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Renal Impairment in an African Cohort
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Abstract
Objectives and Method: There are growing concerns of tenofovir disoproxil fumarate (TDF)–associated renal toxicity. We
evaluated the effect of long-term TDF exposure on renal function in a cohort of HIV-1-infected Nigerians between 2006 and 2015.
Multivariate logistic regression was used to identify predictors of renal impairment at different time over 144 weeks of antiretroviral
therapy (ART). Results: Data of 4897 patients, median age 42 years (interquartile range: 36-49), and 61% females were analyzed.
The prevalence of renal impairment increased from 10% at week 24 to 45% at 144 weeks in TDF-exposed participants compared
to an increase from 8% at 24 weeks to 14% at 144 weeks in TDF-unexposed participants. Tenofovir disoproxil fumarate exposure
predicted the risk of renal impairment at 144 weeks of ART (odds ratio: 2.36; 95% confidence interval: 1.28-4.34). Conclusion:
Long-term exposure to TDF-based ART significantly increases the likelihood of renal impairment. The continued use of TDF-
based regimen in our setting should be reviewed. We recommend the urgent introduction of tenofovir alafenamide–based
regimen in the HIV treatment guidelines of Nigeria and other resource-limited countries.
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Introduction

Tenofovir disoproxil fumarate (TDF), a potent antiretroviral

(ARV) drug was approved for clinical use by the US Food and

Drug Administration in 2001, the European Medicines Evalua-

tion Agency in 2002, and was subsequently approved in other

countries around the world.1 Tenofovir is one of the preferred

backbones for antiretroviral therapy (ART) and is widely used

in the management of HIV-1 infection.1-3 Central to the clinical

success of TDF has been the low rates of discontinuations due

to TDF-related viral resistance or toxicity2,4,5 and its effective-

ness in the management of HIV-1 and hepatitis B coinfec-

tions.6-8 However, while TDF therapy is generally well

tolerated, there are growing concerns about its renal safety. The

first case of TDF-induced acute nephrotoxicity was published

in 2001,9 and since then there has been increasing evidence

from observational studies of the renal toxicity of TDF.1,10-14

Data from a 2010 review and meta-analysis demonstrated

greater loss of kidney function and a higher risk of acute renal

failure in patients receiving TDF-based therapies versus non-

TDF regimens.15 Tenofovir disoproxil fumarate–associated

nephrotoxicity may present as proximal tubular dysfunction

with preserved renal function or proximal tubular dysfunction

associated with decreased renal function.16

Despite mounting evidence of TDF-associated nephrotoxi-

city, its use in the management of HIV-1 infection is on the rise

(over 9 million patient-years),1 especially in resource-limited

settings.2,17 In Nigeria, the use of TDF as a component of ART

has been scaled up since 2006 when it was first introduced into

the National HIV treatment guidelines.18 As part of the

preferred first-line ART regimen in Nigeria, it was projected

that at least 400 000 of the about 750 000 HIV-infected persons

on ART (over 50%) in Nigeria as of 2014 were on TDF-based

ART.19-21 There are few reports on the renal safety of TDF in

Nigerian patients. Previously, a case report associated nephro-

toxicity in a Nigerian patient with the use of TDF-based

ART.22 Another earlier observational study in Nigeria evalu-

ated renal function in 186 HIV-1-infected patients on ART and

reported that TDF-containing ART was associated with a slight

decline in creatinine clearance (CrCl) at 48 weeks.23 However,

the study was limited by small sample size and a relatively

short duration of follow-up. The paucity of longitudinal data

on the renal safety of TDF-based ART in Nigerian patients

brings to the fore an overarching need to conduct locally rele-

vant epidemiological studies to quantify the magnitude and

trend of TDF-related nephrotoxicity and to generate data to

guide programmatic decision nationally and internationally.

This study set out to assess the effect of 144-week TDF expo-

sure on the renal function of HIV-infected adult Nigerians.

