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Background. Chronic kidney disease is a common comorbid condition among persons living with human immunodeficiency 
virus (PWH). We characterized baseline kidney function in the REPRIEVE (Randomized Trial to Prevent Vascular Events in HIV) 
trial cohort.

Methods. REPRIEVE enrolled PWH with low to moderate cardiovascular risk based on traditional risk factors to evaluate 
the effect of statin therapy on cardiovascular events. We determined baseline estimated glomerular filtration rate (eGFR) with the 
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI), Modification of Diet in Renal Disease, and Cockcroft-Gault equa-
tions, and we evaluated baseline factors associated with eGFR <90 mL/min/1.73 m2 by logistic regression. We performed Bland-
Altman plots and scatterplots to assess agreement between equations.

Results. Among 7770 participants enrolled, the median age was 50 years, 31% were female (natal sex), 43% black or African 
American and 15% Asian, the median body mass index (calculated as calculated as weight in kilograms divided by height in meters 
squared) was 25.8, and the median CD4 cell count 620/µL. The median CKD-EPI eGFR was 97 mL/min/1.73 m2, and 38% had an 
eGFR <90 mL/min/1.73 m2. In the adjusted model, factors associated with eGFR <90 mL/min/1.73 m2 included white race, older 
age, higher body mass index, high-income region of enrollment, hypertension, and tenofovir disoproxil fumarate. The CKD-EPI 
and Modification of Diet in Renal Disease equations demonstrated strong agreement, particularly at lower eGFR values. Overall, 
there was 56% concordance between the 3 equations (categories <60, 60 to <90, ≥90 mL/min), improving to 73% after accounting 
for individual body surface area.

Conclusions. REPRIEVE enrolled a diverse cohort including a substantial number of PWH with reduced kidney function. 
Factors associated with reduced eGFR included traditional risk factors and tenofovir disoproxil fumarate exposure. Three commonly 
used equations have only fair agreement, with potential implications for both clinical care and epidemiologic studies.

Clinical Trials Registration. NCT02344290.
Keywords.  HIV; chronic kidney disease; kidney function; creatinine.

With advances in human immunodeficiency virus (HIV) 
therapy, the incidence of HIV-associated nephropathy and 
subsequent end-stage renal disease have declined substantially 
[1–3]. Still, 20%–30% of persons living with HIV (PWH) are 
estimated to have chronic kidney disease (CKD) that is stage 1 

or higher [4–6], and HIV infection remains an established risk 
factor for CKD, even after adjustment for traditional risk factors 
[7]. Black race, diabetes mellitus and hypertension are common 
among PWH and associated with an increased risk for CKD [8, 
9]. In fact, the effect of HIV may be additive to traditional risk 
factors [10].

The increased risk of CKD among PWH may be mediated in 
part by HIV-associated inflammation [11]. Identifying adjunc-
tive therapies that target inflammatory pathways has the poten-
tial to prevent CKD in this population. Data from randomized 
controlled trials suggest that 3-hydroxy-3-methylglutaryl coen-
zyme A reductase inhibitors (ie, statins) have a beneficial effect 
on the kidney among risk groups in the general population, 
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including patients with diabetes mellitus, hypertension, and 
preexisting atherosclerotic cardiovascular disease (ASCVD) 
[12–14]. That the kidney protective effect of statins is thought 
to be mediated in part through anti-inflammatory pathways 
is highly relevant in the setting of HIV infection [15, 16]. The 
REPRIEVE trial (Randomized Trial to Prevent Vascular Events 
in HIV; NCT02344290) is an ongoing randomized controlled 
trial evaluating whether pitavastatin calcium (referred to as 
pitavastatin hereafter) will prevent major adverse cardiovascular 
events in PWH with low to moderate traditional risk for cardi-
ovascular disease. The design of the REPRIEVE trial has been 
described elsewhere [17]. An ancillary study embedded within 
the REPRIEVE trial is focused on whether pitavastatin slows or 
prevents the decline in kidney function among the cohort.

The primary objective of the current analysis was to describe 
the baseline kidney function in the REPRIEVE population. 
Secondary objectives were to evaluate differences across race 
and region of enrollment in estimated glomerular filtration rate 
(eGFR) by 3 eGFR estimation equations used to screen for trial 
eligibility, evaluate the agreement of the 3 equations, and inves-
tigate factors associated with reduced kidney function.

METHODS

Study Participants

REPRIEVE enrolled 7770 participants between March 2015 
and July 2019 at >100 sites globally [18]. Inclusion criteria 
included PWH between 40 and 75  years of age, receiving 
antiretroviral therapy (ART) with CD4 cell counts >100/ µ 
L, low to moderate ASCVD risk according to the American 
College of Cardiology/American Hospital Association risk 
calculator, and preserved kidney function (eGFR ≥60 mL/
min/1.73 m2 or creatinine clearance [CrCl] ≥60  mL/min). 
Key exclusion criteria included clinical ASCVD, diabetes 
with low-density lipoprotein cholesterol levels >70 mg/dL, 
decompensated cirrhosis, active cancer within 12  months, 
and ongoing statin use. The full inclusion and exclusion cri-
teria and others details of the REPRIEVE design are avail-
able elsewhere [17]. A  history of CKD was defined based 
on the medical history of participants at the time of enroll-
ment. The rationale for including only persons with pre-
served kidney function was related to recommendations 
regarding pitavastatin dosing in persons with significantly 
reduced kidney function.

