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Abstract

Background—Current HIV treatment guidelines recommend using the Cockcroft-Gault

equation for drug dosing adjustments. The use of newer glomerular filtration rate (GFR)

estimating equations for drug dosing and the appropriateness of physician antiretroviral dosing

based on estimated kidney function have not been studied in an HIV-positive population.

Methods—We evaluated concordance between measured and estimated GFR for the assignment

of kidney function categories designated by the Food and Drug Administration (FDA) Guidance

for Industry for pharmacokinetic studies, and appropriateness of physician antiretroviral drug

dosing for level of kidney function in 200 HIV-positive patients on stable antiretroviral therapy.

Estimated kidney function was determined using the Chronic Kidney Disease-Epidemiology

collaboration (CKD-EPI), Modification of Diet in Renal Disease (MDRD) Study and Cockcroft-

Gault equations.

Results—For assignment of FDA-designated kidney function categories, concordance rates

between measured and estimated GFR using the CKD-EPI, MDRD Study and Cockcroft-Gault

equations were 79%, 71% and 77%, respectively. This pattern was consistent across most

subgroups. When actual prescribed dosages were compared to recommended dosages based on the

level of estimated kidney function, 3% to 19% of study participants were prescribed higher than

recommended dosages. The largest discordance between prescribed and recommended dosages

was observed for the Cockcroft-Gault equation.

Conclusions—The CKD-EPI equation has the highest concordance with measured GFR for the

assignment of FDA-designated kidney function categories. Its use may lead to lower dosing

related errors in HIV-infected US adults on stable antiretroviral therapy. More education is

required with respect to dose adjustment for level of kidney function.
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Introduction

Kidney function assessment is an essential component in the medical management of

patients with HIV. There is a high prevalence of chronic kidney disease in HIV-positive

patients with estimated prevalence of GFR less than 60 ml/min per1.73 m2 ranging from 5%

to 24% compared to 6.7% in the general population [1-5]. Current guidelines recommend

screening for CKD in HIV-positive individuals at the time of diagnosis [6, 7]. In addition,

these guidelines recommend the use of creatinine clearance estimated by the Cockcroft-

Gault equation for monitoring kidney function following initiation of highly active

antiretroviral therapy (HAART) and for dosing adjustments in patients with impaired kidney

function[6-8]. Yet the Modification of Diet in Renal Disease (MDRD) Study[9] and the

Chronic Kidney Disease-Epidemiology collaboration (CKD-EPI) equations[5] have been

shown to be more accurate than the Cockcroft-Gault equation[10] and are currently used to

report estimated GFR by clinical laboratories whenever a serum creatinine is measured[11].

In addition, the Cockcroft-Gault equation was developed using the older creatinine assay,

and is therefore less accurate for use with current assays, which are traceable to higher order

reference materials. As a result, the Cockcroft-Gault equation is not recommended for

clinical use at this time [12-15].

In HIV uninfected populations, it has been previously demonstrated that the MDRD Study

equation is more accurate than the Cockcroft-Gault equation for drug dosing purposes when

compared to gold standard measured GFR [16]. In HIV-positive populations, prior studies

have compared the MDRD Study and Cockcroft-Gault equations for assessing kidney

function [17-22]; however, no study has evaluated these equations in comparison to

measured GFR for drug dosing. We therefore sought to confirm the accuracy of these GFR

estimating equations for antiretroviral dose adjustment in a cohort of 200 HIV-positive

patients on stable antiretroviral therapy who had GFR measured using plasma clearance of

iohexol. We also evaluated whether physicians are appropriately dosing antiretroviral

medications based on the patients’ level of kidney function as determined by the estimating

equations.

Methods

Study population

We recruited 200 HIV-positive patients from three geographical locations (University of

Alabama at Birmingham, Tufts Medical Center in Boston, and the Mount Sinai Hospital in

New York) to evaluate the performance of GFR estimating equations compared to measured

GFR (ClinicalTrials.gov Identifier: NCT00905151)[23]. Study participants were included if

they were aged 18 years or older, had a confirmed diagnosis of HIV, and were on stable

antiretroviral therapy for at least three months prior to the study. Exclusion criteria included

pregnancy, use of trimethoprim, known allergy or contraindication to iohexol, recent acute

kidney injury, or cognitive or physical impairments. The Institutional Review Board (IRB)

at all the participating sites reviewed and approved the study protocol and all study

participants provided written informed consent.
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Measured GFR