Method

Study Design, Setting, and Population

We conducted a retrospective cohort analysis in which pro-

spectively collected clinical and laboratory data of patients

who accessed ART services between 2006 and 2015 at the

AIDS Prevention Initiative in Nigeria (APIN)–supported HIV

Centre of the Jos University Teaching Hospital (JUTH) was

evaluated. HIV-infected patients �18 years of age, treatment

naive at ART initiation, and received TDF-based ART were

eligible for study inclusion. Patients with only one pharmacy

drug pick up, and those with insufficient baseline data such as

missing baseline serum creatinine (SCr) were excluded from

the study. Also excluded were patients with preexisting renal

disorders. The study commencement period of 2006 was

selected as it coincided with the period of introduction of TDF

into the Nigerian ART treatment program.

The ART program at JUTH has one of the largest ART

cohorts in Nigeria with over 26 000 patients cumulatively

enrolled since inception. The JUTH ART program started in

2002 as part of the Federal Government of Nigeria ART pro-

gram. However, in 2004, there was a rapid scale-up of ART

services through collaboration between JUTH, the University

of Jos and the Harvard T. H. Chan School of Public Health

(HSPH)/APIN through funding from the US President’s Emer-

gency Plan for AIDS Relief. Initiation of ART-naive patients

on ART was based on eligibility criteria outlined in the Niger-

ian National HIV Treatment Guidelines18-20 that closely mir-

rored the World Health Organization (WHO) Guidelines.3,24-26

Beginning in 2004, patients were considered eligible for ART

if their CD4 counts dropped to �200 cells/mm3 or if sympto-

matic with CD4 counts �350 cells/mm3; from 2010, CD4

count eligibility was raised to �350 cells/mm3 regardless of

symptoms. The preferred first-line ARV regimen generally

included a non-nucleoside reverse transcriptase inhibitor,

What Do We Already Know about This Topic?

Long-term nephrotoxicity associated with the use of teno-

fovir disoproxil fumarate (TDF); a potent antiretroviral

drug is poorly described in HIV-1 positive Nigerians on

TDF-based antiretroviral therapy (ART).

How Does Your Research Contribute to the
Field?

Analysis of longitudinal data from a large cohort of

HIV-1-infected adult Nigerians revealed that exposure to

TDF-based ART doubled the likelihood of renal impair-

ment at 144 weeks of ART.

What Are Your Research’s Implications toward
Theory, Practice, or Policy?

Long-term use of TDF-based ART raises significant renal

safety concerns among HIV-1-infected Nigerians and its

use as initial ART regimen for adults and adolescents as

per the Nigerian HIV treatment guidelines should be

reconsidered, especially in settings were renal function

monitoring cannot be guaranteed.
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either nevirapine (NVP) or efavirenz (EFV), in combination

with 2 nucleoside reverse transcriptase inhibitors (NRTIs),

typically lamivudine (3TC) in combination with either zidovu-

dine (ZDV) or TDF.18-20 Stavudine with 3TC was recom-

mended as an alternate NRTI combination in the 2006

Nigerian HIV treatment guideline18 but was phased out in the

2010 guideline.20 Between 2006 and 2013, most patients initi-

ated ART with the ARV regimen of ZDV/3TC/NVP, except

those with anemia or hepatitis B coinfection where TDF/3TC/

EFV was used. There was a major shift toward the use of

TDF/3TC/EFV for ART initiation for most patients at the treat-

ment facility beginning in 2013. However, in patients with

baseline renal impairment, ZDV or abacavir was used in place

of TDF, while in those with a history of psychiatric illness NVP

was used instead of EFV.

As part of the treatment protocol, patients provided written

informed consent at enrollment. Only patients who had con-

sented to their clinical data to be used for research were

included in this analysis. The protocol and consent forms were

reviewed and approved by the institutional review board of

HSPH and the JUTH Human Research Ethics Committee

(reference number JUTH/DCS/ADM/127/XXVII/803).

