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Abstract
With improved survival afforded by highly-active antiretroviral therapy (HAART), CKD has
emerged as one of the primary comorbid conditions affecting human immunodeficiency virus (HIV)-
infected individuals. Although CKD in HIV-infected individuals is classically thought of as a
consequence of advanced HIV infection such as in the case of HIV-associated nephropathy (HIVAN),
several factors likely contribute to the development CKD in HIV infection. These factors include
genetic predisposition, age-related decline in kidney function, HAART-related metabolic changes,
exposure to multiple nephrotoxic medications, and concurrent conditions such as hepatitis C or illicit
drug use. Similar to the general population, proteinuria and impaired kidney function are associated
with faster progression to acquired immune deficiency syndrome (AIDS) and death. Given the
prevalence and impact of kidney disease on the course of HIV infection and its management, current
guidelines recommend screening all HIV-infected individuals for kidney disease. This review
focuses on the current guidelines for kidney disease screening and discusses traditional as well as
promising strategies for detecting CKD in this vulnerable population.
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Introduction
More than a decade after the introduction of HAART in 1996, approximately 1.2 million
Americans are living with HIV.(1) With improved survival among HAART users, advancing
age, (2) and HAART-related metabolic effects such as hypertension,(3,4) diabetes mellitus,
(5 6) and dyslipidemia,(7,8) traditional chronic medical illnesses such as CKD have become
increasingly important comorbidities.(9,10) In fact, the overall proportion of ESRD attributed
to HIV infection within the U.S. has nearly doubled in the last decade.(11) However, this figure
likely underestimates the burden of CKD, as it does not account for other causes of kidney
disease in HIV infection.(12,13) In a study of HIV-positive women during the early HAART
era, 3.5% were found to have serum creatinine levels of 1.4 mg/dL or greater.(14) However,
the prevalence of CKD in the later HAART era remains unclear. Recent studies show that the
prevalence of impaired kidney function, as defined by an estimated glomerular filtration rate
(GFR) <60 mL/min/1.73 m2, may be as low as 2.4% and as high as 10%.(15-17)
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Several concurrent pathological changes are frequently observed in renal biopsies obtained
from HIV-infected persons.(18) These changes are the result of several co-existing factors,
such as advanced HIV-disease, diabetes, hypertension, and hepatitis C infection, which
simultaneously contribute to the development and progression of kidney disease in the setting
of HIV infection. The majority of CKD cases in HIV infection are purportedly due to HIVAN;
however, up to 50% of kidney diseases in HIV-infected persons result from a wide array of
non-HIVAN pathology, ranging from glomerulonephritides to diabetic nephropathy.(18) In
the later HAART era, in which earlier antiretroviral initiation is being advocated,(19) the
relative contribution of these latter entities to HIV-related kidney disease is likely to evolve,
with a diminishing number of HIVAN cases.

As in the general population, proteinuria and decreased kidney function portend worse
outcomes. Among HIV-positive individuals, proteinuria and impaired kidney function are
associated with faster progression to AIDS and death.(14,20) The impact of CKD on mortality
in HIV-infected individuals increases proportionately with lower levels of kidney function,
such that HIV-infected persons with estimated GFRs <15 mL/min/1.73 m2 are nearly six times
more likely to die compared to those with estimated GFRs >60 mL/min/1.73 m2.(21)
Insufficient HAART use and doses in HIV-infected persons with CKD may contribute to these
observed differences in mortality risk.(21)

Although nearly one-third of HIV-infected persons have abnormal kidney function,(22) a
recent study suggests that only a minority of affected individuals are recognized as having
kidney disease.(17) Given the detrimental association of CKD with poorer outcomes in HIV
infection and the implications of kidney function for HAART use and dosing, early recognition
of CKD and diagnosis of the underlying cause is imperative in the management of individuals
with HIV infection. Early recognition of CKD involves not only detection of proteinuria and
examination of the urine sediment, but also estimation of kidney function. Current methods of
kidney function estimates have not been thoroughly validated in HIV infection; however,
studies are now underway to do so. Ultimately, the affected individual may require a kidney
biopsy to determine the underlying cause of kidney disease. Clinical information gleaned from
the composite of these evaluations may facilitate HAART management in those with
indications for HAART and may lead to focused interventions to attenuate further kidney
injury.(23) Ultimately, these individuals may benefit from the use of emerging biomarkers
discovered as a result of renal tissue proteomic techniques.(24)

