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EXECUTIVE SUMMARY

Background
Chronic kidney disease (CKD) is defined as abnormal-
ities of kidney structure or function, present for >3
months, with implications for health [1]. CKD is
common in human immunodeficiency virus (HIV)–
infected persons, has many potential underlying etiolo-
gies, and is associated with increased morbidity and
mortality. These guidelines for the management of
CKD in patients infected with HIV are an update of
the 2005 version [2], designed to identify clinically

relevant management questions, summarize pertinent
data from clinical studies, and offer recommendations
for clinical care. The scope of this document is CKD
in HIV-infected adults and children in the United
States. The guidelines do not address screening, evalu-
ation, or management of HIV-related kidney disease in
resource-constrained settings.

Summarized below are the 2014 revised recommenda-
tions for the management of CKD in HIV-infected per-
sons. The panel followed a guideline development process
that has been adopted by the Infectious Diseases Society
ofAmerica (IDSA)/HIVMedicineAssociation (HIVMA),
which includes a systematic method of grading both the
quality of evidence (very low, low, moderate, and high)
and the strength of the recommendation (weak or strong)
[3] (Table 1). The guidelines are not intended to replace
clinical judgment in the management of individual
patients. A detailed description of the methods, back-
ground, andevidence summaries that support each recom-
mendation can be found in the full text of the guideline.
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RECOMMENDATIONS FOR KIDNEY DISEASE
SCREENING

I. How Should HIV-Infected Patients Be Monitored for Kidney
Function and Kidney Damage?
Recommendations
1. We recommend monitoring creatinine-based estimated

glomerular filtration rate (GFR) 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 ap-
propriate for patients with additional kidney disease risk factors
(strong, low).
2. We suggest monitoring kidney damage with urinalysis or

a quantitative measure of albuminuria/proteinuria at baseline,
when ART is initiated or changed, and at least annually in stable

Table 1. Strength of Recommendations and Quality of the Evidence

Strength of
Recommendation and
Quality of Evidence

Clarity of Balance Between
Desirable and Undesirable

Effects
Methodological Quality of

Supporting Evidence (Examples) Implications

Strong recommendation,
high-quality evidence

Desirable effects clearly
outweigh undesirable effects,
or vice versa

Consistent evidence from well-
performed

RCTs or exceptionally strong
evidence from unbiased
observational studies

Recommendation can apply to most
patients in most circumstances.
Further research is unlikely to
change our confidence in the
estimate of effect

Strong recommendation,
moderate-quality
evidence

Desirable effects clearly
outweigh undesirable effects,
or vice versa

Evidence from RCTs with important
limitations (inconsistent results,
methodological flaws, indirect, or
imprecise) or exceptionally strong
evidence from unbiased
observational studies

Recommendation can apply to most
patients in most circumstances.
Further research (if performed) is
likely to have an important impact on
our confidence in the estimate of
effect and may change the estimate

Strong recommendation,
low-quality evidence

Desirable effects clearly
outweigh undesirable effects,
or vice versa

Evidence for at least 1 critical
outcome from observational
studies, RCTs with serious flaws,
or indirect evidence

Recommendation may change when
higher-quality evidence becomes
available. Further research (if
performed) is likely to have an
important impact on our confidence
in the estimate of effect and is likely
to change the estimate

Strong recommendation,
very-low-quality
evidence (very rarely
applicable)

Desirable effects clearly
outweigh undesirable effects,
or vice versa

Evidence for at least 1 critical
outcome from unsystematic
clinical observations or very
indirect evidence

Recommendation may change when
higher-quality evidence becomes
available; any estimate of effect for
at least 1 critical outcome is very
uncertain.

Weak recommendation,
high-quality evidence

Desirable effects closely
balanced with undesirable
effects

Consistent evidence from well-
performed

RCTs or exceptionally strong
evidence from unbiased
observational studies

The best action may differ depending
on circumstances or patients or
societal values; further research is
unlikely to change our confidence in
the estimate of effect

Weak recommendation,
moderate-quality
evidence

Desirable effects closely
balanced with undesirable
effects

Evidence from RCTs with important
limitations (inconsistent results,
methodological flaws, indirect, or
imprecise) or exceptionally strong
evidence from unbiased
observational studies

Alternative approaches likely to be
better for some patients under
some circumstances; further
research (if performed) is likely to
have an important impact on our
confidence in the estimate of effect
and may change the estimate

Weak recommendation,
low-quality evidence

Uncertainty in the estimates of
desirable effects, harms, and
burden; desirable effects,
harms, and burden may be
closely balanced

Evidence for at least 1 critical
outcome from observational
studies, from RCTs with serious
flaws or indirect evidence

Other alternatives may be equally
reasonable; further research is very
likely to have an important impact on
our confidence in the estimate of
effect and is likely to change the
estimate

Weak recommendation,
very-low-quality
evidence

Major uncertainty in the
estimates of desirable effects,
harms, and burden; desirable
effects may or may not be
balanced with undesirable
effects

Evidence for at least 1 critical
outcome from unsystematic
clinical observations or very
indirect evidence

Other alternatives may be equally
reasonable. Any estimate of effect,
for at least 1 critical outcome, is very
uncertain

Based on the Grading of Recommendations Assessment, Development and Evaluation (GRADE) system [3, 378–382].

Abbreviation: RCT, randomized controlled trial.
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HIV-infected patients. More frequent monitoring may be ap-
propriate for patients with additional kidney disease risk factors
(weak, low).

RECOMMENDATIONS FOR THE EVALUATION
OF HIV-RELATED CKD

II. How Should HIV-Related Kidney Disease Be Evaluated and
When Is Referral to a Nephrologist Appropriate?
Recommendations
3. We recommend that the evaluation of new-onset or newly

discovered kidney disease in HIV-infected persons include
serum chemistry panel; complete urinalysis; quantitation of al-
buminuria (albumin-to-creatinine ratio from spot sample or
total albumin from 24-hour collection); assessment of temporal
trends in estimated GFR, blood pressure, and blood glucose
control (in patients with diabetes); markers of proximal tubular
dysfunction (particularly if treated with tenofovir); a renal
sonogram; and review of prescription and over-the-counter
medications for agents that may cause kidney injury or require
dose modification for decreased kidney function (strong, low).
4. We recommend that HIV-infected patients with kidney

disease be referred to a nephrologist for diagnostic evaluation
when there is a clinically significant decline in GFR (ie, GFR
decline by >25% from baseline and to a level <60 mL/minute/
1.73 m2) that fails to resolve after potential nephrotoxic drugs
are removed, there is albuminuria in excess of 300 mg per day,
hematuria is combined with either albuminuria/proteinuria or
increasing blood pressure, or for advanced CKD management
(GFR < 30 mL/minute/1.73 m2) (strong, low).
5. When possible, we recommend establishing permanent

dialysis access, ideally an arteriovenous fistula or peritoneal
catheter, prior to the anticipated start of renal replacement ther-
apy to avoid the use of higher-risk central venous catheters for
hemodialysis (strong, moderate).
6. When possible, we recommend avoiding the use of periph-

erally inserted central catheters and subclavian central venous
catheters in patients withHIVwho are anticipated to need dialysis
in the future because these devices can damage veins and limit op-
tions for permanent hemodialysis access (strong, moderate).

RECOMMENDATIONS FOR THE CLINICAL
MANAGEMENT OF HIV-INFECTED PATIENTS
WITH CKD

III. How Should Antiretroviral Therapy Be Managed in Patients
With CKD or End-Stage Renal Disease?
Recommendations
7. We recommend that clinicians prescribe ART and en-

courage persistence with therapy in HIV-infected patients

who have CKD or end-stage renal disease (ESRD), as ART re-
duces mortality but is underused in this patient population
(strong, moderate).
8. We recommend that clinicians use either the CKD Epide-

miology Collaboration (CKD-EPI) creatinine equation to esti-
mate GFR or the Cockcroft–Gault equation to estimate
creatinine clearance when dosing antiretroviral drugs or other
drugs that require reduced doses in patients with reduced kid-
ney function (strong, moderate).
9. We recommend that patients with biopsy-confirmed or

clinically suspected HIV-associated nephropathy (HIVAN) re-
ceive ART to reduce the risk of progression to ESRD (strong,
moderate).
10. In patients infected with HIV who have a GFR <60 mL/

minute/1.73 m2, we recommend avoiding tenofovir and other
potential nephrotoxic drugs (eg, nonsteroidal anti-inflammato-
ry drugs) when feasible (strong, low).
11. In tenofovir-treated patients who experience a confirmed

GFR decline by >25% from baseline and to a level <60 mL/mi-
nute/1.73 m2, we recommend substituting alternative antiretro-
viral drug(s) for tenofovir, particularly in those with evidence of
proximal tubular dysfunction (strong, low).

IV. What Are the Roles of Angiotensin-Converting Enzyme
Inhibitors, Angiotensin II Receptor Blockers, HMG–Coenzyme A
Reductase Inhibitors (Statins), and Aspirin in HIV-Infected
Patients With CKD to Prevent Kidney Disease Progression and/or
Reduce Cardiovascular Disease Risk?
Recommendations
12. We recommend using angiotensin-converting enzyme

(ACE) inhibitors or angiotensin II receptor blockers (ARBs),
when clinically feasible, in patients infected with HIV who
have confirmed or suspected HIVAN or clinically significant al-
buminuria (eg, >30 mg/day in diabetic patients; >300 mg/day in
nondiabetic patients) (strong, high).
13. We recommend that HIV-infected individuals with pre-

ESRD CKD be treated with statins to prevent cardiovascular
disease as appropriate for persons in the highest cardiovascular
risk group (eg, >7.5% 10-year risk of cardiovascular disease)
(strong, high).
14. We suggest that clinicians consider prescribing aspirin

(75–100 mg/day) to prevent cardiovascular disease in HIV-
infected individuals with CKD; however, the benefit of aspirin
should be balanced against the individual’s risk of bleeding
(weak, high).

V. What Is the Optimal Blood Pressure Goal for HIV-Infected
Patients With CKD?
Recommendations
15. We recommend a target blood pressure of <140/90 mm

Hg in HIV-infected patients who have CKD with normal to
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mildly increased albuminuria (eg, <30 mg/day or equivalent)
(strong, moderate).
16. We suggest a target blood pressure of <130/80 mm Hg in

HIV-infected patients who have CKD with moderately to se-
verely increased albuminuria (eg, >30–300 mg/day or equiva-
lent) (weak, low).

VI. Should Patients With HIVAN Receive Corticosteroids to
Reduce the Risk of ESRD?
Recommendation
17. We suggest that clinicians consider corticosteroids as an

adjunct to ART and ACE inhibitors or ARBs in patients with
biopsy-confirmed HIVAN (weak, low).

VII. What Is the Role of Kidney Transplantation in Patients
Infected With HIV and ESRD or Imminent ESRD?
Recommendations
18. We recommend that HIV providers assess patients with

HIV and ESRD or imminent ESRD for the possibility of kidney
transplantation, considering history of opportunistic condi-
tions, comorbidities, current immune status, and virologic con-
trol of HIV with ART (strong, moderate).
19. We recommend dose adjustment and pharmacologic

monitoring of immunosuppressant drugs in patients infected
with HIV after kidney transplantation to account for pharma-
cologic interactions with antiretroviral drugs. When feasible,
ART should be selected that minimizes interactions with immu-
nosuppressant drugs (strong, moderate).

RECOMMENDATIONS FOR CKD IN CHILDREN
AND ADOLESCENTS WITH HIV

VIII. How Should Children and Adolescents With HIV
Be Screened for Kidney Disease and Monitored for
Tenofovir-Associated Kidney Toxicity?
Recommendations
20. Similar to adults, we recommend that children and ado-

lescents with HIV who are without evidence of existing kidney
disease should be screened for renal function with estimated
GFR (using an estimating equation developed for children)
when ART is initiated or changed and at least twice yearly.
We recommend monitoring for kidney damage with urinalysis
or a quantitative measure of proteinuria when ART is initiated
or changed, and at least annually in children and adolescents
with stable kidney function. More frequent monitoring may
be appropriate with additional kidney disease risk factors
(strong, low).
21. We suggest avoiding tenofovir as part of first-line

therapy in prepubertal children (Tanner stages 1–3) because
tenofovir use is associated with increased renal tubular

abnormalities and bone mineral density loss in this age
group (weak, low).

IX. Should Treatment of HIV-Related Kidney Disease Be Different
for Children and Adolescents Than for Adults?
Recommendations
22. We recommend that children and adolescents with HIV

who have proteinuric nephropathy (including HIVAN) should
be treated with ART and referred to a nephrologist (strong,
moderate).
23. We suggest using ACE inhibitors or ARBs to treat protei-

nuric nephropathy in children with HIV infection and suggest
their use as first-line therapy for hypertension in these children.
Because HIV-infected children with proteinuria may be at
greater risk for salt wasting and prone to dehydration, ACE in-
hibitors and ARBs should be used with caution in children
(weak, very low).
24. We suggest that corticosteroids not be used in children

with HIVAN (weak, very low).

The risk of chronic kidney disease (CKD) is increased in indi-
viduals infected with human immunodeficiency virus (HIV)
compared with the general population [4]. In African Ameri-
cans, HIV infection imparts a risk for end-stage renal disease
(ESRD) that is of similar magnitude to that of diabetes [5]. A
constellation of potential factors contributes to excess kidney
disease in HIV-infected patients, including direct effects by
HIV infection, HIV-associated immune activation, drug toxic-
ity, coinfection with hepatitis C virus, and a high prevalence of
traditional kidney disease risk factors. This clinical practice
guideline is an update to the 2005 version [2].

In the first section, the panel summarizes background infor-
mation relevant to the topic. In the second section, the panel
poses questions regarding the management of HIV-associated
CKD, evaluates applicable clinical trial and observational data,
and makes recommendations using the Grading of Recommen-
dations Assessment, Development and Evaluation (GRADE)
framework [3]. In the third section, we discuss unresolved
questions and research priorities for HIV-associated CKD.
The following 9 questions were answered:

(I) How should HIV-infected patients be monitored for
kidney function and kidney damage?
(II) How should HIV-related kidney disease be evaluated

and when is referral to a nephrologist appropriate?
(III) How should antiretroviral therapy be managed in

patients with CKD or end-stage renal disease?
(IV) What are the roles of angiotensin converting enzyme

inhibitors, angiotensin II receptor blockers, HMG-coenzyme
A reductase inhibitors (statins), and aspirin in HIV-infected
patients with CKD to prevent kidney disease progression and/
or reduce cardiovascular disease risk?

Clinical Practice Guideline for the Management of CKD • CID 2014:59 (1 November) • e99



(V) What is the optimal blood pressure goal for HIV-infected
patients with CKD?
(VI) Should patients with HIVAN receive corticosteroids to

reduce the risk of ESRD?
(VII) What is the role of kidney transplantation in patients

infected with HIV and ESRD or imminent ESRD?
(VIII) How should children and adolescents with HIV

be screened for kidney disease and monitored for tenofovir-
associated kidney toxicity?
(IX) Should treatment of HIV-related kidney disease be dif-

ferent for children and adolescents than for adults?

METHODOLOGY

Panel Composition
The original Infectious Diseases Society of America/HIV Med-
icine Association (IDSA/HIVMA) guidelines on the manage-
ment of kidney disease in patients infected with HIV were
published in 2005 [2]. For this update, the IDSA Standards
and Practice Guidelines Committee convened a multidisciplin-
ary panel of experts in HIV/AIDS, nephrology, internal medi-
cine, pediatric nephrology, kidney pathology, and kidney
transplantation.

Evidence Review: The GRADE Method
GRADE is a systematic approach to guideline development that
has been described in detail elsewhere [3, 6]. The IDSA/HIVMA
adopted GRADE in 2008 [7]. In the GRADE system, the guide-
line panel assigns each recommendation with separate ratings
for the underlying quality of evidence supporting the recom-
mendation and for the strength with which the recommenda-
tion is made (Table 1). Data from randomized controlled
trials begin as “high” quality, and data from observational stud-
ies begin as “low” quality. However, the panel may judge that
specific features of the data warrant decreasing or increasing
the quality of evidence rating, and GRADE provides guidance
on how such factors should be weighed [6]. The strength as-
signed to a recommendation chiefly reflects the panel’s confi-
dence that the benefits of following the recommendation are
likely to outweigh potential harms. While the quality of evi-
dence is an important factor in choosing recommendation
strength, it is not prescriptive.

Process Overview
The panel first met by teleconference in August 2010, in which
an outline of the guideline was discussed and the process of
guideline development using the GRADE approach briefly
reviewed. The panel subsequently held teleconferences approx-
imately every 3–4 months and then met for face-to-face meet-
ings in February 2011 and in March 2012. Panel subgroups were
assigned to specific topic areas and charged with developing

clinical questions that were discussed and approved by the full
panel.