Laboratory Assessment

HIV Serology, CD4 Count, and Viral Load. Sample collection and

all analyses were performed in the APIN-supported laboratory

at JUTH. The APIN-supported laboratory engages in external

quality assurance with UK-NEQAS and the American College

of Pathologists; received South African National Accreditation

System (SANAS) accreditation in October of 2017. The HIV

status of each participant was determined using the rapid

immunochromatographic HIV-1/2 test (Abbott Diagnostics)

and the Murex HIV antigen/antibody Combination ELISA

(Abbott Diagnostics), according to the manufacturer’s instruc-

tions. A participant was considered HIV infected if he/she

tested positive on the 2 tests, HIV negative if negative for both

tests, and discordant if positive for only 1 test, in which case a

third test (tiebreaker) was conducted. Participants’ CD4 count

was determined via flow cytometry (Partec GmbH), according

to the manufacturer’s instructions.

HIV RNA was determined using the Roche Ampliprep Taq-

Man (Roche Diagnostics), according to the manufacturer’s pro-

tocol. The laboratory parameters included in this analysis were

those measured at baseline and 24, 48, 96, and 144 weeks of

ART. Baseline clinical assessments or laboratory evaluations

for ART naive patients were the closest measurements to, and

up to 6 months before ART commencement in most cases or

0.5 months after the ART start date.

Outcome Measure and Exposure Variables

The main outcome measure was renal impairment at week 24,

48, 96, and 144 of ART exposure. Renal impairment was

defined as meeting at least 1 of 2 criteria: (i) estimated glomer-

ular filtration rate (eGFR) <60 mL/min/1.73 m2 (calculated

using the abbreviated Modification of Diet in Renal Disease

[MDRD] equation),27 which constitutes stage 3 or greater renal

disease according to the Kidney Disease Outcomes Quality

Initiative guidelines28; (ii) a �2-fold increase in SCr above

baseline or a�50% decline in CrCl from baseline on 1 or more

measurements, which meets the definition of “renal injury” by

the risk, injury, failure, loss, and end-stage kidney criteria.29

For this criterion, CrCl was calculated using the Cockcroft–

Gault equation and the patient’s actual body weight.27

Exposure Variable. The primary exposure variable was TDF

exposure baseline. Patients were characterized as TDF-

unexposed if they did not receive TDF during the study period.

Data on other exposure variables collected included: age, sex,

SCr, weight, ART start date, and HIV comorbidities (hepatitis

B or C).

Statistical Analysis

Standard descriptive statistical methods were used to describe

baseline demographic and clinical characteristics of study par-

ticipants. Bivariate analysis of demographics and clinical char-

acteristics associated with renal impairment was performed

using the w2 test for categorical variables, and Mann-Whitney

U test for continuous variables (due to their skewed distribution

determined from initial exploratory analyses). Independent

predictors of the binary outcomes of renal impairment at 24,

48, 96, and 144 weeks of ART were evaluated using a multi-

variate logistic regressions model. We included variables that

were significant to a P ¼ .25 in the bivariate analysis in the

multivariable model. Variables included in the multivariate

model are gender, age at ART initiation, clinical stage of dis-

ease, hepatitis B virus status, baseline CD4 count, baseline viral

load, and initial ART regimen. Age was included as a contin-

uous variable, WHO HIV clinical stage was categorized as less

advanced (WHO stage 1 or 2) or more advanced (WHO stage 3

or 4), while CD4 count was categorized into �100 and

>100 cells/mm3 with CD4 count �100 cells/mm3 representing

severe immunosuppression. Multiple imputations of missing

values were performed to address potential bias due to missing

data. Multiple imputations were done after examination of the

pattern of the missing data and verification that data were

missing at random. Assuming missing at random, we used

Markov chain Monte Carlo method of multiple imputations

and the linear regression technique for 5 imputed data set.

Statistical significance was defined at an a level of .05. All

of the analyses were performed using SPSS for windows ver-

sion 23 (IBM Corp).