Guidelines for CKD Screening
Early detection and diagnosis of kidney disease are essential for preventing or slowing further
decline in kidney function and improving outcomes in HIV-infected persons. The NKF defines
CKD by the presence of an abnormal urinalysis, typically in the form of proteinuria, and/or an
estimated GFR <60 mL/min/1.73 m2 of at least 3 months duration.(25) In agreement with the
NKF, current guidelines provided by the HIV Medicine Association of the Infectious Diseases
Society of America (IDSA) advocate evaluation for both proteinuria and kidney dysfunction
as CKD screening in HIV-infected individuals.(26) Figure 1 displays a modified approach to
CKD screening in HIV-positive persons based on these guidelines. The IDSA guidelines
highlight the largest subset of HIV-infected individuals at higher risk for developing kidney
disease; however, persons currently using injection drugs, especially cocaine,(27,28) those
with a strong family history of kidney disease,(29) dyslipidemia,(30) or cigarette use,(31) and
those who are receiving certain medications should also be monitored for the development of
CKD.

Although there is a dearth of evidence to guide how frequent these assessments should be,
individuals with underlying impaired kidney function and those initiated on drugs with
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potential renal toxicities likely benefit from more vigilant renal follow-up. Persons receiving
tenofovir, in particular, may benefit from more frequent assessments of their kidney function,
serum phosphate levels, and urinalyses to monitor for early signs of nephrotoxicity.(32,33) In
the following sections, we will review additional methods available for assessing proteinuria
and estimating kidney function, providing alternatives to the IDSA guidelines for CKD
screening.

Assessment of Proteinuria
Proteinuria is one of the earliest indicators of various types of kidney disease, indicating a
disturbance of glomerular basement membrane permeability(34) or renal tubular reabsorption.
(35) Proteinuria is commonly found in HIV-infected individuals, with up to one-third having
microalbuminuria despite normal serum creatinine levels.(36,37) The severity of proteinuria
is prognostic of CKD progression in the general population.(38) In HIV-infected persons,
proteinuria is associated with faster progression to AIDS and death.(14,20)

A 24-hour urine collection for proteinuria is generally considered the gold standard for
proteinuria measurement; however, this method is subject to inaccuracies as a result of over-
or under-collection.(25) Therefore, clinicians frequently rely upon urine dipsticks or random
urine protein quantifications. The IDSA guidelines advocate use of urine dipsticks for
proteinuria screening.(26) However, the NKF recommends screening for proteinuria using
urine albumin-based methods such as albumin-specific dipsticks and random (preferably first
morning void) urine albumin-to-creatinine ratios.(25) Additionally, individuals found to have
proteinuria by dipstick should undergo confirmatory protein quantification within 3 months.
(25) Although urine dipsticks are considered effective screening tools, falsely negative results
may occur with dilute urine or with proteinuria consisting primarily of proteins other than
albumin.(25) In a study of 166 HIV-infected persons who underwent both a urine dipstick and
a spot urine protein-to-creatinine ratio within a 48-hour period, 21% of those with low but
clinically significant levels of proteinuria (300 to 999 mg/g creatinine) were not detected by
urine dipstick.(39) Urine protein quantifications provide more accurate assessments that may
be monitored over time and have been shown to correlate well with 24-hour urinary protein
excretion under various renal conditions.(40,41) Among individuals found to have albuminuria
or proteinuria, subsequent monitoring may be performed using spot urine albumin-to-
creatinine ratio or spot urine protein-to-creatinine ratio.(25) It is important to note that the use
of spot urine samples to approximate 24-hour urinary protein excretion should be avoided in
individuals with acute kidney failure, extremes of muscle mass, and advanced CKD in which
urine creatinine excretion (on which this approximation is based) is unreliable and may provide
spurious results.(42) In these particular scenarios, a 24-hour urine collection provides a more
accurate assessment of urinary protein excretion.

Based on the convenience of collection compared with 24-hour estimations, and accuracy
compared with the semi-quantitative urine dipstick, we suggest the use of either a spot protein-
to-creatinine or spot albumin-to-creatinine ratio for kidney disease screening.