Panel subgroups generated a list of keywords that were used
by an IDSA staff member to carry out literature searches of
PubMed, and results were returned to each group for review.
Searches were restricted to English-language publications and
covered the period of 1990 to September 2013. Abstracts pre-
sented at international conferences within the past 2 years
were also reviewed for inclusion. Systematic reviews of relevant
topics were identified using PubMed and the Cochrane library.
Each group was responsible for reviewing the literature relevant
to its section, and drafting recommendations and evidence
summaries for review and discussion by the full panel.

AWeb-based survey was used to allow panel members to in-
dicate agreement or disagreement with the recommendations in
each section and to suggest revisions. The groups revised their
recommendations based on feedback from the panel. The panel
then addressed substantive disagreements and sought consen-
sus through discussion. After the panel discussed and reached
consensus on recommendation substance and wording, sec-
tions were compiled and the complete guideline draft was circu-
lated to panel members for review and comment.

Conflicts of Interests
Members of the expert panel complied with the IDSA policy re-
garding conflicts of interest, which requires disclosure of any fi-
nancial or other interest that might be construed as constituting
an actual, potential, or apparent conflict. IDSA provided a con-
flicts of interest disclosure statement to panel members and
asked them to identify ties to companies manufacturing or de-
veloping products that might be affected by promulgation of the
guideline. Information was requested regarding employment,
consultancies, stock ownership, honoraria, research funding,
expert testimony, and membership on company advisory com-
mittees. Regular updates of information pertaining to conflicts
of interest were requested from each panel member following
scheduled teleconference meetings. The panel made decisions
on a case-by-case basis as to whether an individual’s role should
be limited as a result of a conflict. No limiting conflicts were
identified.

Review and Approval Process
The panel obtained feedback from 3 external peer reviewers.
The guideline was reviewed and approved by the IDSA Stan-
dards and Practice Guidelines Committee and the Board of
Directors of the IDSA and HIVMA prior to dissemination.

Future Guideline Revisions
At annual intervals, the panel chairs will be asked for their input
on the need to update the guideline based on an examination of
the current literature. The Standards and Practice Guidelines
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Committee of the IDSA will consider this input and determine
the necessity and timing of an update. If warranted, the entire
panel or a subset thereof will be convened to discuss potential
changes.

BACKGROUND

CKD Definition and Classification
CKD is defined as abnormalities of kidney structure or function,
present for >3 months, with implications for health [1]. Indica-
tors of kidney damage include albuminuria or proteinuria, elec-
trolyte and other abnormalities due to tubular disorders,
abnormalities detected by histology, structural abnormalities
detected by imaging, or history of kidney transplantation. Glo-
merular filtration rate (GFR) that persists below 60 mL/minute/
1.73 m2 for >3 months constitutes CKD, even in the absence of
kidney damage markers or other abnormalities. The widely pro-
mulgated CKD classification scheme developed by the National
Kidney Foundation’s Kidney Disease Outcomes Quality Initia-
tive in 2002 classified CKD exclusively on the basis of GFR stra-
ta (stages 1–5) [8]. Recently published guidelines from the
Kidney Disease: Improving Global Outcomes (KDIGO) initia-
tive emphasizes identification of CKD etiology and classifica-
tion of severity according to both GFR level (6 strata) and
albuminuria level (3 strata) (Figure 1) [1]. In support of these
guidelines, the Chronic Kidney Disease Prognosis Consortium
has published a series of meta-analyses showing that GFR and
albuminuria are independent and complementary predictors of

important clinical outcomes including CKD progression,
ESRD, acute kidney injury, cardiovascular mortality, and all-
cause mortality [9–12].

Kidney Function and Damage Markers
GFR is the most widely used index of kidney function. GFR may
be measured by observing the clearance of exogenous filtration
markers (eg, inulin, iohexol, iothalamate) or estimated from
serum concentrations of endogenous filtration markers (eg, cre-
atinine, cystatin C) [13]. Methods based on the clearance of ex-
ogenous markers are the gold standard for GFR measurement,
but are cumbersome and infrequently used in clinical settings.

In clinical practice, serum creatinine is most commonly used
to estimate GFR. The generation of creatinine, which is princi-
pally determined by muscle mass and nutritional intake, varies
by sex, race, and age, requiring adjustment for these factors in
GFR estimating equations. Diseases that lead to muscle wasting
can reduce creatinine generation, which may lead to overestima-
tion of the GFR. To minimize variability in serum creatinine
measurements, virtually all clinical laboratories report calibrat-
ed serum creatinine values that are traceable to an isotope dilu-
tion mass spectrometry reference measure [1].

Cystatin C, which is produced by all nucleated cells [14],
varies less by race, sex, or body composition than creatinine,
and has been proposed to be a clinically relevant alternative
or complementary GFR marker to creatinine [15, 16]. However,
cystatin C concentration may be affected by thyroid disease and
corticosteroid use [17, 18], has been found to be correlated with

Figure 1. Chronic kidney disease classification according to glomerular filtration rate and albuminuria strata, adapted from the Kidney Disease: Improving
Global Outcomes Guidelines [1]. The colors in the table reflect degree of risk for clinical outcomes including end-stage renal disease, cardiovascular events
and related mortality, and all-cause mortality. Green represents low risk, yellow is moderately increased risk, orange is high risk, and red is very high risk.

Clinical Practice Guideline for the Management of CKD • CID 2014:59 (1 November) • e101



inflammatory markers in the general population [19, 20], and
has been reported to be correlated with HIV RNA levels, hepa-
titis C coinfection, and T-cell activation indices in HIV-infected
persons [21–23]. In both the general population and in HIV-
infected persons, cystatin C is a stronger predictor of mortality
and cardiovascular events than creatinine or creatinine-based
GFR estimates [24–27]. Table 2 shows commonly used equations
to estimate GFR. Additionally, online GFR calculators are avail-
able to assist clinicians whose clinical laboratories do not report
estimated GFR with serum creatinine measurements (https://
www.kidney.org/professionals/kdoqi/gfr_calculator.cfm).

Although GFR estimating equations have not been well vali-
dated in diverse HIV-infected populations, several published
studies have compared GFR estimating equations to a direct
measure of GFR in HIV-infected adults, most of whom were
taking antiretroviral therapy (ART) and had normal or near-
normal kidney function [23, 28, 29]. Consistent with findings
from the general population [30], these studies found the
CKD Epidemiology Collaboration (CKD-EPI) creatinine equa-
tion to be more accurate than the older Modification of Diet in
Renal Disease (MDRD) equation in HIV-infected individuals.
Available data suggest that the cystatin C–based CKD-EPI equa-
tion is not more accurate or precise than the creatinine-based
CKD-EPI equation in the general population [15] or in HIV-
infected persons [28, 29]. However, the CKD-EPI equation
that uses both creatinine and cystatin C (Table 2) has been
found to be somewhat more accurate and precise than equations
based on a single biomarker in both the general population and
in HIV-infected persons [15, 23, 28].

Detection of albuminuria or proteinuria is the most common
method of detecting kidney damage. Detectable kidney damage
typically precedes loss of kidney function by years, as in the case
of diabetic nephropathy. Proteinuria includes both albumin and
low-molecular-weight proteins (eg, β-2 microglobulin, immuno-
globulin light chains, retinol binding protein). Low-molecular-
weight proteins are filtered at the glomerulus, but are mostly
reabsorbed by the proximal tubule. Increased amounts of low-
molecular-weight proteins in the urine may indicate proximal
tubular dysfunction, whereas substantial levels of albuminuria
usually indicate glomerular disease. Traditionally, very low levels
of albuminuria have been considered normal, although even
within the normal range of albumin excretion, higher levels of
albuminuria are associated with increased cardiovascular risk
and all-cause mortality [31]. KDIGO guidelines recommend
albuminuria as the preferred marker for staging CKD [1].

Urinalysis (urine dipstick) provides a semiquantitative mea-
sure of protein concentration in the urine (eg, trace, 1+, etc) in
addition to detecting other pathologic indicators, including
hematuria and glycosuria. Although dipstick measures of
proteinuria are useful for screening, they detect predominantly
albumin (ie, do not detect low-molecular-weight proteins) and

can substantially underestimate or overestimate true protein ex-
cretion depending on hydration status [32].

Quantitative measures of albuminuria or proteinuria include
absolute measures in a 24-hour collection or ratios of albumin
or protein concentrations to creatinine concentration in a urine
sample (Table 3). Twenty-four-hour urine collections are the
reference standard for measuring urinary excretion of albumin
or protein, although collection errors are common. The adequa-
cy of a 24-hour urine collection can be assessed by comparing
the total creatinine in the sample with that expected (ie, 20–25
and 15–20 mg/kg/day of creatinine in men and women, respec-
tively). The most clinically useful methods for quantifying albu-
min or protein excretion rates are the albumin-to-creatinine
and the protein-to-creatinine ratios, respectively, which may
be performed on random urine samples. On average, humans
excrete approximately 1 g of creatinine in the urine each day,
so the ratios of albumin or protein to creatinine correspond
to the total daily excretion (eg, milligrams of albumin or protein
per gram of creatinine approximates milligrams of albumin or
protein per day). Albumin-to-creatinine ratios from random
urine samples (ideally using the first morning sample) correlate
closely with 24-hour urine collections, are simpler to obtain,
and are less prone to collection errors [33]. A random albu-
min-to-creatinine ratio is often referred to as a urine “microal-
bumin” test. Although this term is widely used, it is misleading
and KDIGO discourages its use in favor of the more descriptive
term albumin-to-creatinine ratio [1].

Epidemiology
HIV infection is a well-established risk factor for CKD and
ESRD in industrialized countries. The reported prevalence of
CKD (defined by GFR <60 mL/minute/1.73 m2) among pa-
tients infected with HIV in North America and Europe ranges
from 4.7% to 9.7%, and higher rates have been reported when
CKD was defined by either reduced GFR or proteinuria [5, 34–
43].Compared with HIV-negative persons, the prevalence of al-
buminuria >30 g/day has been reported to be 2- to 5-fold higher
in HIV-infected individuals [39, 43]. The incidence of kidney
function decline or the development of CKD among HIV-
infected persons followed in longitudinal studies has been report-
ed to be between 3.9 and 11.2 per 1000 person-years [5, 44–46].

Factors associated with an increased risk of CKD in HIV-
infected individuals include older age, female sex, diabetes, hy-
pertension, injection drug use, lower CD4 cell count, specific
antiretroviral drugs, history of acute kidney injury, and higher
HIV RNA levels [40, 42, 44, 46–49]. Additionally, coinfection
with hepatitis C has been identified as a risk factor for kidney
disease in a number of studies and in a recent meta-analysis
[40, 42, 46, 50–52]. Some studies have linked improvements in
kidney function or proteinuria to use of ART and suppressed
HIV RNA levels [40, 42, 53, 54] (Table 4).
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Table 2. Commonly Used Glomerular Filtration Rate Estimating Equations Based on Serum Concentration of Creatinine or Cystatin C

Name Equation Comments

Cockcroft–Gault [383]
CrCl ¼ ½140� age� �weight ðkgÞ

72� Scr
� 0:85 ðif femaleÞ • Least accurate or precise of available equations

[205, 384]
• May be useful for older, cachectic patients
• FDA has traditionally required this equation be

used for recommended drug dose modifications
in kidney disease

MDRD, 4-variable, using
standardizeda serum creatinine
concentration [205]

GFR ¼ 175� S�1:154
cr � age�0:203 � 1:212 ðif blackÞ � 0:742 ðif femaleÞ • Widely used by clinical laboratories to estimate

GFR
• Accurate GFRestimates at GFR<60mL/min/1.73 m2

• Underestimates GFR in patients with GFR
>60 mL/min/1.73 m2 [385]

CKD-EPI creatinine equation,
using standardizeda

serum creatinine
concentration [15, 30]

Female, Scr≤ 0.7: GFR ¼ 144� Scr

0:7

� ��0:329

� ð0:993Þage � 1:159 ðif blackÞ
More accurate than MDRD equation, particularly at
GFR >60 mL/min/1.73 m2 [30, 386]

Female, Scr > 0.7: GFR ¼ 144� Scr

0:7

� ��1:209

� ð0:993Þage � 1:159 ðif blackÞ

Male, Scr≤ 0.9: GFR ¼ 141� Scr

0:9

� ��0:411

� ð0:993Þage � 1:159 ðif blackÞ

Male, Scr > 0.9: GFR ¼ 141� Scr

0:9

� ��1:209

� ð0:993Þage�1:159 ðif blackÞ

CKD-EPI cystatin C equation, using
standardizeda serum cystatin C
concentration [15]

Scys≤ 0.8: GFR ¼ 133� Scys

0:8

� ��0:499

� 0:996age � 0:932 ðif femaleÞ
• Race not required for estimate
• Similar accuracy and precision to CKD-EPI

creatinine equation [15]
Scys > 0.8: GFR ¼ 133� Scys

0:8

� ��1:328

� 0:996age � 0:932 ðif femaleÞ

CKD-EPI creatinine-cystatin C
equation, using standardizeda

serum creatinine and cystatin
C concentrations [15]

Female, Scr≤ 0.7, Scys≤ 0.8: GFR ¼ 130� Scr

0:7

� ��0:248

� Scys

0:8

� ��0:375

ð0:995Þage � 1:08 ðif blackÞ
• Currently the most accurate method to estimate

GFR
• Requires measurement of both serum creatinine

and cystatin CFemale, Scr≤ 0.7, Scys > 0.8: GFR ¼ 130� Scr

0:7

� ��0:248

� Scys

0:8

� ��0:711

ð0:995Þage � 1:08 ðif blackÞ

Female, Scr > 0.7, Scys≤ 0.8: GFR ¼ 130� Scr

0:7

� ��0:601

� Scys

0:8

� ��0:375

ð0:995Þage � 1:08 ðif blackÞ

Female, Scr > 0.7, Scys > 0.8: GFR ¼ 130� Scr

0:7

� ��0:601

� Scys

0:8

� ��0:711

ð0:995Þage � 1:08 ðif blackÞ

Male, Scr≤ 0.9, Scys≤ 0.8: GFR ¼ 135� Scr

0:9

� ��0:207

� Scys

0:8

� ��0:375

ð0:995Þage � 1:08 ðif blackÞ

Male, Scr≤ 0.9, Scys > 0.8: GFR ¼ 135� Scr

0:9

� ��0:207

� Scys

0:8

� ��0:711

ð0:995Þage � 1:08 ðif blackÞ

Male, Scr > 0.9, Scys≤ 0.8: GFR ¼ 135� Scr

0:9

� ��0:601

� Scys

0:8

� ��0:375

ð0:995Þage � 1:08 ðif blackÞ.

Male, Scr > 0.9, Scys > 0.8: GFR ¼ 135� Scr

0:9

� ��0:601

� Scys

0:8

� ��0:711

ð0:995Þage � 1:08 ðif blackÞ
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Among HIV-infected individuals with CKD, notable risk
factors for progression to ESRD include HIV-associated
nephropathy (HIVAN) diagnosis [55], African American line-
age, family history of ESRD [56], magnitude of proteinuria
[44], and advanced immunosuppression [45, 57, 58]. In the
HIV-infected population, racial differences in early-stage
CKD (eg, albuminuria or GFR between 45 and 59 mL/mi-
nute/1.73 m2) are modest, but individuals of African descent
are at much greater risk for progression to ESRD than white
persons [5, 44, 59]. In a large cohort of American veterans,
HIV infection conferred no increased risk for ESRD in whites,
but conferred a 3-fold higher risk in blacks [5].

Pathogenesis and Clinical Correlations
HIVAN and HIV immune complex kidney disease comprise the
2 major categories of HIV-related kidney disease. HIVAN pre-
dominantly occurs in individuals of African descent [60, 61],
and emerging data indicate that the racial differences in
HIVAN (and other nondiabetic nephropathies) are strongly as-
sociated with risk alleles on chromosome 22q12 involving the
genes that encode apolipoprotein L1 and non–myosin IIA
heavy chain [62–66]. HIVAN is most common in the setting
of untreated HIV infection with advanced immunosuppression,
and is characterized clinically by heavy proteinuria without he-
maturia or red blood cell casts on urinalysis, rapid GFR decline,
and echogenic kidneys on renal ultrasound [55, 60, 61, 67–69].
Histologically, HIVAN is characterized by collapsing focal seg-
mental glomerulosclerosis, microcystic tubular dilatation, and
tubulointerstitial inflammation by macrophages and T lympho-
cytes [67, 70–74].Transgenic mouse models and in vitro human
studies implicate direct effects by HIV infection on renal epithe-
lial cells, particularly glomerular epithelial cells, with cellular
proliferation that results in collapse of the glomerular capillary
tuft and accompanying foot process effacement, pseudo-
crescent formation, and glomerular basement membrane thick-
ening [75–86].

HIV immune complex kidney disease comprises a diverse
group of immune-mediated glomerulonephritides including
immune complex glomerulonephritis, immunoglobulin A ne-
phropathy, and lupus-like glomerulonephritis [87–90], and is
present in up to 30% of cases in biopsy series [55, 61, 91–93].
These diseases are characterized by immune complexes, com-
prised of antibody bound to HIV antigens that are deposited
on capillary loops and in the mesangium. Complement activa-
tion may result in a lupus-like pathology in the kidney without
other systemic or serologic features of lupus [88]. In contrast to
HIVAN, the renal cell proliferation with immune complex dis-
ease predominately affects mesangial cells, leading to mesangial
expansion [87, 89]. Tubulointerstitial inflammation is also com-
mon with immune complex disease, but this involves a mixture
of macrophages, eosinophils, and B cells.Ta

bl
e
2

co
nt
in
ue
d.