Procedures for measuring GFR have been previously reported[23]. In brief, GFR was

measured via plasma clearance of iohexol [24-26]. Five milliliters of iohexol (Omnipaque™

300; GE Healthcare) was administered over a 30 second period followed by a 10 mL normal

saline flush in one intravenous site. Blood samples were collected at approximately 10, 30,

120, and 240 minutes from the second intravenous line. Patients with serum creatinine > 1.5

mg/dL had an additional blood draw at 360 minutes. GFR was reported in units of milliliters

per minute (mL/minute).

Estimated Kidney Function

Kidney function was estimated using the CKD-EPI, MDRD Study and Cockcroft-Gault

equations (Supplemental Table 1). The CKD-EPI and MDRD Study equations are reported

adjusted for body surface area, in units of mL /min per 1.73m2, whereas the Cockcroft-Gault

equation is reported unadjusted for body surface area, in units of mL/min. The

recommended units for drug dosing are mL/min and the US Food and Drug Administration

(FDA)-approved drug dosing labels are in mL/min. Therefore for the purposes of

comparison of accuracy of drug dosage adjustment, estimated GFR using the CKD-EPI and

MDRD Study equations were converted to these units, by multiplying by each participant’s

BSA and dividing by 1.73 m2. For evaluation of physician practices, we also performed a

sensitivity analysis using the standard reported units of mL/min per 1.73m2.

Laboratory methods

Assays have been previously reported[23]. In brief, all assays were performed at the

University of Minnesota. Iohexol concentration was determined by high performance liquid

chromatography. Creatinine was measured using the Roche P-Mod using the creatininase

Plus enzymatic assay (Hoffman-La Roche, Ltd, Basel, Switzerland), traceable to National

Institute of Technology creatinine reference materials.

Variables

Demographic and clinical data collected during recruitment via self report and from review

of the patient medical records include age, gender and race; CD4 count and HIV viral load

within six months of recruitment; cardiovascular risk factors, hepatitis B and C co infection,

and current medications and doses.

Statistical Analysis

Data were expressed as the mean and standard deviation, Kappa statistic, or counts and

percentages, as appropriate. Differences among continuous variables were tested using

linear mixed models accounting for within-patient correlation. All analyses were computed

using the SAS statistical software, version 9.2; SAS Institute Inc., Cary, NC (SAS Institute

Inc, www.sas.com)

Drug Simulation Study—We compared drug dosing among the different kidney function

methods in two ways. First, we evaluated the concordance between measured and estimated

GFR for assignment to kidney function categories recommended in the 1998 US Food and
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Drug Administration Guidance for Industry: Pharmacokinetics in Patients With Impaired

Renal Function-Study Design, Data Analysis, and Impact on Dosing and Labeling (herein

referred to as the FDA Guidance for Industry) kidney function categories (>80 mL/min,

normal renal function; 50 to 80 mL/min, mild renal impairment; 30 to 50 mL/min, moderate

renal impairment and <30mL/min, severe renal impairment)[27]. Second, to demonstrate the

impact of the differences between kidney function estimates on actual medications, we

compared drug dosage recommendations for five medications commonly used by

participants in the study, tenofovir (Viread®), emtricitabine (Emtriva®), tenofovir/

emtricitabine (Truvada®), tenofovir/ emtricitabine/ efavirenz (Atripla™) and abacavir/

lamivudine (Epzicom™ ), based on measured GFR and estimated kidney function. These 5

antiretroviral medications were selected as they all require dosage adjustment for level of

kidney function and provide examples of drug dosing thresholds common to other

antiretroviral medications (Supplemental Table 2). Drug dosage recommendations were

obtained from the Panel on Antiretroviral Guidelines for Adults and Adolescents[6].

Because of the predominant use of the Cockcroft-Gault equation in pharmacokinetic studies

for drug dosing in clinical practice, we also calculated agreement between assigned

categories using the Cockcroft-Gault equation and the other estimating equations.