Estimation of Glomerular Filtration Rate
Accurately assessing kidney function is essential to clinical management of HIV-infected
individuals. GFR is regarded as the best overall measure of kidney function. The gold standard
measurement of GFR is the timed urinary clearance of inulin.(43) Although other exogenous
substances provide similar results, the expense and burden on patients and clinical staff of using
inulin or other exogenous substances limit their clinical practicality.(43) Therefore, GFR-
estimating equations using endogenous substances are more commonly used. Table 1
summarizes currently available GFR-estimating equations using endogenous substances.
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Practice guidelines by the NKF recommend using serum creatinine-based estimates of GFR.
(25) Serum creatinine originates from muscle catabolism, and its production varies by
nutritional status, dietary intake, and inflammatory status.(44,45) It is filtered by renal
glomeruli but is also secreted and reabsorbed downstream by renal tubules. The renal secretion
and reabsorption of creatinine vary intra- and inter-individually.(44) In addition, the earlier
assays, which utilize the Jaffe rather than the enzymatic method to measure serum creatinine,
suffer from poor inter-laboratory calibration, especially at lower serum creatinine levels.(46,
47) In severe kidney disease, the effects of these factors on serum creatinine levels are trivial.
However, at milder levels of kidney function impairment, these effects are more substantial.
(46) Therefore, use of serum creatinine values alone to estimate kidney function is generally
avoided.(25) Instead, equations for estimating GFR that account for age, sex, and race are
preferred.(25) The two equations that have been used most commonly in clinical practice are
the Cockcroft-Gault formula and the Modification of Diet in Renal Disease (MDRD) equation.
(48,49) The Cockcroft-Gault formula was developed based on 24-hour urinary creatinine
clearance measurements obtained from hospitalized Caucasian men.(48) It is often used as an
estimate of kidney function in pharmacokinetic studies and as such is widely used to adjust
drug dosing for kidney function. Conversely, the original MDRD equation was developed
utilizing iothalamate clearance measurements from more than 1000 individuals with
chronically impaired kidney function. This study included no diabetic participants. Moreover,
older persons and those infected with HIV or with severe proteinuria were excluded from the
MDRD study.(49) Since its initial publication, the abbreviated MDRD equation, using only
four of the variables included in the original equation,(50) and the re-expressed MDRD
equation, to account for standardized serum creatinine measurements,(51) have been proposed
and used in clinical practice. Since these equations were developed in limited study
populations, they only partially adjust for the effects of extra-renal factors on serum creatinine.
(52) Consequently, the Cockcroft-Gault and MDRD equations have diminished precision and
increased bias at increasing GFR levels, especially at GFR >60 mL/min/1.73 m2.(53,54) At
these levels of kidney function, the Cockcroft-Gault equation may over- or underestimate
actual GFR (45,55), while the MDRD equation yields estimates that tend to underestimate
actual GFR.(45,53) The newly published CKD-EPI equation developed by the CKD
Epidemiology Collaboration seems to provide GFR estimates with decreased bias and
improved accuracy compared to the re-expressed MDRD equation.(56) At GFR >60 mL/min/
1.73 m2, the median bias provided by the CKD-EPI equation was 3.5 versus 10.6 by the re-
expressed MDRD equation. Moreover, 88.3% of the GFR estimates based on the CKD-EPI
equation were within 30% of the measured GFR compared with only 84.7% of the estimates
based on the MDRD equation.(56) However, this newer formula has yet to gain widespread
clinical application.

Serum creatinine-based estimated GFR among HIV-infected persons may be particularly
biased due to associated altered metabolism, body mass abnormalities, and exposure to multiple
medications known to affect renal tubular creatinine secretion.(57,58) The three early studies
that compared Cockcroft-Gault GFR estimates to 24-hour creatinine clearance measurements
yielded conflicting results and were small in nature, with sample sizes <50.(59-61)
Furthermore, 24-hour creatinine clearance measurements themselves are frequently plagued
with inaccuracies as a result of over- or under-collection and variable renal tubular creatinine
secretion. A more recent study of 27 HIV-positive participants compared Cockcroft-Gault and
MDRD GFR estimates with 99mTc-pentetate-based GFR measurements.(62) The median GFR
in this population was 91 mL/min/1.73 m2 with only three participants having GFR <60 mL/
min/1.73 m2. As in the general population, the precision of both GFR-estimating methods
diminished with increasing GFR. Overall, the MDRD equation provided more accurate GFR
estimates than the Cockcroft-Gault equation. Whereas 89% of the MDRD-based GFR
estimates fell within 30% of the measured GFR, only 70% of the Cockcroft-Gault-based GFR
estimates were within 30% of the measured GFR.(62) Although this study was limited by its
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small sample size, it supports the IDSA recommendation of using the MDRD equation rather
than the Cockcroft-Gault formula in HIV-infected persons.(26) However, larger validation
studies are still needed to determine the generalizability of either equation to the HIV-positive
population at large. Additional studies are also needed to assess the clinical usefulness of the
new CKD-EPI equation in the setting of HIV infection.