N
am

e
E
qu

at
io
n

C
om

m
en

ts

B
ed

si
de

eq
ua

tio
n
fo
rc

hi
ld
re
n
or

ad
ol
es

ce
nt
s
[3
87

]
G
FR

¼
0:
41

3
�
he

ig
ht

ðc
m
Þ

S c
r

E
xt
en

de
d
eq

ua
tio

n
fo
r
ch

ild
re
n
or

ad
ol
es

ce
nt
s
[3
87

]
G
FR

¼
39

:1
�

he
ig
ht

ðm
Þ

S c
r

�
� 0:5

16

�
1:
8

S c
ys

�
� 0:2

94

�
30 S B
U
N

�
� 0:1

69

�
1:
09

9
ðif

m
al
eÞ

�
he

ig
ht

ðm
Þ

1:
4

�
� 0:1

88

A
ge

is
ex

pr
es

se
d
in

ye
ar
s;

C
rC
li
s
ex

pr
es

se
d
as

m
L/
m
in
ut
e;

G
FR

is
ex

pr
es

se
d
as

m
L/
m
in
ut
e/
1.
73

m
2
;S

cr
an

d
S
B
U
N
ar
e
ex

pr
es

se
d
as

m
g/
dL

;S
cy
s
is

ex
pr
es

se
d
as

m
g/
L.

A
bb

re
vi
at
io
ns

:C
K
D
-E
P
I,
C
hr
on

ic
K
id
ne

y
D
is
ea

se
E
pi
de

m
io
lo
gy

C
ol
la
bo

ra
tio

n;
C
rC
l,
cr
ea

tin
in
e
cl
ea

ra
nc

e;
FD

A
,U

S
Fo

od
an

d
D
ru
g
A
dm

in
is
tr
at
io
n;

G
FR

,g
lo
m
er
ul
ar

fil
tr
at
io
n
ra
te
;M

D
R
D
,M

od
ifi
ca
tio

n
of

D
ie
t
in

R
en

al
D
is
ea

se
;S

B
U
N
,s

er
um

bl
oo

d
ur
ea

ni
tr
og

en
co

nc
en

tr
at
io
n;

S c
r,
se

ru
m

cr
ea

tin
in
e
co

nc
en

tr
at
io
n;

S c
ys
,s

er
um

cy
st
at
in

C
co

nc
en

tr
at
io
n.

a
S
ta
nd

ar
di
ze
d
se

ru
m

cr
ea

tin
in
e
an

d
cy
st
at
in

C
re
fe
rs

to
va
lu
es

th
at

ha
ve

be
en

ca
lib
ra
te
d
in

cl
in
ic
al

la
bo

ra
to
rie

s
to

tr
ac
k
a
un

iv
er
sa
ls

ta
nd

ar
d
[2
06

,3
88

].

e104 • CID 2014:59 (1 November) • Lucas et al



Other diseases reported in HIV kidney biopsy series—which
may or may not occur at increased frequency compared
with HIV-uninfected individuals—include thrombotic throm-
bocytopenic purpura [93–95], membranous nephropathy
or membranoproliferative glomerulonephritis (associated with

hepatitis B or C coinfection and syphilis) [90, 95–99],
diabetic nephropathy, hypertensive glomerulosclerosis, acute
tubular necrosis, interstitial nephritis, postinfectious glome-
rulonephritis, chronic pyelonephritis, and amyloid [55, 61, 91,
93, 100].

Table 3. Classification of Albuminuria and Proteinuria

Measurement Normal to Mildly Increased (A1) Moderately Increased (A2) Severely Increased (A3)

AER, mg/24 h <30 30–300 >300

PER, mg/24 h <150 150–500 >500
ACR

mg/mmol <3 3–30 >30

mg/g <30 30–300 >300
PCR

mg/mmol <15 15–50 >50

mg/g <150 150–500 >500
Protein reagent strip Negative or trace Trace to 1+ 1+ or greater

Adapted from the Kidney Disease Outcomes Quality Initiative Clinical Guidelines for Chronic Kidney Disease, 2013 [1].

Abbreviations: ACR, albumin-to-creatinine ratio; AER, albumin excretion rate; PCR, protein-to-creatinine ratio; PER, protein excretion rate.

Table 4. Risk Factors for Chronic Kidney Disease and End-Stage Renal Disease: Data From Studies of HIV-Infected Persons and the
General Population

Factor

CKD (GFR <60 mL/min/1.73 m2 or Proteinuria) ESRD or (GFR <15 mL/min/1.73 m2)

Relative Risk Range Reference(s) Relative Risk Range Reference(s)

African descent 1.7–2.4 [36, 42, 44, 54, 122] 4.5–31 [5, 45, 54, 389]

Female sex 1.5–1.7 [44, 46] NR

Family history of ESRD NR 5.4–8.0 [56, 390]
Age 1.2–5.5 per 10 y older [35, 36, 38, 44, 46, 391] 2.0 for age >50 vs

<30 y
[45]

Diabetes 1.5–2.6 [38, 42, 46, 54, 121, 122] 4.8–9.0 [5, 392]
Hypertension 1.4–3.5 [35, 38, 42, 46, 54, 121,

122, 156]
4.9 [393]

CD4 cell count 1.1–1.25 per 100 cells/µL lower
1.4–2.2 for CD4 <200 vs
≥200 cells/µL

[42, 46, 54, 121, 122,
156, 394]

1.7 per 100 cells/µL
lower

1.4–2.7 for CD4 <200
vs ≥200 cells/µL

[45, 54, 57, 58]

HIV RNA 1.3–2.2 for detectable or higher vs
undetectable or lower HIV RNA

[36, 38, 54, 122] 2.0 per 1 log10
increase in HIV RNA

[54]

Hepatitis C coinfection or
history of injection drug use

1.3–2.2 [36, 38, 42, 44, 46, 51,
54, 121, 122, 394]

2.8–5.0 [54, 395]

Tenofovir 1.2–1.3 per year of exposure
1.6–2.2 for any or recent exposure vs
no or remote exposure

[35, 46, 156, 157] NR

Tenofovir plus a ritonavir-
boosted protease inhibitor

3.4 vs an NNRTI-based regimen
without tenofovir

[54] NR

Indinavir 2.0–2.5 for any or recent exposure vs
no or remote exposure

[35, 156] NR

Atazanavir 1.2 per year of exposure [46] NR
Lopinavir 1.1 per year of exposure [46] NR

Abbreviations: CKD, chronic kidney disease; ESRD, end-stage renal disease; GFR, glomerular filtration rate; HIV, human immunodeficiency virus; NNRTI,
nonnucleoside reverse transcriptase inhibitor; NR, not reported.
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Implications of CKD in HIV-Infected Persons
As in the general population, CKD has important implications
for clinical outcomes in HIV-infected persons: ESRD, cardio-
vascular disease, and all-cause mortality. The risk of ESRD in
HIV-infected patients is strongly influenced by race, with inci-
dences of 0.9 and 7.3 per 1000 person-years in HIV-infected
whites and blacks, respectively [5, 45]. Among HIV-infected in-
dividuals with ESRD, the introduction of combination ART has
been accompanied by improved survival on dialysis [101–105],
leading to increased consideration of kidney transplantation in
this population [101, 106].

CKD also predisposes individuals infected with HIV to acute
kidney injury, which occurs at an estimated incidence of be-
tween 2.8 and 5.9 cases per 100 person-years [107, 108].
Among hospitalized patients, acute kidney injury is 3- to 4-
fold more common in HIV-infected patients than in other hos-
pitalized patients, and acute kidney injury is strongly associated
with greater in-hospital mortality [109]. In a recent study that
examined the long-term consequences of acute kidney injury
and included >17 000 hospitalized veterans with HIV who sur-
vived at least 90 days after an initial hospitalization, the occur-
rence and severity of acute kidney injury was associated with
greater incidences of heart failure, cardiovascular events,
ESRD, and mortality, in dose-response relationships [49].

In the general population, decreased GFR and albuminuria
are strongly associated with increased risks of cardiovascular
events and cardiovascular-related mortality [12, 31, 110–114];
the same also appears to be true in patients infected with
HIV [41, 115–117]. In a large cohort of US veterans with
HIV, those with albuminuria and a GFR <30 mL/minute/1.73 m2

had a 6-fold greater risk of cardiovascular events compared with
those without albuminuria and a normal GFR [41].

Decreased GFR and albuminuria have consistently been
found to be associated with higher mortality in HIV-infected
individuals [4, 118–122]. In the prospective Women’s Inter-
agency HIV Study, albuminuria >30 mg/day in HIV-infected
women conferred a 2-fold increased mortality risk after ad-
justing for other factors [123]—a notable finding given that
low-grade albuminuria is several-fold more prevalent in
HIV-infected than HIV-negative persons [39, 87, 123]. Part
of the excess mortality in HIV-related CKD may be due to
underuse of ART. One study found that, compared with
those with normal kidney function, ART use decreased mono-
tonically in patients with lower GFR, which accounted for up
to one-third of the excess mortality in HIV-related CKD in
this study [124].

Kidney Toxicity of Antiretroviral Therapy
Antiretroviral agents have the potential to be nephrotoxic.
Among current drugs, most attention has focused on tenofovir,
which (in combination with emtricitabine) is a recommended

nucleoside reverse transcriptase inhibitor in HIV treatment
guidelines from the US Department of Health and Human
Services (DHHS) and the International Antiviral Society–USA
[125, 126], although a tenofovir-sparing regimen of dolutegravir
plus abacavir/lamivudine has recently been endorsed as a
recommended regimen for first-line therapy by the DHHS
guidelines [125].

Nephrotoxicity from tenofovir encompasses several patterns
of kidney injury including proximal tubular dysfunction,
acute kidney injury, CKD, and nephrogenic diabetes insipidus
[127–129]. The proximal tubular dysfunction is principal
among these, resulting from drug-induced mitochondrial
DNA depletion that is mediated by accumulation of drug within
the proximal renal tubules [127]. Excessive drug accumulation
may be facilitated by genetic polymorphisms in the drug trans-
port proteins that are associated with increased drug uptake, via
organic anion transporter type 1 and 3 proteins, or reduced
drug egress, via multidrug-resistant protein type 4 within prox-
imal tubule cells [130–133].Proximal tubular dysfunction rarely
may progress to Fanconi syndrome, a complete tubulopathy
that includes metabolic acidosis and bone disorders [128, 134]
(Table 5).

Two randomized trials assessed the associations between
tenofovir and markers of proximal tubular dysfunction.
One study found abnormalities in 2 of 3 such markers (β-2
microglobulin and retinol binding protein, but not N-acetyl-β-
D-glucosaminidase), but there was no difference in albumin-
to-creatinine ratios or estimated GFR in subjects who were
randomized to tenofovir compared with abacavir [135].A second
randomized study reported higher urinary excretion of α-1 mi-
croglobulin but similar estimated and measured GFR in subjects
who were randomized to switch from zidovudine to tenofovir
[136]. Several small to moderately sized observational studies
have assessed serum phosphorous, fractional excretion of phos-
phorous, fractional excretion of uric acid, the ratio of urine albu-
min to protein, glycosuria with normal serum glucose, and other
markers of proximal tubular dysfunction or damage [137–151].
Most but not all of these studies reported statistically significantly
higher levels of at least one biomarker in subjects taking tenofovir
compared with subjects not taking tenofovir. Estimated GFR was
often normal in these studies, but in one study, increased urinary
excretion of β-2 microglobulin was associated with declines in es-
timated GFR in patients who received tenofovir [137].

Although many randomized trials have reported modest es-
timated GFR declines (of 5–10 mL/minute/1.73 m2) in patients
who received tenofovir, compared with other nucleoside ana-
logues, treatment-limiting renal adverse events were unusual,
and generally similar to those of subjects who did not receive
tenofovir in these studies [135, 152, 153]. For example, a pooled
analysis of data from 1111 antiretroviral-naive participants in
the Gilead 903 and 934 studies reported that GFR change
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Table 5. Laboratory Indicators of Proximal Tubular Dysfunction

Abnormality Definition of Abnormality Comment Calculations

Serum abnormalities
Hypokalemia Serum potassium concentration below laboratory

reference range
• Trend is of more clinical relevance than single abnormal

value
• Neither sensitive nor specific

Low serum bicarbonate Serum bicarbonate concentration below
laboratory reference range

• Trend is of more clinical relevance than single abnormal
value

• Nonspecific in the setting of reduced glomerular filtration
rate

Hypophosphatemia Serum phosphorous concentration below
laboratory reference range

• Normal value does not exclude urinary phosphorous
wasting. However, hypophosphatemia combined with
urinary wasting is diagnostic of renal tubular injury

Urine abnormalities

Urine glucose on dipstick Glycosuria in the absence of diabetes, or in
diabetics with well-controlled blood glucose

• Diagnostic of renal tubular injury

Fractional excretion of
phosphate [396]

<10% is normal and >20% is abnormal • Increased FEphos in the setting of normal kidney function is
of more clinical relevance than when kidney function is
impaired

• Upward trend in urinary phosphate wasting is suggestive of
tubular injury

• Loss of phosphate may lead to osteomalacia

FEphos ¼ ½Uphos� � ½Pcreat �
½Pphos� � ½Ucreat� � 100

Tubular reabsorption of phosphate
(%) = 100− FEphos

Tubular maximum for
phosphate corrected for
GFR [396]

Lower than reference value (normal,
2.8–4.4 mg/dL)

• Assess renal phosphate handling independent of plasma
phosphate and renal function

TmP
GFR

¼ ½Pphos� � ½Ucreat� � ½Pcreat�
½Uphos�

Fractional excretion of uric
acid

<15% is normal and >20% is abnormal • Increased FE uric acid in the setting of normal kidney
function is of more clinical relevance than when kidney
function is impaired

• Upward trend in urinary uric acid wasting is strongly
suggestive of proximal tubular dysfunction

FEUA ¼ ½UUA� � ½Pcreat�
½PUA� � ½Ucreat� � 100

Urine albumin-to-protein ratio
[151]

uAPR <0.4 suggests predominantly
tubulointerstitial disease, whereas uAPR >0.4
suggests predominantly glomerular disease

• Based on theory that albumin accounts for a lower
proportion of protein in urine when loss is from tubular as
opposed to glomerular disease

• Only evaluated in individuals with urine protein-to-
creatinine ratio >200 mg/g

uAPR ¼ ½Ualb�
½Uprot�

Other laboratory indicators of proximal tubular dysfunction

Nonspecific indicators Investigational markers or markers with limited clinical availability

• Proteinuria/albuminuria
• Hematuria

• Aminoaciduria
• Urinary α-1 microglobulin
• Urinary β-2 microglobulin
• Urinary retinol binding protein
• Urinary cytochrome C
• Urinary cystatin C

Abbreviations: FEphos, fractional excretion of phosphate; FEUA, fractional excretion of uric acid; Pcreat, plasma concentration of creatinine; Pphos, plasma concentration of phosphorus; PUA, plasma concentration of uric acid;
TmP/GFR, tubular maximum for phosphate corrected for glomerular filtration rate; Ualb, urine concentration of albumin; uAPR, urine albumin-to-protein ratio; Ucreat, urine concentration of creatinine; Uphos, urine
concentration of phosphorus; Uprot, urine concentration of protein; UUA, urine concentration of uric acid.
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from baseline to week 144 was−6 mL/minute/1.73 m2 and 5 mL/
minute/1.73 m2 in subjects assigned to tenofovir and the compar-
ator nucleoside analogue, respectively [152].However, only 3 sub-
jects in each group developed a serum creatinine level >1.5 mg/dL
during follow-up, and the changes in serum phosphorous con-
centrations were not significantly different between study arms.
The median age of subjects in these trials was 36 years and ex-
clusion criteria included serum creatinine ≥1.5 mg/dL, serum
phosphorus <2.2 mg/dL, and calculated creatinine clearance
by Cockcroft–Gault equation <60 mL/minute (in study 903)
or <50 mL/minute (in study 934). In AIDS Clinical Trials
Group (ACTG) study 5202, clinical diagnoses of Fanconi syn-
drome, toxic nephropathy, proteinuria, or renal failure were
reported in similar numbers of subjects who were randomly
assigned to tenofovir or abacavir (5 and 4 in each arm, respec-
tively), representing 1% of the total subjects in this study [154].
The median age of subjects in ACTG 5202 was 39 years and in-
dividuals with creatinine clearance by Cockcroft–Gault equa-
tion <60 mL/minute were ineligible.