Concordance and discordance rates as well as Kappa (κ) coefficients were calculated for

agreements between the assigned kidney function categories using measured GFR and those

from the 3 estimating equations. Analyses were computed overall and by subgroups of

tenofovir use (yes/ no), age (≤50 or >50), sex, race (African American or other), body mass

index (BMI) (<22, 22 to 30 or >30kg/m2), and HIV RNA viral load (undetected, <1000 or

≥1000copies/mL). The significance of differences in concordance for these kidney function

categories was tested in overall cohort by using binomial models accounting for within-

patient correlation. We did not test significance of the difference in subgroups due to small

sample size.

Assessment of Physician Drug Dosing—We next asked the question, whether

clinicians are appropriately dosing drugs adjusted to the estimated level of kidney function.

To answer this question, we compared actual prescribed dosages of the five medications

included in the simulation analysis (Supplemental Table 2) to recommended dosages based

on the level of kidney function as calculated by each of the estimating equations. For each

estimating equation, we described the number of participants who were not prescribed the

recommended dosage of a specific medication. Significance testing was not performed due

to small sample sizes.

Results

The clinical characteristics of study participants are summarized in Table 1. Of the total

participants, 33% were aged over age 50, approximately 50% were African Americans, and

73% were male. The study participants had relatively normal kidney function with a mean

(standard deviation) measured GFR of 87 (26) mL/min per 1.73m2. Overall estimated

kidney function from the CKD-EPI, MDRD Study, and Cockcroft-Gault equations were 80

(24), 75 (23), and 80 (23) mL/min per 1.73m2, respectively (p<0.001 for comparison to

measured GFR).

Okparavero et al. Page 4

Antivir Ther. Author manuscript; available in PMC 2014 August 20.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Drug Simulation Study

Concordance with kidney function categories assigned by the FDA Guidance for Industry

between the estimating kidney function equations and measured GFR are listed in Table 2.

Overall, the CKD-EPI equation showed the highest concordance with measured GFR [79%,

kappa statistic (κ) (95% confidence intervals) = 0.65 (0.55, 0.74)]. The MDRD Study

equation showed the lowest concordance [(71%), κ=0.55 (0.45, 0.65)]. This pattern was

consistent across most subgroups with the notable exception of participants of African

American descent, with BMI < 22, and with HIV viral loads > 1000, where the Cockcroft-

Gault had the lowest level of agreement. All equations provided kidney function estimates

that were lower than measured GFR. Therefore, across all 3 estimating equations and all

subgroups, use of the estimated GFR to assign drug dosage was more likely to result in a

lower dose rather than a higher dose compared to what would have been prescribed if the

measured GFR value was used to assign drug dosage (Supplemental Table 3).

Comparisons of the CKD-EPI and MDRD Study equations to the Cockcroft-Gault equation

are shown in Table 3. In the overall population, the CKD-EPI creatinine equation had a

greater concordance with Cockcroft-Gault than the MDRD Study equation [(85%), κ=0.77

(0.69, 0.85) vs. (79%), κ=0.69 (0.60, 0.77)]. This was seen in all subgroups with exception

of the BMI subgroup of <22 kg/m2, where the MDRD Study equation had a higher

concordance with Cockcroft-Gault. Overall, the CKD-EPI equation provided higher kidney

function estimates compared to the Cockcroft-Gault equation, while the MDRD Study

equation provided lower kidney function estimates.

The CKD-EPI equation showed the highest levels of agreement with measured GFR (Table

4, top part) and with Cockcroft-Gault (Table 4, bottom part) for drug dosing

recommendations for the five specific examples of antiretroviral medications (Table 4, top

part). The Cockcroft-Gault equation had similar concordance but lower kappa values

relative to the MDRD Study equations for all 5 medications.

Assessment of Physician Drug Dosing

To assess whether clinicians are appropriately prescribing adjusted drug dosages given the

estimated level of kidney function, we compared actual prescribed dosages of the same five

medications to recommended dosages based on the level of kidney function as calculated by

each of the 3 estimating equations. The number of participants who were not prescribed the

recommended dosage of a specific medication is summarized in Table 5 for each FDA-

assigned kidney function category and each estimating equation. Depending upon the

medication prescribed and equation used to estimate kidney function, the number of

discrepancies ranged from 3% to 19% across all 5 medications. The actual prescribed

dosages were always higher than those recommended based on the level of kidney function

as calculated by any of the 3 estimating equations. For example, of the 125 participants on

tenofovir, 7 (6%) of study participants were prescribed higher doses compared to what they

would have received if the CKD-EPI equation was used to determine their kidney function.