Ethics Statement

The REPRIEVE kidney ancillary study is fully embedded in the 
REPRIEVE trial. Each clinical research site obtained institu-
tional review board/ethics committee approval and any other 
applicable regulatory entity approvals. Participants were pro-
vided with study information, including discussion of risks and 
benefits, and were asked to sign the approved declaration of in-
formed consent.

Measures of Kidney Function

REPRIEVE allowed sites to use 3 commonly used creatinine-
based equations to assess kidney function for trial eligibility: 
Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) eGFR, Modification of Diet in Renal Disease (MDRD) 
eGFR, and Cockcroft-Gault CrCl [19–21]. All 3 equations were 
developed in North America and were designed with the aim 
of estimating glomerular filtration rate (GFR) levels <90  mL/
min/1.73 m2 or mL/min (see Supplementary Table 1 or the 
equations). These creatinine-based equations were developed 
to identify and stage CKD and appropriately adjust the dose 
of medications that are cleared by the kidney. The Cockcroft-
Gault equation was derived from 60 hospitalized white men 
with normal body weight to estimate CrCl as a surrogate for 
GFR [19]. The equation has no adjustment for body surface 
area (BSA), has not been updated to reflect the newer tech-
niques used to measure creatinine, and tends to overestimate 
kidney function [22]. The MDRD equation was developed in 
a cohort of 1628 predominantly white individuals with CKD 
and has replaced the Cockcroft-Gault equation for most clin-
ical laboratory reporting [20]. The MDRD equation performs 
well for persons with CKD but poorly among persons with GFR 
>90 mL/min/1.73 m2 [23]. Neither of these equations seem to 
perform well for persons outside of North America, and they 
particularly overestimate kidney function for persons of Asian 
descent [24, 25].

Based on the limitations of these 2 equations, the CKD-EPI 
equation was developed specifically to estimate kidney func-
tion more accurately in persons with GFR >60 mL/min/1.73 m2  
[21]. Data from 26 studies were used to develop and validate 
the equation and included persons with normal kidney func-
tion. The CKD-EPI equation performs as well as the MDRD 
equation at GFRs <60 mL/min/1.73 m2 and moderately better 
in persons with normal GFR [26]. However, precision of the 
2 equations is not significantly different [27]. In this analysis, 
we evaluated eGFR by each of the 3 equations as continuous 
and categorized according to clinically meaningful cutoffs  
(<60, 60 to <90, and ≥90 mL/min/1.73 m2 or mL/min) based on 
CKD classification [28]. Evaluation of factors associated with 
reduced kidney function (eGFR <90 mL/min/1.73 m2) used the 
CKD-EPI equation, which has been shown to yield more ac-
curate estimates of kidney function in the general population 
and is the recommended equation for use in PWH [29, 30]. 
For description of additional methods, see the Supplementary 
Methods section in this supplement [18].

Statistical Analysis

Distributions of eGFR by CKD-EPI, eGFR by MDRD, and 
Cockcroft-Gault CrCl were evaluated by race and region, cat-
egorized using the Global Burden of Disease (GBD) “super-
regions” that group countries based on epidemiologic similarity 
and geographic proximity [31]. The concordance between 
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the 3 equations was evaluated over the full distribution, using 
Bland-Altman plots and scatterplots and clinically meaningful 
cutoff points (<60, 60 to <90, and ≥90 mL/min). For the Bland-
Altman plots and scatterplots, we grouped the participants into 
2 groups: persons from high-income regions and those from 
other regions. For comparison of the 3 estimates, an adjustment 
for individual BSA (calculated using the DuBois and DuBois 
formula) was made to eGFR by the MDRD and CKD-EPI equa-
tions by multiplying the eGFR by BSA/1.73 m2 to provide con-
sistent units across the 3 equations.

Baseline characteristics were individually assessed for their 
association with eGFR <90 mL/min/1.73 m2 by the CKD-EPI 
equation using logistic regression models that adjusted for natal 
sex and race. Characteristics with a very low type 1 error proba-
bility (P < .001) and clinically meaningful estimated effect sizes 
were chosen for inclusion in the fully adjusted model. Odds 
ratios and associated 95% confidence intervals summarize the 
direction and magnitude of associations between the character-
istics and eGFR <90 mL/min/1.73 m2 for each model. Given the 
large sample size, inference is based on a nominal .001 signifi-
cance level and clinically meaningful effect sizes. The analysis 
was conducted using SAS software, version 9.4 for UNIX (SAS 
Institute).

