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ies and to evaluate the renal safety of TDF in Africans.

analysis performed.

study size and disparate outcome definitions.
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Background: Data on chronic kidney disease development in HIV infection is important towards building a compre-
hensive knowledge of HIV, ageing and polypharmacy in Africa. Several previous studies on tenofovir-associated kid-
ney disease in Africa have shown conflicting results. This review summarises what is known about the development
of kidney disease in HIV-positive African patients on tenofovir disoproxil fumarate (TDF)-containing ART. We set out to
document the occurrence of kidney disease in HIV-positive Africans on TDF-containing ART in population-based stud-

Methods: We conducted a systemic review using published studies which were identified through a computerized
search of original research using the Medline/PubMed database, EMBASE, EBM Reviews, Proquest Google Scholar and
Global Health reported from inception until 5 October 2017. Two reviewers independently abstracted the data and
performed quality assessment of the included studies. We screened 595 articles and included 31 in the qualitative

Results: A total of 106 406 patients (of whom 66,681 were on Tenofovir) were involved in these 31 studies with
sample sizes ranging from 30 to 62,230. Duration on tenofovir-containing ART ranged from those initiating ART at
baseline to those who received TDF for up to 9 years. All but one of the studies involved only patients 16 years and
older. The studies had differing definitions of kidney dysfunction and were of variable study design quality. The docu-
mented outcomes had substantial discrepancies across the studies, most likely due to methodological differences,

Conclusions: Our review identified studies in Africans reporting statistically significant renal function decline associ-
ated with TDF use but the clinical significance of this effect was not enough to contraindicate its continued use in
ART regimens. Consistent with studies in other populations, patients are at greater risk if they have pre-existing renal
disease and are more advanced in age. More research is needed on paediatric populations under 16 years of age.

Trial registration This review was registered on Prospero (registration number CRD42018078717).

Background

Tenofovir disoproxil fumarate (TDF or commonly termed
“tenofovir”) is a Nucleoside Reverse Transcriptase Inhibi-
tor (NRTT) that acts by blocking reverse transcriptase, an
enzyme critical for viral production in HIV-infected peo-
ple. It is still widely used as part of first-line antiretroviral
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therapy (ART) in resource limited settings such as in
Africa. It is administered orally and is widely distributed
with the highest concentrations occurring in the kidney
and liver [1, 2]. The major route of elimination is through
the kidneys via glomerular filtration and tubular secre-
tion and its clearance is in the proximal tubule of the
nephron is controlled by active transport [1]. Higher ten-
ofovir plasma levels result in intracellular accumulation
in the renal tubular cells a consequent increased risk of
renal toxicity [1]. Genetic variation in these transporters
may also influence exposure of the kidney to tenofovir,
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hence play a role in tenofovir associated renal toxicity
[2-7].

While TDF has been shown to be effective and rela-
tively safe, several studies indicate that it has nephro-
toxic potential, characterised by proximal tubular cell
injury which may result in acute kidney injury (AKI),
chronic kidney disease (CKD) or partial or complete
Fanconi syndrome [5, 8—11]. This may compound HIV
associated nephropathy (HIVAN), a condition which is
a leading cause of chronic kidney disease and end-stage
renal disease (ESRD) and is caused by direct injury to the
kidneys by the Human Immunodeficiency Virus (HIV)
[12]. HIVAN is documented as being more common in
African Americans that their white counterparts but has
wide variability in different Sub-Saharan populations [13,
14]. AKI usually results in discontinuation of the drug
while chronic manifestations may be managed by closer
monitoring of the patient and treating symptomatically.
Regardless of the underlying aetiology of kidney dis-
ease, if left untreated, it may lead to death [15]. Initiat-
ing patients with reduced estimated glomerular filtration
rates (eGFR) of <50 ml/min/1.73 m? on TDF containing
ART has been shown to increase the risk for renal dys-
function in the said patients [15]. In developed countries,
although ART continues to be given to patients with
renal disease, if indicated, most NRTIs must be dosed
according to renal function and some ARVs are avoided
[14, 16].