Of these, 118 study participants would have received a 300 mg once daily dose of tenofovir

if kidney function was determined by the CKD-EPI equation compared to 124 that actually

received that dose. This proportion was even higher if the MDRD study [9 (7%)] and
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Cockcroft-Gault equation [10 (8%)] were used. For all medications, the largest discordance

between prescribed dosage and recommended dosage was for the Cockcroft-Gault formula.

Supplemental Table 7 describes the characteristics of the people who were prescribed higher

doses than recommended. As expected, their GFR was low and accordingly, they were older

and were more likely to have diabetes than the overall stdy population, When these analyses

were repeated for the CKD-EPI and MDRD Study equations using the standard units of

mL/min per 1.73m2 as reported by clinical laboratories, even greater discordance between

actual prescribed and recommended doses were seen than for these same equations when

calculated in units of mL/min, and were approximately equal to that observed with use of

the Cockcroft-Gault equation (Supplemental Table 6).

Discussion

A single method for estimation of kidney function for all populations and purposes would

facilitate their use in clinical practice. The Cockcroft-Gault equation is assumed by many to

be the most appropriate method to assess kidney function for drug dosing purposes, but the

CKD-EPI and MDRD Study equations are reported by clinical laboratories. Our results

showed the CKD-EPI equation had the highest concordance with measured GFR for both

the FDA Guidance for Industry assigned kidney function categories and for dosing

recommendations for specific antiretroviral medications. Additionally, in evaluation of

physician practices, actual prescribed dosages for antiretroviral medications tended to be

higher than those recommended by current antiretroviral drug treatment guidelines using any

of the three estimating equations, with the greatest discordance seen with the Cockcroft-

Gault equation. These results have implications for clinical practice and guidelines for

management of HIV-positive patients.

The Cockcroft-Gault, MDRD Study and CKD-EPI estimating equations are the most

commonly used equations for assessing kidney function in clinical practice. The Cockcroft-

Gault equation was developed in 1976 in a study including 249 male Caucasian patients

with a mean creatinine clearance of 73 mL/min[10]. This equation was the primary method

for kidney function assessment during the 1980’s and 1990’s and was therefore

recommended as one method to estimate kidney function for use in pharmacokinetic studies

by the FDA Guidance for Industry. The equation was not developed using creatinine assays

that are traceable to higher order reference materials and because the assay is no longer in

existence, it cannot be re-expressed for such[28]. The MDRD Study equation and more

recently the CKD-EPI creatinine equation were developed in larger and more diverse

populations, are expressed for serum creatinine assays that are traceable to higher order

methods, and have been shown to be more accurate then the Cockcroft-Gault equation in

most populations, including HIV-positive individuals[5, 9, 23, 29, 30]. More importantly,

with the widespread use of standardized creatinine assays, the results of pharmacokinetic

studies performed prior to this era are substantially different with the use of modern

creatinine assays, regardless of the equation used. Therefore, it is irrelevant that the

Cockcroft-Gault was used to estimate kidney function for pharmacokinetic studies[13]. The

most recent Kidney Disease: Improving Global Outcomes (KDIGO) CKD Guidelines

recommend that only eGFR equations that have been expressed using standardized methods

be used[14, 15]. A KDIGO controversies conference on Drug Dosing in CKD recommended
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that the most accurate method to estimate GFR should also be used for drug dosage

assessment[14].

Several studies have compared concordance of kidney function estimating equations for

drug dosing adjustments in non HIV populations [16, 31-40]. Among these studies,

concordance rates ranged from 64 to 99% [16, 31, 32, 34, 37-40]. However, most of these

studies did not include gold standard reference methods or standardized creatinine values,

and/or used differing units, making the results difficult to compare and interpret [28]. In the

two studies that included measured GFR as the gold standard, the MDRD study equation

had greater concordance with measured GFR than the Cockcroft-Gault equation [16, 35].

The reason for the difference in results between this study and these prior studies is likely

related to the level of GFR. The MDRD Study equation performs best at lower levels of

GFR. To our knowledge, no prior study has evaluated this question in HIV populations, nor

has a prior study evaluated the CKD-EPI equation for drug dosing purposes in any

population.