In a systematic review and meta-analysis of 17 studies that in-
cluded 9 randomized controlled trials (3 in ART-naive and 6 in
ART-experienced subjects, respectively), 7 prospective observa-
tional cohorts of ART-naive or -experienced patients, and one
drug registry study from high- or middle-income countries, te-
nofovir was associated with lower creatinine clearance (by an
average of −3.9 mL/minute) compared with tenofovir-sparing
regimens [155]. Studies in this meta-analysis had an overall me-
dian follow-up duration of 48 weeks, and subjects with GFR <50
or <60 mL/minute/1.73 m2 were excluded in 11 of them. Teno-
fovir was associated with greater GFR reductions in observa-
tional studies compared with clinical trials, and when it was
included within second-line or greater ART regimens, com-
pared with first-line regimens. Tenofovir was associated with
a 16%–55% relative increase in the incidence of CKD in 3
large observational studies (sample sizes ranging from 6843 to
10 841) [46, 156, 157], corresponding to 2–5 excess CKD cases
per 1000 patient-years. In one case series of tenofovir-associated
acute kidney injury, the average duration of tenofovir exposure
was 11 months, with a range of 1–29 months [129]. Tenofovir
also was associated with greater GFR declines when combined
with atazanavir, amprenavir, or a ritonavir-boosted protease in-
hibitor in some studies [54, 129, 154, 158–161], suggesting in-
creased risk for nephrotoxicity with these combinations. In
studies where tenofovir was discontinued because of kidney
damage, GFR and proximal tubule dysfunction tended to im-
prove during follow-up, but they did not always return to base-
line [46, 157, 162].

Indinavir has consistently been linked to increased risks of
nephrolithiasis and CKD [35, 46, 163–166], and is infrequently
used in clinical practice because of these concerns. Atazanavir
has been associated with increased risks of reduced GFR,

nephrolithiasis, proximal tubular dysfunction, interstitial ne-
phritis, and acute kidney injury, independent of concurrent te-
nofovir use [46, 139, 154, 167–169]. Studies from the D:A:D and
the EuroSIDA cohorts found an increased risk of CKD in asso-
ciation with the use of either ritonavir-boosted atazanavir or lo-
pinavir or unboosted atazanavir that was independent of
tenofovir use in multivariate models [46, 170]. However, 2
other large cohort studies did not find statistically significant as-
sociations with atazanavir or lopinavir/ritonavir and CKD [156,
157]. It is therefore not known whether boosted protease inhib-
itors in general or specific protease inhibitors should be avoided
in patients with CKD, even when tenofovir is not being used
concurrently.

Cobicistat is a potent cytochrome P450 3A (CYP3A) inhibi-
tor that is used as a pharmacologic boosting agent, which is cur-
rently available in a coformulated preparation with elvitegravir,
emtricitabine, and tenofovir, but is expected be marketed as a
monodrug product. In healthy volunteers, cobicistat was associ-
ated with small, nonprogressive increases in serum creatinine
that corresponded with an estimated GFR decline of approxi-
mately 10 mL/minute/1.73 m2 [171]. However, these creatinine
increases may have been mediated by reduced tubular secretion
of creatinine, rather than decreased glomerular filtration, as
GFR did not change when measured by iohexol clearance,
and serum creatinine concentrations returned to baseline
upon discontinuation of cobicistat. Cobicistat inhibits several
renal transport proteins in tubular epithelial cells, including
multidrug and toxin extrusion efflux proteins, of which creatinine
is a substrate [172]. In a phase 3 randomized trial of ART-naive,
HIV-infected participants, elvitegravir/cobicistat/emtricitabine/
tenofovir was associated with larger declines in creatinine-based
estimated GFR compared to atazanavir in combination with rito-
navir and emtricitabine/tenofovir (median changes at week 48:
−14.1 mL/minute/1.73 m2; interquartile range {IQR}, −21.0 to
−7.1] and −9.6 mL/minute/1.73 m2 [IQR, −17.0 to −1.7], re-
spectively) [173]. Elvitegravir/cobicistat/emtricitabine/tenofovir
is not recommended in patients with estimated creatinine clear-
ance <70 mL/minute and should be discontinued if estimated
creatinine clearance falls below 50 mL/min.

Small, stable increases in serum creatinine also were seen
within the first 2–4 weeks after initiating rilpivirine (by 5.69–
9.07 μmol/L, or 0.06–0.10 mg/dL), a nonnucleoside reverse
transcriptase inhibitor [174], and dolutegravir (by 10.2–13.4
μmol/L, or 0.12–0.15 mg/dL), an integrase inhibitor [175].
As with cobicistat and trimethoprim [176], these drugs inhibit
creatinine secretion by renal transport proteins within tubular
epithelial cells without reducing glomerular filtration [177].

Progress With Kidney Transplantation in HIV-Infected Persons
Experience with kidney transplantation in HIV-infected per-
sons has expanded considerably since these guidelines were
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last published in 2005 [2]. Kidney transplantation was rarely
attempted in HIV-infected individuals prior to the advent of
combination ART, and was associated with poorer outcomes
than in HIV-uninfected transplant patients [178]. As the
virologic and clinical durability of ART improved, interest was
rekindled in solid organ transplantation for the HIV-infected
patient population given the strong survival advantages
that are associated with kidney transplantation in the general
population, wherein one study estimated a 68% lower risk of
mortality for kidney transplant recipients, compared with
patients receiving renal replacement therapy who remained
on the transplant waiting list (relative risk, 0.32 [95% confi-
dence interval {CI}, .30–.35]) [179].

Initial findings from a multicenter, prospective, nonrandom-
ized trial of kidney transplantation in HIV-infected candidates
in the United States were published in 2010 [106]. The study
included 150 transplant recipients and median follow-up of
1.7 years posttransplant, which is the largest clinical experience
to date in HIV-infected subjects. Subjects with ESRD were
eligible for the trial if they had a CD4 cell count of at least
200 cells/µL and undetectable plasma HIV RNA levels while
being treated with a stable antiretroviral regimen. Patients
with adequately treated opportunistic infections were eligible,
except those with a history of progressive multifocal leukoence-
phalopathy, chronic intestinal cryptosporidiosis, primary cen-
tral nervous system lymphoma, or visceral Kaposi sarcoma.

The HIV-infected participant survival rates at 1 and 3 years
were 94.6% and 88.2%, with corresponding graft survival rates
of 90.4% and 73.7%, respectively [106]. These survival rates
were similar to rates in the US Scientific Registry of Transplant
Recipients during the same time period [106]. In a multivariate
model, use of antithymocyte globulin induction, treated rejec-
tion, and receipt of a transplant from a deceased donor were
significantly associated with graft failure.

Although patient and graft survival rates in this trial were sim-
ilar to those in the general transplant registry population, rates of
acute graft rejection were substantially higher in HIV-infected
study participants. The cumulative acute rejection rate was 31%
in the HIV-infected cohort at 1 year, compared with 12.3% in the
general transplant registry population [106]. In a multivariate
model, increased risk of acute graft rejection was significantly as-
sociated with use of a kidney from a deceased donor and cyclo-
sporine use. A higher posttransplant CD4 cell count was
associated with a trend toward reduced risk of acute rejection
(P = .07). Data from earlier studies have also suggested that
HIV-infected transplant recipients are at increased risk of acute
rejection, with rejection rates ranging from 13% to 67% [180–
195]. The reasons for increased risk of organ rejection in HIV-
infected recipients have not been clarified, although immune
system dysregulation and interactions between antiretroviral
and immunosuppressant drugs are potential mechanisms.

Long-term follow-up will be needed to determine if HIV-infected
transplant recipients are at higher risk of opportunistic infections
or malignancies than non-HIV-infected transplant recipients.

RECOMMENDATIONS FOR KIDNEY DISEASE
SCREENING

I. How Should HIV-Infected Patients Be Monitored for Kidney
Function and Kidney Damage?
Recommendations
1. We recommend monitoring creatinine-based estimated

GFR when 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 (strong, low).
2. We suggest monitoring kidney damage with urinalysis or

a quantitative measure of albuminuria/proteinuria at baseline,
when ART is initiated or changed, and at least annually in stable
HIV-infected patients. More frequent monitoring may be
appropriate for patients with additional kidney disease risk
factors (weak, low).

Evidence Summary
The goals of monitoring kidney function and damage in
patients infected with HIV are to (1) identify conditions for
which effective treatments are available, (2) detect drug nephro-
toxicity, and (3) estimate GFR for proper dose adjustments of
renally cleared drugs in individuals with reduced kidney func-
tion. As with routine laboratory monitoring of most medical
conditions, there are few data that directly address the clinical
benefits of monitoring kidney function or damage in patients in-
fected with HIV or in other patient populations. The panel rec-
ommends that clinicians monitor GFR a minimum of twice
yearly, and a urinalysis a minimum of once yearly in stable pa-
tients on ART. More frequent monitoring may be considered in
patients with additional risk factors for kidney disease (Table 4).

One African randomized trial compared clinical monitoring
alone with clinical plus routine laboratory monitoring—
chemistry panel (including serum creatinine), complete blood
count, and CD4 cell count—in 3321 HIV-infected patients ini-
tiating ART (the majority with tenofovir) [196]. Compared with
participants assigned to the laboratory monitoring arm, indi-
viduals assigned to the clinical monitoring arm experienced
statistically higher rates of HIV disease progression or death,
but similar rates of serious adverse events. These data suggest
that routine chemistry, hematologic, and CD4 cell monitoring
are beneficial, but the independent contribution of kidney func-
tion monitoring cannot be determined.

A major rationale for monitoring GFR and albuminuria/
proteinuria is the timely identification of HIVAN, an aggressive
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kidney disease for which effective treatment is available [55, 60,
61, 197–202]. US and international HIV treatment guidelines
consider HIVAN an indication for ART, independent of CD4
cell count [125, 126, 203, 204]. Although HIVAN is rare in
HIV-infected patients on suppressive ART, clinically important
reductions in GFR due to drug toxicity and other kidney diseas-
es are common in this population [44, 46, 107, 108, 157].

Monitoring Kidney Function. A number of GFR estima-
tion equations are available (Table 2). The CKD-EPI creatinine
equation, which includes data on race, sex, and age, has been
shown to be more accurate and precise than the older MDRD
equation in both the general population [30] and in HIV-
infected persons [28, 29], and is the preferred creatinine-based
GFR estimation method [1]. The MDRD equation underesti-
mates exogenously measured GFR in individuals with normal
or near-normal kidney function. The Cockcroft–Gault equation
estimates creatinine clearance rather than GFR and is less accu-
rate and precise than the MDRD and CKD-EPI equations [205].
However, the Cockcroft–Gault equation has historically been
used for recommendations regarding the dosing of renally
cleared drugs in patients with kidney dysfunction. Most clinical
laboratories report creatinine-based GFR estimated by either the
CKD-EPI or MDRD equations, and online calculators are avail-
able to assist clinicians (https://www.kidney.org/professionals/
kdoqi/gfr_calculator.cfm).

Studies from the general population and HIV-infected per-
sons in which GFR was measured exogenously have reported
similar overall performance between the CKD-EPI equations
based on either creatinine alone or cystatin C alone, whereas
the CKD-EPI equation that uses both creatinine and cystatin
C has been reported to be more precise and accurate than either
of the single-biomarker equations [15, 23, 28, 29]. The CKD-EPI
equations are based on measures of creatinine and cystatin C
that are calibrated to standard reference materials. Reporting
of calibrated creatinine values is nearly universal, but clinicians
should be aware that, at present, many clinical laboratories do
not report cystatin C values that are calibrated to an internation-
al standard [206]. Use of the CKD-EPI combined biomarker
equation or an exogenous measure of GFR (eg, iohexol clear-
ance) may be helpful when estimated GFR–creatinine is near
60 mL/minute/1.73 m2, and a more accurate or precise GFR es-
timate would directly affect clinical management, such as with
dose adjustment of a medication with a narrow therapeutic
index [1, 207].

Monitoring Albuminuria/Proteinuria. A large body of ob-
servational data, both from the general population and from co-
horts of HIV-infected persons, shows strong and consistent
associations between albuminuria/proteinuria and clinical out-
comes (mortality, cardiovascular disease, and ESRD) that are
independent of GFR [10–12, 27, 41, 52, 115]. Additionally,
data from the general population also indicate that use of

angiotensin-converting enzyme (ACE) inhibitors or angioten-
sin II receptor blockers (ARBs) has clinical benefits in individ-
uals with albuminuria/proteinuria, particularly in patients with
diabetes and or hypertension (refer to Recommendation 12)
[208–211], which provides a rationale for periodic urine moni-
toring in high-risk populations.

Urinalysis, which provides a semiquantitative measure of
protein concentration in the urine, is an acceptable screen for
albuminuria/proteinuria and has the advantage of detecting
other abnormalities. For example, glycosuria in the absence of el-
evated blood glucose is considered a specific marker of proximal
tubular dysfunction (Table 5) and may identify early tenofovir
nephrotoxicity [143]. Proteinuria ≥1+ on urinalysis should be
quantified with either albumin-to-creatinine ratio (often called
a urine “microalbumin” test) or a protein-to-creatinine ratio
(Table 3) [1]. Diabetes management guidelines recommend
monitoring albuminuria annually, and it is appropriate to
apply these recommendations to HIV-infected diabetics [212].

Benefits: Routine monitoring of kidney function (GFR) and
kidney damage (albuminuria/proteinuria or other urine abnor-
malities) may lead to earlier diagnosis of underlying conditions,
removal of nephrotoxic agents, dose adjustment of renally
cleared medications with reduced kidney function, or interven-
tions that ameliorate the progression of kidney disease and re-
duce the risk of cardiovascular events.

Harms: Routine monitoring may lead to patient anxiety, di-
agnostic evaluations that have risks, and interventions of uncer-
tain benefit.

RECOMMENDATIONS FOR THE EVALUATION
OF HIV-RELATED CKD

II. How Should HIV-Related Kidney Disease Be Evaluated and
When Is Referral to a Nephrologist Appropriate?
Recommendations
3. We recommend that the evaluation of new-onset or newly

discovered kidney disease in HIV-infected persons include
serum chemistry panel; complete urinalysis; quantitation of al-
buminuria (albumin-to-creatinine ratio from spot sample or
total albumin from 24-hour collection); assessment of temporal
trends in estimated GFR, blood pressure, and blood glucose
control (in diabetic patients); markers of proximal tubular
dysfunction (particularly if treated with tenofovir); a renal
sonogram; and review of prescription and over-the-counter
medications for agents that may cause kidney injury or require
dose modification for decreased kidney function (strong, low).
4. We recommend that HIV-infected patients with kidney

disease be referred to a nephrologist for diagnostic evaluation
when there is a clinically significant decline in GFR (ie, GFR
decline by >25% from baseline and to a level <60 mL/minute/
1.73 m2) that fails to resolve after potential nephrotoxic drugs
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are removed, there is albuminuria in excess of 300 mg per day,
hematuria is combined with either albuminuria/proteinuria or
increasing blood pressure, or for advanced CKD management
(GFR <30 mL/minute/1.73 m2) (strong, low).
5. When possible, we recommend establishing permanent

dialysis access, ideally an arteriovenous fistula or peritoneal
catheter, prior to the anticipated start of renal replacement ther-
apy to avoid the use of higher-risk central venous catheters for
hemodialysis (strong, moderate).
6. When possible, we recommend avoiding the use of

peripherally inserted central catheters and subclavian central
venous catheters in patients with HIV who are anticipated to
need dialysis in the future because these devices can damage
veins and limit options for permanent hemodialysis access
(strong, moderate).

Evidence Summary
Diagnostic Considerations and Initial Evaluation. The diag-
nostic evaluation of kidney disease in an HIV-infected individ-
ual is similar to that in HIV-negative individuals, although
the differential diagnosis should be expanded to include HIV-
related diagnoses including HIVAN, HIV immune complex
kidney disease, and HIV-related thrombotic microangiopathy
[55, 61, 88, 91, 93, 213]; nephrotoxic effects of antiretroviral
agents and other medications; and kidney disease related to
hepatitis B or C coinfection [90, 98, 214–217].Measuring mark-
ers of proximal tubular dysfunction (Table 5) may be useful in-
patients with worsening kidney function while receiving
tenofovir. Two indicators—glycosuria with normal serum
glucose and urinary phosphorous wasting (as determined
by fractional excretion of phosphorous) with low serum
phosphorous—are highly specific markers of proximal tubular
dysfunction. However, these manifestations are uncommon in
clinical practice and their absence should not be used to exclude
tenofovir as a cause of GFR decline [143].

In addition to blood and urine studies, existing guidelines for
CKD management in the general population recommend renal
ultrasound as part of the routine evaluation, noting that ultra-
sound can identify evidence of obstruction, chronic infection
or reflux, and polycystic kidney disease, as well as providing
information on kidney size and echogenicity [8].

Nephrology Referral. Referral to a nephrologist, when fea-
sible, is appropriate to establish a diagnosis by kidney biopsy, to
guide the use of renoprotective therapy, to identify and manage
complications of CKD, and to prepare patients with progressive
CKD for renal replacement therapy. Nephrology referral should
be considered in patients with markers of severe disease, includ-
ing clinically significant GFR decline, albuminuria >300 mg per
day, or hematuria of kidney origin [8, 218–220].