RESULTS

Baseline Characteristics

Among the 7770 participants enrolled, the median age was 
50 years, 69% were male, 43% were black or African American, 
35% were white, and the median body mass index (BMI; calcu-
lated as calculated as weight in kilograms divided by height in 
meters squared) was 25.8. In North America (Canada, United 
States, and Puerto Rico), 18% were of Hispanic/Latino ethnicity. 
The prevalences of relevant comorbid conditions included 23% 
for hypertension, 5% for chronic active viral hepatitis B or C, 
1% for diabetes  mellitus, and <0.5% for history of CKD. The 
median baseline CD4 cell count was 620/ µ L, with 49% having 
a nadir <200/ µ L. Of the persons with HIV viral load data avail-
able, 98% had HIV plasma viral loads <400 copies/mL. The 
median total ART exposure was 10 years. and 85% had prior 
tenofovir disoproxil fumarate (TDF) exposure with a median 
duration of 5.5  years. Common ART combinations included 
nonnucleoside reverse-transcriptase inhibitors plus nucleo-
side reverse-transcriptase inhibitors (NRTIs) (47%), integrase 
strand transfer inhibitor plus NRTIs (25%), and protease inhibi-
tors plus NRTIs (19%) [32]. The baseline characteristics of the 
population are provided in Table 1.

Distribution of Kidney Function

Among 7766 participants with complete data to estimate CKD-
EPI eGFR, the distribution of kidney function using the 3 
equations by race is provided in Figure 1. Overall, the median 
CKD-EPI eGFR was 97 mL/min/1.73 m2, and 38% had an eGFR 

<90 mL/min/1.73 m2. The eGFR tended to be lower in high-
income regions than other GBD regions, with 53% of persons 
from high-income regions having an eGFR <90 mL/min/1.73 
m2, versus ≤26% in other GBD regions (Supplementary 
Table 2), with median eGFRs of 88 (Q1, Q3: 75–101) and 106 
(93–118) mL/min/1.73 m2, respectively (Figure  2A). Notably, 
weight, BMI, and BSA were all higher for participants from 
high-income regions than for those from other GBD regions 
(Supplementary Table 2). Similar differences in kidney function 
were evident when comparing by race, with median CKD-EPI 
eGFRs of 87, 104, and 102 mL/min/1.73 m2 for white, black or 
African American, and Asian participants, respectively. Overall 
55% of white participants, compared with 29% of black or 
African American and 25% of Asian participants, had an eGFR 
<90  mL/min/1.73 m2. Eighteen participants (0.2%) were en-
rolled into the trial despite having estimated kidney function 
<60 mL/min by all 3 equations (Table 2).

The eGFR distributions and agreement of the 3 equations 
by GBD region are presented with Bland-Altman plots and 
scatterplots in Figure  2. For both the CKD-EPI and MDRD 
equations, there are distinct eGFR distributions by region, with 
lower eGFR values from the high-income versus other GBD 
regions. The data demonstrate good agreement between the 
CKD-EPI and MDRD eGFR up to 120 mL/min/1.73 m2, above 
which the MDRD equation yields consistently higher values 
(Figure 2A, panel 4). The discrepancy between the 2 equations 
is heightened for participants from the other GBD regions.

In contrast, the Cockcroft-Gault equation yielded similar 
results for high-income and other GBD regions, with median 
CrCl values of 97 and 99 mL/min, respectively. Compared with 
the CKD-EPI and MDRD estimates, the Cockcroft-Gault CrCl 
estimates tended to be higher in high-income regions, whereas 
CKD-EPI and MDRD tended to be higher in other GBD re-
gions (Figure 2A, panels 7 and 8). The net result was that the 
distributions of the Cockcroft-Gault estimates do not exhibit 
the same regional differences observed with the CKD-EPI and 
MDRD equations.

After adjustment of the CKD-EPI and MDRD equations for 
individual BSA, the agreement between the equations is notably 
improved, particularly in the clinically relevant range <90 mL/
min (Figure 2B). The improvement appears to be driven by the 
resulting increase in eGFR in high-income regions where me-
dian weights, and therefore BSAs, were higher, and thus adjust-
ment had a greater impact. Similar analyses by sex and race are 
shown in Supplementary Figures 1 and 2. These suggest that 
the BSA-adjusted MDRD and CKD-EPI equations tend to give 
higher estimates of kidney function than the Cockcroft-Gault 
equation in men than in women (Supplementary Figure 1) and 
in black or African American persons compared with other 
races (Supplementary Figure 2).

