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Background: Despite improvements in survival with human immunodeficiency virus (HIV) infection, kidney
disease remains an important complication. Few studies have evaluated risk factors associated with the
development of end-stage renal disease (ESRD) in HIV-infected individuals. We sought to identify traditional
and HIV-related risk factors for ESRD in HIV-infected individuals and compare ESRD risk by estimated
glomerular filtration rate (eGFR) and proteinuria levels.

Study Design: Retrospective cohort study.
Setting & Participants: 22,156 HIV-infected veterans without pre-existing ESRD receiving health care in

the Veterans’ Affairs medical system between 1996 and 2004.
Predictors: Hypertension, diabetes, cardiovascular disease, hypoalbuminemia (serum albumin �3.5 mg/

dL), CD4 lymphocyte count, HIV viral load, hepatitis C virus coinfection, proteinuria, and eGFR were identified
using the Veterans’ Affairs electronic record system.

Outcomes: ESRD was ascertained by the US Renal Data System.
Results: 366 cases of ESRD occurred, corresponding to 3 cases/1,000 person-years. Hypertension (HR,

1.9; 95% CI, 1.5-2.4), diabetes (HR, 1.7; 95% CI, 1.3-2.2), and cardiovascular disease (HR, 2.2; 95% CI,
1.7-2.7) were associated independently with ESRD risk in multivariate-adjusted models, as were CD4
lymphocyte count �200 cells/�L (HR, 1.5; 95% CI, 1.2-2.0), HIV viral load �30,000 copies/mL (HR, 2.0; 95%
CI, 1.5-2.8), hepatitis C virus coinfection (HR, 1.9; 95% CI, 1.5-2.4), and hypoalbuminemia (HR, 2.1; 95% CI,
1.8-2.5). Compared with persons without chronic kidney disease, defined as eGFR �60 mL/min/1.73 m2 and
no proteinuria, lower eGFR and higher proteinuria categories were associated jointly with exponentially higher
ESRD rates, ranging from 6.6 events/1,000 person-years for persons with urine protein excretion of 30-100
mg/dL and eGFR �60 mL/min/1.73 m2 to 193 events/1,000 person-years for persons with urine protein
excretion �300 mg/dL and eGFR �30 mL/min/1.73 m2.

Limitations: Results may not be generalizable to female and nonveteran populations.
Conclusions: In HIV-infected persons, ESRD risk appears attributable to a combination of traditional and

HIV-related risk factors for kidney disease. Combining eGFR and proteinuria for chronic kidney disease staging
is most effective for stratifying the risk of ESRD.
Am J Kidney Dis. xx(x):xxx. Published by Elsevier Inc. on behalf of the National Kidney Foundation, Inc. This is
a US Government Work. There are no restrictions on its use.
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K idney disease is a well-recognized complication
of human immunodeficiency virus (HIV) infec-

tion.1 Early in the HIV epidemic, HIV-associated
nephropathy (HIVAN) emerged as the leading cause
of HIV-related kidney disease.2 This form of HIVAN,
seen almost exclusively in black individuals, is charac-
terized by heavy proteinuria and rapid progression to
end-stage renal disease (ESRD). After the advent of
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antiretroviral therapy (ART), the incidence of clini-
cally significant HIVAN decreased substantially in
parallel with improvements in survival.3,4 However,
despite these initial improvements, rates of ESRD in
HIV-infected individuals receiving care in the United
States have remained stable since 1996.5,6 We and
others have previously shown that the burden of
kidney disease in HIV infection is carried dispropor-
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tionately by black individuals,7,8 the racial group with
the highest HIV prevalence in this country and world-
wide. Furthermore, several contemporary cohort stud-
ies have shown that the natural history of HIV-related
kidney disease is remarkably different from the case
histories described early in the course of the HIV
epidemic. Currently, HIV-related kidney disease is
less characterized by proteinuria9 and its progression
appears to be influenced by control of viral replica-
tion,10-12 coinfection with hepatitis C virus,10,13 and
comorbid conditions such as diabetes.14-16