Results

Demographic and Clinical Characteristics of Study
Participants

The baseline demographic and clinical characteristics of the

4897 participants stratified by TDF exposure are presented

Agbaji et al 3



in Table 1. The median age of the study participants was

42 years (interquartile range [IQR]: 36-49) with females in the

majority (61%). Tenofovir-unexposed participants were more

in proportion, had more females, and were older (median [IQR]

age of 42 [36-50] versus 41 [35-48] years for TDF-exposed

versus -unexposed; P < .001). A little above a quarter (27%)

of the participants were coinfected with hepatitis B or C, with a

significantly higher proportion of coinfected patients on

TDF-based ART (44% versus 31%). Most participants (68%)

had WHO clinical stage 1 or 2 disease at baseline, with a higher

proportion of those with WHO stage 3 or 4 disease exposed to

TDF, P < .001. Additionally, the majority of participants had

HIV viral load �10 000 copies/mL (68%) and CD4 count

>100 cells/mm3 (72%) prior to ART initiation. Baseline med-

ian eGFR were significantly higher in TDF-exposed partici-

pants compared to TDF-unexposed participants (102 versus

88 mL/min/1.73 m2 for eGFR; P < .001).

Prevalence of Renal Impairment

The prevalence of renal impairment over 144 weeks of ART

summarized in Table 2 shows that overall 348 (9%) partici-

pants of 3806 had renal impairment at 24 weeks of ART. The

proportion of patients with renal impairment increased from

Table 1. Baseline Demographic and Clinical Characteristics of Study Participants Stratified by Tenofovir Exposure.a

Characteristics Strata
All Patients,
N ¼ 4897

TDF-Exposed (a),
n ¼ 2104 (43%)

TDF-Unexposed (b),
n ¼ 2793 (57%) P Value, (a) versus (b)

Sex Female 2969 (60.63) 1188 (40.01) 1781 (59.99) <.001b

Male 1928 (39.37) 916 (47.51) 1012 (52.49)
Age range �50 3715 (75.91) 1642 (44.2) 2073 (55.8) .002b

>50 1179 (24.09) 460 (39.02) 719 (60.98)
Age, years Median (IQR) 42 (36-49) 41 (35-48) 42 (36-50) <.001c

Weight, kg Median (IQR) 53 (61-70) 60 (52-70) 60 (53-69) .334c

Hepatitis B or C No 2163 (72.61) 675 (31.21) 1488 (68.79) <.001b

Yes 816 (27.39) 358 (43.87) 458 (56.13)
WHO clinical stage 1 or 2 2168 (68.41) 638 (29.43) 1530 (70.57) <.001b

3 or 4 1001 (31.59) 432 (43.16) 569 (56.84)
Viral load, copies/mL �10 000 2804 (67.02) 1092 (38.94) 1712 (61.06) .120b

>10 000 1380 (32.98) 572 (41.45) 808 (58.55)
Log10 3.5 (4.6-5.2) 3.64 (4.59-5.28) 3.45 (4.52-5.18) .002c

CD4 cells/mm3
�100 1316 (27.04) 586 (44.53) 730 (55.47) .154b

>100 3550 (72.96) 1500 (42.25) 2050 (57.75)
Median (IQR) 94 (182-298) 91 (188-319) 95 (180-284.25) .731c

Creatinine (mmol/L) Median (IQR) 64 (80-103) 74.05 (59-92.91) 83 (66-106) <.001c

CrCl, (mL/min) Median (IQR) 62 (82-104) 97.73 (76.2-126.3) 87.26 (66.4-112.2) <.001c

eGFR (mL/min/1.73 m2) Median (IQR) 70 (92-118) 102.48 (80.2-130.7) 88.07 (66.4-112.4) <.001c

Abbreviations: CrCl, creatinine clearance; eGFR, estimated glomerular filtration rate; IQR, interquartile range; TDF, tenofovir disoproxil fumarate; WHO, World
Health Organization.
aThe number in parenthesis is percentages except indicated otherwise.
bThe comparison was by w2 for categorical variables.
cMann-Whitney U test was used for comparison of median values.

Table 2. Prevalence of Renal Impairmenta according to Tenofovir Exposure at Different Weeks of Antiretroviral Therapy.