Several studies conducted in Africa provide conflicting
evidence on the renal outcomes of HIV-positive African
patients on TDFE. This necessitated a review that provides
a resource to summarise specific data required for objec-
tive decision making on the renal safety of TDF in Afri-
can populations.

Rationale

The advent of anti-retroviral therapy has resulted in
patients living longer with HIV. However, this is not
without consequence. As these patients age, they are at
increased risk of developing chronic conditions such
as hyperlipidemia, cardiovascular disease (CVD) and
chronic kidney disease (CKD). The consequent polyp-
harmacy in trying to manage the multiple conditions in
the patient, which includes use of medicines like TDF
reported to cause renal disease may also further com-
pound the burden on the HIV positive patient. Debate
continues over whether widespread use of TDF, par-
ticularly in “real world” clinical settings, poses a risk
for nephrotoxicity significant enough to limit its use,
to necessitate close clinical monitoring or to identify
high risk patients at initiation and closely monitor them
[11, 17, 18]. In recent years, the option of tenofovir
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alafenamide (TAF) has arisen as it is documented to have
a safer renal profile than TDF. TAF has a similar toler-
ability, safety, and effectiveness to TDF and probably less
adverse events related to renal and bone density out-
comes in the treatment of naive and experienced patients
with HIV-1 [19]. Given that TAF is documented as hav-
ing higher viral suppression rates and better renal safety
and bone density safety profiles, it has better clinical
advantages over TDF and could be considered to replace
TDE. Knowing the extent of renal safety of TDF in low
resource settings (LRSs) would inform policy as to the
need or priority to change patients to TAF.

The data on co-morbidity in HIV infection is especially
important when considering HIV in Africa coupled with
ageing and polypharmacy and the implications in such
resource limited settings. We reviewed the existing litera-
ture on acute kidney injury and TDF-associated nephro-
toxicity not to provide a systematic literature review
with weighted evidence, but rather to provide a collated
source of evidence from available sources. We aimed
to summarise what is known about the development of
kidney disease in HIV positive African patients on TDF
containing ART, from verified data sources. The specific
objectives were:

+ To document the occurrence and patterns thereof,
of kidney disease in HIV-positive Africans on TDEF-
containing ART in population-based studies.

+ To evaluate the renal safety of TDF in African HIV
positive patients.

Methods

Study design

A systematic review was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) group [20].

Eligibility criteria, data sources and study selection

We performed a systematic search of English articles
from the following electronic databases from inception
to the date of search as indicated: Pubmed (5 October
2017), Embase (5 October 2017), EBM reviews (5 Octo-
ber 2017). We also considered grey literature in the
form of reports of original studies, unpublished master’s
thesis and PhD dissertations written in English in Pro-
Quest Dissertations and Thesis Global database. Meet-
ing abstracts archives of International AIDS Conference
(IAS), International Conference on AIDS and Sexually
Transmitted Infections in Africa (ICASA), African Soci-
ety for Laboratory Medicine (ASLM) were also searched
for any relevant unpublished work as long as they
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reported renal outcomes of African HIV patients on TDF.
We included data from primary research of cross-sec-
tional studies, observational cohort, case—control studies
and randomized control trials reporting renal outcomes
of HIV positive patients on a TDF-containing regimen.
Studies done on Africans residing on the continent sat-
isfying the PICOS criteria in Table 1 were included.
Articles that were not written in English, commentary,
editorials, reviews, publications in duplicate and articles
only available in abstract form were not included in the
review. Selection of articles was done in three phases:
titles alone, abstracts, and then full text articles.