Despite the evolving spectrum of HIV-related kid-
ney disease, few studies have evaluated the risk fac-
tors associated with progression to ESRD in HIV-
infected persons. Prior studies attempting to address
this issue have been limited by small numbers of
events8 or were restricted to persons of black race17 or
patients undergoing kidney biopsy.18 The primary
objective of this study was to identify traditional and
HIV-related risk factors associated with the develop-
ment of ESRD and determine their relative contribu-
tions to ESRD risk in a large national cohort of
HIV-infected individuals receiving care in the contem-
porary era of ART. We also aimed to determine
whether these risk factors for ESRD differ between
black and white patients. Finally, we compared ESRD
risk in HIV-infected individuals across chronic kid-
ney disease (CKD) staging categories based jointly
on estimated glomerular filtration rate (eGFR) and
proteinuria.

METHODS

Data Sources

We conducted a retrospective cohort study of HIV-infected
veterans in the Department of Veterans’ Affairs (VA) HIV Clinical
Case Registry19 between 1996 and 2004. The VA HIV Clinical
Case Registry is a national database with demographic, clinical,
laboratory, pharmacy, and vital status information from the VA
electronic medical record system. As in prior studies published by
our group,7,20,21 this data source was linked to the VA National
Patient Care Database, Medicare claims, and the VA Beneficiary
Identification and Records Locator Subsystem Death File for
supplemental demographic and clinical data.22 We linked our
database to the US Renal Data System,6 a publicly funded national
registry of kidney disease, to identify both prevalent ESRD cases
at the time of entry into the cohort and incident ESRD cases during
the period of follow-up.

StudyPopulation

Target patients for this study were HIV-infected persons receiv-
ing clinical care in the contemporary era of ART. We therefore
included all HIV-infected patients in the Veterans Health Adminis-
tration who had either serum creatinine or urine protein measured
between 1996 and 2004. Participants entered the study at the time
of their earliest measurement of either serum creatinine or urine
protein after December 31, 1995. Of the 22,324 HIV-infected
veterans identified by serum creatinine or urine protein measure-

ments, 168 patients were excluded due to pre-existing ESRD
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requiring long-term dialysis therapy or kidney transplant. The
remaining 22,156 patients were included in the study.

Outcomes

The primary outcome was the development of ESRD, defined as
the receipt of long-term dialysis treatment or kidney transplant,
ascertained by the US Renal Data System.6 Individuals were
analyzed from their initial urine protein or serum creatinine assess-
ment until ESRD and were censored by death or the end of
follow-up at December 31, 2004.

Predictors andCovariates

Candidate predictors included traditional risk factors for ad-
vanced kidney disease, including hypertension, diabetes, cardiovas-
cular disease, and dyslipidemia; and HIV-related characteristics,
including lower CD4 lymphocyte count, higher HIV viral load,
coinfection with hepatitis C virus, and hypoalbuminemia. Most of
these factors are considered indications for annual screening for
kidney disease according to the Infectious Diseases Society of
America Guidelines for the Management of CKD in HIV-infected
patients.1 Although cardiovascular disease is not mentioned in
these guidelines as a risk factor for CKD, it is associated strongly
with kidney disease in HIV-uninfected persons.23,24 Additional
candidate predictors included age, race, body mass index, and use
of specific classes of medications, including angiotensin-convert-
ing enzyme inhibitors, statins, and ART.

Demographic characteristics were obtained from the VA or
Medicare health plan databases.25 Diabetes, hypertension, cardio-
vascular disease, and HIV-related characteristics were ascertained
by validated algorithms using a combination of ambulatory diagno-
ses, physician problem lists, hospitalization discharge diagnoses,
procedures, laboratory results, and medication prescriptions.26-30

Baseline hypertension was defined as the diagnosis of hyperten-
sion before or within the first year of follow-up. Hypoalbuminemia
was defined as serum albumin level �3.5 mg/dL. Proteinuria was
measured by spot urine dipstick. Baseline proteinuria was defined
by the first urine dipstick measurement during follow-up. eGFR
was calculated using the 4-variable Modification of Diet in Renal
Disease (MDRD) Study equation based on age, sex, race, and
serum creatinine level31; the MDRD Study equation remains in
clinical use in the VA laboratory reporting system. Baseline eGFR
was defined as either the average of the first 2 consecutive eGFR
measurements separated by at least 3 months or the initial eGFR mea-
surement if a subsequent measurement was unavailable. We used
medication prescription records to account for exposure to specific
classes of medications, including ART, statins, and angiotensin-
converting enzyme inhibitors. For all variables, we included a
missing indicator category to retain observations in the analysis.