Due to the limitations presented by serum creatinine-based estimates of GFR, investigators
have sought alternative biomarkers that more accurately estimate kidney function. Serum
cystatin C is a novel biomarker which may provide a better estimate.(63) Cystatin C, a cystine
protease inhibitor produced by almost all human cells at a constant rate, is freely filtered by
glomeruli, subsequently reabsorbed, and then catabolized by renal tubules.(64,65) However,
recent studies in the general U.S. population and CKD populations demonstrate that serum
cystatin C, like serum creatinine, is affected by age, gender, and race.(66,67) Furthermore,
studies have variably shown an association of inflammation with serum cystatin C levels.
(68) Unlike serum creatinine, serum cystatin C is thought to be independent of body mass.
(69)

A meta-analysis of 46 studies comparing serum cystatin C and serum creatinine with measured
GFR found that the correlations (0.82 vs 0.74, respectively) and the area under the curve from
a receiver-operator curve analysis (0.93 vs 0.84) were greater between GFR and 1/serum
cystatin than between GFR and 1/serum creatinine.(63) Many of the studies indicate that serum
cystatin C has a distinct advantage in detecting mild kidney dysfunction.(70-72) More recently,
the CKD Epidemiology Collaboration has published GFR-estimating equations based on
serum creatinine, serum cystatin C, and both. These equations (shown in Table 1) were
developed based on individuals screened for three CKD studies in the U.S. and were validated
internally with one-third of the studies' data and validated externally in a French clinical
population.(73) The proportions of GFR estimates that were within 30% of the iothalamate
GFR were 81, 83, and 89%, respectively, for GFR-estimating equations containing serum
cystatin C alone; cystatin C with age, sex, and race; and serum cystatin C combined with serum
creatinine, age, sex and race. This study illustrates that GFR estimates based on serum cystatin
C have similar accuracy to those based on serum creatinine without dependence upon muscle
mass, and that GFR estimated by the combination of serum cystatin C and creatinine yields
the highest accuracy.(73) Prospective observational studies have also shown that serum
cystatin C is a stronger predictor of death than either serum creatinine or serum creatinine-
based GFR.(74-76)

An increasing number of studies have evaluated the utility of serum cystatin C as an indicator
of kidney function in the HIV-positive population; however, they have largely been limited by
the lack of a gold-standard measurement of GFR. In the Fat Redistribution and Metabolic
Change in HIV Infection (FRAM) cohort, serum cystatin C was higher in HIV-infected
participants compared with healthy controls. Furthermore, among HIV-infected participants,
serum cystatin C correlated with several risk factors for kidney disease (eg, hypertension,
hepatitis C co-infection).(77) A similar trend was observed in the Nutrition for Healthy Living
study in which serum cystatin C-based GFR provided significantly higher prevalence estimates
of impaired kidney function compared with MDRD-based estimated GFR.(15) In the Strategies
for Management of Antiretroviral Therapy (SMART) trial, which was a randomized, controlled
clinical trial comparing episodic antiretroviral therapy guided by CD4 cell counts versus
continuous therapy for HIV viral load suppression, investigators showed that participants who
received interrupted treatment had higher levels of serum cystatin C during follow-up
compared with those who received continuous antiretroviral therapy.(78) This result supported
the clinical findings of worse fatal and nonfatal renal disease in the interrupted-treatment group.
(79) Although these studies indicate that serum cystatin C levels are reflective of kidney
function, none had actual GFR measurements for comparison, and concerns about the
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independent effect of HIV infection itself of serum cystatin C levels have recently surfaced.
In a small study by Barraclough and colleagues, which compared various methods of estimating
GFR to 99mTc-pentetate-based measured GFR, the cystatin C-based GFR estimates had the
largest bias (median bias -29 mL/min/1.73 m2) of all the methods evaluated. Furthermore, only
41% of the cystatin C-based GFR estimates were within 30% of the measured GFR.(62) These
findings may reflect the larger effects of extra-renal factors on serum cystatin C levels in the
setting of HIV infection or, alternatively, they may reflect the investigators' choice of a cystatin
C-based GFR equation void of adjustments for age, gender, and race. Additional studies that
evaluate cystatin C-based GFR equations that adjust for these factors, such as that developed
by the CKD Epidemiology Collaboration, are needed. Until adequate validation of these
equations occurs in HIV-infected patients, the re-expressed MDRD equation should be the
preferred GFR-estimating equation used in this patient population, despite its shortcomings,
since it is the most widely accepted GFR-estimating equation in clinical practice and appears
to be the most reliable of the available formulas studied thus far in HIV-positive persons.