Search

The following search terms were used: (“Kidney dys-
function” OR “Kidney impairment” OR “Kidney failure”
OR “Renal disease” OR “Renal dysfunction” OR “Renal
impairment” OR “Renal failure”) AND (“HIV seroposi-
tive”) AND (TDF OR “Tenofovir Disoproxil Fumarate”)
AND (“Antiretroviral therapy” OR “ART” OR “Highly
Active Antiretroviral therapy”) AND (Africa OR Africans
OR Blacks OR “Black Africans”). The terms were adjusted
as appropriate for searching in each respective database
(Additional file 1).

Data abstraction

Two reviewers (TM and AH) independently reviewed all
titles and abstracts of the search results in two phases.
The retrieved titles and abstracts were reviewed first to

Table 1 Inclusion criteria

Cohort
Case—control

Study design

Cross-sectional (if duration of TDF therapy is
stated)

RCT
Article characteristics Full articles
Open access dissertations/theses
Grey literature
Participants Africans
All age groups
HIV positive on TDF containing ART
Setting Primary research done on the African continent
TDF containing ART

Kidney dysfunction. Indicated by any of the
following outcome measurements:

Intervention

Outcome

Glycosuria, phosphaturia
CrCland eGFR data
Serum creatinine data
Albumin creatinine ratio
Protein creatinine ratio
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identify relevant studies against the inclusion criteria in
Table 1.

The study eligibility criteria checklist was piloted on
ten publications to check for consensus interpretation
and classification of studies. Full texts of selected stud-
ies were then retrieved and read to determine eligibility
for inclusion in the qualitative analysis. A PRISMA study
flow diagram of included and excluded studies was devel-
oped showing reasons for exclusion (Fig. 2).

A data extraction form designed to focus on popu-
lation, study design, methodology and outcome was
developed. One reviewer used this to extract the data
from all the studies identified at screening (TM). A sec-
ond reviewer (AH) checked for errors. Three discrepan-
cies were noted, discussed, resolved by consensus and
amended as required. Microsoft Excel was used for the
management of data.

Risk of bias assessment

We used the NIH Quality Assessment Tool for Cohort
and Cross Sectional Studies (National Institutes of
Health, 2014) checklist. Each of the 16 items on the
checklist was assigned a score of 1 (yes) or 0 (no or CD,
cannot determine; NA, not applicable; NR, not reported).
Scores were then collated across items to give an over-
all quality score ranging from 0 to 16. Each of the studies
was then rated as being of low, moderate, or high meth-
odological quality depending on the number of questions
answered as “yes (low risk of bias)” Studies were deemed
high quality if they had scores higher than 13, moderate
if they had a score of 8—12, and low a score of 7 or lower.

Ethics statement

Since this research was a systemic review based on the
data extraction of published articles, ethical approval was
not necessary and was therefore, not sought.

Results

Identified studies (Fig. 1)

We retrieved a total of 595 articles from six databases
namely Pubmed Central, EMBASE, EBM Reviews,
Global Health, Proquest and Google Scholar. Ninety-
four duplicates were removed after merging the articles.
Of the remaining 501 articles, 378 were removed on the
basis of ineligibility of their titles and/or abstracts to
satisfy the inclusion criteria as defined in Table 1. One
abstract fit the inclusion criteria but no manuscript was
available for analysis and hence the abstract was excluded
[21]. Full text articles were then retrieved for 123 articles
of which 92 were excluded for reasons specified in Fig. 1
leaving 31 suitable articles for this review that included a
total of 106 406 participants.
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Records excluded

(n=378)

i) Regimen described in study did not contain TDF or not specific to

ii) No renal outcome measures described (in TDF containing
i\" regimens): 8

iii) Participants studied all HIV negative or ART naive: 9
iv) Article neither primary study aimed at documenting renal outcomes
of TDF or systematic literature review or published as an

v) Research setting not Africa or African population: 29

vii) Other: 2 (Same cohort written up in two separate articles with one

Full-text articles excluded, with reasons (n = 92)

Records identified through
' .
database searching
(n =595)
PubMed: 53
Embase: 135
= EBM reviews: 33
o Global Health: 57
ﬁ Proquest: 217
E Google Scholar: 100
p=
c
[}
=2
l
)
Records after duplicates removed
(n=501)

g l

=

c

]

o Records screened

A (n=501)

~—
o

z v

3 .