Statistical Analysis

We used a Cox proportional hazards survival analysis to deter-
mine the multivariate-adjusted association of each predictor vari-
able with ESRD risk. We used Schoenfeld residuals32 to test the
proportional hazards assumption and assessed individual risk fac-
tors in univariate Cox models. We then built the multivariate
model using P � 0.05 for entry and retention of covariates. To
account for potential bias due to the competing risk of death before
ESRD, we performed a Fine-Gray competing-risks analysis, which
extends the Cox proportional hazards model to competing-risks
data by simultaneously evaluating hazards for the primary (ESRD)
and competing (death) events.33 Baseline values were used for age,
eGFR, proteinuria, and hypertension. All other variables were
time-updated using the last-value-carried-forward method.26,34

Analyses also were stratified by white and black race to evaluate

for possible effect modification. Finally, we used the C statistic35
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to determine the ability of demographics (age and race), the 7 risk
factors (hypertension, diabetes, cardiovascular disease, CD4 lym-
phocyte count, HIV viral load, hepatitis C virus coinfection, and
hypoalbuminemia), proteinuria, and eGFR to discriminate risk of
ESRD.

We then evaluated the combined ability of baseline eGFR and
proteinuria to predict differential ESRD risk in HIV-infected
individuals. We stratified the cohort by baseline eGFR (>60,
30-59, or �30 mL/min/1.73 m2) and baseline proteinuria (urine
dipstick, 0, 30-100, or 300-1,000 mg/dL) and determined the
ESRD event rate in each group. Using a baseline eGFR �60
mL/min/1.73 m2 and negative urine dipstick result as the referent
group, we calculated the multivariate-adjusted hazard ratio for
ESRD in each joint category of baseline eGFR and proteinuria.

All analyses were conducted using Stata, version 11.0 (www.
stata.com). This study was approved by the Committee on Human
Research at the San Francisco VA Medical Center and the VA
Public Health Strategic Health Care Group.

RESULTS

We analyzed 22,156 HIV-infected individuals who
were followed up for a median of 69 months, during
which 366 developed ESRD requiring long-term dialy-
sis therapy. The overall rate of ESRD was 3.1 events/
1,000 person-years. Compared with patients who did

Table 1. Baseline Cha

No ESRD (n � 21,7

Age (y) 45 � 10

Women 2.2

Race
White 36
Black 42
Other 4
Unknown 18

Body mass index (kg/m2) 24.9 � 4.5

eGFR �60 mL/min/1.73 m2 5

Proteinuria
0 mg/dL 84
30-100 mg/dL 15
300-1,000 mg/dL 1

Hypertension 30

Diabetes 5

Cardiovascular disease 5

Dyslipidemia 8

CD4 count (cells/�L) 285 � 289

Viral load (copies/mL) 82,009 � 166,4

Hepatitis C virus infection 20

Hypoalbuminemiaa 18

Antiretroviral therapy 25

Statin use 2

ACE-inhibitor use 2

Note: ESRD status defined at the end of observation. Categ
continuous variables reported as mean � standard deviation.

Abbreviations: ACE, angiotensin-converting enzyme; eGFR, e

aSerum albumin level �3.5 mg/dL.