When the equations were compared over the clinically signif-
icant ranges of the data, 38% of the cohort had eGFRs <90 mL/
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Table 1. Baseline Characteristics Overall and by Categories of Estimated Kidney Function Based on Chronic Kidney Disease Epidemiology Collaboration 
Equation

Characteristicsa

eGFR Based on CKD-EPI, mL/min per 1.73 mm2

Total (N = 7770) <60 (n = 202) 60 to <90 (n = 2738) ≥90 (n = 4826)

Demographic and Behavioral     

 Age, median (Q1, Q3), y 50 (45–55) 54 (49–58) 52 (47–56) 49 (44–54)

 Natal sex, no. (%)     

  Male 5352 (69) 148 (73) 2072 (76) 3130 (65)

  Female 2418 (31) 54 (27) 666 (24) 1696 (35)

 Race, no. (%)b     

  Black or African American 3378 (43) 58 (29) 923 (34) 2395 (50)

  White 2701 (35) 121 (60) 1364 (50) 1214 (25)

  Asian 1139 (15) 6 (3) 273 (10) 860 (18)

  Other 552 (7) 17 (8) 178 (7) 357 (7)

 Ethnicity, no. (%)c     

  Hispanic or Latino 698 (18) 24 (13) 309 (16) 365 (20)

  Not Hispanic or Latino 3187 (81) 154 (86) 1600 (83) 1429 (79)

  Unknown 34 (1) 2 (1) 21 (1) 11 (1)

 Enrollment region, no. (%)     

  High income 4096 (53) 183 (91) 2025 (74) 1884 (39)

  Other regionsd 3674 (47) 19 (9) 713 (26) 2942 (61)

 Smoking status, no. (%)     

  Current 1933 (25) 41 (20) 664 (24) 1227 (25)

  Former 1906 (25) 72 (36) 790 (29) 1043 (22)

  Never 3923 (51) 89 (44) 1281 (47) 2552 (53)

Cardiovascular and Metabolic     

 History of hypertension, no. (%) 1785 (23) 88 (44) 705 (26) 991 (21)

 History of diabetes, no. (%) 66 (1) 8 (4) 19 (1) 39 (1)

 Use of antiplatelet therapy, no. (%)e 275 (4) 14 (7) 138 (5) 123 (3)

 Weight, median (Q1, Q3), kg 75 (64–87) 87 (78–97) 79 (69–90) 72 (61–84)

 BMI, median (Q1, Q3)f 25.8 (22.8–29.4) 28.7 (25.3–31.6) 26.3 (23.7–29.8) 25.2 (22.1–29.0)

 BMI, no. (%)f     

  <18.5 288 (4) 1 (<0.5) 40 (1) 247 (5)

  18.5–24.9 3115 (40) 45 (22) 986 (36) 2083 (43)

  25–29.9 2664 (34) 80 (40) 1054 (39) 1528 (32)

  ≥30 1696 (22) 75 (37) 657 (24) 963 (20)

 BSA, median (Q1, Q3), m2 1.9 (1.7–2.0) 2.0 (1.9–2.1) 1.9 (1.8–2.1) 1.8 (1.7–2.0)

 BP, median (Q1, Q3) mm Hg     

  Systolic 122 (113–132) 125 (116–133) 122 (114–132) 122 (112–132)

  Diastolic 80 (72–85) 80 (74–85) 80 (72–85) 80 (71–86)

HIV-Related Health Status     

 Nadir CD4 count     

  <200/ µ L 3792 (49) 96 (48) 1348 (49) 2347 (49)

  ≥200/ µ L 3716 (48) 95 (47) 1279 (47) 2340 (48)

  Unknown 262 (3) 11 (5) 111 (4) 139 (3)

 CD4 cell count, median (Q1, Q3), cells/ µ L)g 620 (447–826) 621 (448–855) 619 (444–840) 621 (449–816)

 HIV-1 RNA, copies/mL     

  <400 5865 (98) 189 (99) 2401 (98) 3272 (97)

  ≥400 133 (2) 2 (1) 42 (2) 89 (3)

 Total ART duration, median (Q1, Q3), y 10 (5–15) 11 (6–18) 10 (6–16) 9 (5–13)

 Tenofovir exposure duration, median (Q1, Q3), y 5.5 (3.0–8.7) 6.1 (2.9–10.0) 6.0 (3.0–9.3) 5.1 (2.9–8.1)

 Tenofovir exposure duration, no. (%)     

  0 y 1185 (15) 22 (11) 295 (11) 867 (18)

  <5 y 2836 (37) 70 (35) 933 (34) 1831 (38)

  5 to <10 y 2609 (34) 63 (31) 976 (36) 1569 (33)

  ≥10 y 1127 (15) 46 (23) 526 (19) 555 (12)

 ART regimen class, no. (%)     

  NRTI + INSTI 1978 (25) 111 (55) 1021 (37) 842 (17)

  NRTI + NNRTI 3676 (47) 29 (14) 833 (30) 2814 (58)
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min/1.73 m2 or mL/min by the CKD-EPI and Cockcroft-Gault 
equations, whereas 52% had eGFR <90  mL/min/1.73 m2 by 
the MDRD equation. The overall concordance (<60, 60 to <90,  

