3.7 y 
follow-up

NR, median 
5 y follow-up

1984-2007, 
median 5.1 y 
follow-up

Number 

2 million 
veterans, 
0.8% with HIV, 
29.5% with 
diabetes

6843 with HIV

31,072 with 
eGFR >45 mL/
min, 34% with 
HIV alone, 
16% with 
diabetes alone, 
6% with both

56,823 with 
HIV

Key findings*

In blacks: ESRD risk 4.56-fold 
higher with HIV alone, 
4.15-fold higher with DM alone, 
5.28-fold higher with HIV 
and DM†
In whites: ESRD risk similar with 
and without HIV, 2.18-fold higher 
with DM alone,† 2.27-fold higher 
with HIV and DM†

Progression to CKD 1.5-fold 
more likely with DM

Progression to eGFR <45 mL/min 
2.48-fold higher with DM alone, 
2.8-fold higher with HIV alone, 
4.47-fold higher with HIV 
and DM

Risk of AKI‡ 1.22-fold higher 
with DM; risk of dialysis-requiring 
AKI 1.38-fold higher with DM in 
1996-2006
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*	 Only independent associations reported.
†	 In-hospital serum creatinine increase ≥0.3 mg/dL or a relative increase ≥50%.
	 AKI, acute kidney injury; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HTN, hypertension.

Table 2. Impact of hypertension on kidney disease risk in people with HIV*

				  
Author 

Mocroft27 

Medapalli28

Li19

Location 

Europe, 
EuroSIDA

US, Veterans 
Aging Cohort 
Study

US, veterans

Years 

2004-2008, 
median 3.7 y 
follow-up

NR, median 5 
y follow-up

1984-2007, 
median 5.1 y 
follow-up

Number 

6843 with HIV

31,072 with eGFR 
≥45 mL/min, 34% 
with HIV alone, 
16% with DM alone, 
6% with both

56,823 with HIV

Key findings*

Progression to CKD 1.69-fold 
more likely with HTN

Progression to eGFR <45 mL/
min 1.39-fold greater with 
HTN in HIV+, 1.59-fold 
higher with DM

Risk of AKI† 1.08-fold higher 
with HTN; risk of dialysis-
requiring AKI 1.8-fold higher 
with HTN in 1996-2006

HCV infection ranks prominently in many analyses 
of kidney disease risk, but its impact on renal impair-
ment remains a bit tougher to pin down than the im-
pact of diabetes or hypertension. The strong associa-
tions between diabetes or hypertension and acute or 
chronic kidney disease can overwhelm potential as-
sociations between HCV and kidney disease if all fac-
tors are considered in the same analysis. Also, IDUs 
account for a high proportion of people with HCV/
HIV coinfection, and IDUs shoulder an array of oth-
er comorbidities and risk behaviors that can muddy 
the specific impact of HCV on kidney disease.

For example, a 1994-2004 retrospective cross-section-
al analysis of 13,139 people in care in Indianapolis 
(11% with HIV and 30% positive for HCV) deter-
mined that testing positive for HCV decreased risk 

of CKD (adjusted odds ratio [aOR] 0.69, 95% CI 0.62 
to 0.77) in an analysis controlling for diabetes, hyper-
tension, age, aspartate aminotransferase, and HIV 
status.29 Longitudinal analysis of 7038 people without 
CKD at their initial visit found no association between 
HCV positivity and incident CKD (adjusted hazard 
ratio [aHR] 0.896, 95% CI 0.79 to 1.015) in an analy-
sis adjusted for age, baseline eGFR, diabetes, hyper-
tension, aspartate aminotransferase, and HIV status. 
The authors noted that reasons for their findings are 
unclear “but may include decreased creatinine pro-
duction from muscle wasting or altered creatinine 
metabolism due to liver disease such that the eGFR is 
artificially low in patients with hepatitis C.”29 
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On the other hand, numerous other large cohort 
studies and randomized trial analyses in North Amer-
ica, Europe, and Australia (outlined below) document 
strong and consistent associations between HCV and 
chronic or acute kidney disease. Notably, though, 
cleared HCV infection—indicated by undetectable 
HCV RNA—did not bolster kidney disease risk in 
some of these studies.