Am J Kidney Dis. 2012;xx(x):xxx
not develop ESRD, patients who developed ESRD
were of similar age and sex, but were overwhelmingly
of black race. Despite similar percentages of black
and white veterans in the group without ESRD (42%
and 36%, respectively), 85% of patients who devel-
oped ESRD were black compared with only 13% who
were white (Table 1). As expected, patients who
developed ESRD were more likely to have had protein-
uria or eGFR �60 mL/min/1.73 m2 at baseline com-
pared with those who did not develop ESRD. Addition-
ally, patients who developed ESRD were more likely
to have comorbid conditions at baseline, including
hypertension, diabetes, and cardiovascular disease, as
well as lower CD4 lymphocyte counts and a higher
prevalence of hypoalbuminemia and coinfection with
hepatitis C virus. There was no significant difference
in baseline HIV viral load between the 2 groups. The
prevalence of ART use at baseline appeared modestly
lower in individuals who developed ESRD, but this
difference did not reach statistical significance (P �
0.06). Across the entire cohort, the percentage of indi-
viduals who ever received ART increased from 25% at
baseline to 74% by the end of follow-up and did not

ristics by ESRD Status

ESRD (n � 366) P

45 � 8 0.9

2.2 0.9

�0.001
13
85
3
0

24.6 � 4.4 0.6

46 �0.001

�0.001
32
43
26

67 �0.001

20 �0.001

8 0.01

8 0.7

236 � 243 0.008

96,007 � 146,947 0.5

30 �0.001

37 �0.001

21 0.06

1 0.09

4 0.02

l variables reported as proportion with condition (percentage);

ted glomerular filtration rate; ESRD, end-stage renal disease.
racte

90)

84

orica

stima
3
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differ between patients who did and did not develop
ESRD (74% in each respective group; P � 0.7).

Several predictors were strongly and independently
associated with higher ESRD risk after multivariate
adjustment for demographics, traditional risk factors
for kidney disease, and HIV-related characteristics
(Table 2). Individuals of black race had a 3-fold
higher risk of ESRD compared with nonblack individu-
als. Among the traditional risk factors for kidney
disease, hypertension, diabetes, and cardiovascular
disease were each associated with a 2-fold higher

Table 2. Risk Factors for E

Risk Factors

Multivaria

HR (95% C

Baseline age quartile
�38 y 1.00 (referen
38-44 y 0.90 (0.65-1
45-49 y 0.59 (0.42-0
�50 y 0.36 (0.26-0

Race
White 1.00 (referen
Black 3.06 (2.22-4

Baseline hypertension 1.87 (1.46-2

Diabetes 1.69 (1.32-2

Cardiovascular disease 2.17 (1.72-2

Dyslipidemia 1.16 (0.91-1

CD4 count
�350 cells/�L 1.00 (referen
200-350 cells/�L 0.92 (0.65-1
�200 cells/�L 1.54 (1.17-2

Viral load
�500 copies/mL 1.00 (referen
500-3,999 copies/mL 0.89 (0.60-1
4,000-29,999 copies/mL 1.42 (0.99-2
�30,000 copies/mL 2.01 (1.46-2

Hepatitis C virus 1.90 (1.52-2

Hypoalbuminemiac 2.14 (1.80-2

Baseline eGFR
�60 mL/min/1.73 m2 1.00 (referen
30-59 mL/min/1.73 m2 6.43 (4.81-8
�30 mL/min/1.73 m2 28.09 (20.29-

Baseline proteinuria
0 mg/dL 1.00 (referen
30-100 mg/dL 5.63 (4.29-7
300-1,000 mg/dL 18.09 (12.96-

Abbreviations: ACE, angiotensin-converting enzyme inhibitor
ESRD, end-stage renal disease; HIV, human immunodeficiency

aProportional hazards multivariate analysis adjusted for baseli
baseline hypertension, diabetes, cardiovascular disease, CD4 lym
(serum albumin �3.5 mg/dL), and receipt of ACE inhibitor.

bAdjustment for the competing risk of death using Fine-Gr
accounting for competing risk of death before ESRD.

cSerum albumin level �3.5 mg/dL.
ESRD risk. HIV disease severity also predicted the

4

risk of ESRD. Compared with CD4 lymphocyte count
�350 cells/�L, CD4 lymphocyte counts �200 cells/�L
were associated with a 50% increase in ESRD risk,
whereas CD4 lymphocyte counts of 200-350 cells/�L
were not independently associated with ESRD risk.
Similarly, HIV viral load �30,000 copies/mL, hepatitis
C coinfection, and hypoalbuminemia each portended a
2-fold increase in ESRD risk. Finally, lower baseline
eGFR and higher baseline proteinuria predicted substan-
tially higher ESRD risk in a dose-response fashion.