Due to the relationship between serum creatinine and muscle mass, creatinine based

estimating equations are less accurate at extremes of body weight. Many assume that the

Cockcroft-Gault would therefore be more accurate because it includes weight. Here, we

showed that the Cockcroft-Gault had lower concordance to measured GFR than the CKD-

EPI and MDRD Study equations for people with BMI < 22 kg/m2. For people with BMI >

30 kg/m2, the Cockcroft-Gault and CKD-EPI had similar concordance. We had previously

reported in non HIV-positive population that the MDRD Study equation had greater

concordance with measured GFR than the Cockcroft-Gault equation across the full range of

weight, regardless of whether actual or ideal body weight was used in the calculation of the

Cockcroft-Gault equation[16].

Among participants with decreased kidney function, actual dosages of the antiretroviral

medications were higher than recommended based on measured GFR or any of the three

estimating equations. This finding was similar regardless of whether we used estimated GFR

adjusted or unadjusted for body surface area. This may suggest that clinicians are not

considering the level of kidney function when dosing antiretroviral medications.

Alternatively, a decision to give a higher dose may be based on other clinical factors such as

patient compliance. Given the risk of antiretroviral drug resistance emerging in the face of

inadequate drug dosing, clinicians may be reluctant to prematurely reduce doses for

antiretroviral agents. Our study cannot distinguish between these possibilities and cannot

determine the consequences of incorrect dosing.

There are several implications to our findings. First, guidelines for antiretroviral drug dosing

may require revisions. The Infectious Diseases Society of America (IDSA) and the

Department of Health and Human Services Panel on Antiretroviral Guidelines for Adults

and Adolescents both recommend using either the Cockcroft-Gault or MDRD Study

equations for baseline kidney function assessment for the management of chronic kidney

disease and baseline evaluation and follow up after commencement of antiretroviral therapy

(ART), respectively[6-8]. Similarly, the 1998 FDA Guidance for Industry recommends

creatinine clearance estimated by the Cockcroft-Gault equation for determination of kidney
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function and drug dosing guidelines in pharmacokinetic studies[27], and the draft revised

guidelines now include the MDRD Study equation as an alternative[41]. Our results suggest

that these recommendations should be further revised to include the CKD-EPI equation. We

also recommend that guidelines be written to instruct clinicians to use the most appropriate

method to assess kidney function for an individual, as was recommended by a recent Kidney

Disease: Improving Global Outcomes (KDIGO) consensus conference[14]. For example, in

a patient with low muscle mass secondary to neuromuscular disease or an amputation, any

creatinine estimating equations will not be accurate. In those circumstances, a 24-hour urine

collection to measure creatinine clearance or measured GFR using an exogenous filtration

marker is necessary. Second, the better performance of the CKD-EPI equation throughout

the GFR range, as we have shown previously, means that GFR can know and ability to be

reported for all values, even those greater than 60 ml/min per 1.73m2[5, 23]. This, provides

another piece of support for the reporting of CKD-EPI creatinine equations vs. the MDRD

Study equation by clinical laboratories, as has been implemented by the two largest

laboratories in the United States so far[5, 42-45]. Third, further study is required to better

understand the discrepancy between physician prescriptions and recommended drug doses

based on estimated kidney function. Use of GFR estimates to guide drug dosing decisions

may be facilitated by the reporting of GFR in units of mL/min by clinical laboratories

instead of in ml/min per 1.73m2 as is currently performed.

Strengths of this study are the availability of a reference method for GFR determined by

plasma clearance of iohexol. We included a diverse population reflecting the current US

HIV epidemic, including a large number of African Americans and women, increasing

generalizability of our results. Additionally, the serum creatinine assays are traceable to

higher order methods that improve test reproducibility and reduce error, and analyses were

performed using the same units across all equations, which allows for a valid comparison

across all equations. There are several limitations to this study. First, we used drug dosage

recommendations as an outcome rather than observed drug efficacy and safety. Second, we

had limited power to draw definitive conclusions within important subgroups, including the

small number of patients with very low GFR. The difference in accuracy between the