A 2008 meta-analysis of 27 randomized controlled 
trials and observational studies linked HCV to a sig-
nificantly increased risk of incident CKD (RR 1.49, 
95% CI 1.08 to 2.06) in people with HIV.26 Risk of 
acute renal failure was about two thirds higher in 
people with than without HCV (RR 1.64, 95% CI 
1.21 to 2.23). 

Large cohort studies also confirm a link between 
HCV and kidney disease:

— A 2684-woman analysis of the Women’s Interagen-
cy HIV Study identified an independent association 
between HCV positivity and a 5% annual drop in 
eGFR in women who already had CKD, defined as 
an eGFR below 60 mL/min.30 But the analysis did not 
link HCV to eGFR decline in women with a baseline 
reading above 60 mL/min.

— A 7.6-year study of 25,155 HIV-positive veterans 
found that those with HCV coinfection had signifi-
cantly higher rates of CKD (14% versus 11%, P < 
0.001) and significantly greater mortality (IRR 1.23, 
95% CI 1.17 to 1.29).31

— An 8235-person EuroSIDA analysis determined 
that, compared with HCV-negative people, those 
with chronic HCV infection had a higher incidence 
of CKD (aIRR 1.85, 95% CI 1.49 to 2.30, P < 0.0001), 
but those with cleared HCV infection did not, find-

ings suggesting that active HCV infection contributes 
to CKD pathogenesis.32 

— An NA-ACCORD analysis of 52,602 HIV-positive 
North Americans without HCV, 9508 with HCV vire-
mia, and 913 positive for HCV but with undetectable 
HCV RNA figured that, compared with HCV-nega-
tive individuals, HCV viremic people had a higher 
risk of stage 3 CKD (aHR 1.36, 95% CI 1.26 to 1.46), 
stage 5 CKD (aHR 1.95, 95% CI 1.64 to 2.31), and 
progressive CKD (aHR 1.31, 95% CI 1.19 to 1.44).33 
And compared with HCV-negative people, HCV-pos-
itive but aviremic individuals had an increased risk 
for stage 3 CKD (aHR 1.19, 95% CI 0.98 to 1.45), 
stage 5 CKD (aHR 1.69, 95% CI 1.07 to 2.65), and 
progressive CKD (aHR 1.31, 95% CI 1.02 to 1.68). 

— A study of 3441 antiretroviral-treated people en-
rolled in the SMART trial or ESPRIT trial found that 
HCV positivity raised chances of progressive CKD, 
defined as ESRD, renal death, or significant eGFR 
decline (aOR 1.72, 95% CI 1.07 to 2.76).34 But chanc-
es of progressive CKD were similar in HCV-positive 
people with low or undetectable HCV RNA and in 
HCV-negative people.

— Analysis of 56,823 HIV-positive veterans followed 
for a median 5.1 years determined that HCV infec-
tion boosted the risk of acute kidney injury 33% (aHR 
1.33, 95% CI 1.26 to 1.40).19 

Other kidney disease risk factors listed by the CDC 
and the American Kidney Fund—abnormal lipids, 
cardiovascular disease, and obesity—are part of the 
same pathologic web that involves diabetes and hy-
pertension. Out-of-line lipids and heart disease are 
highly prevalent comorbid conditions in many HIV 
populations. Obesity affects a lower proportion of 
people with than without HIV—according to a 2013 
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CDC analysis of a nationally representative sample.35 

Still, the CDC estimates that 25% of HIV-positive peo-
ple in care in the United States are obese. 

Smoking, hyperfiltration, non-HIV drugs

Smoking, hyperfiltration (GFR above 140 mL/min 
over age 40), and a lengthy list of non-HIV drugs 
threaten the kidneys in people with and without 
HIV infection. 