Novel Biomarkers in CKD
Effective CKD screening and management should ideally involve accurate, non-invasive
indicators that reflect the pathophysiologic mechanisms underlying CKD. Given the inherent
limitations of proteinuria assessments and GFR estimations, several potential novel biomarkers
that correlate with histopathological findings are actively being investigated for their utility in
determining the underlying renal pathological processes and in predicting CKD progression
prior to the development of overt clinical evidence of CKD. These include neutrophil gelatin-
associated lipocalin (NGAL), asymmetric dimethylarginine (ADMA), and liver-type fatty acid
binding protein (L-FABP).(80)

NGAL is produced by neutrophils and various epithelial cell types, including those composing
the renal distal tubules.(81) NGAL has been shown as an early, sensitive marker of acute kidney
injury; however, more recent studies have also supported NGAL's possible role as a marker of
kidney function and a prognostic indicator of CKD progression in individuals with varying
renal pathological processes.(80) In small studies evaluating HIV-negative individuals with
CKD, urinary NGAL positively correlated with proteinuria severity and inversely with
estimated GFR.(82) In a study of 96 participants with pre-existing CKD, baseline serum and
urinary NGAL levels independently predicted declines in estimated GFR over a mean follow-
up period of 18.5 months.(83) The data on NGAL as a marker of kidney function in HIV-
infected patients is limited to a pediatric study that demonstrated progressive decreases in
urinary NGAL levels with HAART initiation in a child with biopsy-proven HIVAN.(84)
However, it is unclear whether these changes are necessarily due to improvement in renal
function or instead reflect changes in the child's immune system. The single study that has
compared serum NGAL levels in HIV-positive individuals to HIV-negative controls showed
that HIV-infected persons have lower NGAL levels compared to healthy controls.(85) Among
HIV-infected participants who experienced virological response (HIV RNA <200 copies/mL)
to HAART, serum NGAL levels increased to near normal levels; a similar response was not
observed in HAART non-responders. The results of this study imply that serum NGAL levels
are altered in HIV infection due to diminished neutrophil numbers and function (85) and are
consistent with prior observations of increased NGAL expression by epithelial cells and
neutrophils in the setting of systemic inflammation and bacterial infection.(86-88) However,
this study did not evaluate kidney function.(85)

Another promising biomarker for CKD is ADMA, which functions as a nitric oxide synthase
inhibitor and reflects endothelial function.(85) In HIV-negative persons with CKD, ADMA
levels have been associated with faster progression to dialysis and death in individuals with
CKD.(89,90) Similarly, L-FABP, a marker of proximal tubule integrity, has also been
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associated with progressive CKD.(85) Among 120 HIV-negative individuals with non-diabetic
CKD, urinary L-FABP concentrations correlated with proteinuria and serum creatinine levels.
Moreover, individuals who had progressive CKD had higher urinary L-FABP levels compared
to those with non-progressive CKD, despite similar levels of proteinuria and serum creatinine.
(91) No studies to date have evaluated urinary ADMA and L-FABP as CKD biomarkers in
HIV-positive persons. The field of tissue proteomics is quickly advancing and may yield
additional promising biomarkers in the near future.(24) Such molecular analyses in HIV-
positive persons with kidney disease are underway.