MDRD Study and CKD-EPI equation is smaller at lower levels of GFR. Thus, the reported

discordance rates for the MDRD Study equation may not accurately reflect discordance at

lower levels of GFR where drug dosing adjustment is more common. However, our study

population may be more reflective of the HIV-positive patient population seen in clinical

practice. Third, contributions of tubular reabsorption or secretion to the renal clearance of

these medications were not considered, as well as other factors such as protein binding,

volume of distribution, drug absorption and metabolism. However, most pharmacokinetic

studies do not measure these directly, and tubular handling of many drugs actively secreted

by transporters along the renal proximal tubule is not likely reflected by tubular handling of

creatinine[16]. Fourth, study participants’ creatinine levels at the time of the study visit were

assumed to be at the same levels as the time their drug dosages were determined. Fifth, we

did not have data on dosages for the prescribed medications for all participants. In addition,

we could only evaluate medications used in the United States. However, conclusions from

this study can be applied to antiretroviral medications frequently used in developing

countries such as didanosine (Videx®) and zidovudine (Retrovir®), which have similar dose
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adjustment thresholds to the medications used in our study. Sixth, conversion of GFR

estimates from the CKD-EPI and MDRD Study equations to units of ml/min per 1.73m2

may be imprecise as the method to calculate BSA is itself a formula, and may have errors.

In conclusion, the CKD-EPI creatinine equation expressed in units of mL/min had greater

concordance with measured GFR for dosing recommendations than the MDRD Study and

Cockcroft-Gault equations and can be used for drug dosing. More education may be

required with respect to antiretroviral dose adjustment for level of kidney function in HIV-

positive individuals. Reporting of GFR estimates in units of mL/min, for consistency with

the FDA Guidance, would facilitate this practice. Clinical judgment should be used for the

interpretation of any GFR estimate and confirmatory tests such as a 24 hour urinary

creatinine clearance should be considered in patients at extremes of muscle mass[25].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Clinical Characteristics

Total
N (%)

Measured
GFR
(mL/min)
Mean (SD)

Estimated GFR (mL/min) Mean (SD)

CKD-EPI MDRD Study Cockcroft-Gault

All patientsa 200 (100) 97 ± 31 89 ± 28 83 ± 27 89 ± 30

(mL/min per 1.732) 200 (100) 87 ± 26 80 ± 24 75 ± 23 80 ± 23

Age group, years

 ≤50 132 (66) 103 ± 31 95 ± 27 88 ± 26 96 ± 29

 >50 68 (34) 84 ± 28 77 ± 27 74 ± 26 76 ± 29

Sex

 Women 55 (28) 85 ± 30 79 ± 26 73 ± 23 85 ± 34

 Men 145 (73) 101 ± 31 93 ± 28 87 ± 27 91 ± 29

Race

 African Americans 104 (52) 97 ± 34 91 ± 31 86 ± 29 87 ± 32

 White or other 96 (48) 96 ± 28 87 ± 25 80 ± 24 92 ± 29

BMI group, kg/m2

 <22 35 (18) 83 ± 29 82 ± 28 77 ± 28 70 ± 23

 22-30 129 (65) 97 ± 31 90 ± 28 84 ± 26 89 ± 27

 >30 36 (18) 106 ± 33 92 ± 30 86 ± 28 109 ± 36

Hypertension b 60 (31) 96 ± 34 85 ± 27 80 ± 26 86 ± 28

Diabetes Mellitus 16 (8) 85 ± 26 81 ± 29 76 ± 26 80 ± 29

Hepatitis B 22 (11) 85 ± 25 80 ± 23 75 ± 21 81 ± 25

Hepatitis C 51 (26) 87 ± 27 86 ± 29 80 ± 27 84 ± 32

CD4 count group, cells/ulb

 <350 47 (25) 95 ± 30 88 ± 29 82 ± 27 87 ± 32

 ≥350 144 (75) 97 ± 32 90 ± 28 84 ± 27 91 ± 30

Viral load group, copies/mb

 Undetected 111 (61) 93 ± 32 86 ± 29 80 ± 27 86 ± 30

 <1000 57 (31) 106 ± 30 97 ± 26 90 ± 25 100 ± 30

 ≥1000 14 (8) 94 ± 32 90 ± 32 86 ± 29 80 ± 28

Tenofovir use/exposure

 Yes 125 (63) 97 ± 31 89 ± 28 83 ± 26 91 ± 31

 No 75 (38) 96 ± 33 89 ± 30 83 ± 29 87 ± 29

Source of HIV Transmission

 Injection 24 (12) 93 ± 27 92 ± 25 86 ± 23 88 ± 26

 Male-to-male 75 (38) 97 ± 30 92 ± 30 86 ± 29 89 ± 29

 Heterosexual 51 (26) 102 ± 32 89 ± 29 83 ± 27 96 ± 35

 Other 50 (25) 92 ± 34 84 ± 27 78 ± 25 83 ± 28

Note: Values are mean ± standard deviation or number (percentage).