A higher proportion of people with than without HIV 
smoke, but surprisingly little research addresses the 
impact of smoking on kidney disease in people with 
HIV. Calling smoking “the obvious missing piece” 
of the CKD risk puzzle, Miami-based researchers 
conducted a case-control study comparing 75 HIV-
positive in-hospital patients with CKD and 461 HIV-
positive inpatients without CKD.36 Logistic regression 
analysis indicated that smoking triples the odds of 
CKD (aOR 3.0, 95% CI 1.4 to 5.6, P = 0.005). CKD 
odds climbed from about 1.5 among people who 
smoked 1 pack a day to more than 3.0 among those 
who smoked 2 or 3 packs daily. Former smokers had 
essentially the same chance of CKD as people who 
never smoked. 

The lower the eGFR, the worse the CKD. But a 
stratospheric glomerular filtration rate—above 140 
mL/min in people over 40—also betokens declining 
kidney function as albuminuria climbs and GFR sub-
sequently nosedives. Multicenter AIDS Cohort Study 
(MACS) investigators noted that both diabetes and 
hypertension, the leading comorbid predictors of 
kidney disease, are linked to hyperfilitration.37 

To analyze rates and risk factors of hyperfiltration 
(GFR measured by iohexol plasma clearance), MACS 
researchers studied 367 gay/bisexual men with HIV 
and 241 without HIV.37 A significantly higher pro-
portion of HIV-positive men had hyperfiltration 

(25% versus 17%, P = 0.01). And after adjustment for 
other risk factors, HIV raised chances of hyperfiltra-
tion 70% (aOR 1.70, 95% CI 1.11 to 2.61). The MACS 
team stressed that hyperfiltration is a modifiable pre-
dictor of kidney disease progression.

Besides certain antiretrovirals, a rich pharmacopoe-
ia of medications can harm the kidneys (Table 3). 
Nonsteroidal antiinflammatories (NSAIDs) deserve 
special mention because of their wide use and over-
the-counter availability. New York States guidelines 
on care for HIV patients with renal impairment ad-
vise clinicians to assess NSAID use in people with 
declining renal function, to individualize NSAID 
use, and to educate patients about possible kidney 
toxicity with NSAIDs.38 

Impact of antiretroviral therapy: 

mostly good news

HRSA guidelines for HIV care list tenofovir, abacavir, 
atazanavir, and the obsolete protease inhibitor indina-
vir as antiretrovirals that may cause acute or chronic 
kidney injury.23 Some would add lopinavir/ritonavir. 
Certain antiretrovirals may need a higher or lower 
dose in people with CKD or on dialysis. Tables 6 and 
7 in the 2014 HIVMA guidelines on CKD list dose 
adjustments for antiretrovirals and other agents (click 
on link at reference 43).

As tricky as antiretroviral prescribing may sound 
for patients with a sinking eGFR, finding the right 
regimen pays huge kidney-protecting dividends. 
Mountains of data confirm that more advanced HIV 
infection imperils kidney health, while taking antiret-
rovirals slashes kidney disease risk. The 2012 meta-
analysis of 23 studies1 and the 56,823-veteran study19 

made six key findings on cART’s kidney-friendly 
prowess (Figure 3).1 
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Table 3. Nonantiretroviral drugs that can cause acute or chronic kidney injury

Antibiotics
Aminoglycoside antibiotics (streptomycin, gentamycin, amikacin)
Beta-lactam antibiotics
Fluoroquinolone antibiotics
Sulfonamide antibiotics
TMP-SMX (trimethoprim-sulfamethoxazole, cotrimoxazole, Bactrim, Septra)
Dapsone (prevention of Pneumocystis pneumonia, treatment of acne, malaria, leprosy)

Antivirals
Acyclovir (herpes virus infections)
Cidofovir (cytomegalovirus)
Ganciclovir (cytomegalovirus)
Foscarnet (cytomegalovirus, herpes simplex virus)

Anti-TB drugs
Rifampin
Isoniazid

Antifungals
Amphotericin B (cryptococcal meningitis, thrush)
Pentamidine (prevention of Pneumocystis pneumonia)

