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Abstract
Background  The risk of various types of kidney disease is significantly increased in the presence of APOL1 high-risk geno-
type (carriage of two risk alleles), particularly HIV-associated nephropathy (HIVAN). However, there are discrepancies in 
the existing evidence about the level of association between APOL1 high-risk genotype and the risk of kidney diseases in 
people living with HIV (PLWHIV).
Methods  This systematic review and meta-analysis was conducted to assess the relationship between the APOL1 genotypes 
and kidney disease in the HIV population. An a priori protocol registered on PROSPERO (ID: CRD42021253877), was fol-
lowed by a systematic search of five electronic databases. Database-specific search terms were used to identify observational 
studies that evaluated the outcomes chosen in the review, based on a set of prespecified eligibility criteria. Using a random 
effect model, the odds ratios (ORs) and their corresponding 95% confidence intervals (CIs) were pooled for the meta-analysis.
Results  After screening 4418 citations, 14 articles comprising 11,069 participants were included in this review. The risk of 
chronic kidney disease (CKD) in the HIV positive population was significantly increased in the presence of two APOL1 risk 
alleles (OR 4.65 [95% CI 3.51–6.15]). Also, a significant association was observed between the carriage of two risk APOL1 
variants and proteinuria (OR 2.58 [95% CI 2.05–3.25]), HIVAN (OR 16.67 [95% CI 10.22–27.19]), and progression to end-
stage kidney disease (ESKD) hazard ratio: 1.79 (95% CI 1.20–2.66).
Conclusion  This review highlights a strong association between the presence of two risk APOL1 variants and an increased 
risk of kidney disease in PLWHIV, and provides a more precise estimate of the effect size, with smaller 95% CIs for CKD, 
HIVAN, and progression to ESKD.
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Introduction

The global impact of chronic kidney disease (CKD) is 
enormous and continues to increase, leading to a quest to 
unravel novel risk factors that may be targeted to alleviate 
this burden. Additionally, a major ethnic disparity in the 
development of CKD is well documented, with the Black 
population being at disproportionately higher risk for CKD 
and end-stage kidney disease (ESKD) [1, 2]. Therefore, in 
an attempt to understand this ethnic disproportion for kid-
ney disease risk, Kopp et al. [3] identified single-nucleotide 
polymorphisms in non-coding regions of MYH9 on chromo-
some 22q12 locus. This single-nucleotide polymorphism is 
strongly associated with focal segmental glomerulosclero-
sis (FSGS) which predominates in Black populations. Two 
years later, another landmark study by Genovese et al. [4] 
discovered apolipoprotein L1 (APOL1) risk genetic variants, 
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namely G1 (a haplotype consisting of two missense vari-
ants, S342G and I3484M) and G2 (consisting of two–amino 
acid deletion, 388NY) as novel genetic renal risk factors 
that are also strongly linked to FSGS. Subsequently, studies 
have linked the carriage of two APOL1 risk alleles (APOL1 
high-risk genotype) to hypertension-attributed kidney dis-
ease, human immunodeficiency virus-associated nephropa-
thy (HIVAN), and as a progressor to ESKD [5–7]. Most of 
these studies attributed the increased kidney disease risk 
to the presence of APOL1 G1 and G2 in the gene encod-
ing APOL1. For example, Genovese et al., reported that 
individuals of African descent carrying two copies of the 
APOL1 G1 and G2 (G1/G1, G1/G2, or G2/G2) risk alleles 
have five–sevenfold higher odds of nondiabetic kidney dis-
ease and non-HIV-associated FSGS [4]. This increased risk 
was found to be substantially higher in HIV settings, with 
some studies reporting odds ratios (ORs) of 29 (95% CI 
13–68) from the US [8], and as high as 89 (95% CI 18–912) 
from a South African study [9]. These strikingly high ORs in 
the setting of HIV further support the second hit hypothesis 
which states that the presence of APOL1 high-risk variants 
alone is not enough to cause APOL1-associated nephropa-
thy, and thus the need for a second hit or presence of other 
modifying risk factors [10]. HIV has remained one of the 
best-studied examples of the second hit or modifying factor. 
However, despite this strong association, a few studies have 
reported minimal to moderate association between APOL1 
and kidney diseases in the HIV positive population [11]. This 
non-uniformity in findings from these studies in addition 
to the fact that a subset of HIV positive patients with high-
risk alleles still did not develop kidney disease suggested 
the need for a meta-analysis to better quantify the strength 
of this association. Therefore, this systematic review and 
meta-analysis was conducted to determine the association 
between APOL1 genetic variants and kidney diseases in 
HIV positive patients.