Conclusion
CKD has arisen as one of the leading non-infectious conditions affecting HIV-infected persons
in the later HAART era as a consequence of aging, other chronic conditions such as diabetes
and hypertension, and exposure to a myriad of potentially nephrotoxic drugs. Several readily-
available screening tools enable clinicians to detect early decrements in kidney function with
the primary aim of averting further kidney damage. Although these screening tools have not
been thoroughly evaluated in the HIV-positive population, increasing recognition of CKD as
a major comorbidity in this population has spurred a number of investigations to validate these
methods. Emerging biomarkers for CKD that reflect underlying pathological findings may
ultimately augment efforts at detecting and diagnosing CKD in HIV-infected individuals.
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Figure 1. IDSA guidelines(26) for CKD screening in HIV infection with alternatives (italicized)
based on the authors' opinions and the National Kidney Foundation guidelines(25)
Abbreviations: CKD, chronic kidney disease; GFR, glomerular filtration rate; MDRD,
Modification of Diet in Renal Disease † CKD risk factors: African American, CD4+ cell count
<200 cells/mm3, HIV-1 RNA >14,000 copies/ml, diabetes, hypertension, dyslipidemia,
cocaine/cigarette use, hepatitis co-infection
(Adapted with permission from AIDS Patient Care and STDs 21:813-824, 2007)
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Table 1
GFR-estimating equations based on serum creatinine, serum cystatin C, or both

Biomarker Equation Clinical Performance

Abbreviated MDRD(50) eGFR = 186 × SCr − 1.154 ×
age − 0.203

× 0.742 if female
× 1.212 if black

• Reliable at GFR levels <60 mL/min/1.73
m2

• Tends to underestimate actual GFR at
GFR levels ≥60 mL/min/1.73 m2

• Limited validation in HIV-infected
individuals in single, small study

Re-expressed MDRD(51) eGFR = 175 × standardized
SCr − 1.154 × age − 0.203

× 0.742 if female
× 1.212 if black

• Abbreviated and re-expressed MDRD
equations used for non-enzymatic and
standardized serum creatinine,
respectively.

Cockcroft-Gault(48) CrCl = ([140 ‒ age] ×
weight)/(72 × SCr)
× 0.85 if female

• Reliable at GFR levels <60 mL/min/1.73
m2

• Tends to overestimate actual GFR at GFR
levels ≥60 mL/min/1.73 m2

• Limited validation in HIV-infected
individuals in single, small study

CKD-EPI(56) eGFR = 141 × min(SCr/κ,
1)α × max(SCr/κ, 1) ‒
1.209 × 0.933 age

× 1.018 if female
× 1.159 if black
where κ is 0.7 for males and
0.9 for females; α is −0.411
for males and −0.329 for
females; min indicates
minimum of SCr/κ or 1; and
max indicates maximum of
SCr/κ or 1.

• Similar reliability as MDRD equation at
GFR levels <60 mL/min/1.73 m2

• More accurate than MDRD equation
especially at GFR levels ≥60 mL/min/
1.73 m2

• Tends to overestimate actual GFR levels
≥60 mL/min/1.73 m2 but to a much lesser
degree than the MDRD equation

• Has not been evaluated in HIV-infected
population

Cystatin C only(73) eGFR = 127.7 ×
CysC − 1.17 × age − 0.13

× 0.91 if female
× 1.06 if black

• Reliable for GFR <60 mL/min/1.73 m2

• Slightly overestimates actual GFR at
GFR ≥60 mL/min/1.73 m2

• Has not been evaluated in HIV-infected
population

Serum creatinine and
cystatin C(73)

eGFR = 177.6 × SCr − 0.65 ×
CysC − 0.57 × age − 0.20

× 0.82 if female
× 1.11 if black

• Most accurate of the three cystatin C-
based formulas developed by CKD-Epi
group with 89% of eGFRs within 30% of
measured GFRs

• Slightly overestimates actual GFR at
GFR ≥60 mL/min/1.73 m2

• Has not been evaluated in HIV-infected
population

Abbreviations: eGFR, estimated glomerular filtration rate; SCr, serum creatinine; CrCl, estimated creatinine clearance; CysC, serum cystatin C. Units:
SCr in mg/dL, CysC in mg/L, age in years, weight in kg.
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