Other agents
Nonsteroidal antiinflammatories
Phosphate-containing enemas

Based largely on: US Department of Health and Human Services. Health Resources and Services 
Administration. Guide for HIV/AIDS clinical care. January 2011.23 Renal disease. Table 2. 
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The SMART trial found a lower risk of CKD and a 
lower risk of progressive CKD in people random-
ized to continuous cART versus CD4-guided inter-
rupted therapy.39 A case-control comparison in the 
HIV Outpatient Study determined that cART for 
at least 56 days halved chances of newly diagnosed 
CKD (OR 0.5, 95% CI 0.3 to 1.0).40 Among HIV-
positive participants in the Fat Redistribution and 
Metabolic Change in HIV (FRAM) study, every 10-
fold higher baseline viral load raised chances of de-
clining kidney function (annual eGFR decline more 
than 3 mL/min), as did every 10-fold increase in vi-
ral load during follow-up (OR 1.35, 95% CI 1.00 to 
1.83; OR 1.38, 95% CI 1.07 to 1.77).41 In contrast, 
every 10-fold gain in viral load during follow-up 
halved chances of improving kidney function (an-

nual eGFR increase more than 3 mL/min) (OR 0.53, 
95% CI 0.37 to 0.75). The FRAM team believes their 
results “suggest that HIV viral replication is a pri-
mary pathogenic factor in the development of kid-
ney disease in HIV-infected persons and a potential 
therapeutic target for HIV-related kidney disease.”41

For reasons like these, HRSA HIV care guidelines 
stress that “ART should be given to HIV-infected in-
dividuals with renal disease, according to usual crite-
ria for ART initiation.”23

Research dissecting the renal ramifications of indi-
vidual antiretrovirals has reached vast proportions. 

Figure 3. A 2012 meta-analysis of renal disease in HIV-positive people1 and a 
2012 study of 56,823 HIV-positive veterans19 yielded strong evidence that more 
advanced HIV infection or untreated HIV infection independently raise the risk 
of renal disease or acute kidney injury (AKI). HR, hazard ratio; RR, relative risk.

Impact of HIV disease stage and CART on kidney disease 
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Three researchers who focus on kidney issues in the 
EuroSIDA and DAD cohorts offer a cogent analysis of 
this sprawling data horde in a recent review.42 They 
stress two points: First, “most commonly used cART 
regimens are well tolerated by the kidneys in the ma-
jority of HIV-positive individuals.” Second, relative 
risk is not absolute risk. If a person has an underly-
ing CKD risk of 4% over 4 years, a relative doubling 
of the risk attributable to an antiretroviral will raise 
the absolute risk to 8%. But if the underlying risk is 
0.4% over 4 years, a relative doubling will raise the 
absolute risk to only 0.8%. With these ideas in mind, 
the EuroSIDA/DAD experts propose the following 
conclusions about the renal impact of frequently used 
antiretrovirals (annotated below with findings from 
individual studies):

•	 Tenofovir. Research shows that “tenofovir expo-
sure adversely affects kidney function,” but fur-
ther data are needed on pathologic mechanisms 
and possible interactions with other risk factors.42 
New York State HIV/kidney guidelines counsel 
that, “as an initial regimen, tenofovir is relatively 
contraindicated in patients with preexisting kid-
ney disease and GFR levels near 50 to 60 mL/
min.”38 HIV Medicine Association (HIVMA) 
2014 guidelines advise avoiding tenofovir (and 
other nephrotoxic drugs) in people with a GFR 
below 60 mL/min.43 HIVMA recommends re-
placing tenofovir with another antiretroviral in 
people with a confirmed GFR drop greater than 
25% to below 60 mL/min.

•	 Abacavir. One cohort study linked abacavir use 
to a 37% higher CKD risk,44 but this study did not 
address the possibility that more patients with 
higher renal risk tend to take abacavir because of 
tenofovir’s nephrotoxic notoriety.42 

•	 Atazanavir. Prospective analysis of 6843 Euro-
SIDA cohort members linked atazanavir to inci-

dent CKD.45 But “the mechanism for atazanavir-
induced kidney dysfunction is . . . unclear” and 
“larger studies are needed to determine the ex-
tent and type of renal adverse manifestations as-
sociated with atazanavir use.”42

•	 Ritonavir. Case reports link boosting doses of 
ritonavir to kidney failure. But it remains unclear 
whether case reports of boosted protease inhibi-
tor nephrotoxicity are misleading because clini-
cians often favored boosted protease inhibitors 
for patients with advanced immunosuppression 
(and hence a higher risk of CKD).42 