As a result of the broad differential diagnosis and the limited
sensitivity and specificity of noninvasive testing, kidney biopsy

should be considered in HIV-infected patients in whom a defin-
itive diagnosis may affect management or inform prognosis. Al-
though HIVAN classically presents with heavy proteinuria in the
setting of advanced HIV disease, data from retrospective biopsy
series suggest that noninvasive diagnostic testing lacks sufficient
sensitivity and specificity to distinguish HIVAN from non-
HIVAN diagnoses [55, 197, 221–223]. Biopsy confirmation of
HIVAN is helpful to guide decisions about adjunctive use of cor-
ticosteroids, which have evidence for benefit in HIVAN but have
risks (discussed in Section VI) and may not be indicated for al-
ternative diagnoses (eg, HIV immune complex kidney disease).

Kidney biopsy involves a <10% risk of complications,
and deaths are rare [224–227]. In a single-center review of
1116 kidney biopsies (performed under ultrasound guidance)
in HIV-infected and HIV-negative patients, the rates of any
complication (8.6% vs 7.2%) and major complications (treat-
ment-emergent bleeding or hypotension) (3.3% vs 2.6%) were
similar in the 2 groups, respectively [224]. Retrospective data
support a 24-hour postbiopsy observation period to identify
and manage any resulting complications [226].

Two important objectives of nephrology referral in advanced
CKD are management of complications and preparation for
renal replacement therapy. Complications in advanced CKD
are common and include hypertension, anemia [228–230],met-
abolic acidosis, and disorders of bone mineral metabolism.
Clinical practice guidelines are available that address the medi-
cal management of advanced CKD including anemia [231] and
disorder of bone mineral metabolism and metabolic acidosis
[232, 233].

Nephrologists also educate and prepare patients with ad-
vanced CKD for renal replacement therapy, including hemo-
dialysis, peritoneal dialysis, and kidney transplantation.
Although data specific to HIV-infected individuals are lack-
ing, data from the general CKD population suggest that earlier
(as opposed to later) referral to a nephrologist is associated
with improved outcomes among patients nearing ESRD. A re-
cent systematic review of the literature concluded that ne-
phrology referral at least 1 year prior to the initiation of
dialysis was associated with improved survival [234]. This
conclusion is consistent with current recommendations
from the National Kidney Foundation’s Kidney Disease Out-
come Quality Initiative to refer all patients with estimated
GFR <30 mL/minute/1.73 m2 and to consider referral in pa-
tients with GFR 30–59 mL/minute/1.73 m2 and ESRD risk
factors [8].

Dialysis Modality. The choice of dialysis modality should
consider patient preference, comorbid conditions, and the abil-
ity to establish optimal dialysis access. In particular, patients
with a history of intravenous drug use or peripherally inserted
central venous catheters may have inadequate veins for the
creation of an arteriovenous fistula, whereas patients with
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prior abdominal surgery or trauma may have adhesions that
could interfere with the placement or function of a peritoneal
catheter. Although small studies have suggested an increased
risk of peritonitis and hospitalization among HIV-infected
patients undergoing peritoneal dialysis [102], mortality data
from the US Renal Data System demonstrate no difference
in the survival of HIV-infected ESRD patients treated
with peritoneal dialysis vs hemodialysis in the antiretroviral
era [235].

Because of the high risk of bacteremia associated with the use
of central venous catheters [236], permanent dialysis access
should be planned and established prior to the anticipated ini-
tiation of dialysis, consistent with recommendations from the
National Kidney Foundation [8]. Although data are limited,
small studies suggest improved patency and decreased infection
rates with arteriovenous fistulae compared with arteriovenous
grafts in HIV-infected patients [237, 238], similar to the benefit
observed in the general ESRD population [102, 239, 240]. It may
be reasonable to defer permanent dialysis access in individuals
with a potentially reversible etiology such as HIVAN or medi-
cation toxicity, if recovery is anticipated with initiation of ART
or removal of the offending agent.

Benefits: Definitive diagnosis of kidney disease may guide
therapy and allow more accurate prognostication. A nephrolo-
gist may facilitate care and improve outcomes in HIV-infected
patients with CKD.

Harms: Invasive tests, such as kidney biopsy, have risks of
complications and may fail to yield information that improves
management.

RECOMMENDATIONS FOR THE CLINICAL
MANAGEMENT OF HIV-INFECTED PATIENTS
WITH CKD

III. How Should Antiretroviral Therapy Be Managed in Patients
With CKD or End-Stage Renal Disease?
Recommendations
7. We recommend that clinicians prescribe ART and en-

courage persistence with therapy in HIV-infected patients
who have CKD or ESRD, as ART reduces mortality but is un-
derused in this patient population (strong, moderate).
8. We recommend that clinicians use either the CKD-EPI

creatinine equation to estimate GFR or the Cockcroft–Gault
equation to estimate creatinine clearance when dosing antire-
troviral drugs or other drugs that require reduced doses in pa-
tients with reduced kidney function (strong, moderate).
9. We recommend that patients with biopsy-confirmed or

clinically suspected HIVAN receive ART to reduce the risk of
progression to ESRD (strong, moderate).
10. In patients infected with HIV who have a GFR <60 mL/

minute/1.73 m2, we recommend avoiding tenofovir and other

potential nephrotoxic drugs (eg, nonsteroidal anti-inflammato-
ry drugs) when feasible (strong, low).
11. In tenofovir-treated patients who experience a confirmed

GFR decline by >25% from baseline and to a level <60 mL/
minute/1.73 m2, we recommend substituting alternative antire-
troviral drug(s) for tenofovir, particularly in those with evidence
of proximal tubular dysfunction (strong, low).

Evidence Summary
Benefits of ART in Patients Infected With HIV and CKD or
ESRD. Observational data demonstrate that the survival ben-
efits of ART extend to patients with ESRD who are receiving
renal replacement therapy [101, 105]. However, studies have
consistently shown underuse of ART in HIV-infected individ-
uals with CKD or ESRD [101, 103, 105, 124, 201, 241–243].

Antiretroviral Drug Dose Adjustments With Reduced
Kidney Function. Incorrect dosing of antiretroviral drugs at re-
duced levels of kidney function is common in both inpatient and
outpatient settings, and is a major source of ART-associated
medication errors [124, 244–246].Higher mortality was associat-
ed with ART underexposure or incorrect ART dosing in 2 studies
among HIV-infected patients with CKD [124, 244].With the ex-
ception of abacavir, dose reductions are required for nucleoside
and nucleotide reverse transcriptase inhibitors when kidney
function is reduced (Table 6). The necessity for differential
dose adjustments of one or more components usually precludes
the use of fixed-dose combinations in patients withmoderately to
severely impaired kidney function.

Clinicians should use estimated creatinine clearance or GFR
to modify the dose of renally cleared drugs in the setting of kid-
ney insufficiency (Table 6 and Table 7 summarize recommend-
ed dose modifications for antiretroviral drugs and other
commonly used agents, respectively). The US Food and Drug
Administration has historically required that creatinine clear-
ance estimated by the Cockcroft–Gault equation be used for
pharmacokinetic studies of drugs in adults with decreased kid-
ney function [1]. However, KDIGO guidelines recommend that
clinicians use the method that provides the most accurate as-
sessment of GFR, which, at present, is the CKD-EPI equation
based on creatinine alone, cystatin C alone, or both biomarkers
together [1].

The C-C chemokine receptor type 5 inhibitor, maraviroc, is
contraindicated in patients with creatinine clearance <30 mL/
minute when combined with a potent CYP3A inhibitor (eg, ri-
tonavir), and should be used with caution (and potentially at
reduced dose) in all other patients with creatinine clearance
<30 mL/minute because of increased risk of postural hypoten-
sion. No dose adjustments are needed for protease inhibitors,
nonnucleoside reverse transcriptase inhibitors (NNRTIs), or
the integrase inhibitors raltegravir and dolutegravir in patients
with CKD. Atazanavir concentrations are decreased by 25%–43%
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Table 6. Dosing of Antiretroviral Drugs for HIV-Infected Adults With Chronic Kidney Disease or End-Stage Renal Disease

Antiretroviral Drug and
Dosing Category Dosage Comments

Nucleoside reverse transcriptase
inhibitors

Zidovudine [397–404]

Usual dosage 300 mg po bid
Dosage for patients with CKD or
ESRD

CrCl ≥15 mL/min No adjustment
CrCl <15 mL/min, hemodialysis, or
peritoneal dialysis

100 mg po q6–8h or 300 mg qd Based on longer intracellular half-life [405]

Lamivudine [406–408]
Usual dosage 150 mg po bid/300 mg po qd

Dosage for patients with CKD or
ESRD

CrCl ≥50 mL/min No adjustment

CrCl 30–49 mL/min 150 mg po qd

CrCl 15–29 mL/min 150 mg po first dose, then 100 mg po qd
CrCl 5–14 mL/min 150 mg po first dose, then 50 mg po qd To avoid using the liquid formulation and because

of the favorable safety profile, some
recommend the of use lowest available tablet
dose of 100 mg (lamivudine hepatitis B
formulation) or 150 mg (lamivudine) daily in
advanced renal disease.

CrCl <5 mL/min, hemodialysis, or
peritoneal dialysis

50 mg po first dose, then 25 mg po qd

Abacavir [409]

Usual dosage 300 mg po bid/600 mg po qd
Dosage for patients with CKD or
ESRD

All CrCl No adjustment
Receiving hemodialysis No adjustmenta

Receiving peritoneal dialysis Unknown, use with caution

Stavudine [410]
Body weight ≥60 kg

Usual dosage 40 mg po bid (WHO recommends 30 mg po bid)

Dosage for patients with CKD
or ESRD

CrCl >50 mL/min No adjustment

CrCl 26–50 mL/min 20 mg po bid
CrCl ≤25 mL/min 20 mg po qd

Receiving hemodialysis 20 mg po qda Give post-HD, on days of HD

Receiving peritoneal dialysis Unknown, use with caution (dose reduction
needed)

Body weight <60 kg

Usual dosage 30 mg po bid
Dosage for patients with CKD or

ESRD

CrCl >50 mL/min No adjustment

CrCl 26–50 mL/min 15 mg po bid
CrCl ≤25 mL/min 15 mg po qd

Receiving hemodialysis 15 mg po qda

Receiving peritoneal dialysis Unknown, use with caution (dose reduction
needed)

Didanosine delayed-release capsules [411–413]

Body weight ≥60 kg
Usual dosage 400 mg po qd
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Table 6 continued.

Antiretroviral Drug and
Dosing Category Dosage Comments

Dosage for patients with CKD or
ESRD

CrCl ≥60 mL/min No adjustment

CrCl 30–59 mL/min 200 mg po qd
CrCl 10–29 mL/min 125 mg po qd

CrCl <10 mL/min 125 mg po qd

Receiving hemodialysis 125 mg po qda

Receiving peritoneal dialysis 125 mg po qd

Body weight <60 kg

Usual dosage 250 mg po qd
Dosage for patients with CKD or

ESRD

CrCl ≥60 mL/min No adjustment
CrCl 30–59 mL/min 125 mg po qd

CrCl 10–29 mL/min 125 mg po qd

CrCl <10 mL/min, hemodialysis,
or peritoneal dialysis

Do not use didanosine delayed-release capsules;
use 75 mg (pediatric powder for suspension) qd

Emtricitabine [414]

Usual dosage 200 mg po qd
Dosage for patients with CKD or
ESRD

CrCl ≥50 mL/min No adjustment
CrCl 30–49 mL/min 200 mg po q48h

CrCl 15–29 mL/min 200 mg po q72h

CrCl <15 mL/min 200 mg po q96h
Receiving hemodialysis 200 mg po q96ha

Receiving peritoneal dialysis Unknown, use with caution (dose reduction
needed)

Tenofovir disoproxil fumarate [415]
Usual dosage 300 mg po qd

Dosage for patients with CKD or
ESRD

CrCl ≥50 mL/min No adjustment

CrCl 30–49 mL/min 300 mg po q48h This guideline recommends avoiding tenofovir in
patients with CrCl <50 mL/min who are not on
hemodialysis

CrCl 10–29 mL/min 300 mg po q72–96h

Receiving hemodialysis 300 mg po every 7 da (an additional dose may be
needed if >12 h HD per week)

Receiving peritoneal dialysis Unknown, use with caution (dose reduction
needed)

Emtricitabine/tenofovir disoproxil
fumarate

[416]

Usual dosage 200 mg/300 mg po qd

Dosage for patients with CKD or
ESRD

CrCl ≥50 mL/min No adjustment

CrCl 30–49 mL/min One tablet po q48h
CrCl <30 mL/min Should not use combination tablet

Non-nucleoside reverse transcriptase
inhibitors

No dose adjustment needed with CKD or ESRD
for all NNRTIs

Nevirapine [417–421]
Usual dosage 200 mg po bid (after 2 wks of 200 mg po qd)
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Table 6 continued.

Antiretroviral Drug and
Dosing Category Dosage Comments

Efavirenz [422–424]
Usual dosage 600 mg po qhs

Delavirdine [425]

Usual dosage 400 mg po tid
Etravirine

Usual dosage 200 mg po bid

Rilpivirine
Usual dosage 25 mg po qd

Protease inhibitors No dose adjustment needed with CKD or ESRD
for all PIs

[426]

Indinavir [427, 428]

Usual dosage 800 mg po bid (in combination with ritonavir 100
mg bid)

Saquinavir [418, 429, 430]

Usual dosage 1000 mg po bid (in combination with ritonavir 100
mg bid)

Nelfinavir [419, 431, 432]

Usual dosage 1250 mg po bid or 750 mg tid

Fosamprenavir [433]
Usual dosage 1400 mg po qd (in combination with ritonavir 100–

200 mg qd) OR 700 mg po bid (in combination
with ritonavir 100 mg bid)

Ritonavir (used in combination with a
second protease inhibitor as a
pharmacokinetic enhancer)

100–400 mg per day [421, 429, 434]

Lopinavir/ritonavir [435, 436]
Usual dosage 400 mg/100 mg po bid OR 800 mg/200 mg po qd.

LPV trough lower in HD; use with caution in PI-
experienced patients [247]

Atazanavir [437]
Usual dosage 400 mg po qd OR 300 mg po qd (in combination

with ritonavir 100 mg po qd) Avoid unboosted
ATV in HD. Avoid boosted ATV in treatment-
experienced patients on HD

Darunavir

Usual dosage 800 mg po qd (in combination with ritonavir 100
mg po qd) OR 600 mg po bid (in combination
with ritonavir 100 mg bid)

Entry/fusion inhibitors No dose adjustment needed with CKD or ESRD

Enfuvirtide [438]
Usual dosage 90 mg subcutaneous bid

Integrase strand transfer inhibitors

Raltegravir No dose adjustment needed with CKD or ESRD
Usual dosage 400 mg po bid

Elvitegravir, cobicistat, tenofovir
disoproxil fumarate, emtricitabine
(Stribild)

Usual dosage if CrCl ≥70 mL/min 1 tablet (150 mg elvitegravir, 150 mg cobicistat,
200 mg emtricitabine, 300 mg tenofovir
disoproxil fumarate) po qd with food

CrCl <50 mL/min Discontinue

Dolutegravir

Usual dose 50 mg once daily (ARV- or INSTI-naive patients)
50 mg twice daily (INSTI-experienced with certain
INSTI mutations)

CrCl >30 mL/min Usual dose
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in patients on hemodialysis. The manufacturer recommends
that clinicians should avoid non-ritonavir-boosted atazanavir
in hemodialysis patients and that ritonavir-boosted atazanavir
should not be initiated in hemodialysis patients who are ART
experienced. Similarly, one study reported that trough concen-
trations of ritonavir-boosted lopinavir were reduced in hemodi-
alysis patients [247]; although the clinical significance of this is
unknown, clinicians should monitor antiviral efficacy closely in
protease inhibitor treatment–experienced patients.

Benefits of ART in HIVAN. ART has been associated with a
lower incidence of HIVAN, and with improved kidney function
and lower ESRD risk in observational studies of patients with
biopsy-confirmed or clinically suspected HIVAN. Six observa-
tional studies examined the impact of ART on the risk of devel-
oping HIVAN, or the risk of progressive kidney disease among
patients with established HIVAN [60, 197–199, 201, 248]. Pa-
tients who received ART, compared with those who did not,
had a significantly a longer time to ESRD (18.4 months vs 3.9
months) and a higher overall renal survival (18.1% vs 12.5%) in
a retrospective series of 36 patients with biopsy-confirmed
HIVAN [201]. In a retrospective case series of 11 patients
with clinically suspected HIVAN, zero of 5 patients who re-
ceived ART had a doubling of the serum creatinine, compared
with 6 of 6 patients who did not, all of whom also progressed to
ESRD [198]. In a second retrospective series of 19 patients with
HIVAN (biopsy confirmed or clinically defined), ART use was
associated with a slower rate of GFR decline (0.08 vs 4.3 mL/mi-
nute/month, respectively; P = .04) [199]; and only one case of
HIVAN was identified among 23 patients who had a plasma
HIV RNA level <400 copies/mL, compared with 23 cases of

HIVAN among 63 patients with a plasma HIV RNA≥ 400 cop-
ies/mL (P < .01) in a single-center, retrospective case series of
patients who underwent kidney biopsy for clinical indications
[197]. However, progression to ESRD within 3 months of
HIVAN diagnosis did not differ between those who did and
those who did not achieve HIV RNA suppression to <200 cop-
ies/mL with ART in a retrospective cohort study that included
61 patients with HIVAN (45 biopsy confirmed/16 clinically de-
fined) [248]. On the basis of these studies, guidelines from
DHHS and the International Antiviral Society include
HIVAN among the indications to initiate ART [125, 126, 203].

