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Abstract
Background: Tenofovir disoproxil fumarate (TDF) is the antiretroviral drug most commonly associated
with renal dysfunction. However, few studies have examined this association in sub-Saharan Africa
despite recent scale-up of antiretroviral therapy (ART) to all people living with HIV (Treat All) in this region.
We assessed estimated glomerular �ltration rate (eGFR) change among HIV infected Rwandan adults
following �rst line TDF-based therapy initiation.

Methods: This prospective, observational study was conducted in 10 Rwandan health centers.
Participants were ART-naive adults (≥18 years) living with HIV who initiated TDF-based ART from 1st July
2016 through 30th July 2018. The primary outcome was eGFR change from pre- (within 12 months) to
post-TDF initiation (within 6 months).

Results: Of 476 patients with pre- and post- TDF eGFR measurements, 264 (55.5%) were women and
mean age was 35.9 years (SD 9.6). Mean pre-TDF eGFR was 92.4 (SD 24.0) and mean post-TDF was
96.0 (SD 21.0) mL/min/1.73m2. Mean pre- to post-TDF change thus increased 3.60 (SD, 26.6)
mL/min/1.73m2 (p=0.001).

Conclusion: We detected a statistically signi�cant clinically small renal function improvement within 6
months following TDF initiation among 476 ART-naïve patients. This supports continued TDF use for
�rst-line treatment.

Introduction
Tenofovir disoproxil fumarate (TDF) is a well-tolerated, once-daily antiretroviral (ARV) �rst-line HIV-
infection therapy. Multiple studies conducted primarily in Europe and North America, observed long-term
TDF use to be associated with proximal tubular dysfunction and impaired renal function (1),(2)(3) with
increased risk of renal impairment especially among patients with advanced age, chronic kidney disease,
longer TDF treatment duration, or treatment with ritonavir-boosted protease inhibitors.(1)(4)(5),(6)

Relatively few sub-Saharan Africa (SSA) studies have examined the association between TDF and renal
dysfunction and revealed that TDF is associated with signi�cant increase in renal impairment after long
period of therapy (2). However, other African studies revealed con�icting results. Of the few studies from
SSA, most have reported low incidence of TDF-associated renal dysfunction among PLWH initiating
combination antiretroviral therapy (cART). However, in some studies TDF was associated with declines in
eGFR (7) as well as Fanconi syndrome1. Furthermore, the e�cacy of TDF as part of cART has been
demonstrated in various studies(8)(9). Though TDF was recently proven to be effective and associated
with few side effects (7)(8), further studies were recommended to support the continuous use of TDF in
�rst line therapy(9)

Given TDF’s e�cacy in reducing HIV/AIDS-related mortality(10)(1), its use is increasing widely with the
adoption of Treat All guidelines by nearly every country in SSA(2)(3) To our knowledge, however, no
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studies have reported on the association between TDF and renal dysfunction under Treat All despite the
scale up of TDF as part of �rst-line ART in SSA and the con�icting results reported from this region on
TDF-associated renal dysfunction. We thus aimed to evaluate prevalence and predictors of TDF-
associated renal impairment among people living with HIV (PLWH) following Treat All implementation in
Rwanda.

Methods
Study design

A prospective, observational study using data from ten Rwandan health centers that participate in the
Central Africa International Epidemiologic Databases to Evaluate AIDS (www.iedea.org) was conducted.
CA-IeDEA is a multi-country project collecting secondary data from patients receiving HIV care and
treatment in the Central African region; one of seven regions that comprise a global IeDEA network
(www.iedea.org).

Setting and population

In July 2016, Rwanda, an East African country with 12 million persons and an overall 3% HIV
prevalence(11), became one of the �rst countries to implement Treat All nationally. Under this policy, all
persons living with HIV (PLWH) are referred for ART immediately upon diagnosis after performing a
routine serum creatinine test to determine regimen choice (12). Current ART guidelines include TDF as a
component of the main �rst-line treatment and recommend a serum creatinine measurement prior to
initiating ART, after one month of use, and then yearly while on TDF. For this analysis, we included adults
(≥18 years receiving HIV care at CA-IeDEA a�liated health centers who initiated a �rst-line TDF-based
regimen from 1 July 2016 through 30 July 2018, and whose serum creatinine was measured both before
(within 12 months) and after (within 6 months) of TDF initiation.