•	 Lopinavir/ritonavir. A prospective 6843-person 
EuroSIDA study identified lopinavir/ritonavir 
as an independent predictor of progression to 
CKD.45 But, overall, “the role of boosted lopina-
vir for development of kidney impairment re-
mains uncertain.”42  

A different form of tenofovir now in development, 
tenofovir alafenamide fumarate (TAF), may have 
a better renal safety profile,46,47 a boon that would 
moot concerns over kidney toxicity with tenofovir 
disoproxil fumarate (TDF). But it will take time 
to confirm the efficacy and safety of TAF and to 
replace TDF with TAF in the many antiretroviral 
coformulations. See the interview with Christina 
Wyatt (page 20) for more on prescribing and moni-
toring TDF and TAF.

Is antiretroviral-induced renal impairment reversible 
when someone stops taking an offending drug? The 
EuroSIDA/DAD team cites studies finding that only 
some people return to baseline levels of proteinuria 
and eGFR—and a similar number of studies dem-
onstrating “faster and more complete resolution.”42 
In the EuroSIDA study of CKD incidence, elevated 
CKD risk with atazanavir or lopinavir/ritonavir re-
turned to the level seen in people not taking those 
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protease inhibitors immediately after atazanavir or 
lopinavir/ritonavir stopped, but it took 12 months 
for complete reversion of tenofovir-associated CKD 
risk.44 After 6 years of follow-up in the largely white 
DAD cohort, people who took but stopped tenofovir 
had advanced CKD/ESRD rate ratios similar to peo-
ple who never took tenofovir.48 One 13,007-person 
UK study of tenofovir-related drops in renal function 
found that more than one third of patients did not 
fully reverse declines in a median 2.2 years of follow-
up.49 But a 1049-person Swiss study of people tak-
ing tenofovir for at least 1 year then followed for a 
median 26 months found that tenofovir-related renal 

References

1. 	 Islam FM, Wu J, Jansson J, Wilson DP. Relative risk of renal disease among people living with HIV: a systematic review 

	 and meta-analysis. BMC Public Health. 2012;12:234. 

2. 	 Hoang K, Tan JC, Derby G, et al. Determinants of glomerular hypofiltration in aging humans. Kidney Int. 2003;64:1417-1424.

3. 	 Nadkarni GN, Konstantinidis I, Wyatt CM HIV and the aging kidney. Curr Opin HIV AIDS. 2014;9:340-345. 

	 www.natap.org/2014/HIVAGE/HIV_and_the_aging_kidney.9.pdf 

4. 	 Morlat P, Vivot A, Vandenhende MA, et al. Role of traditional risk factors and antiretroviral drugs in the incidence of 

	 chronic kidney disease, ANRS CO3 Aquitaine cohort France. PLoS One. 2013;8:e66223.

5. 	 Lucas GM, Lau B, Atta MG, et al. Chronic kidney disease incidence, and progression to end-stage renal disease, 

	 in HIV-infected individuals: a tale of two races. J Infect Dis. 2008;197:1548-1557. 

6. 	 Guaraldi G, Orlando G, Zona S, et al. Premature age-related comorbidities among HIV-infected persons compared with 

	 the general population. Clin Infect Dis. 2011;53:1120-1126.

7. 	 Bickel M, Marben W, Betz C et al. End-stage renal disease and dialysis in HIV-positive patients: observations from a 

	 long-term cohort study with a follow-up of 22 years. HIV Med. 2013;14:127-135.

8. 	 Althoff K, Wyatt C, Gibert C, et al. HIV+ adults are at greater risk for myocardial infarction, non-AIDS cancer, and 

	 end-stage renal disease, but events occur at similar ages compared to HIV-adults. 20th Conference on Retroviruses and 

	 Opportunistic Infections. March 3-6, 2013. Atlanta. Abstract 59.