) Full-text articles assessed

e for eligibility

(n=123) TDF: 23
Studies included in

3 qualitative synthesis

= (n=31)

E’ editorial/commentary: 19
vi) Article not in English: 2
specifically reporting renal outcomes)

Fig. 1 Literature search results

Characteristics of included studies (Table 2)
Of the 31 studies included in this analysis, 18 were cohort
studies, 11 of which were retrospective cohorts [15, 22—
39]. Seven studies were cross-sectional [40—46], two ran-
domized control trial (RCT) [47, 48], two observational
analyses within RCTs [49, 50], one prospective case con-
trol study [51] and one was in the form of targeted spon-
taneous reporting within the context of implementation
research [52]. Sample sizes ranged from 30 to 62 230. The
duration on tenofovir-containing ART ranged from 0 to
9 years.

While TDF was included in the ART regimens in
all the studies, there was wide variation in ART com-
binations and concurrent medications and durations

thereof. Not all studies reported concurrent medi-
cations. Ten studies [15, 23, 24, 29, 32, 35, 39, 47, 49,
50] recruited only participants who were TDF naive
at baseline while the rest recruited patients who were
TDF experienced for at least 6 months. The median age
of the participants across all the studies ranged from
34 to 43 years with all studies including more females
than males. All studies except one included only adult
patients with the one that included patients aged
> 13 years being pregnant females. Less than 50% of the
studies reported CD4 counts at the baseline, at study
end or both. Of those that did, baseline CD4 counts
were low (< 200) at baseline and for those that reported
at study end, these had improved.
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Renal parameters reported

Table 2 illustrates that renal outcomes were variably
defined across the studies. In about 60% of the included
studies, eGFR (using one of or a combination of Cock-
Croft-Gault, MDRD, CKI-EPI formulae) was used as a
measure of renal outcomes. Another 33% reported at
least Creatinine clearance (CrCl) as the outcome meas-
urement [22, 25, 28, 30-32, 49-51]. Only two studies
by Zachor et al. and Banda et al. [40, 52] reported only
serum creatinine (sCr) with Zachor defining renal dys-
function as the rise of sCr to 1.5 times the upper limit
of normal, i.e.> 180 umol/L and Banda reporting sCr,
urinalysis, clinical signs and symptoms as measures of
renal dysfunction. In addition to reporting CrCl, Myer
et al. also reported absolute serum creatinine values
[36].

Renal safety outcomes

Table 3 summarises the findings and conclusions made
by the various authors from their studies. About 90%
of the studies focused on chronic outcomes of kidney
function in patients on TDF-containing ART while two
reported on acute outcomes [34, 35, 51]. Most of the
studies reported at least some incidence of RD in the
patients taking TDF containing ART. Fifteen report over-
all safety of TDF in ART regimens, recommending its
continued use with monitoring [28-31, 37-40, 42, 44, 46,
48-50]. Although the definitions of renal dysfunction dif-
fered widely, the other 16 studies report either statistical
or clinical association of TDF with renal dysfunction [15,
22-26, 32-35, 43, 45, 47, 51-53]. Groups at higher risk
include patients with impaired renal function at base-
line, older age groups and women [33, 35, 47]. Mulenga
et al. and Mwafongo et al. suggest that development of
renal dysfunction is more likely during the first year of
using TDEF. Zachor et al. report that the risk of developing
stage 3 CKD increases by up to 1.9-fold for every 10 year
increase in age and women are four times more likely to
develop end stage CKD than their male counterparts.
Further, three studies focused on pregnant women; all
reporting different outcomes from each other.