a
p<0.001 for comparison of each kidney function estimate to measured GFR
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b
5 patients had missing data for hypertension; 1 patient for diabetes mellitus, 9 patients for CD4 count and 18 patients for viral load

Tenofovir (Viread®)
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Table 2

Concordance between assigned Kidney Function Categories using measured GFR versus Estimated GFR

equations in Selected Subgroups

Concordant (%)
Kappa (95% CI)

CKD-EPI MDRD Study Cockcroft-Gault

Overalla 79
0.65 (0.55, 0.74)

71
0.55 (0.45, 0.65)

77
0.61 (0.52, 0.71)

Tenofovir Use/Exposure

 Yes 80
0.63 (0.51, 0.75)

70
0.50 (0.38, 0.62)

78
0.59 (0.47, 0.71)

 No 77
0.67 (0.52, 0.82)

72
0.62 (0.46, 0.77)

75
0.64 (0.49, 0.79)

Age group (years)

 ≤50 84
0.67 (0.54, 0.80)

75
0.55 (0.42, 0.68)

81
0.62 (0.48, 0.75)

 >50 69
0.57 (0.41, 0.74)

63
0.51 (0.34, 0.67)

68
0.56 (0.40, 0.72)

Sex

 Women 80
0.71 (0.56, 0.87)

69
0.57 (0.40, 0.74)

78
0.69 (0.54, 0.85)

 Men 79
0.60 (0.47, 0.73)

72
0.52 (0.40, 0.65)

76
0.57 (0.44, 0.69)

Race

 African Americans 84
0.74 (0.63, 0.85)

79
0.67 (0.55, 0.79)

74
0.60 (0.48, 0.73)

 White or other 74
0.54 (0.37, 0.70)

63
0.42 (0.27, 0.57)

79
0.63 (0.48, 0.78)

BMI group (kg/m2)

 <22 66
0.54 (0.32, 0.76)

66
0.54 (0.32, 0.76)

54
0.43 (0.22, 0.64)

 22-30 82
0.69 (0.57, 0.81)

74
0.58 (0.46, 0.70)

79
0.64 (0.51, 0.76)

 >30 81
0.63 (0.39, 0.86)

67
0.44 (0.20, 0.68)

89
0.71 (0.48, 0.95)

HIV RNA viral load (copies/mL)

 Undetected 76
0.63 (0.50, 0.76)

66
0.53 (0.40, 0.66)

79
0.68 (0.57, 0.80)

 <1000 84
0.63 (0.44, 0.81)

79
0.53 (0.34, 0.73)

79
0.53 (0.34, 0.73)

 ≥1000 79
0.66 (0.30, 1.00)

79
0.66 (0.30, 1.00)

64
0.49 (0.11, 0.86)

Abbreviations: CKD-EPI, Chronic Kidney Disease Epidemiology collaboration; MDRD Study, Modification of Diet in Renal Disease Study; BMI,
body mass index

a
p<0.003 for comparison for the difference in concordance of each equation to measured GFR.

Concordance for MDRD Study equation and CKD-EPI equations were statistically different (p=0.0006), while Cockcroft-Gault concordance was
not statistically different to MDRD study equation or CKD-EPI (p > 0.09 for both)

Tenofovir (Viread®)

Antivir Ther. Author manuscript; available in PMC 2014 August 20.
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Kidney Function categories from Food and Drug Administration. Guidance for Industry: Pharmacokinetics in Patients with Impaired Renal
Function — Study Design, Data Analysis, and Impact on Dosing and Labeling. Rockville: U.S. Department of Health and Human Services; May
1998 [22]
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Table 3

Concordance between assigned Kidney Function Categories using the Cockcroft-Gault Equation versus CKD-

EPI and MDRD Study equations in Selected Subgroups

Concordant (%)
Kappa (95% CI)

CKD-EPI MDRD Study

Overalla 85
0.77 (0.69, 0.85)

79
0.69 (0.60, 0.77)

Tenofovir Use/Exposure

 Yes 87
0.79 (0.70, 0.89)