9. 	 Garg S, Furlow-Parmley C, Frazier E, Skarbinski J. Prevalence of chronic kidney disease among HIV+ adults in care in 

	 the US: Medical Monitoring Project, 2009. 20th Conference on Retroviruses and Opportunistic Infections. March 3-6, 2013. 	

	 Atlanta. Abstract 810.

10. 	 Centers for Disease Control and Prevention. HIV/AIDS. Basic statistics. http://www.cdc.gov/hiv/basics/statistics.html 

11. 	 Sreepada Rao TK, Filippone EJ, Nicastri AD et al. Associated focal and segmental glomerulosclerosis in the acquired 

	 immunodeficiency syndrome. N Engl J Med. 1984;310:669-673.

12. 	 Genovese G, Friedman DJ, Ross MD, et al. Association of trypanolytic ApoL1 variants with kidney disease in African 

	 Americans. Science. 2010;329:841-845.

13. 	 Eggers PW, Kimmel PL. Is there an epidemic of HIV infection in the US ESRD program? J Am Soc Nephrol. 2004;15:

	 2477-2485.

function recovered more rapidly than it dropped.50 

The EuroSIDA/DAD kidney experts believe studies 
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are needed to answer questions on CKD reversion 
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Screening and monitoring 

HIV-positive people for CKD 
By Mark Mascolini

Abstract: Late in 2014 the HIV Medicine Associa-

tion (HIVMA) updated its guidelines on screening 

for and managing chronic kidney disease in adults 

and children with HIV. These HIV kidney experts 

recommend monitoring creatinine-based estimated 

glomerular filtration rate (eGFR) when antiretroviral 

therapy begins or changes and at least twice yearly in 

people with stable HIV infection. These guidelines, 

plus advice from the New York State Department of 

Health AIDS Institute and other authorities, also of-

fer straightforward guidance on managing CKD in 

adults and children with HIV, how to evaluate people 

with borderline GFR, when to refer HIV CKD pa-

tients to a nephrologist, which GFR estimating equa-

tions to use, which antiretrovirals and other medica-

tions need dose adjustments in people with declining 

kidney function, and an array of other clinical topics.

Updated guidelines on screening for and managing 

chronic kidney disease (CKD) in people with HIV ap-

peared in the fall of 2014.1 This RITA! article offers a 

concise summary of CKD screening in the new guide-

lines, supplemented with insights from published re-

search, recent reviews by kidney experts, and 2012 

New York State Department of AIDS Institute Advice 

on kidney disease in HIV-positive people.2 

Early CKD causes no symptoms or only nonspecific 

symptoms that may hint at an array of illnesses. Only 

targeted blood and urine tests can identify people 

with early CKD.3 When the HIV Medicine Associa-

tion of the Infectious Diseases Society of American 

(HIVMA/IDSA) last issued kidney guidelines for 

HIV providers in 2005,4 clinicians at the University 

of Mississippi started screening HIV-positive people 

by measuring serum creatinine, proteinuria, and esti-

mated glomerular filtration rate (eGFR) by the abbre-

viated Modification of Diet in Renal Disease (MDRD) 

equation.5 Among 941 people without previously re-

corded CKD, screening identified CKD in 96 (10%). 

With 43 pages of text and references, the 2014 HIV-

MA guidelines1 almost double the length of the 2005 

guidelines.4 But the 2014 version is helpfully suc-

cinct in its advice on screening HIV-positive people 

for CKD:

1.	 ”We recommend monitoring creatinine-based 

estimated glomerular filtration rate (GFR) 
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when antiretroviral therapy (ART) is initiated 

or changed, and at least twice yearly in stable 

HIV-infected patients, using the same estimation 

method to track trends over time. More frequent 

monitoring may be appropriate for patients with 

additional kidney disease risk factors . . .1

2.	 ”We suggest monitoring kidney damage with uri-

nalysis or a quantitative measure of albuminuria/

proteinuria at baseline, when ART is initiated or 

changed, and at least annually in stable HIV-in-

fected patients. More frequent monitoring may 

be appropriate for patients with additional kid-

ney disease risk factors . . .”1

What about kids? HIVMA recommends the same 

screening and monitoring advice summarized in 

points 1 and 2 above for children and adolescents but 

adds that GFR should be estimated with an equation 

developed for children. These experts suggest avoid-

ing tenofovir in first-line regimens for prepubertal 

children (Tanner stages 1 to 3) “because tenofovir use 

is associated with increased renal tubular abnormali-

ties and bone mineral density loss in this age group.”1 

HIVMA experts recommend a thorough workup for 

people with new-onset kidney disease or newly diag-

nosed kidney disease (Table 1). The HIVMA team 

and New York State experts advise referring certain 

HIV-positive people with kidney disease to a nephrol-

ogist for diagnostic evaluation (Table 2). 