≥90  mL/min/1.73 m2) between the 3 equations was 56% 
(Table  2), which improved to 73% when the CKD-EPI and 
MDRD equations were adjusted for individual BSA (Table 3).
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Figure 1. Distribution of estimated kidney function by the 3 equations by racial groups. The distribution of estimated kidney function by racial groups (white [n = 2701], 
black or African American [n = 3378], Asian [n = 1139], or other [n = 552]). The upper panels present the absolute numbers of persons within each category (<60, 60 to <90, 
or ≥90 mL/min/1.73 m2 or mL/min) for the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI), Modification of Diet in Renal Disease (MDRD), or Cockcroft-Gault 
equations. The median (Q1, Q3) CKD-EPI estimated glomerular filtration rate (eGFR) was 97 (81–109) mL/min/1.73 m2; the median MDRD eGFR, 89 (75–106) mL/min/1.73 m2; 
and the median Cockcroft-Gault creatinine clearance (CrCl), 98 (82–119) mL/min. The lower panels present the data as percentages of participants within each racial group.

Characteristicsa

eGFR Based on CKD-EPI, mL/min per 1.73 mm2

Total (N = 7770) <60 (n = 202) 60 to <90 (n = 2738) ≥90 (n = 4826)

  NRTI + PI 1439 (19) 23 (11) 537 (20) 879 (18)

  NRTI sparing 199 (3) 10 (5) 110 (4) 79 (2)

  Other NRTI containing 476 (6) 29 (14) 235 (9) 212 (4)

Other Comorbidities     

 History of kidney disease, no. (%) 29 (<0.5) 8 (4) 17 (1) 4 (<0.5)

 Chronic viral hepatitis, no. (%) 361 (5) 15 (7) 161 (6) 185 (4)

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; BP, blood pressure; BSA, body surface area; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated 
glomerular filtration rate; HIV, human immunodeficiency virus; INSTI, integrase strand transfer inhibitor; IQR, interquartile range; NNRTI, nonnucleoside reverse-transcriptase inhibitor; NRTI, 
nucleoside reverse-transcriptase inhibitor; PI, protease inhibitor.
aAll statistics are calculated based on participants with data collected. Statistical comparisons between eGFR groupings are not made because the cohort size provides very high power to 
detect very small differences of no clinical relevance. Four participants missing eGFR by CKD-EPI are included in the overall total. Missing data include smoking status (n = 8), weight (n = 
4), BMI (n = 7), CD4 cell count (n = 22), HIV-1 RNA level (n = 1772), total ART use (n = 2), ART regimen class (n=2), and medical history (n = 6). ART regimen class (n=2).
b“Other” race includes self-identification as native or indigenous to the enrollment region, >1 race (with no single race noted as predominant), or unknown race. 
cEthnicity presented per National Institutes of Health definition for participants in United States (including Puerto Rico) and Canada only. 
dIncludes Latin American and Caribbean, South East and East Asia, South Asia, and sub-Saharan Africa. Statistical comparisons between eGFR groupings are not made because the cohort 
size provides very high power to detect very small differences of no clinical relevance. 
eIncludes aspirin. 
fBMI was calculated as weight in kilograms divided by height in meters squared.
gRecorded at entry.

Table 1. Continued
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Factors Associated With Reduced Kidney Function

Factors associated with reduced kidney function (CKD-EPI 
eGFR <90 mL/min/1.73 m2) were evaluated using logistic re-
gression among participants without history of kidney disease 
who had CKD-EPI eGFRs available. Single variable analyses 
were adjusted for sex and race. Enrollment in high-income 
regions, male sex, white race, older age, higher BMI, higher 
BSA, smoking history, diagnosis of hypertension, diagnosis of 
chronic active viral hepatitis, greater total antiretroviral use in 
years, TDF exposure, and use of antiplatelet therapy were as-
sociated with an increased odds of eGFR <90 mL/min/1.73 m2 
in single variable analyses (Table 4). In the fully adjusted anal-
ysis, white race, enrollment in high-income regions, older age, 
higher BMI, diagnosis of hypertension, diagnosis of chronic ac-
tive viral hepatitis, and TDF exposure remained associated with 

an increased odds of eGFR <90 mL/min/1.73 m2 (Table 4). We 
performed similar analyses using estimates from the MDRD 
and Cockcroft-Gault equations. The analysis using the MDRD 
equation yielded very similar results, whereas the analysis 
using the Cockcroft-Gault equation yielded different results for 
covariates associated with weight in our cohort, including race 
and sex (data not shown).