Benefits of ART in Non-HIVAN CKD. HIV-associated
thrombotic microangiopathy (TMA) appears to benefit from
ART, wherein ART initiation was associated with clinical remis-
sions in patients with TMA, and marked declines in the inci-
dence of TMA were documented to be concurrent with
widespread ART use [94, 249, 250]. It is not known whether
ART prevents or modifies the course of other HIV-related kid-
ney diseases, including HIV immune complex kidney disease.

In large observational studies, either ART use, or ART-
associated increases in CD4 cell counts or decreases in plasma
HIV RNA, were associated with a reduced CKD risk, GFR im-
provements, or slower rates of GFR decline [40, 46, 53, 54, 57, 58,
251–254]. The causes of kidney disease in these patients were
not known and may have included HIVAN in some, particularly
in studies from sub-Saharan Africa [253,254]. In the Strategies for
Management of Antiretroviral Therapy (SMART) study, partici-
pants who were randomized to episodic ART had a trend toward
fewer fatal and nonfatal ESRD events than did those assigned to
continuous ART, but there was no difference in ESRD events

Table 6 continued.

Antiretroviral Drug and
Dosing Category Dosage Comments

CrCl <30 mL/min Use with close monitoring Dolutegravir concentrations decreased by 40%.
Clinical significance unknown, but INSTI-
experienced patients with INSTI mutations may
be at increased risk for virologic breakthrough.

CCR5 antagonist

Maraviroc

Usual dosage 300 mg po bid (adjustment needed with most PI
and NNRTI coadministration)

Dosage for patients with CKD or
ESRD

CrCl >30 mL/min No dose adjustment
CrCl <30 mL/min 300 mg po bid. Reduce dose to 150 mg po bid if

orthostatic hypotension occurs. Avoidmaraviroc
with CYP3A4 inhibitor (eg, macrolides, protease
inhibitors)

Abbreviations: ARV, antiretroviral; ATV, atazanavir; bid, twice daily; CKD, chronic kidney disease; CrCl, creatinine clearance; CYP3A4, cytochrome P450 isoenzyme
3A4; ESRD, end-stage renal disease; HD, hemodialysis; INSTI, integrase strand transfer inhibitor; LPV, lopinavir; NNRTI, nonnucleoside reverse transcriptase
inhibitor; PI, protease inhibitor; po, by mouth; qd, every day; qhs, every night at bedtime; tid, 3 times daily; WHO, World Health Organization.
a Administer dose after hemodialysis on days when hemodialysis performed.
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Table 7. Dosing of Antimicrobial Agents for HIV-Infected Patients With Chronic Kidney Disease or End-Stage Renal Disease

Drug and Dosing Category Dosage

Acyclovir

Usual dosage (high dose for zoster) 200–800 mg po 3–5 times per day; 5–10 mg/kg of ideal body weight IV q8h

Dosage for patients with CKD or ESRD

CrCl 25–50 mL/min 200–800 mg po 3–5 times per day; 5–10 mg/kg of ideal body weight IV q12h

CrCl 10–24 mL/min 200–800 mg po q8h; 5–10 mg/kg of ideal body weight IV q24h

CrCl <10 mL/min 200–800 mg q12h; 2.5–5 mg/kg of ideal body weight IV q24h

CrCl <10 mL/min receiving hemodialysis 2.5–5 mg/kg of ideal body weight IV q24h; on days of HD, dose post-HD

Adefovir

Usual dosage 10 mg po q24h

Dosage for patients with CKD or ESRD

CrCl 30–49 mL/min 10 mg q48h

CrCl 10–29 mL/min 10 mg q72h

Receiving hemodialysis 10 mg every 7 d following dialysis

Amphotericin B deoxycholate

Usual dosage 0.7–1.0 mg/kg IV q24h

Dosage for patients with CKD or ESRD No dose adjustment (but consider lipid amphotericin formulations, azoles, or echinocandins)

Amphotericin B colloidal dispersion

Usual dosage 3.0–6.0 mg/kg of actual body weight IV q24h

Dosage for patients with CKD or ESRD No dose adjustment

Amphotericin B lipid complex

Usual dosage 5 mg/kg of actual body weight IV q24h

Dosage for patients with CKD or ESRD No dose adjustment

Amphotericin B liposomal

Usual dosage 4.0–6.0 mg/kg of actual body weight IV q24h

Dosage for patients with CKD or ESRD No dose adjustment

Cidofovir

Usual dosage 5 mg/kg IV q week × 2 wk, then every other week (with probenecid and hydration)

Dosage for patients with CKD or ESRD

Increase in serum creatinine level to 0.3–0.4
above baseline

3 mg/kg of body weight IV every other week (with probenecid and hydration)

Increase in serum creatinine level to ≥0.5 above
baseline or development of grade 3+
proteinuria

Discontinue

Baseline serum creatinine level >1.5, CrCl ≤55
mL/min, or grade ≥2+ proteinuria

Not recommended

Ciprofloxacin

Usual dosage 500–750 mg po q12h OR 400 IV q8h-12h

Dosage for patients with CKD or ESRD

CrCl 30–50 mL/min 500–750 mg q12h OR 400 IV q12h

CrCl <30 mL/min 250–500 mg q18–24h OR 400 IV q24h

Receiving hemodialysis 250–500 mg q24h OR 200–400 IV q24h (days of HD dose post-HD)

Clarithromycin

Usual dosage 500 mg po q12h

Dosage for patients with CKD or ESRD Reduce dose by one‐half if CrCl <30 mL/min. With PI coadministration, dose reduction by 50%
with CrCl 30–60 mL/min and 75% reduction with CrCl <30 mL/min

Ethambutol

Usual dosage 15–25 mg/kg of body weight po q24h

Dosage for patients with CKD or ESRD

CrCl 10–50 mL/min 15–25 mg/kg of body weight po q24–36h

CrCl <10 mL/min 15–25 mg/kg of body weight po q48h

Famciclovir

Usual dosage 500 mg po q12h (HSV) or 500 q8h (VZV)

Dosage for patients with CKD or ESRD

CrCl 20–39 mL/min 500 mg q24h

CrCl <20 mL/min 250 mg q24h

Receiving hemodialysis 250 mg after each dialysis
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Table 7 continued.

Drug and Dosing Category Dosage

Fluconazole

Usual dosage 200–1200 mg po q24h

Dosage for patients with CKD or ESRD

CrCl ≤50 mL/min Half-dose

Receiving hemodialysis Full dose after dialysis

Flucytosine Monitor levels: target 30–80 µg/mL (2 h postdose)

Usual dosage 25 mg/kg q6h

20–40 mL/min 25 mg/kg q12h

10–20 mL/min 25 mg/kg q24h

<10 mL/min 25 mg/kg q48h

Foscarnet

CrCl (mL/min/kg) CMV induction treatment CMV maintenance treatment

>1.4 90 mg/kg q12h 90 mg/kg q24h

1.0–1.4 70 mg/kg q12h 70 mg/kg q24h

0.8–1.0 50 mg/kg q12h 50 mg/kg q24h

0.6–0.8 80 mg/kg q24h 80 mg/kg q48h

0.5–0.6 60 mg/kg q24h 60 mg/kg q48h

0.4–0.5 50 mg/kg q24h 50 mg/kg q48h

<0.4 Not recommended Not recommended

Ganciclovir

Usual dosage 5 mg/kg q12h (I); 5 mg/kg q24h (M)

50–69 mL/min 2.5 mg/kg q12h (I); 2.5 mg/kg q24h (M)

25–49 mL/min 2.5 mg/kg q24h (I); 1.25 mg/kg q24h (M)

10–24 mL/min 1.25 mg/kg q24h (I); 0.625 mg/kg q24h (M)

<10 mL/min; HD 1.25 mg/kg TIW (I) post-HD; 0.625 mg/kg TIW (M) post-HD

Isoniazid

Usual dosage 300 mg po q24h

Dosage for patients with CKD or ESRD 300 mg q24h (on days of HD, dose post-HD)

Levofloxacin

Usual dosage 250–750 mg po q24h

Dosage for patients with CKD or ESRD (receiving
500 mg po q24h)

CrCl 20–49 mL/min 500 mg loading dose, then 250 mg q24h

CrCl 10–19 mL/min 500 mg loading dose, then 250 mg q48h

Receiving hemodialysis or PD 750–500 mg loading dose, then 250–500 mg q48h (dose post-HD on days of dialysis)

Pentamidine

Usual dosage 4.0 mg/kg of body weight IV q24h

Dosage for patients with CKD or ESRD

CrCl 10–50 mL/min 3.0 mg/kg of body weight IV q24h (use with caution)

CrCl <10 mL/min 4.0 mg/kg of body weight IV q-48h

Pyrazinamide

Usual dosage 20–25 mg/kg of body weight q24h

Dosage for patients with CKD or ESRD

CrCl <10 mL/min 15–20 mg/kg q24h

Receiving hemodialysis 20 mg/kg q24h (dose post-HD on days of dialysis)

Peginterferon alfa-2a

Usual dosage 180 µg/kg weekly

<30 mL/min; HD 135 µg/kg weekly

Peginterferon alfa-2b

Usual dosage 1.5 µg/kg q wk

30–50 mL/min Decrease dose by 25%

10–29 mL/min; HD Decrease dose by 50%
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between the original treatment groups after all subjects were as-
signed to continuous ART upon study modification [252, 255],
possibly indicating that ART may delay, but might not prevent,

progression to ESRD. Available evidence, including epidemiolog-
ical data showing a decline in the incidence of kidney disease
since the availability of ART, consistently supports salutary effects

Table 7 continued.

Drug and Dosing Category Dosage

Ribavirin

Usual dosage 800–1200 mg/day (based on weight) in 2 divided doses.

Dosage for patients with CKD or ESRD

CrCl 30–50 mL/min Alternate 200 mg and 400 mg qod

CrCl <30 mL/min 200 mg qd

CrCl <10 mL/min on HD 200 mg/d (limited data w/ high dropout rates)

Rifabutin

Usual dosage 300 mg po q24h (dose adjustment needed with PI/r coadministration)

<30 mL/min Consider 50% dose reduction

Rifampin

Usual dosage 600 mg po q24h

Dosage for patients with CKD or ESRD

CrCl 10–50 mL/min 100% of full dose

CrCl <10 mL/min 50%–100% of full dose

Receiving hemodialysis 50%–100% of full dose; no supplement

Receiving peritoneal dialysis 50%–100% of full dose; extra 50%–100% of full dose after receipt of peritoneal dialysis.
Therapeutic drug monitoring recommended

Sulfadiazine

Usual dosage 1–1.5 g po q6h (1.5 g for >60 kg)

10–50 mL/min 1–1.5 g po q12h

<10 mL/min; HD 1–1.5 g po q24h

Trimethoprim-sulfamethoxazole

Usual dosage (Pneumocystis jirovecii pneumonia
prophylaxis)

1 double-strength dose po q24h; 1 double-strength dose po 3 times per week; 1 single-strength
dose po q24h

Dosage for patients with CKD or ESRD

CrCl 15–30 mL/min Half-dose

CrCl <15 mL/min Half-dose or use alternative agent

Dosage for treatment of Pneumocystis jirovecii pneumonia

Usual dosage 5 mg/kg (as trimethoprim component) IV or po q6–8h

In patients with CKD or ESRD

CrCl 10–30 mL/min 5 mg per kg (as trimethoprim component) q12h

CrCl <10 mL/min 5 mg per kg (as trimethoprim component) q24h

Valacyclovir

Usual dosage 500 mg–1 g po q8h

Dosage for patients with CKD or ESRD

CrCl 30–49 mL/min 500 mg–1 g po q12h

CrCl 10–20 mL/min 500-1 g mg po q24h

CrCl <10 mL/min 500 mg po q24h

Valganciclovir

Usual dosage 900 mg po q12h (I); 900 mg po q24h (M)

Dosage for patients with CKD or ESRD

CrCl 40–59 mL/min 450 mg q12h (I); 450 mg qd (M)

CrCl 25–39 mL/min 450 mg qd (I); 450 mg qod (M)

CrCl 10–24 mL/min 450 mg qod I); 450 mg twice per wk (M)

CrCl <10 mL/min Not recommended by US manufacturer. Use IV ganciclovir or consider 200 mg suspension tiw
(I)/100 mg suspension tiw (M)

Receiving hemodialysis Consider 200 mg oral powder formulation tiw (I); 100 mg tiw (M)

Abbreviations: CKD, chronic kidney disease; CMV, cytomegalovirus; CrCl, creatinine clearance; ESRD, end-stage renal disease; HD, hemodialysis; HIV, human
immunodeficiency virus; HSV, herpes simplex virus; I, induction; IV, intravenous; M, maintenance; PD, peritoneal dialysis; PI, protease inhibitor; po, by mouth; q,
every; qd, every day; qh, every hour; qod, every other day; tiw, three times a week; VZV, varicella zoster virus.
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of ART on kidney function that are not limited to patients with
HIVAN, particularly in those with low CD4 cell counts and poor-
ly controlled HIV replication [122].

Tenofovir Use in Patients With Preexisting Kidney
Disease. Given consistent data from observational studies
suggesting an increased risk of CKD with tenofovir use and
putative mechanisms for proximal tubular dysfunction or
toxicity, it is prudent to avoid tenofovir in HIV-infected individ-
uals with preexisting kidney disease when other effective HIV
treatment options exist. Data are limited and conflicting on the
safety and efficacy of tenofovir in adults with preexisting kidney
disease and GFR <60 mL/minute/1.73 m2. An increased risk of
tenofovir-associated nephrotoxicity was observed in patients
with baseline renal insufficiency in some, but not all, studies
fromNorth America and Europe [46, 54, 134, 157, 256].Neverthe-
less, in the small numbers of patients with preexisting CKD and a
GFR <60 mL/minute/1.73 m2 who received tenofovir within 3
large US observational cohorts, worsening kidney function was
not uniformly observed [54, 157, 256], although the power to de-
tect differences between ART regimens in this small subset of
patients was limited. Furthermore, in observational studies of
patients who initiated ART in sub-Saharan Africa, tenofovir was
well tolerated and often was associated with GFR improvements in
individuals with baseline CKD, although some of these improve-
ments may have reflected HIVAN improving with ART as many
participants in these studies had advanced HIV at the time of en-
rollment [118, 196, 253, 257–261]. These data suggest that tenofo-
vir may be considered with close kidney function monitoring in
patients with preexisting renal insufficiency who have limited
ART options or who need tenofovir for the treatment of hepatitis
B infection. In such cases, the dose of tenofovir should be reduced
as appropriate for the estimated creatinine clearance or GFR
(Table 6), and concurrent use of other potentially nephrotoxic
drugs should be avoided, including atazanavir and other boosted
protease inhibitors (which have been implicated in increasing the
risk of tenofovir-associated nephrotoxicity) when possible [54,
129, 154, 158, 161].

Worsening Kidney Function in Patients Receiving Tenofo-
vir. Despite consistent evidence of proximal tubular dysfunc-
tion in association with tenofovir use, no studies have
specifically examined the safety of continued tenofovir use in
patients with evidence of proximal tubular dysfunction but pre-
served GFR. We recommend that tenofovir should be discon-
tinued in patients who develop reduced GFR (ie, by >25%
from baseline and to a level <60 mL/minute/1.73 m2), particu-
larly when there is evidence of proximal tubular dysfunction,
such as euglycemic glycosuria or increased urinary phosphorus
excretion and hypophosphatemia, or new-onset or worsening
proteinuria (Table 5). Although proteinuria is not specific for
proximal tubular dysfunction, some data suggest that a lower
ratio of albumin-to-protein concentrations in urine (urinary

albumin–total protein ratio <0.4) may be useful in distinguish-
ing proteinuria that is predominantly due to proximal tubular
disease vs glomerular disease [151, 262].