Table 1. Workup for new-onset or newly diagnosed kidney disease

1.	 Serum chemistry panel

2.	 Complete urinalysis

3.	 Quantitation of albuminuria (albumin-to-creatinine ratio from spot sample or total albumin from 
24-hour collection)

4.	 Assessment of temporal trends in eGFR, blood pressure, and blood glucose control (in patients 
with diabetes)

5.	 Markers of proximal tubular dysfunction (particularly if treated with tenofovir)

6.	 Renal sonogram

7.	 Review of prescription and over-the-counter medications for agents that may cause kidney injury 
or require dose modification for decreased kidney function

Source: HIVMA/IDSA CKD guidelines.1
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New York State HIV CKD guidelines differ somewhat from HIVMA/IDSA guidance in calling for assessment 

of kidney function by eGFR at the initial visit then every 6 months2 (not when antiretroviral therapy begins 

then every 6 months). New York also endorses (1) blood urea nitrogen (baseline and at least every 6 months), 

(2) urinalysis (baseline and at least annually), and (3) in people with diabetes and no known proteinuria, urine 

albumin-to-creatinine ratio to detect microalbuminuria (baseline and at least annually).2 New York State guide-

lines also suggest evaluations when GFR is borderline (Table 3).

Table 3. Diagnostic evaluation for people with borderline GFR

1.	 Urinalysis to screen for cells and cellular casts

2.	 Quantitation of urinary protein excretion

3.	 Renal sonogram

4.	 Careful physical examination

Source: New York State HIV CKD guidelines.2

Table 2. Refer HIV-positive person with CKD to a nephrologist if . . . 

1.	 GFR drops more than 25% to a level below 60 mL/min and does not resolve after 
	 nephrotoxic drugs* stop (HIVMA)

2.	 Albuminuria exceeds 300 mg/day (HIVMA)

3.	 Hematuria is accompanied by albuminuria/proteinuria or increasing blood pressure (HIVMA)

4.	 Patient has advanced CKD (GFR < 50 mL/min) (HIVMA)

5.	 Diagnosis is uncertain (NY State)

6.	 Kidney disease is progressing rapidly (NY State)

7.	 Kidney biopsy is being considered (NY State)

Source: HIVMA/IDSA CKD guidelines1 and New York State HIV CKD guidelines.2 

*See Table 3 on page 34 of this issue. 
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HIVMA 2014 primary care guidelines offer specific 

advice for blacks and people starting tenofovir:

•	 Baseline urinalysis and calculated creatinine 

clearance or eGFR are especially important in 

blacks with HIV and people with advanced HIV 

infection or comorbid conditions because these 

groups run a higher risk of nephropathy.6 

•	 People starting tenofovir or other potentially 

nephrotoxic drugs (see Table 3 on page 34 of this 

issue) should first undergo urinalysis and calculat-

ed creatinine clearance so that these parameters 

can be tracked after treatment begins.6 

•	 What’s the best way to calculate eGFR? Both 

HIVMA and New York State lean toward the 

Chronic Kidney Disease Epidemiology Consor-

tium (CKD-EPI) equation, which may be more 

accurate than MDRD for people with HIV. New 

York State summarizes CKD-EPI, MDRD, and 

the Cockroft-Gault formula and provides links to 

online calculators:2

•	 CKD-EPI estimates GFR based on age, race, and 

serum creatinine. Calculator at http://mdrd.com 

•	 MDRD estimates GFR based on age, race, sex, and 

serum creatinine. Calculator at http://mdrd.com 

•	 Cockcroft-Gault estimates creatinine clearance 

based on serum creatinine, age, weight, and sex. 