DISCUSSION

Overall, the REPRIEVE trial enrolled PWH who are represen-
tative of the global HIV epidemic and includes persons with a 
wide range of kidney function. The proportion of persons with 
reduced eGFR (<90 mL/min or mL/min/1.73 m2) ranged from 
38% to 52%, depending on the 3 commonly used equations 
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Figure 2. Histograms, Bland-Altman plots and scatterplots for 3 kidney function equations by Global Burden of Disease (GBD) super-regions (high-income versus other 
regions). A, Data presented without body surface area (BSA) adjustment for Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) and Modification of Diet in Renal 
Disease (MDRD) equations. Estimated glomerular filtration rate (eGFR) distributions by each equation are presented in histograms on the diagonal. Data from high-income 
regions is represented by purple, and data from other GBD regions in teal. Panel 1 (top row left) for CKD-EPI: median eGFR, 88 and 106 mL/min/1.73 m2 for high-income and 
other GBD regions, respectively. Panel 5 (middle row center) for MDRD: median eGFR 81 and 101 mL/min/1.73 m2 for high-income and other GBD regions, respectively. Panel 
9 (bottom row right) for Cockcroft-Gault: median creatinine clearance (CrCl) 97 and 99 mL/min for high-income and other GBD regions, respectively. Pairwise Bland-Altman 
plots below the diagonal present plots of the average of the 2 equations on the x-axis versus the difference of the 2 equations on the y-axis. Panel 4 (middle row left) presents 
MDRD versus CKD-EPI equation with the CKD-EPI yielding an overall average 2.7 units higher, with notably higher values for the MDRD equation for persons with eGFR > 
120 mL/min/1.73 m2. Panel 7 (bottom row left) presents Cockcroft-Gault versus CKD-EPI equation with the Cockcroft-Gault yielding an overall average 7.3 units higher, with 
notable variation between the 2 equations for any given value. Panel 8 (bottom row center) presents Cockcroft-Gault versus MDRD equation with the Cockcroft-Gault yielding 
an overall average 10 units higher, with notable variation between the 2 equations for any given value which is more pronounced at higher values. Simple scatterplots are pre-
sented in panels 2 (top row center) (MDRD vs CKD-EPI), 3 (top row right) (Cockcroft-Gault vs CKD-EPI) and 6 (middle row right) (Cockcroft-Gault vs MDRD). These data confirm 
the findings in the Bland-Altman plots. B, Data presented with adjustment for individual BSA for CKD-EPI and MDRD equations, in the same format as in A. The discrepancy 
between the eGFR values for high-income and other GBD regions is partially attenuated by adjusting for BSA, with an increased eGFR estimate for high-income regions. The 
variation in values generated by the equations is decreased. This attenuation is best represented in the scatterplots presented in B, panels 2, 3, and 6.
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allowed for eligibility screening in the trial. The 3 equations 
demonstrated only fair concordance in classifying participants 
by accepted eGFR strata.

Given that the REPRIEVE trial recruited persons receiving 
ART, the majority with suppressed HIV, and with low to mod-
erate risk of ASCVD, it is not surprising that the cohort is reflec-
tive of the aging HIV epidemic. Certain traditional risk factors 
were associated with an increased odds of reduced eGFR, in-
cluding older age, higher BMI, history of hypertension, history 
of chronic viral hepatitis, and exposure to TDF-based ART. 
Notably, white race was associated with an increased odds of 
having decreased eGFR compared with other racial groups, 
particularly black or African American participants. This effect 
is likely related to the fact that black or African American par-
ticipants were more likely than white participants to be female 
(43% vs 14%, respectively). Furthermore, the MDRD equation 
has previously been demonstrated to underestimate the prev-
alence of impaired kidney function for persons of black or 

African American race [33]. In addition, the risk factors used 
in the ASCVD pooled risk calculator overlap with CKD risk 
factors that are likely more prevalent among black or African 
American persons than among white individuals of similar 
age. This may have resulted in the exclusion of some persons 
of black race or African American persons or men with lower 
eGFRs from trial participation.

The increased odds of reduced eGFR among PWH with TDF 
exposure was expected (Table 4). The impact of tenofovir use on 
kidney function has been well established, with the greatest effect 
being reported in persons receiving TDF with a ritonavir-boosted 
protease inhibitor [5, 30, 34]. In fact, the Infectious Disease Society of 
America clinical practice guidelines for the management of kidney 
disease stress the potential nephrotoxicity of TDF and the impor-
tance of monitoring kidney function for PWH receiving TDF-based 
regimens [1]. In 2015, the Food and Drug Administration approved 
tenofovir alafenamide (TAF), a tenofovir prodrug that accumu-
lates in nucleated cells rather than the plasma and thus may have 

Table 2. Three-Way Classification of Kidney Function Equations: Comparison of Chronic Kidney Disease Epidemiology Collaboration and Modification of 
Diet in Renal Disease Equations, Without Adjustment for Body Surface Area

eGFR by CKD-EPI, mL/min/1.73 m2 

Participants, No. (%)

eGFR by MDRD, mL/min/1.73 m2

All Participants

<60 60 to <90 ≥90

CrCl by CG, mL/min CrCl by CG, mL/min CrCl by CG, mL/min

<60 60 to <90 ≥90 <60 60 to <90 ≥90 <60 60 to <90 ≥90

 <60 18  
(0.2)

167  
(2.2)

16  
(0.2)

0  
(0)

0  
(0)

0  
(0)

0  
(0)

0  
(0)

0  
(0)

201  
(2.6)

 60 to <90 14  
(0.2)

131  
(1.7)

31  
(0.4)

99  
(1.3)

1381  
(17.8)

1080  
(13.9)

0  
(0)

1  
(0.0)

0  
(0)

2737  
(35.3)

 ≥90 0  
(0)

0  
(0)

0  
(0)

4  
(0.1)

353  
(4.5)

696  
(9.0)

8  
(0.1)

757  
(9.8)

3006  
(38.7)

4824  
(62.1)

Abbreviations: CG, Cockcroft-Gault; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; CrCl, creatinine clearance; eGFR, estimated glomerular filtration rate; MDRD, Modification 
of Diet in Renal Disease.