Patients with diabetes and/or hypertension, those on second- or third-line ART, and those who did not
have creatinine measured both before and after TDF initiation were excluded.

Among 1,536 patients who initiated TDF during the study period, i) 205 (13.3%) did not have any
creatinine measurements within 12 months before or 6 months after starting TDF, ii) 456 (29.6%) had
only pre-TDF creatinine measurements, and iii) 399 (22.0 %) had only post-TDF creatinine measurements.
Thus iv) 476 (31.0 %) patients had both pre- and post-TDF creatinine measurements. A comparison of
these above four groups demonstrated statistically signi�cant differences in proportions who were
women, and mean age, cluster of differentiation 4(CD4) count, creatinine and eGFR. Details are provided
in the Supplemental Table and Supplemental Figure.

Outcomes and predictor variables

The primary outcome was change in eGFR after initiating TDF. We considered pre-TDF creatinine as the
closet measure within one year prior to initiating TDF, and post-TDF as the �rst post-TDF initiation

http://www.iedea.org/
http://www.iedea.org/
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measurement within one to six months after initiation.

Serum creatinine was measured in mg/dl. The Chronic kidney disease (CKD)-EPI equation estimated GFR:
eGFR = 141 x min (SCr/κ, 1)  x max(SCr /κ, 1)-1.209 x 0.993Age x 1.018 [if female] where κ = 0.7 if female
and 0.9 if male and  = -0.329 if female and -0.411 if male . The North American adjustment for sub-
Saharan African race was not used as this adjustment has been shown not to apply within Africa itself
and moved the estimates in our population towards the non-normal range. We also examined the change
in creatinine after initiating TDF. Additional baseline variables evaluated here included sex, age, body
mass index (BMI), and CD4 count.

Analyses

Because creatinine had a right skewed distribution, it was log transformed to shift the distribution toward
normality. Continuous variables were summarized as means and reported with standard deviations
(SDs), skewness, kurtosis, medians, quartiles and ranges and categorical variables were reported as
percentages. Time on TDF at the post-TDF creatinine measure was calculated as the difference between
the date of the post-TDF initiation creatinine measurement and the date of TDF initiation. We evaluated
eGFR, log-transformed creatinine, and pre- to post- TDF initiation changes in these values as continuous
variables. T-tests and nonparametric tests compared continuous baseline characteristics while chi-square
tests compared categorical characteristics among groups of patients. All adults initiating TDF in the
study period de�ned, based on pre and post creatinine measurements they had have been recorded.
Paired t-test and sign tests compared changes from baseline to follow up for continuous variables and
McNemar’s discordant pairs tests did so for binary variables. 

Results
Among 476 patients included in the analysis, mean age at initiation of TDF was 35.9 years (SD 9.6);
mean BMI was 22.0 kg/m2 (SD 4.1) and mean CD4 count was 544 (SD, 310) cells/µL (Table 1). The post-
TDF creatinine test was measured at a mean of 95 days after TDF initiation. Mean pre- and post-TDF
creatinine measurements were 0.94 (SD 0.33 mg/dl) and 0.89 (SD 0.20 mg/dl) respectively,
corresponding to a pre- to post-TDF decline in creatinine of 0.055 mg/dL (P = 0.006). Mean pre-TDF eGFR
was 92.4 (SD 24.0) and mean post-TDF was 96.0 (SD, 21.0) mL/min/1.73 m2, corresponding to an
increase of 3.6 (SD 26.6) mL/min/1.73 m2 (p = 0.001).