Discussion
Our review is the first to systematically document renal
outcomes of patients on tenofovir-containing ART in
African populations. We identified 31 eligible studies
involving a total of 106, 406 participants in 14 coun-
tries. These included five countries of Southern Africa,
five from West Africa, three from East Africa and one
from Central Africa (Fig. 2).

The results (summarised in Table 3) indicate con-
flicting evidence of the association of TDF with renal
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dysfunction. During follow up terms of up to 9 years,
50% of the studies suggest overall safety of tenofovir
while the other half report varying levels of renal tox-
icity due to TDF. Fifteen studies reported that there is
neither statistical nor clinical association of TDF with
renal function decline in HIV-positive patients [27-31,
36-40, 42, 44, 46, 48-50]. Although some recommend
monitoring of patients particularly those with deranged
renal function parameters at baseline, there is, no con-
sensus on recommended monitoring strategies to this
end. On the other hand, 16 studies reported an asso-
ciation with seven of these reporting the association as
significant (Table 3) [15, 22-26, 32-35, 43, 45, 47, 51—
53]. Five of the seven were done in Southern Africa [25,
34, 35, 43, 45]. One study could not make an assess-
ment of whether or not TDF was associated with renal
function decline in these patients [47]. Unfortunately,
of the studies included in this review, only four system-
atically documented other non-ART co-medications
that these patients were taking thereby making it diffi-
cult to make assessments of the impact of other drugs
on the results or to conclusively attribute the impact
on renal function of TDF containing ART of the stud-
ies in this review [25, 26, 28, 47]. However, Cournil
et al. suggest that an interaction between Tenofovir
and Ritonavir may be responsible for an initial decrease
in eGFR observed when a patients initiates on a rito-
navir boosted TDF regimen. In a recent review by Hill
et al. the authors support this finding that TDF toxic-
ity occurs when it is used with boosting agents such at
ritonavir [54]. This is important in cases where Protease
inhibitor (PI) boosted regimens are required in second
and third line therapy. In ageing HIV populations with
increased lifespans, second and third line therapy is
particularly important and close monitoring of these
patients cannot be over-emphasized.

The mean duration on TDF treatment of the studies
was less than 3 years in most studies with two studies
both from Uganda reporting outcomes in patients who
had taken the drug for a median of 9 years as a drug
that can be safely given without serious renal implica-
tions [30, 44]. The Zambian study reported by Watanki-
sha found a high burden of renal dysfunction in older
patients with low CD4 counts reporting point preva-
lence of kidney dysfunction among these patients as
18.6% at 18 months follow up [45].

There was no consistency in the outcome being meas-
ured (Table 1). More importantly, while it is under-
stood that TDF specifically affects proximal tubular
dysfunction, the studies in this review generally did not
systematically use tests specific for proximal tubular
dysfunction such as Fanconi syndrome [41, 55, 56].
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Safety of TDF

With ageing of the HIV populations in the era of ART,
long-term complications of HIV such as renal disease
become important. However, there are still limited
drug safety data on tenofovir-associated renal dysfunc-
tion in adolescents and children. In this review, the
studies reported were performed in adults mean age
> 33 years; only one included patients below 16 years,
being pregnant females aged 13 and older, the physiol-
ogy of whom is not representative of other adolescents.

As such, these results may not generalizable to the
younger populations who are in fact dosed the same as
adults as long as they are >35 kg or 10 years or older
and will potentially take tenofovir for longer. It fol-
lows, therefore, that importance should be placed on
monitoring the younger patients on TDF to poten-
tially reduce co-morbidities with non-communicable
diseases (NCDs) such as chronic kidney disease and
also the potential burden of polypharmacy resulting
later in life. This is especially important in the context
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of already strained African health systems. Given the
recommendation and adoption of the test and treat
approach and the fact that tenofovir is still in wide-
spread use in African resource limited countries, it is
imperative to further investigate the cumulative risk for
TDEF-associated nephrotoxicity during prolonged use in
patients initiating its use early in their lives.