Table 3. Three-Way Classification of Kidney Function Equations: Comparison of Chronic Kidney Disease Epidemiology Collaboration and Modification of 
Diet in Renal Disease Equations, With Adjustment for Body Surface Area

eGFR by CKD-EPI With BSA Adjustment, 
mL/min 

Participants, No. (%)

eGFR by MDRD with BSA Adjustment, mL/min

All Participants

<60 60 to <90 ≥90

CrCl by CG, mL/
min CrCl by CG, mL/min CrCl by CG mL/min

<60 60 to <90 <60 60 to <90 ≥90 <60 60 to <90 ≥90

<60 37  
(0.5)

48  
(0.6)

0  
(0)

0  
(0)

0  
(0)

0  
(0)

0  
(0)

0  
(0)

85  
(1.1)

60 to <90 19  
(0.2)

91  
(1.2)

85  
(1.1)

1660  
(21.4)

308  
(4.0)

0  
(0)

32  
(0.4)

5  
(0.1)

2200  
(28.4)

≥90 0  
(0)

0  
(0)

1  
(0.0)

349  
(4.5)

539  
(6.9)

1  
(0.0)

609  
(7.8)

3975  
(51.2)

5474  
(70.6)

Abbreviations: BSA, body surface area; CG, Cockcroft-Gault; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; CrCl, creatinine clearance; eGFR, estimated glomerular filtration 
rate; MDRD, Modification of Diet in Renal Disease.
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less effect on kidney function, although there remains debate about 
whether there are true benefits of TAF over TDF [35, 36]. Since 
then, an increase in TAF use in HIV regimen has been recognized, 
including among REPRIEVE participants [32]. Because REPRIEVE 
enrollment began before the approval of TAF for HIV treatment, 
we will be able to evaluate a differential effect of these antiretroviral 
agents in future analyses. For the current analysis, tenofovir expo-
sure specifically targeted reported exposure to TDF, given limited 
exposure to the TAF formulation.

These data indicate good agreement between the CKD-EPI 
and MDRD equations in the REPRIEVE sample, particularly 
for eGFR <90 mL/min/1.73 m2, but poor agreement >120 mL/
min/1.73 m2. This finding is reassuring that both equations pro-
vide a reasonable determination of whether PWH have mild 
impairment in kidney function. Conversely, the Cockcroft-
Gault equation had poor agreement with either the CKD-EPI or 
MDRD equations, particularly at higher eGFR values. For the 
comparisons between the equations, adjusting for individual 

Table 4. Adjusted and Fully Adjusted Logistic Regression to Assess Baseline Factors Associated With Estimated Glomerular Filtration Rate <90  mL/
min/1.73 mm2 by Chronic Kidney Disease Epidemiology Collaboration Equation

Covariatea

Adjustedb Fully Adjustedc

OR (95% CI) P Value OR (95% CI) P Value

Natal sex, female vs male 0.60 (.54–.67)d <.001 0.93 (.82–1.05) .22

Race     

 Asian vs White 0.27 (.23–.31)d <.001 1.06 (.87–1.28) .58

 Black or African American vs White 0.33 (.30–.37)d <.001 0.45 (.40–.51) <.001

 Other vs White 0.44 (.36–.53)d <.001 0.76 (.62–.95) .01

Age (y), per 5 y 1.36 (1.31–1.41) <.001 1.40 (1.34–1.46) <.001

Enrollment region, other regionse vs High Income 0.23 (.21–.26) <.001 0.25 (.22–.29) <.001

Smoking status     

 Current vs never 0.95 (.84–1.07) .36 … …

 Former vs never 1.25 (1.11–1.41) <.001 … …

History of hypertension, yes vs no 1.56 (1.40–1.75) <.001 1.26 (1.12–1.43) <.001

History of diabetes yes vs no 1.12 (.67–1.86) .67 … …

Use of antiplatelet therapy, yes vs nof 1.76 (1.36–2.26) <.001 0.98 (.75–1.28) .88

Weight (kg), per 5 kg 1.09 (1.08–1.11) <.001 … …

BMIg     

 <18.5 vs 18.5–24.9 0.43 (.30–.61) <.001 0.46 (.32–.66) <.001

 25–29.9 vs 18.5–24.9 1.40 (1.25–1.57) <.001 1.34 (1.18–1.51) <.001

 ≥30 vs 18.5–24.9 1.66 (1.45–1.90) <.001 1.39 (1.20–1.61) <.001

BSA (m2), per 0.5 mm2 2.33 (2.07–2.62) <.001 … …

BP (mm Hg), per 10 mm Hg     

 Systolic 1.01 (.98–1.05) .44 … …

 Diastolic 1.00 (.95–1.05) .98 … …

Duration of ART exposure (y)     