Modeling demographic characteristics with the 7

in HIV-Infected Veterans

justed Modela Competing-Risks Analysisb

P Sub-HR (95% CI) P

1.00 (reference)
0.5 0.84 (0.60-1.18) 0.3
0.002 0.55 (0.38-0.78) 0.001

�0.001 0.33 (0.23-0.48) �0.001

1.00 (reference)
�0.001 3.24 (2.18-4.82) �0.001

�0.001 2.04 (1.56-2.68) �0.001

�0.001 1.54 (1.15-2.08) 0.004

�0.001 1.78 (1.34-2.36) �0.001

0.2 1.46 (1.11-1.94) 0.007

— 1.00 (reference) —
0.6 0.92 (0.64-1.32) 0.7
0.002 1.30 (0.97-1.76) 0.08

— 1.00 (reference) —
0.6 0.81 (0.52-1.27) 0.4
0.06 1.28 (0.88-1.87) 0.2

�0.001 1.44 (1.02-2.03) 0.04

�0.001 1.95 (1.53-2.50) �0.001

�0.001 1.99 (1.69-2.34) �0.001

— 1.00 (reference) —
�0.001 5.24 (3.72-7.39) �0.001

) �0.001 20.87 (13.73-31.73) �0.001

1.00 (reference)
�0.001 5.25 (3.88-7.11) �0.001

) �0.001 18.26 (12.40-26.89) �0.001

confidence interval; eGFR, estimated glomerular filtration rate;
HR, hazard ratio.
e, race, body mass index, baseline eGFR, baseline proteinuria,

cyte count, HIV viral load, hepatitis C infection, hypoalbuminemia

nalysis. Competing-risks model estimates sub-HR for ESRD
SRD

te-Ad

I)

ce)
.25)
.82)
.51)

ce)
.22)

.40)

.16)

.74)

.49)

ce)
.29)
.02)

ce)
.32)
.03)
.76)

.38)

.54)

ce)
.58)
38.88

ce)
.38)
25.23

; CI,
virus;
ne ag
pho
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risk factors (hypertension, diabetes, cardiovascular
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disease, CD4 lymphocyte count �200 cells/�L, HIV
viral load �30,000 copies/mL, hepatitis C coinfec-
tion, and hypoalbuminemia) resulted in a C statistic of
0.87. Combined with baseline eGFR and proteinuria,
the C statistic increased to 0.95.

When the competing risk of death before ESRD
was accounted for (Table 2), the multivariate-adjusted
associations of CD4 lymphocyte count �200 cells/�L
and HIV viral load �30,000 copies/mL with ESRD
were decreased in magnitude and rendered nonsignifi-
cant. All other predictors remained significantly asso-
ciated with ESRD.

When stratified by race (Fig 1), the adjusted hazard
ratios for ESRD for each risk factor were similar
between the white and black race groups, with the
exception of diabetes. Diabetes had a hazard ratio of
4.5 (95% confidence interval, 2.3-9.0) in white indi-
viduals compared with 1.6 (95% confidence interval,
1.2-2.1) in black individuals (P for interaction �
0.002).

We next stratified the cohort by baseline eGFR and
proteinuria and observed exponential increases in
ESRD event rates with lower eGFR and higher protein-
uria (Fig 2). Notably, individuals with urine protein

Figure 1. Risk factors for end-stage renal disease (ESRD) s
body mass index, baseline estimated glomerular filtration rat
cardiovascular disease, CD4 lymphocyte count, human immuno
emia (serum albumin �3.5 mg/dL), and receipt of angiotensin-co
excretion of 300-1,000 mg/dL and preserved eGFR

Am J Kidney Dis. 2012;xx(x):xxx
(�60 mL/min/1.73 m2) had a 6-fold higher ESRD
rate compared with individuals with decreased eGFR
of 30-59 mL/min/1.73 m2 but no proteinuria. Addi-
tionally, urine protein excretion of 30-100 mg/dL
with preserved eGFR portended ESRD risk similar
to decreased eGFR of 30-59 mL/min/1.73 m2 with-
out proteinuria. Based on the multivariate-adjusted
hazard ratios for ESRD, individuals were catego-
rized as having no, mild, moderate, or severe CKD.