Tenofovir -Sparing ART Regimens. Existing data on the
balance of kidney safety, plasma HIV RNA suppression efficacy,
and cardiovascular risk are inadequate to recommend specific
antiretroviral drugs or strategies for HIV-infected patients
with GFR <60 mL/minute/1.73 m2. Abacavir is the only nucle-
oside analogue that does not require dose modifications for
renal insufficiency, making it an attractive option for patients
with CKD. Abacavir has a risk of hypersensitivity reactions
early in treatment, although the risk can be greatly reduced
by screening for the HLA-B*57:01 allele prior to treatment
[263]. Additionally, a higher risk for virologic failure was ob-
served in participants with baseline HIV RNA >100 000 cop-
ies/mL with abacavir/lamivudine compared with tenofovir/
emtricitabine in a trial in which these agents were combined
with either efavirenz or ritonavir-boosted atazanavir [264].
However, the combination of abacavir/lamivudine plus dolute-
gravir was superior to tenofovir/emtricitabine plus efavirenz,
with no differences by baseline HIV RNA level [175]. Abacavir
has been associated with an increased risk of cardiovascular
events in some observational studies [265–268], although
other studies did not find such an association [269–271] and
mechanisms for increased cardiovascular risk have not been es-
tablished. Because CKD is associated with significantly in-
creased risk of cardiovascular disease [41, 115], a causal
association between abacavir and cardiovascular risk would de-
crease the attractiveness of this drug.

Nucleoside-sparing regimens, although attractive to elimi-
nate the risk of nephrotoxicity that may result from tenofovir
and the need to reduce doses of other nucleoside reverse tran-
scriptase inhibitors (NRTIs), have not been prospectively stud-
ied in patients with CKD. Nucleoside-sparing regimens that
have been evaluated to date in patients without CKD include
protease inhibitor monotherapy [272, 273], or protease inhibi-
tors in combination with either NNRTIs [274, 275], C-C che-
mokine receptor type 5 antagonists [276, 277] , or integrase
inhibitors [278–281]. Compared with established nucleoside
analogue–based regimens, nucleoside-sparing regimens have
generally been associated with more laboratory abnormalities,
higher rates of virologic failure, or higher rates of emergent
drug-resistant mutations. For example, in a single-arm, multi-
center study of darunavir/ritonavir plus raltegravir in ART-
naive subjects that was conducted through the ACTG, the rate
of virologic failure (defined by a confirmed HIV RNA level >50
copies/mL) was 26% by week 48, and failure was significantly
associated with a higher baseline HIV RNA (hazard ratio for
failure, 3.76 [95% CI, 1.52–9.31] with baseline HIV RNA
>100 000 copies/mL) [280]. All 5 subjects with integrase muta-
tions that were identified during virologic failure in this study
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had baseline HIV RNA above this threshold. Furthermore, in a
recent large multicenter, randomized, noninferiority study
comparing darunavir/ritonavir plus either raltegravir or tenofo-
vir/emtricitabine in ART-naive subjects, although the nucleo-
side-sparing arm was noninferior in terms of virologic
efficacy and safety overall, in prespecified sensitivity analyses
subjects randomized to raltegravir had a higher risk of virologic
failure when baseline CD4 counts were <200 cells/µL (39% vs
21%; P = .02), and had a trend towards higher risk of virologic
failure with baseline HIV RNA >100 000 copies/mL (36% vs
27%; P = .09); treatment-emergent resistance during failure
was detected in 5 of 28 vs 0 of 13 patients in the raltegravir vs
the nucleoside arm, respectively [281]. In summary, although
the use of a nucleoside-sparing regimen is a reasonable ap-
proach in HIV-infected patients who have CKD, the data sup-
porting these regimens are currently inadequate to recommend
such regimens as a general strategy.

Benefits: Available data that suggest patients infected with
HIV and CKD receive significant benefit from ART. Use of a
tenofovir-sparing regimen in these patients removes a potential-
ly exacerbating factor from the management strategy.

Harms: Some studies raise concern that abacavir may in-
crease cardiovascular risk, although data are mixed. Nucleo-
side-sparing regimens are options for treating HIV patients
with CKD, but none of these regimens has sufficient data to es-
tablish virologic noninferiority compared with standard regi-
mens, particularly in patients with low CD4 cell counts or
high HIV RNA concentrations.

IV. What Are the Roles of Angiotensin-Converting Enzyme
Inhibitors, Angiotensin II Receptor Blockers, HMG–Coenzyme A
Reductase Inhibitors (Statins), and Aspirin in HIV-Infected
Patients With CKD to Prevent Kidney Disease Progression and/or
Reduce Cardiovascular Disease Risk?
Recommendations
12. We recommend using ACE inhibitors or ARBs, when

clinically feasible, in patients infected with HIV who have
confirmed or suspected HIVAN or clinically significant albu-
minuria (eg, >30 mg/day in diabetic patients; >300 mg/day in
nondiabetic patients) (strong, high).
13. We recommend that HIV-infected individuals with pre-

ESRD CKD be treated with statins to prevent cardiovascular
disease as appropriate for persons in the highest cardiovascular
risk group (eg >7.5% 10-year risk of cardiovascular disease)
(strong, high).
14. We suggest that clinicians consider prescribing aspirin

(75–100 mg/day) to prevent cardiovascular disease in HIV-
infected individuals with CKD; however, the benefit of aspirin
should be balanced against the individual’s risk of bleeding
(weak, high).

Evidence Summary
ACE Inhibitors and ARBs in CKD. There are few studies re-
garding the use of ACE inhibitors or ARBs in HIV-infected per-
sons with CKD, and those that are available focused on HIVAN
during the era prior to the availability of potent combination
ART, wherein ACE inhibitor use was associated with a signifi-
cantly lower risk of ESRD or with a longer time to ESRD in 3
observational studies [61, 200, 202].

Several large randomized trials in the general population have
demonstrated that ACE inhibitors and ARBs can reduce protein-
uria and slow the loss of kidney function in patients with protein-
uria, particularly in those with diabetic or hypertensive
nephropathy. The National Kidney Foundation endorses ACE
inhibitors or ARBs as the preferred antihypertensive agents in
patients with diabetes mellitus and stage 1–4 CKD [212]. In pa-
tients with diabetes and albuminuria >30 mg/day, treatment with
ACE inhibitors or ARBs reduced the rate of progression to overt
proteinuria [282, 283] and slowed progression to ESRD in diabet-
ic patients with higher levels of albuminuria [208, 210, 284–286].

ACE inhibitors and ARBs also reduced the risk of ESRD in
patients with nondiabetic CKD, mainly due to hypertension
[287–290], but this benefit appears to be restricted to patients
with severely increased proteinuria (eg, albuminuria >300 mg/
day or equivalent (Table 3) and not with lower levels of albu-
minuria or reduced GFR alone [211, 291]. Although patients
with proteinuric kidney disease who did not have either diabetes
or hypertension were included in some of these studies [287,
289, 292], the low number of renal events limited the ability
to detect benefits by ACE inhibitors or ARBs in such patients
[211]. In addition to these renal benefits, ACE inhibitor use
was associated with a reduced risk of nonfatal cardiovascular
events in a systematic review of randomized trials among pa-
tients with albuminuria >30 mg/day and at least one cardiovas-
cular risk factor [211].

Combination therapy with an ACE inhibitor and an ARB was
found to reduce proteinuria and systolic blood pressure to a great-
er degree than either drug class alone in a meta-analysis [293].
However, large trials failed to show clinical benefits to a strategy
of combining an ACE inhibitor with an ARB, including within
the subset of subjects with low GFR and albuminuria [209]. Ad-
ditionally, some studies found greater risks for harm with combi-
nation therapy including increased hypotension, syncope, renal
dysfunction, and hyperkalemic events [211, 294–296].

Statin Therapy to Reduce Cardiovascular Risk in CKD.
There are no studies to date assessing the efficacy of statins in
HIV-infected persons with CKD. In studies of subjects from
the general population, there is consistent evidence of benefit
with statin use in subjects with non-ESRD CKD; however,
there is conflicting evidence of benefit in subjects with ESRD.
Recently revised guidelines on the treatment of blood
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cholesterol to reduce the risk of cardiovascular disease by the
American College of Cardiology and the American Heart Asso-
ciation recommend statin use for secondary and primary preven-
tion in individuals whose 10-year risk of cardiovascular disease
exceeds 7.5%, with the exception of individuals with ESRD re-
ceiving maintenance hemodialysis or those with New York
Heart Association class II–IV heart failure [297]. Although the
Framingham risk score does not include renal indices, individu-
als with CKD (defined by a GFR between 15 and 60 mL/minute/
1.73 m2) had a >7.5% 10-year risk of incident cardiovascular dis-
ease in one large population-based study [298].

Statin use was associated with consistently lower risks of
cardiovascular-associated mortality in individuals with CKD
(relative risks, 0.80 [95% CI, .71–.94], 0.81 [95% CI, .74–.88],
and 0.82 [95% CI, .74–.91]) in 3 recent systematic reviews and
meta-analyses involving 6–80 randomized controlled trials, when
studied as primary or secondary cardiovascular disease prophy-
laxis [211, 299, 300], wherein these benefits did not differ signifi-
cantly between participants with or without CKD. Of note,
cardiovascular benefits of statins also were evident in 3 trials that
included participants with CKD and mean baseline low-density
lipoprotein (LDL) cholesterol levels <130 mg/dL [301–303], and
there were no significant associations between cardiovascular
events and baseline LDL cholesterol levels (P = .95), or net
LDL changes (P = .72) in one meta-regression analysis [299].

However, among patients with ESRD, data regarding statin
efficacy are mixed. Although simvastatin plus ezetimibe was as-
sociated with a significant reduction in primary cardiovascular
events among the subset of 3023 participants with ESRD on di-
alysis in the Study of Heart and Renal Protection study [302],
statins did not reduce the risk of fatal or nonfatal cardiovascular
events in 2 large randomized controlled trials of ESRD parti-
cipants on hemodialysis [304, 305], and one meta-analysis
determined that statins were not associated with reduced
cardiovascular mortality or cardiovascular events among per-
sons with ESRD [300]. The reasons for the discrepancy between
these studies are not known.

Aspirin Therapy to Reduce Cardiovascular Risk in CKD.
Aspirin use is associated with reduced risk of cardiovascular
disease in individuals with and without a history of cardiovas-
cular disease, but also with increased risk of major bleeding
complications [306]. The US Preventive Services Task Force
(USPSTF) recommends aspirin to prevent cardiovascular dis-
ease in men aged 45–79, and in women aged 55–79, whose
risk of cardiovascular disease exceeds their age-adjusted risk
of a major bleeding event [307]. Although there are no studies
on the efficacy of aspirin use to prevent cardiovascular disease
in HIV-infected individuals, <20% of HIV-infected patients
meeting the 2009 USPSTF criteria for aspirin use as primary
prevention of cardiovascular events were prescribed aspirin in
one recent study [308].

In a post hoc analysis of the Hypertension Optimal Treat-
ment study among 3619 subjects with a GFR <60 mL/minute/
1.73 m2, aspirin 75 mg/day was associated with significantly
fewer cardiovascular events and lower all-cause mortality, and
this survival benefit increased in association with lower GFR
categories. For every 1000 persons with a GFR <45 mL/mi-
nute/1.73 m2, aspirin use was estimated to prevent 76 major
cardiovascular events and 54 all-cause deaths while contribut-
ing to 27 excess major bleeds [309]; however, there was also a
trend toward an increased risk of bleeding in association with
lower GFR (P = .08). In another randomized placebo-controlled
study of aspirin and simvastatin in participants with CKD, in-
cluding patients with ESRD or a functioning kidney transplant
and predialysis patients with a creatinine level ≥1.7 mg/dL, as-
pirin 100 mg/day was associated with a 3-fold higher risk of
minor, but not major, bleeding episodes [310]. The 2013
KDIGO guidelines suggest that adults with CKD who are at
risk for atherosclerotic events be offered treatment with anti-
platelet agents unless there is an increased bleeding risk that
needs to be balanced against the possible cardiovascular benefits
[1]. The optimal dose of aspirin is not known. In a meta-
analysis by the Antithrombotic Trialists’ Collaboration of
6 large trials of aspirin for primary prevention in the general
population, the risk reductions achieved with low doses (75–
162 mg/day) were as large as those obtained with higher
doses (500–1500 mg/day) and larger than those that used
doses <75 mg/day [311]; therefore, the American Diabetes As-
sociation and the American Heart Association jointly recom-
mended 75–162 mg/day of aspirin as a primary prevention
strategy [312]. Doses of 75–100 mg/day were effective in trials
of patients with CKD.

Benefits: In randomized trials, ACE inhibitors and ARBs have
consistently shown renal and cardiovascular benefits in protei-
nuric kidney disease, and they remain renoprotective in those
with GFR <30 mL/minute/1.73 m2. Trial data from the general
CKD population show that statins and aspirin reduce the risk of
cardiovascular disease in patients with non-ESRD CKD.

Harms: Adverse effects of ACE inhibitors and ARBs include
acute kidney injury, hyperkalemia, peripheral edema, hypoten-
sion, angioedema, cough, headache, and nausea, and they are
associated with teratogenicity [296, 313, 314]. KDIGO guide-
lines recommend that the initial dose should be lower for indi-
viduals with GFR <45 mL/minute/1.73 m2, in whom GFR and
potassium should be measured within 1 week of starting, or fol-
lowing any dose escalation, and regularly thereafter. ACE inhib-
itors or ARBs may be temporarily discontinued during
intercurrent illness, planned intravenous radiocontrast adminis-
tration, bowel preparation prior to colonoscopy, or before major
surgery [1]. Contraindications for ACE inhibitors and ARBs in-
clude a history of allergy or angioedema and bilateral renal
artery stenosis [315]. Although not contraindicated in women
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of reproductive age, ACE inhibitors or ARBs should be imme-
diately discontinued as soon as pregnancy is anticipated or
suspected.

Statins have important drug–drug interactions with protease
inhibitors and other drugs that are metabolized by the CYP3A
system and pose an increased risk of myopathy.

Among the currently available statins, atorvastatin, fluvasta-
tin (except with nelfinavir), pitavastatin, pravastatin (except
with darunavir), and rosuvastatin are acceptable options in
ART-treated patients with appropriate dosing and monitoring
[316]. It is not clear that statins are beneficial in patients with
ESRD. Kidney disease may increase the risk of bleeding with
aspirin.

V. What Is the Optimal Blood Pressure Goal for HIV-Infected
Patients With CKD?
Recommendations
15. We recommend a target blood pressure of <140/90 mm

Hg in HIV-infected patients who have CKD with normal or
mildly increased albuminuria (eg, <30 mg/day or equivalent)
(strong, moderate).
16. We suggest a target blood pressure of <130/80 mm Hg in

HIV-infected patients who have CKD with moderately to se-
verely increased albuminuria (eg, >30–300 mg/day or equiva-
lent) (weak, low).

Evidence Summary
There are no studies directly evaluating blood pressure targets in
HIV-infected persons with CKD. A systematic review [317] of 3
randomized controlled trials comparing standard (<140/90 mm
Hg) and strict (<125–130/75–80 mm Hg) blood pressure tar-
gets in nondiabetic subjects with CKD from the general popu-
lation (the MDRD study [318], the African American Study of
Kidney Disease and Hypertension [AASK] Trial [290], and the
Ramipril Efficacy in Nephropathy [REIN-2] trial [292]) report-
ed that low blood pressure targets were not associated with stat-
istically significant improvements in primary or secondary
clinical outcomes. Similarly, a recent systematic review from
the USPSTF found no evidence that stricter blood pressure con-
trol reduced mortality or ESRD risk in patients with stage 1–3
CKD [211].However, subgroup analyses by baseline proteinuria
levels in the AASK and MDRD trials, but not the REIN-2 trial,
suggested benefit for the lower blood pressure target in patients
with proteinuria (>300 mg/day and >1000 mg/day, respective-
ly) [317]. The 2012 KDIGO guidelines recommend a target
blood pressure ≤140/90 mm Hg for both diabetic and nondia-
betic patients with CKD and albuminuria≤30 mg/day, and sug-
gest a target blood pressure ≤130/80 mm Hg for patients with
CKD and moderately or severely increased albuminuria [1].

Benefits: A blood pressure goal of <130/80 mm Hg may re-
duce the risk of kidney disease progression and cardiovascular

events in patients infected with HIV and CKD with higher lev-
els of proteinuria.

Harms: A lower blood pressure target may increase pill burden
and the risk of adverse events, including syncope. At lower levels
of proteinuria, there is no evidence that a lower blood pressure
target is beneficial in reducing the risk of clinical events.

VI. Should Patients With HIVAN Receive Corticosteroids to
Reduce the Risk of ESRD?
Recommendation
17. We suggest that clinicians consider corticosteroids as an

adjunct to ART and ACE inhibitors or ARBs in patients with
biopsy-confirmed HIVAN (weak, low).

Evidence Summary
During the pre–combination ART era, corticosteroids were as-
sociated with a lower risk of progression to ESRD in patients
infected with HIVAN and with improvement in serum creati-
nine and reductions in proteinuria [199, 319–321]. Studies of
HIVAN used prednisone 60 mg/day or the equivalent of 1
mg/kg of prednisone per day. Renal improvement was typically
observed after 1–4 weeks of initiating corticosteroids, and re-
sponders were continued at that dose for 2–11 weeks then ta-
pered off over 2–26 weeks. We recommend that patients who
do not respond after 1–4 weeks of prednisone should be rapidly
tapered [322, 323]. Corticosteroids for the treatment of HIVAN
were not associated with increased risk of opportunistic infec-
tions in the only study in which this risk was assessed [319],
but other studies in HIV-infected persons have reported a 4-
to 7-fold increased risk of avascular necrosis in association
with prior corticosteroid use [324–326].