Weeks
of ART

All Patients Tenofovir-Exposed Patients Tenofovir-Unexposed Patients

P Value (a)
versus (b)

Number of
Patients with

Renal
Impairment/
Number of
Exposed

Percentage
(95% CI) of Patients

with Renal
Impairment

Number of Patients
with Renal Impairment/

Number of Exposed

Percentage
(95% CI) of Patients

with Renal
Impairment (a)

Number of
Patients with

Renal
Impairment/
Number of
Exposed

Percentage
(95% CI) of Patients

with Renal
Impairment (b)

24 348/3806 9.14 (8.22-10.06) 168/1635 10.28 (8.87-11.74) 180/2171 8.29 (7.19-9.53) .46
48 565/3784 14.93 (13.85-16.12) 176/1370 12.85 (11.1-14.82) 389/2414 16.11 (14.71-17.48) .03
96 597/2802 21.31 (19.74-22.91) 387/1105 35.02 (32.4-37.92) 210/1697 12.37 (10.84-14.02) <.001
144 860/3244 26.51 (24.97-28.14) 574/1267 45.3 (42.62-48.38) 286/1977 14.47 (12.85-16.08) <.001

Abbreviations: ART, antiretroviral therapy; CI, confidence interval; eGFR, estimated glomerular filtration rate; SCr, serum creatinine.
aPatient met 1 or more of the defined criteria for renal impairment based on eGFR <60 mL/min/1.73 m2 or a doubling of SCr from baseline.
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9% at 24 weeks to 15%, 21%, and 27% at 48, 96, and 144

weeks of ART, respectively. The prevalence of renal impair-

ment differed significantly between TDF-exposed and TDF-

unexposed participants. The trend in renal impairment overall

and according to TDF exposure is depicted in Figure 1. It

shows a marked increase in the prevalence of renal impairment

from 10% at week 24 to 45% at week 144 in TDF-exposed

participants, whereas for TDF-unexposed participants there

was a moderate increase from 8% at 24 weeks to 14% at 144

weeks.

Association of Baseline Characteristics with Renal
Impairment

Table 3 summarizes the association of participants’ pre-ART

characteristics with renal impairment at different time of ART

exposure. The proportion of males with renal impairment at

24 and 144 of ART was higher than females (10% versus

8%, at 24 weeks, P < .001, and 30% versus 24%, at 144 weeks,

P < .001, for males versus females). Also, the median age of

participants with renal impairment was significantly higher

compared to those without renal impairment at 24 and

48 weeks of ART, but not at 96 and 144 weeks. A higher

proportion of hepatitis B or C coinfected participants compared

to non-coinfected participants had renal impairment at 96 and

144 weeks of ART (21% versus 15% and 28% versus 19%, at

96 and 144 weeks of ART, respectively). The WHO clinical

stage 3 or 4, as well as pretreatment CD count of �100 cells/

mm3 were associated with renal impairment at 144 weeks of

ART in the bivariate analysis. Furthermore, baseline eGFR was

significantly higher in those with renal impairment compared

to those without renal impairment (median [IQR] of 96

[75-120] versus 92 [71-114] mL/min/1.73 m2).

Predictors of Renal Impairment over 144 Weeks of ART

The results of the multivariable logistic regression analysis to

identify independent predictors of renal impairment through

144 weeks of ART are presented in Table 4. Age independently

predicted renal impairment at 48 weeks of ART in the complete

case analysis, with a 4% increase in the likelihood of renal

impairment for every 1-year increment in age. However, after

multiple imputations, age was no longer a significant predictor

of renal impairment. Similarly, hepatitis B or C coinfection

increased the risk of renal impairment by 49% at 96 weeks of

ART (odds ratio [OR]: 1.49; 95% confidence interval [CI]:

1.16-1.93) in the complete case analysis, but its effect was not

significant after multiple imputations for missing data. At

24 weeks of ART, only TDF exposure predicted the risk of

renal impairment, with 47% greater likelihood of renal impair-

ment in participants exposed to TDF. Tenofovir exposure did

not, however, predict renal impairment at 48 and 96 weeks of

ART but was associated with a 2-fold increase in the odds of

renal impairment at 144 weeks of therapy (OR: 2.36; 95% CI:

1.28-4.34).