When analyzing pre- to post-TDF creatinine and eGFR changes strati�ed by sex, age, CD4 and BMI, there
were no qualitative or statistical differences among the subgroups (data not shown). Only two patients
had stage 4 or 5 renal disease (de�ned as eGFR < 30 mL/min/1.73 m2) at the pre-TDF measure. No
patients including these two had stage 4 or 5 renal disease at the post-TDF measure.
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Table 1
Demographic characteristics of the study sample and changes in creatinine and eGFRa from before to

after TDF initiationb

Variable Mean (SD) or Percentage

N = 476

DEMOGRAPHIC CHARACTERSITICS

Percent women 55.5%

Age at TDF Initiation, years 35.9 (9.6)

BMI (kg/m2) 22.0 (4.1)

CD4 (cells/µL) 544 (310)

PRE- POST- TDF CREATININE / EGFR AND CHANGES

Pre-Creatinine (mg/dl) 0.94 (0.33)

Post-Creatinine (mg/dl) 0.89 (0.20)

Pre-post TDF Change in creatininec -0.055 (0.357)

Pre-eGFR (mL/min/1.73 m2) 92.4 (24.0)

Post-eGFR (mL/min/1.73 m2) 96.0 (21.0)

Pre-post TDF Change in eGFRd 3.60 (26.62)

Duration of TDF use at testing, days 95 (73)

a. Estimated Glomerular Filtration Rate calculated by CKD-EPI equation without race adjustment; b.
Measurement after TDF done less than 12 months after initiation. c. P-value for mean and median
change to be 0 is 0.006 by paired t-test and 0.002 by signed rank test. d. P-value for mean and
median change to be 0 is 0.001 by paired t-test and 0.005 by signed rank test.

Discussion
In this cohort of 476 patients receiving routine HIV care at 10 Rwandan health centers after national
implementation of Treat All, we found no evidence that TDF was associated with impaired renal function
during the �rst six months of administration, and conversely observed a small but statistically signi�cant
increase in eGFR after TDF initiation. This adds to the small literature on the association between TDF
and renal function in SSA, suggesting that TDF can continue to be safely used as ART is expanded to all
PLWH in this region.

We found no evidence of TDF-associated renal dysfunction among patients included in this analysis
These results are somewhat different than those from the few published studies from other SSA
countries, which reported a low but substantial incidence of TDF-associated renal dysfunction. In a
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Ugandan study, severe kidney dysfunction (eGFR < 30 mL/min by Cockcroft-Gault) occurred in 2.7% of
patients on all ARV regimens(1), with TDF the drug most often associated with Fanconi syndrome, a rare
disorder of kidney tubular function(1). A Zambian study reported a low prevalence of TDF-induced renal
insu�ciency (i.e. eGFR < 50 mL/min) at six months (2.6%) and 12 months (3.1%) after TDF initiation (8).
Our study, as other small literature in SSA, is supportive of TDF use. Nevertheless, our results might be
different for some speci�c reasons, including a clinically healthier study population as evidence by a
mean CD4 value of 544 ± 310 cells/µL, (P- Value: 0.008), and shorter follow up time.

Our study had some limitations. First, pre- and post-TDF creatinine measures were available for only 31%
of all patients who initiated TDF. However, the higher baseline creatinine among those with both pre- and
post-TDF measurements compared to those with pre-TDF measurements only suggests that patients with
worse renal function may be selectively targeted for creatinine measurements (See supplemental
appendix). If so, then selective exclusion of patients with better renal function may mean that our results
underestimate the post-TDF increase in eGFR among all PLWH initiating TDF. Another limitation is the
follow-up of only six months, which may not have provided su�cient time to detect decreases in eGFR
associated with TDF use.

TDF is currently recommended as a �rst line agent in combination with other ARVs for treatment of HIV-
infection. This is one of the �rst studies to look at changes in renal function after TDF initiation in SSA
under Treat All. We detected a statistically signi�cant, but clinically small, improvement in mean renal
function after 6 months of TDF use among 476 ART-naïve patients initiating TDF-based �rst line ART
after July 1, 2016. While some studies outside of Africa have found renal toxicity in PLWH on TDF(1)(3)
(4), our �ndings are in agreement with most of the studies from Africa and outside of Africa that have
reported TDF to be associated with good clinical outcomes and found to have few side effects in healthy
patients(9)(13)(14)(15)(16).

Conclusion
As Treat All continues to be implemented across SSA, our �ndings support the current WHO guidelines
that advise the regular use of TDF regimens for all PLWH without known renal dysfunction, with serum
creatinine monitoring for potential deterioration in renal function
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