Calculator at http://nephron.com/cgi-bin/CGSI.cgi

•	 With any of these formulas, rising creatinine will 

result in falling GFR and stable creatinine will re-

sult in a stable GFR (Figure 1). 

 

New York State also lists “Important Limitations to 

Calculating GFR” and notes that CKD-EPI is used by 

clinical labs when reporting eGFR from serum creati-

nine, but drug makers recommend dose adjustment 

based on Cockroft-Gault.2 CKD-EPI, but not the oth-

er two formulas, has been validated in people with 

normal kidney function.

Figure 1. With any formula to 

estimate glomerular filtration 

rate (GFR), rising creatine re-

sults in falling GFR and stable 

creatinine results in stable GFR.

Creatinine and GFR
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In a recent review of “HIV and the aging kidney,” 

noted HIV nephrologist Christina Wyatt and col-

leagues from New York’s Icahn School of Medicine 

at Mount Sinai cite recent evidence that the CKD-EPI 

equation “provide[s] a reasonable estimate of GFR in 

HIV-infected adults, when compared with a direct 

measurement of GFR.”7 

The Icahn/Mount Sinai team reminds colleagues that 

drugs affecting tubular secretion of creatinine also 

sway creatinine-based kidney function estimates.7 

Those drugs include the booster cobicistat (a con-

stituent of Stribild), the integrase inhibitor dolutegra-

vir, and the nonnucleoside rilpivirine. Because these 

drugs do not affect cystatin C, they note, measuring 

serum cystatin C “may be useful as an adjunct mea-

sure to exclude deterioration of kidney function in 

patients with marginal eGFR who are starting ther-

apy with one of these agents.”7 But they caution that 

cystatin C should not be used by itself to estimate GFR 

in people with HIV.

Most antiretrovirals—and many other drugs—re-

quire dose adjustment or even discontinuation 

in the face of declining kidney function. Notably, 

fixed-dose combination antiretrovirals must often 

be shelved when kidney function drops because 

doses of individual components must be adjusted 

separately.1 Table 6 of the 2014 HIVMA CKD guide-

lines spells out antiretroviral dose adjustments ac-

cording to creatinine clearance levels.1 Table 7 of 

those guidelines details dose adjustments for other 

medications commonly taken by people with HIV. 

Table 4 in this article lists nonantiretroviral drugs 

that require dose adjustments with declining kidney 

function. See the interview with Christina Wyatt for 

more dose-adjustment advice.

Table 4. Nonantiretrovirals requiring dose adjustment with declining kidney function*

•	 Acyclovir

•	 Adefovir

•	 Amphotericin B

•	 Cidofovir

•	 Ciprofloxacin

•	 Clarithromycin

•	 Ethambutol

•	 Famciclovir

•	 Fluconazole	

•	 Flucytosine

•	 Foscarnet

•	 Ganciclovir

•	 Isoniazid

•	 Levofloxacin

•	 Pentamidine

•	 Pyrazinamide

•	 Peginterferon alfa-2a

•	 Peginterferon alfa-2b	

•	 Ribavirin

•	 Rifabutin

•	 Rifampin

•	 Sulfadiazine

•	 Trimethoprim/sulfamethoxazole

•	 Valacyclovir

•	 Valganciclovir

*Source: HIVMA/IDSA CKD guidelines.1 See guidelines for individual dose adjustments.
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HIV clinicians should download and save the 2014 

HIVMA/IDSA guidelines at the link provided in 

reference 1. Besides screening and referral advice, 

the guidelines include advice on (1) evaluating HIV-

positive people with kidney disease, (2) managing 

antiretroviral therapy in people with CKD or end-

stage renal disease (ESRD), (3) roles of ACE inhibi-

tors, angiotensin II receptor blockers, statins, and 

aspirin in HIV-positive people with CKD, (4) the 

optimal blood pressure goal for HIV-positive people 

with CKD, (5) corticosteroid use to prevent ESRD, 

(6) kidney transplantation, and (7) treating HIV-

related kidney disease in children and adolescents 

with HIV versus adults.
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