Discussion

This study utilized longitudinal data from a large cohort of

HIV-1-infected adults on ART to examine the risk of renal

impairment in patients exposed and unexposed to TDF-based

ART over 144 weeks. We found that exposure to TDF-based

ART doubled the likelihood of renal impairment at 144 weeks

of ART after adjusting for age, sex, and other baseline risk

factors for renal impairment.

We found only a marginal association between older age

and renal impairment probably because our study population

was predominantly young adults. Evidence of increased risk of

renal impairment with older age has been reported in previous

studies.13,14,30-32 Furthermore, a pharmacokinetic study sug-

gested that older age was independently associated with greater

TDF exposure, which increases the risk of renal toxicity.30

In this study, coinfection with hepatitis B virus was not

associated with increased odds of renal impairment. This find-

ing is similar to that of a recent observational data from a

multicenter Italian study of 6984 HIV-1-infected adults, which

did not find an increased risk of renal impairment with hepatitis

B serum antigen positivity.33

A notable finding of this study is the increased risk of renal

function decline with longer exposure to TDF. Noteworthy

because, unlike the 14% renal impairment at 144 weeks

observed among patient unexposed to TDF, the proportion of

those with renal impairment among TDF-exposed patients rose

from 13% at 48 weeks to 35% and 45% at 96 and 144 weeks of

ART, respectively. Consistent with data from previous
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studies,14,33-35 this finding highlights an increased risk of renal

function decline with longer exposure to TDF. In a study that

evaluated kidney function in 10 841 HIV-infected patients,

each year of exposure to TDF was associated with 34%
increased risk of proteinuria (95% CI: 25%-45%; P < .0001),

11% increased risk of rapid eGFR decline (3%-18%; P ¼
.0033), and 33% increased risk of chronic kidney disease

(CKD; 18-51%; P < .0001).14

The high prevalence of renal impairment among patients

exposed to TDF observed in this study and the reported poor

outcomes among patients exposed to TDF in other multicenter

observational studies in Nigeria is a source of concern.36,37

There is thus an urgent need to review the continued use of

TDF as one of the preferred first-line ARV drugs for HIV in

Nigeria and other resource-constrained settings, as evidence

exists to show that continued exposure of patients with mild

renal impairment to TDF progressively leads to CKD.33,34

This study had some limitations that should be considered in

the interpretation and application of the results. A major

limitation of this study was that it was a retrospective and

nonrandomized study, not designed to explore the causality

of the relationship observed. However, the large sample size

and the long duration of follow-up generated longitudinal data

that provided useful information of a “real life” setting. More-

over, several observational studies12,14,31,33-35,38 support the

result of our study with regard to increased risk of renal impair-

ment over time in patients exposed to TDF. Also, there exists

the possibility of residual confounders that were not evaluated

which should be considered when interpreting the results of this

study. For instance, we had no data on concomitant medication

use or comorbidities such as diabetes or hypertension and lim-

ited data on intercurrent illness(s). Additionally, we were

unable to evaluate the impact of proteinuria on the results of

this study as we did not routinely test for proteinuria at the

commencement of ART in the earlier years of the program,

as this was not recommended in the guidelines. Proteinuria is

the most important factor in the development and progression

of CKD.39 Furthermore, eGFR was estimated in our study

Table 4. Multiple Variable Logistic Regression Analysis for Predictors of Renal Failure through 144 Weeks of ART.

Weeks of ART (Complete
Cases/Multiple Imputation) Explanatory Variable

Complete Cases Multiple Imputation

aOR (95% CI) P Value aOR (95% CI) P Value

24 (3806/8303) Males 0.86 (0.66-1.13) .29 0.91 (0.59-1.4) .61
Age, years 1.04 (1.02-1.05) <.001 1.01 (0.97-1.05) .52
WHO stage 3 and 4 1.23 (0.96-1.59) .11 0.9 (0.49-1.64) .66
CD4 cells/mm3

�100 1.05 (0.8-1.38) .71 1.17 (0.58-2.36) .59
VL >10 000 copies/mL 1.3 (1-1.67) .05 0.99 (0.74-1.32) .92
HBV positive 1.22 (0.91-1.63) .19 0.95 (0.69-1.31) .74
Baseline GFR 1 (1-1) .10 1 (1-1) .68
TDF exposure 2.34 (1.75-3.13) <.001 1.47 (1.16-1.87) <.001