This review also notes that there is still a gap in knowl-
edge of the impact of TDF in pregnant women against
the background that TDF containing regimens are still
the backbone of Prevention of Mother to Child Trans-
mission (PMTCT) programmes in Africa. The three stud-
ies that focused on pregnant women all reported different
outcomes: Myer reported that the risk of TDF associ-
ated toxicity is reduced in pregnant women, Mulubwa
suggested that the risk is moderately higher in pregnant
women while Mwafongo could not assess due to the
small sample size [36, 43, 47].

Our review is the only such review done exclusively on
Africans focusing on Tenofovir associated renal toxicity.
A similar review had been conducted by Cooper et al. in
2012 but on high-income countries essentially exclud-
ing African countries. None of the studies found in this
review focused on children or adolescents. In the review
by Cooper, it was recommended that future trials focus
on resource limited settings. It was noted in the present
review that there has, indeed, been an increase in similar
trials in resource limited settings since then [11]. Despite
including patients of different ancestry, our results are in
agreement with Cooper’s review i.e. although relatively
low and modest, there exists an association between TDF
and renal decline. Several studies on different popula-
tions have investigated renal transporter single nucleo-
tide polymorphisms (SNPs) related to possible TDF
renal toxicity with conflicting results [57-62]. It may be
important to do similar studies on patients of African
ancestry in order to determine its contribution to the
discussion and if found, the consequent effect size. The
results observed in the various geographical areas within
Africa, where the studies included in this review were
performed, do not show any particular pattern in the out-
comes, associated with any region.

Future areas for developing research

As mentioned in the 2016 WHO guidelines, further
investigations are still required on the long term safety
of tenofovir disoproxil fumarate as more data are needed
on bone, growth and renal toxicity profiles in adolescents
and children. More data are still needed to understand
the possibility, impact and clinical implications of TDF
toxicity in adolescents. Since Southern Africa seemed
to report less desirable renal safety profiles of TDF in
HIV positive patients, pharmacogenomic screening for
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specific genetic markers predisposing patients to renal
disease may also be beneficial in identifying patients at
higher risk of developing CKD in the different African
populations.

Given that several studies have suggested a need for
routine monitoring of patients on TDF, there is also still
a gap in the systematic comparison and documentation
of monitoring strategies that may be effective in these
settings.

Limitations of current study

The study was limited by the available literature; it is pos-
sible that more studies may have been done in Africa but
were not published by the time of this review. The het-
erogeneity in the definitions of renal outcomes and how
they were reported had a negative impact on our pooled
analysis of study results and the inability to perform an
effective meta-analysis. Too few studies reported specific
markers of proximal tubulopathy. While policies are clear
on what needs to be checked for TDF induced nephrop-
athy, there needs to be a better documentation on how
best to report these in clinical practice to allow for more
effective comparisons. There were only a few studies that
reported concomitant ART regimens so this review could
not assess the possibility of other ART as possible effect
modifiers of TDF-associated nephrotoxicity. It is also
important to note that the present review could not ana-
lyse for the effect of other diseases such as hypertension
and diabetes on renal dysfunction as they were not sys-
tematically reported.

All studies were essentially conducted in adults; future
research should focus on younger populations as the long
term implications of HIV and ART become of greater
cause for concern with an ageing HIV population on con-
tinued ART.

Conclusions

Our review identified studies in Africans reporting statis-
tically significant renal function decline associated with
TDF use but the clinical significance of this effect was not
enough to contraindicate its continued use in ART regi-
mens (Table 3). Consistent with studies in other popula-
tions, patients are at greater risk if they have pre-existing
renal disease and are more advanced in age. However,
more long term research is required (studying cohorts over
at least a decade) that monitors clinically relevant mark-
ers specific for proximal tubulopathy. This is particularly
important for younger, paediatric populations whose life
expectancy has improved as they are potentially on ART
for decades from childhood but are also at increased risk
of developing NCDs such as diabetes, CVD and cancers
which could also influence renal toxicity.
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