 5–10 vs <5 1.02 (.89–1.17) .75 … …

 ≥10 vs <5 1.42 (1.25–1.61) <.001 … …

Nadir CD4 count (cells/mm2)     

 <200 vs ≥200 1.12 (1.02–1.24) .02 … …

 Unknown vs ≥200 1.46 (1.13–1.90) .004 … …

CD4 count (cells/ µ L), per 100 cells 1.01 (.99–1.02) .54 … …

Tenofovir exposure (y)     

 0 to <5 vs 0 1.52 (1.30–1.78) <.001 1.83 (1.54–2.16) <.001

 5 to <10 vs 0 1.87 (1.60–2.18) <.001 1.62 (1.37–1.91) <.001

 ≥10 vs 0 2.50 (2.09–3.00) <.001 1.66 (1.37–2.01) <.001

Chronic active viral hepatitis, yes vs no 1.70 (1.37–2.12) <.001 1.26 (1.00–1.58) .051

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; BP, blood pressure, BSA, body surface area; CI, confidence interval; OR, odds ratio.
aParticipants with a history of kidney disease (n = 29) and missing estimated glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration equation (n = 4) have been 
excluded.
bEstimates from univariate models, adjusted for natal sex and race. 
cEstimates from multivariable logistic regression; covariates with P values <.001 and clinically meaningful estimated effect sizes were chosen for inclusion in the fully adjusted model.
dEstimate from a univariate model.
eIncludes Latin American and Caribbean, South East and East Asia, South Asia, and sub-Saharan Africa.
fIncludes aspirin.
gBMI was calculated as weight in kilograms divided by height in meters squared.
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BSA to report all estimates in the same units (milliliters per 
minute) improved the concordance (Figure 2B). The impact of 
this adjustment was greatest in the high-income regions, where 
obesity and high BSA were common. Although adjustment for 
BSA is not routinely performed in clinical practice, it has been 
recommended to allow use of the CKD-EPI estimate for drug 
dosing, which is currently based on the Cockcroft-Gault equa-
tion [37]. The current study was not designed to evaluate the ac-
curacy of the different GFR equations in the absence of a direct 
measure of GFR; however, the CKD-EPI is generally considered 
a more accurate estimate of directly measured GFR,

This analysis is limited by the fact that participants with eGFR 
<60 mL/min/1.73 m2 or Cr/Cl <60 mL/min were excluded from 
the parent trial; <3% of participants had a CKD-EPI eGFR 
<60 mL/min/1.73 m2, and only 0.2% fell below this threshold 
by all 3 equations. We relied on creatinine-based estimates and 
did not include a direct GFR measure or a cystatin-C based 
equation in this analysis given that most clinicians use only the 
creatinine-based equations for clinical care of PWH. Because 
we used the data available at time of entry, we cannot be certain 
that these estimations reflect stable kidney function; nonethe-
less, all participants were required to be engaged in HIV care 
and on stable ART, indicative of overall stable clinical status. 

We did not discriminate between TDF and TAF exposure for this 
analysis, but exposure to TAF was limited in the cohort at time of entry. 
We will evaluate the differential effect of TAF versus TDF on kidney 
function, as well as the effect of other ART agents, in future analyses 
once greater exposure to TAF has accrued. Future analyses will also 
examine the urinary protein and albumin within this cohort, as these 
data are not yet available to the research team. We will also have data 
regarding host genetic factors, including APOL1 risk variants and 
other polymorphisms that have been linked to progression of CKD. 
We also preferentially presented analyses based on the CKD-EPI for-
mula. Studies comparing these estimates to a direct measure of GFR 
have demonstrated that the CKD-EPI eGFR is more accurate than 
the other 2 equations in most populations, including PWH receiving 
stable ART. The adjustment for black race may introduce some error 
in African populations, but overall we made the assumption that the 
CKD-EPI equation provides the most accurate and least biased esti-
mate of measured GFR.

In summary, the REPRIEVE trial has recruited a diverse co-
hort of PWH who represent the ongoing global HIV epidemic. 
The trial includes a large number of individuals with reduced 
estimates of kidney function and is well positioned to deter-
mine whether pitavastatin therapy can prevent the decline in 
kidney function in PWH. The use of any of these creatinine-
based equations for estimate of kidney function has limitations 
that must be considered, particularly when making medica-
tion dosing recommendations. Future analyses will evaluate 
changes in kidney function over time in this well-characterized 
cohort and whether pitavastatin can prevent the loss of kidney 
function.

Supplementary Data

Supplementary materials are available at The Journal of Infectious 
Diseases online. Consisting of data provided by the authors to 
benefit the reader, the posted materials are not copyedited and 
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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