Corticosteroids are effective for treatment of other complica-
tions of HIV that may be immune mediated, but there is no
published experience of corticosteroid use in patients with kid-
ney diseases other than HIVAN, including HIV immune com-
plex kidney disease. Therefore, the use of corticosteroids for
HIV-related kidney diseases other than HIVAN cannot be
recommended.

Benefits: Corticosteroids may reduce kidney disease progres-
sion in HIV-infected patients with HIVAN.

Harms: Corticosteroids are associated with an increased risk
of avascular necrosis in patients with HIV, and they have poten-
tial to increase the risk of infections. Most data supporting cor-
ticosteroid benefit came prior to the availability of combination
ART, so the additive benefit of corticosteroids to combination
ART in patients with HIVAN is not known.

VII. What Is the Role of Kidney Transplantation in Patients
Infected With HIV and ESRD or Imminent ESRD?
Recommendations
18. We recommend that HIV providers assess patients with

HIV and ESRD or imminent ESRD for the possibility of kidney
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transplantation, considering history of opportunistic condi-
tions, comorbidities, current immune status, and virologic con-
trol of HIV with ART (strong, moderate).
19. We recommend dose adjustment and pharmacologic

monitoring of immunosuppressant drugs in patients infected
with HIV after kidney transplantation to account for pharma-
cologic interactions with antiretroviral drugs. When feasible,
ART should be selected that minimizes interactions with immu-
nosuppressant drugs (strong, moderate).

Evidence Summary
In the previous version of these guidelines [2], kidney trans-
plantation in patients infected with HIV and ESRD was consid-
ered experimental. However, data over the past 8 years indicate
that high rates of patient and graft survival can be achieved in
selected patients, although the risk of acute graft rejection has
consistently been found to be higher in HIV-infected compared
with HIV-uninfected recipients of kidney transplant [106]. The
panel’s strong recommendation to consider transplant in all
HIV-infected persons with ESRD or imminent ESRD is based
on data that kidney transplantation is associated with reduced
mortality compared with remaining on dialysis from studies
of the general ESRD population [179].

Eligibility Factors. Broadly similar eligibility criteria for
kidney transplantation in HIV-infected individuals have been
adopted in North America and Western Europe. Based on the
historic CD4 cell count threshold where the risk of opportunis-
tic infections increases sharply in HIV-infected persons [327], a
CD4 count >200 cells/µL has been used as an eligibility criterion
in almost all published experience with kidney transplantation
in this population [106, 180–194, 328–332].Additionally, guide-
lines from Europe and the United States require transplantation
candidates to have an undetectable plasma HIV RNA on a sta-
ble ART regimen [106, 328, 330, 331, 333]. The inability to
achieve an undetectable viral load, either because of antiretrovi-
ral drug resistance or inadequate adherence, remains a contra-
indication to transplant at most centers because virologic failure
is a harbinger of clinical disease progression in HIV infection
[334, 335].

In early experience with kidney transplantation in HIV-
infected persons, any prior opportunistic condition was con-
sidered a contraindication to organ transplantation. With
experience, these restrictions have been liberalized [328, 330,
333]. The US multicenter trial included patients with a history
of treated opportunistic conditions, but excluded those with a
history of progressive multifocal leukoencephalopathy, chronic
intestinal cryptosporidiosis, primary central nervous system
lymphoma, or visceral Kaposi sarcoma [106].

Coinfection With Hepatitis C or B Virus. Approximately
30% of HIV-infected patients have hepatitis C virus (HCV) co-
infection, and 5%–10% are coinfected with hepatitis B [336].

In the general kidney transplant population, hepatitis C infec-
tion is associated with poorer transplantation outcomes than
in uninfected persons, and part of this excess risk has been at-
tributed to progressive liver disease after transplantation [337].
This concern is magnified in HIV/HCV-coinfected patients, as
HIV infection is also associated with more rapid progression of
HCV-associated liver disease [338–340]. Patients with decom-
pensated liver disease are poor candidates for transplantation,
unless a combined liver/kidney transplant is possible. Patients
with compensated liver disease but with significant fibrosis
are at higher risk for progressive liver disease after transplant
than those with significant fibrosis [337].

At present, pharmacologic treatment of hepatitis C with in-
terferon/ribavirin-based therapy is problematic both in the set-
ting of ESRD and after kidney transplantation because of
challenges using these drugs in these clinical contexts. However,
a number of direct-acting agents for hepatitis C infection are in
development that offer the promise of hepatitis C cure for a
large proportion of infected persons without the need to use in-
terferon or ribavirin [341–343], although data about the safety
and efficacy of new treatments in the setting of ESRD are
incomplete.

Antiretroviral Drug–Drug Interactions With Immunosup-
pressant Drugs. Because many immunosuppressants and an-
tiretroviral drugs are CYP substrates, inhibitors, or inducers,
there is potential for clinically significant drug–drug interac-
tions and pharmacokinetic variability (Table 8). One possible
reason for higher rates of graft rejection in HIV-infected com-
pared with HIV-uninfected transplant patients is the difficulty
in achieving optimal immunosuppression because of complex
pharmacological interactions between antiretroviral drugs and
immunosuppressive drugs. Close therapeutic drug monitoring
of tacrolimus, cyclosporine, and sirolimus with dose adjust-
ments are needed to achieve the target trough concentrations.
Significant increases in immunosuppressant exposure with the
coadministration of protease inhibitors have been documented
[344–349], and dramatic dose reductions of immunosuppres-
sant drugs are often required to maintain target trough concen-
trations, such that some patients require only 1%–2% of a
typical dose of the immunosuppressive drug. In contrast,
NNRTIs (eg, efavirenz) can modestly decrease tacrolimus con-
centrations [346, 350], and require compensatory dose increases
in immunosuppressant drugs.

Maraviroc, raltegravir, and NRTIs are not inhibitors or in-
ducers of CYP. No significant drug–drug interactions were ob-
served when raltegravir and tenofovir were coadministered with
cyclosporine and tacrolimus [351–353]. If feasible, clinicians
should consider switching a transplantation candidate who is
receiving a protease inhibitor or a NNRTI to a raltegravir-
based regimen to minimize the likelihood of drug–drug interac-
tions with cyclosporine, tacrolimus, or sirolimus. However,
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switching to a raltegravir-based regimen should be done cau-
tiously. In a randomized clinical trial, higher rates of virologic
failure occurred when subjects on stable lopinavir/ritonavir
therapy switched to raltegravir compared with remaining on lo-
pinavir/ritonavir, particularly in participants with a past history
of virologic failure [354]. The availability of specialists who are
experienced with pharmacologic monitoring and interactions
between immunosuppressant and ART drugs is important in
kidney transplantation to HIV-infected individuals.

Benefits: Kidney transplantation is associated with improved
survival in the general ESRD population compared with re-
maining on dialysis. Kidney transplantation offers HIV-infected
patients with ESRD freedom from dialysis and the potential for
an improved quality of life.

Harms: The rate of acute graft rejection is higher in HIV-in-
fected than in HIV-negative transplant recipients, and these
early rejections are likely to adversely affect long-term allograft
function. There are many pharmacologic interactions between
immunosuppressant and antiretroviral drugs.

RECOMMENDATIONS FOR CKD IN CHILDREN
AND ADOLESCENTS WITH HIV

VIII. How Should Children and Adolescents With HIV Be
Screened for Kidney Disease and Monitored for Tenofovir-
Associated Kidney Toxicity?
Recommendations
20. Similar to adults, we recommend that children and ado-

lescents with HIV who are without evidence of existing kidney
disease should be screened for renal function with estimated
GFR (using an estimating equation developed for children)
when ART is initiated or changed and at least twice yearly.
We recommend monitoring for kidney damage with urinalysis
or a quantitative measure of proteinuria when ART is initiated
or changed, and at least annually in children and adolescents
with stable kidney function. More frequent monitoring may
be appropriate with additional kidney disease risk factors
(strong, low).
21. We suggest avoiding tenofovir as part of first-line therapy

in prepubertal children (Tanner stages 1–3) because tenofovir
use is associated with increased renal tubular abnormalities
and bone mineral density loss in this age group (weak, low).

IX. Should Treatment of HIV-Related Kidney Disease Be Different
for Children and Adolescents Than for Adults?
Recommendations
22. We recommend that children and adolescents with HIV

who have proteinuric nephropathy (including HIVAN) should
be treated with ART and referred to a nephrologist (strong,
moderate).

23. We suggest using ACE inhibitors or ARBs to treat protei-
nuric nephropathy in children with HIV infection and suggest
their use as first-line therapy for hypertension in these children.
Because HIV-infected children with proteinuria may be at
greater risk for salt wasting and prone to dehydration, ACE in-
hibitors and ARBs should be used with caution in children
(weak, very low).
24. We suggest that corticosteroids not be used in children

with HIVAN (weak, very low).

Evidence Summary
Similar to adults, kidney disease was common in children and
adolescents with AIDS before the availability of combination
ART, particularly among those of African descent [355–360].
Kidney function often improved with ART, including reduced
proteinuria in association with HIV RNA suppression [361].
Improved survival with ART was also observed in children
and adolescents with ESRD, and approximately 2% of deaths
were attributable to kidney disease during the era of combina-
tion ART in both children and adults [204, 362–366]. Glomer-
ular collapse may be a less common feature of HIVAN in
children, who also may be more likely to exhibit tubulointersti-
tial changes alone or in combination with mesangial hyperpla-
sia, but who are without other glomerular pathology [357, 360,
365, 367]. HIV-infected children appear to be at higher risk for
an atypical and often fatal form of hemolytic uremic syndrome
than adults [365, 368].

Because of higher bone turnover rates in young children (<10
years old), tenofovir may have a greater adverse effect on bone
mineral density compared with adolescents or adults [204, 369].
Consequently, tenofovir is not recommended for children <2
years of age, nor is it recommended as part of first-line treat-
ment in children with Tanner stages 1–3, but the US Food
and Drug Administration recently approved tenofovir for use
in children aged ≥2 years [203].

Several studies have examined the renal safety of tenofovir in
children and adolescents aged 2–18 years [142, 144, 369–375].
Serious renal adverse events resulting in tenofovir discontinua-
tion were observed at a rate of 2.2 per 100 child-years in one
study [371]. Renal tubular abnormalities may be more common
in children than adults. In one prospective study, abnormal
urine osmolality was detected in 8 of 37 (22%) children on te-
nofovir, and decreased tubular phosphate reabsorption was
found in 74% [372]. In a second study of 456 children on
ART, of whom 131 received tenofovir, 20 (4.4%) children devel-
oped serum phosphate concentrations <2.5 mg/dL, which oc-
curred at a significantly higher rate in association with
tenofovir use (4.3 vs 0.9 per 100 child-years, with and without
tenofovir, respectively) [142].

Although ACE inhibitors or ARBs should be considered for
the treatment of proteinuric CKD and hypertension in children
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Table 8. Immunosuppressant and Antiretroviral Drug–Drug Interactions

Immunosuppressant Drug ATV, NFV, FPV, IDV, ELV/c
DRV/r, LPV/r, FPV/r,

ATV/r, IDV/r, Cobicistat TPV/r EFV, NPV, ETR

RAL, DTG,
MVC,

Enfuvirtide,
RPV, and all

NRTIs Comments

Tacrolimus (CYP3A4 and
P-gp substrate)

Tacrolimus concentrations
may be increased

Tacrolimus
concentrations may
be significantly
increased

May increase tacrolimus
concentrations initially,
but at steady-state may
decrease tacrolimus
concentration

Tacrolimus
concentrations
may be
decreased

Drug interaction
unlikely

Target trough: 5–15 ng/mL.
Higher tacrolimus trough
associated with 10% lower
rates of allograft rejection

Cyclosporine (CYP3A4 and
P-gp substrate)

Cyclosporine
concentrations may be
increased

Cyclosporine
concentrations may
be significantly
increased

Cyclosporine
concentrations may be
increased initially, but at
steady-state
concentrations may be
decreased

Cyclosporine
concentrations
may be
decreased

Drug interaction
unlikely

Target trough: 150–450 ng/mL.
Significantly higher rejection
rates observed with
cyclosporine. Consider
tacrolimus or sirolimus

Prednisone (CYP3A4
substrate)

RTV increases
prednisolone AUC. With
unboosted PIs and ELV/
c, prednisolone AUC
may also be increased

RTV increased
prednisolone AUC
30%–41%

RTV increased
prednisolone AUC
30%–41%

Prednisolone AUC
may be
decreased

Drug interaction
unlikely

Standard dose recommended

Mycophenolate
(glucuronosyltransferase,
renal)

Drug interaction unlikely
with NFV, FPV

IDV, ATV, or ELV/c may
increase mycophenolic
acid (active drug) serum
concentrations

Drug interaction
unlikely with DRV/r,
IDV/r, and FPV/r

LPR/r may decrease
mycophenolic acid

ATV/r may increase
mycophenolic acid
(active drug) serum
concentrations

Interactions with ELV/c
unknown

TPV/r may decrease
mycophenolic acid

NVP
concentrations
may be
decreased

Drug interaction
unlikely

With ATV coadministration,
monitor for potential
mycophenolate-associated
toxicities

Sirolimus (CYP3A4 and P-gp
substrate)

Sirolimus concentrations
may be increased

Sirolimus
concentrations may
be significantly
increased

Sirolimus concentrations
may be increased
initially, but at steady-
state, concentrations
may be decreased

Sirolimus
concentrations
may be
decreased

Drug interaction
unlikely

Target trough: 3–12 ng/mL;
sirolimus recommended for
patients with calcineurin-
associated nephrotoxicity

Abbreviations: ATV, atazanavir; AUC, area under the curve; CYP3A4, cytochrome P450 isoenzyne 3A4; DRV, darunavir; DTG, dolutegravir; EFV, efavirenz; ELV/c, elvitegravir/cobicistat; ETR, etravirine; FPV,
fosamprenavir; IDV, indinavir; LPV, lopinavir; MVC, maraviroc; NFV, nelfinavir; NRTI, nucleoside reverse transcriptase; NVP, nevirapine; P-gp, P-glycoprotein; PI, protease inhibitor; /r, boosted with ritonavir; RAL,
raltegravir; RPV, rilpivirine; RTV, ritonavir; TPV, tipranavir.

Urine abnormalities are generally more sensitive and specific than serum abnormalities in the diagnosis of renal proximal tubular dysfunction. For example, the presence of glycosuria alone (in the absence of clinical
diabetes) is diagnostic of proximal tubular dysfunction. Conversely, the presence of any of the plasma abnormalities alone cannot be used as diagnostic criterion.

e126
•

C
ID

2014:59
(1

N
ovem

ber)
•

Lucas
et

al



[1], the risk of acute kidney injury due to dehydration from di-
arrhea or vomiting is substantially higher in young children
than in adults receiving these agents [376]. In contrast to adults,
corticosteroids did not appear to confer benefit in case series of
children (aged <10 years) with HIVAN [358, 360].

FUTURE DIRECTIONS

Strong associations between markers of kidney function and
important clinical outcomes, including cardiovascular events
and all-cause mortality in ART-treated persons living with
HIV, provide a compelling rationale to identify interventions
that preserve or improve kidney function while also reducing
the incidence of these clinical outcomes. First, changing age de-
mographics as a result of dramatic improvements in survival
among persons living with HIV, combined with increased
risks of age-related comorbidities including CKD, highlight
an emerging research focus on HIV in aging populations.
Second, the recent identification of risk alleles of the genes
that encode apolipoprotein L1 and nonmuscle myosin IIA
heavy chain that are associated with HIVAN and other CKDs
in African-Americans presents a major opportunity to advance
the understanding of HIVAN and other CKDs that dispropor-
tionately affect African Americans. Third, a growing apprecia-
tion of the importance of hepatitis C coinfection with kidney
disease in these patients also represents an important area of
future inquiry. As a number of highly effective direct-acting
agents are in late-stage development for the treatment of
hepatitis C, it will be of interest to assess the role of hepatitis
C treatment/cure in managing hepatitis C–associated glomeru-
lar disease and to prevent CKD in HIV/HCV-coinfected
persons. Fourth, additional research is needed to identify mark-
ers of antiretroviral-associated tubular damage that are predic-
tive of clinically significant adverse outcomes, and to determine
the efficacy of monitoring for tubular toxicity in patients taking
antiretroviral drugs that may cause proximal tubule dysfunction
in randomized controlled trials.

Among clinical trials that are currently enrolling, CKD is
included among the clinical endpoints in the Strategic Timing
of Antiretroviral Therapy Trial that is being conducted by the
International Network for Strategic Initiative in Global HIV.
This study will assess the benefits and risks of initiating ART
at a CD4 count >500 cells/µL, compared with deferring until
the CD4 count is <350 cells/µL, and may provide important
insights into ART effects on kidney function preservation
[377].
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