DISCUSSION

In the present era of ART, ESRD remains an impor-
tant clinical complication of HIV infection. Our ob-
served ESRD rate of 3.1 events/1,000 person-years is
nearly as high as the rate of myocardial infarction, 3.5
events/1,000 person-years, observed in the Data Col-
lection on Adverse Events of Anti-HIV Drugs (D:
A:D) study.36 An important outcome of this study is
our finding that traditional risk factors for kidney
disease and HIV-related factors had relatively similar
associations with ESRD. Furthermore, we found that
staging CKD jointly by eGFR and proteinuria resulted
in remarkable risk stratification for ESRD in HIV-
infected individuals and should be used broadly in

ed by race. Multivariable model adjusted for baseline age, race,
seline urine dipstick result, baseline hypertension, diabetes,
iency virus (HIV) viral load, hepatitis C infection, hypoalbumin-
ing enzyme inhibitor. Abbreviation: CI, confidence interval.
tratifi
e, ba
clinical practice.
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This is the first large cohort study in support of the
clinical practice guideline published by the Infectious
Diseases Society of America recommending routine
screening for kidney disease in specific groups of
HIV-infected patients, including black individuals and
those with hypertension, diabetes mellitus, low CD4
lymphocyte count, high HIV viral load, and hepatitis
C coinfection.1 Prior studies in support of this recom-
mendation were few and limited by their small sample
sizes.10,37,38 We found that most of these factors
predicted higher risk of ESRD in a large population of
HIV-infected veterans, even when the competing risk
of death before ESRD was accounted for. The ob-
served decreases in effect sizes of CD4 lymphocyte
count and HIV viral load in competing-risks analyses
likely represent the strong association of these factors
with death in the HIV-infected patient population.

Our findings also reinforce the dramatic effect of
race on the incidence and progression of HIV-related
kidney disease, which has been reported previously.7,8

Despite similar risk factors for the development of
ESRD and similar access to health care in this study,
black individuals had a 3-fold higher ESRD risk

0 m

eGFR ≥60 ml/min/1.73m2

Number of Patients at Risk 15

ESRD Rate per 1,000 Person-Years 1

Hazard Ratio (95% CI)† Refe

eGFR 30-59 ml/min/1.73m2

Number of Patients at Risk 4

ESRD Rate per 1,000 Person-Years 5

Hazard Ratio (95% CI)† 7.4 (4

eGFR <30 ml/min/1.73m2

Number of Patients at Risk 3

ESRD Rate per 1,000 Person-Years 4

Hazard Ratio (95% CI)† 42.6 (1

Figure 2. Chronic kidney disease (CKD) staging by risk of p
person-years stratified by baseline estimated glomerular filtration
CKD shown by intensity of shading (no CKD vs mild, moderate, a
for baseline age, race, body mass index, baseline eGFR, ba
disease, CD4 lymphocyte count, human immunodeficiency vir
albumin �3.5 mg/dL), and receipt of angiotensin-converting enzy
compared with whites. Unfortunately, biopsy data

6

were not available to us and we were unable to
distinguish cases of HIVAN from other forms of
HIV-related kidney disease. However, others have
reported that blacks with non-HIVAN histopathology
still experience faster progression to ESRD than
whites.8 This racial predilection for ESRD in HIV
infection is consistent with the epidemiology of ESRD
in the general population, for which the risk of progres-
sion from CKD to ESRD has been reported as 4-fold
higher in blacks compared with whites.39 Recent
literature suggests there may be genetic polymor-
phisms that predispose black individuals to kidney
disease to a greater degree than white individuals.40

Given their disproportionate burden of ESRD, further
studies should evaluate the utility of early screening
and monitoring of kidney function in black HIV-
infected individuals, perhaps with a combination of
creatinine level, urine protein excretion, and cystatin
C level.41

There is concern that long-term exposure to ART
may unintentionally promote the development of tra-
ditional risk factors for kidney disease, such as hyper-
tension and diabetes.14,15,42 The present study was not