79
0.68 (0.57, 0.79)

 No 81
0.73 (0.59, 0.87)

79
0.70 (0.56, 0.84)

Age group, years

 ≤50 91
0.83 (0.73, 0.92)

85
0.74 (0.63, 0.84)

 >50 74
0.64 (0.48, 0.79)

68
0.57 (0.40, 0.73)

Sex

 Women 84
0.77 (0.63, 0.91)

76
0.67 (0.52, 0.83)

 Men 86
0.76 (0.66, 0.86)

80
0.69 (0.58, 0.79)

Race

 African Americans 82
0.73 (0.63, 0.84)

79
0.69 (0.58, 0.81)

 White or other 89
0.81 (0.69, 0.92)

79
0.69 (0.56, 0.81)

BMI group, kg/m2

 <22 66
0.60 (0.41, 0.79)

77
0.72 (0.54, 0.89)

 22-30 92
0.86 (0.78, 0.94)

83
0.74 (0.64, 0.84)

 >30 81
0.61 (0.40, 0.82)

67
0.41 (0.21, 0.62)

HIV RNA viral load, copies/mL

 Undetected 81
0.74 (0.63, 0.85)

73
0.64 (0.53, 0.76)

 <1000 95
0.88 (0.75, 1.00)

90
0.77 (0.60, 0.95)

 ≥1000 86
0.77 (0.48, 1.00)

86
0.77 (0.48, 1.00)

Abbreviations: CKD-EPI, Chronic Kidney Disease Epidemiology collaboration; MDRD Study, Modification of Diet in Renal Disease Study; BMI,
body mass index

a
Concordance rates were statistically different, p< 0.001

Tenofovir (Viread®)

Kidney Function categories from Food and Drug Administration. Guidance for Industry: Pharmacokinetics in Patients with Impaired Renal
Function — Study Design, Data Analysis, and Impact on Dosing and Labeling. Rockville: U.S. Department of Health and Human Services; May
1998 [22]
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Table 4

Concordance between Drug Dosing Recommendations using Measured Glomerular Filtration Rate (top) and

the Cockcroft-Gault Equation (bottom) Versus Estimated Kidney Function for specific drug examples

Drug (Dosing levels) CKD-EPI MDRD Study Cockcroft-Gault

Concordant (%)
Kappa (95% CI)

Concordant (%)
Kappa (95% CI)

Concordant (%)
Kappa (95% CI)

Comparison with Measured Glomerular Filtration Rate

Tenofovir (5); Emtricitabine (4) 95
0.60 (0.36, 0.84)

93
0.52 (0.28, 0.75)

93
0.49 (0.23, 0.75)

Tenofovir/ emtricitabine (3) 95
0.60 (0.36, 0.84)

93
0.52 (0.28, 0.75)

93
0.49 (0.23, 0.75)

Tenofovir/ emtricitabine/
efavirenz; Abacavir/ lamivudine
(2)

95
0.53 (0.29, 0.77)

93
0.46 (0.23, 0.70)

93
0.41 (0.16, 0.65)

Comparison with the Cockcroft-Gault Equation

Tenofovir (5); Emtricitabine (4)a 96
0.75 (0.57, 0.93)

94
0.66 (0.47, 0.85)

-

Tenofovir/ emtricitabine (3)a 96
0.75 (0.57, 0.93)

94
0.66 (0.47, 0.85)

-

Tenofovir/ emtricitabine/
efavirenz; Abacavir/ lamivudine
(2)

96
0.71 (0.52, 0.90)

95
0.64 (0.44, 0.84)

-

Abbreviations: mGFR, measured GFR; CKD-EPI, Chronic Kidney Disease Epidemiology collaboration; MDRD Study, Modification of Diet in
Renal Disease Study

Tenofovir (Viread®), tenofovir/ emtricitabine (Truvada®), tenofovir/ emtricitabine/ efavirenz (Atripla™), abacavir/ lamivudine (Epzicom™)

a
p<0.05 for difference in concordance rates among kidney function estimates

Dosing recommendations from Panel on Antiretroviral Guidelines for Adults and Adolescents.

Guidelines for the Use of Antiretroviral Agents in HIV-1-Infected Adults and Adolescents.

Department of Health and Human Services. October 14, 2011; 1-166 [3].
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