48 (3784/8303) Males 0.92 (0.75-1.12) .41 0.91 (0.67-1.25) .52
Age, years 1.04 (1.03-1.05) <.001 1.01 (0.96-1.06) .55
WHO stage 3 and 4 0.78 (0.64-0.96) .02 0.83 (0.64-1.09) .16
CD4 cells/mm3

�100 0.93 (0.76-1.13) .46 1.08 (0.77-1.51) .60
VL >10 000 copies/mL 0.88 (0.72-1.07) .19 0.88 (0.59-1.31) .45
HBV positive 1.2 (0.95-1.53) .12 1.12 (0.83-1.5) .41
Baseline GFR 1 (1-1) .12 1 (1-1) .57
TDF exposure 1.03 (0.84-1.25) .79 1.25 (0.9-1.75) .15

96 (2802/8303) Males 1.01 (0.78-1.31) .95 1.1 (0.48-2.51) .76
Age, years 1.01 (1-1.02) .14 1 (0.96-1.05) .76
WHO stage 3 and 4 0.89 (0.69-1.16) .40 0.94 (0.35-2.48) .87
CD4 cells/mm3

�100 1.18 (0.89-1.56) .26 1.1 (0.18-6.68) .90
VL >10 000 copies/mL 1.02 (0.79-1.34) .86 1.4 (0.66-2.97) .29
HBV positive 1.49 (1.16-1.93) <.001 0.86 (0.32-2.34) .70
Baseline GFR 1 (1-1.01) .10 1 (1-1) .99
TDF exposure 5.42 (3.38-8.7) <.001 0.77 (0.39-1.55) .37

144 (3244/8303) Males 1.04 (0.85-1.27) .68 1.08 (0.56-2.1) .77
Age, years 1.01 (1-1.02) .17 0.98 (0.92-1.06) .55
WHO stage 3 and 4 1.33 (1.1-1.61) <.001 1.35 (0.52-3.51) .43
CD4 cells/mm3

�100 1.06 (0.87-1.3) .56 1.24 (0.59-2.62) .48
VL >10 000 copies/mL 0.92 (0.75-1.12) .41 1.1 (0.42-2.87) .79
HBV positive 1.35 (1.1-1.66) <.001 1.18 (0.88-1.58) .23
Baseline GFR 1 (1-1) .10 1 (0.99-1.01) .47
TDF exposure 4.71 (3.72-5.97) <.001 2.36 (1.28-4.34) .02

Abbreviations: aOR, adjusted odds ratio; ART, antiretroviral therapy; CI, confidence interval; GFR, glomerular filtration rate; HBV, hepatitis B virus;
TDF, tenofovir disoproxil fumarate; VL, viral load; WHO, World Health Organization.
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using the MDRD equation instead of the CKD-EPI equation. In

comparison to CKD-EPI, the MDRD equation tends to under-

estimate measured GFR at the higher range, around 60 mL/

min/1.73 m2, leading to misclassification to a lower category

and overdiagnosis of CKD.40 However, aside from the fact that

MDRD has been shown to be valid in similar populations,41 our

study used more than 1 criteria to define renal impairment.

Finally, further studies involving time-to-event analysis is rec-

ommended to account for those who started with non-TDF-

based regimens but later switched to TDF-based regimens or

vice versa.

In conclusion, exposure to TDF-based ART significantly

increased the likelihood of renal impairment over 144 weeks

of therapy in our patient cohort. The continued use of

TDF-based regimen in this setting needs urgent review, con-

sidering that over 40% of the patients are currently on TDF-

based ART and 90% of new patients initiate treatment with

TDF-containing regimen as per the Nigerian HIV treatment

guidelines. We recommend the urgent introduction of tenofovir

alafenamide–based regimen in the HIV treatment guidelines of

Nigeria and other resource-limited countries. In the meantime,

adherence to the estimation of SCr and eGFR before initiation

of TDF-containing ART as we implement the HIV “test and

start” strategy is important.
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