Proteinuria

30-100 mg/dL 300-1,000 mg/dL

2,390 185

6.6 35.4

e 6.3 (4.6-8.6) 24.6 (16.0-37.7)

350 85

31.1 115.6

.8) 37.1 (25.3-54.6) 88.7 (56.0-140.5)

106 60

111.1 192.9

9.4) 132.8 (87.1-202.5) 523.0 (323.6-845.4)

ssion to end-stage renal disease (ESRD). ESRD rate per 1,000
(eGFR) and proteinuria (measured by urine dipstick). Severity of
vere CKD). †Multivariate-adjusted hazard ratios for ESRD adjust
e proteinuria, baseline hypertension, diabetes, cardiovascular
IV) viral load, hepatitis C infection, hypoalbuminemia (serum
hibitor. Abbreviation: CI, confidence interval.
g/dL

,348

.0

renc

84

.5

.0-13

8

6.1

8.3-9

rogre
rate

nd se
selin
designed to evaluate the long-term effects of ART on
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the kidney, and the prevalence of ART exposure by
the end of follow-up was similar between patients
who developed ESRD and those who did not. How-
ever, our findings that high viremia and low CD4
lymphocyte counts remain associated with ESRD
suggest that viral suppression and reversal of immuno-
suppression by ART is beneficial to the kidney. Data
from the Strategies for Management of Antiretroviral
Therapy (SMART) Study also support the concept
that continuous use of ART is associated with fewer
cardiovascular, renal, and hepatic complications com-
pared with episodic use of ART,43 although the num-
ber of renal events in the study was small. Finally,
ART-related decreases in mortality rates from infec-
tious complications may have allowed patients to
survive long enough to reach ESRD.

The strengths of this study include its large size,
national scope, the relatively uniform health care
system available to US veterans, and the reliable data
source for the outcome of ESRD. There are important
limitations to this study. First, as a study of predomi-
nantly male veterans receiving care in the Department
of VA Health Care System, results may not be general-
izable to female patients, nonveteran patients, patients
without access to health care, or other racial and
ethnic groups not represented in this cohort. Com-
pared with HIV-infected nonveterans, HIV-infected
veterans previously have been shown to have higher
CD4 lymphocyte counts and a lower prevalence of
AIDS-defining conditions.44 The incidence of ESRD
in this study therefore could be an underestimate of
ESRD incidence in the nonveteran HIV population.
Second, as noted, biopsy data were not available for
patients who progressed to ESRD; thus, we were
unable to distinguish cases of HIVAN from other
forms of HIV-related kidney disease. The presence of
biopsy data could have enabled us to differentiate the
risk factors specific to HIVAN versus other forms of
HIV-related kidney disease. Biopsy data also may
have allowed us to evaluate whether proteinuria por-
tends differential risk of HIVAN versus traditional
forms of kidney disease. Third, as noted, this study
was not designed to evaluate the long-term effects of
ART on the kidney. Our data regarding ART use is
limited to whether patients were exposed to ART
during follow-up. We were unable to determine
whether exposure to specific classes of ART medica-
tions is beneficial or harmful to the kidney. Fourth, we
had no knowledge of veterans’ APOL1 (apolipopro-
tein L-I) or MYH9 (nonmuscle myosin, heavy chain 9)
genotypes and therefore could not evaluate whether
genetic polymorphisms in blacks might interact with
clinical risk factors or add to ESRD prediction. Fi-
nally, the identified clinical variables may not neces-

sarily be in the causal pathway, and despite our
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multivariate-adjusted analysis, we cannot exclude the
possibility of residual confounding.

In conclusion, in this large contemporary cohort of
HIV-infected veterans, the risk of ESRD appeared to
be attributable to a combination of traditional risk
factors for kidney disease, such as hypertension and
diabetes, and HIV disease severity. Acombined assess-
ment of eGFR and proteinuria constitutes a novel method
for CKD staging in HIV-infected individuals and effec-
tively stratifies individual risk of progression to ESRD.
This updated staging method should be evaluated further
as a potential framework for targeting renoprotective
interventions in this unique population.
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