Methods

Study design

An a priori protocol (S1 File) was developed for this 
SR&MA according to the Preferred Reporting Items for Sys-
tematic Review and Meta-Analysis Protocol (PRISMA-P) 
guidelines (S2 File) [12]. The protocol was then registered 
on the National Institute for Health Research International 
Prospective Register of Systematic Reviews (PROSPERO 
2021 CRD42021253877 available at: https://​www.​crd.​
york.​ac.​uk/​prosp​ero/​displ​ayrec​ord.​php?​ID=​CRD42​02125​
3877). This systematic review was conducted according to 
the PRISMA (S3 File) guideline [13].

Eligibility criteria

The eligibility criteria were defined as follows:
Inclusion criteria: any study that satisfies the following 

criteria was included:

•	 Context: all observational (cohort, case–control, and 
cross-sectional) studies that evaluated the association 
between kidney disease and APOL1 genotypes in the 
HIV positive population.

•	 Study location: all accessible published full articles from 
any country across the globe.

•	 Time period: no time limit was placed on the year of 
publication.

•	 Language of Publication: studies that used English as the 
language of publication.

•	 Participants: any study that recruits patients that meet 
the diagnostic criteria of HIV according to the stand-
ard guideline stipulated or adopted in the country of the 
research.

•	 Exposure: the measurement of APOL1 genetic variant 
genotypes in the study.

•	 Age: studies with participants of any age range.

Exclusion criteria: studies with any of the following cri-
teria were excluded:

•	 Animal studies, Case reports, case series, letters to editor, 
editorials, books, dissertations, review articles, unpub-
lished reports, and conference papers.

•	 Studies without a clear study design.
•	 Articles published in languages other than English.

Outcomes:
Primary outcome:

•	 Association of APOL1 and CKD

Secondary outcomes:

•	 Association of APOL1 with proteinuria.
•	 Association of APOL1 with eGFR decline.
•	 Association of APOL1 with progression to ESKD.
•	 Association of APOL1 with HIVAN
•	 Association of APOL1 with FSGS.

Search and selection strategy

Prespecified search strategies were developed and used to 
search five online databases. The strategy also included a 
literature search via hand searching of references of selected 
review articles and conference proceedings. Additionally, 

https://www.crd.york.ac.uk/prospero/displayrecord.php?ID=CRD42021253877
https://www.crd.york.ac.uk/prospero/displayrecord.php?ID=CRD42021253877
https://www.crd.york.ac.uk/prospero/displayrecord.php?ID=CRD42021253877
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an internet search was carried out on Google Scholar and 
Google search.

Databases

The selected databases were PUBMED, MEDLINE, Web 
of Science, Scopus, and Embase. The specific search terms 
used, the dates the searches were conducted, and the results 
for each of the databases searched are detailed in the study 
protocol (S1 File), and S4 File. The search terms used in the 
PubMed database are given as follows; (apolipoprotein l1 
OR Apolipoprotein L1 OR Apolipoprotein-L1 OR APOL 
1) AND (Kidney disease OR Chronic kidney disease OR 
CKD OR Renal disease OR End stage renal disease OR End 
stage kidney disease OR ESRD OR ESKD) AND (Human 
immunodeficiency virus OR human immunodeficiency 
virus-associated nephropathy OR HIV OR HIVAN).

Data management

The citations obtained from the online database search 
(search results) were compiled and de-duplicated in an MS 
Excel spreadsheet (S5 File). All steps of the systematic 
review from screening to data extraction were carried out 
on an Excel spreadsheet.

Selection process

The search and screening process of the study was con-
ducted by two independent reviewers (YR & BW) and a 
third reviewer who decided about uncertainties (UE).

Data collection process

Extraction of data was conducted after the full-text screen-
ing. Relevant information was extracted from each eligi-
ble article included and recorded immediately in the data 
extraction form. The process of the extraction was carried 
out by two independent reviewers (BW & YR) and two oth-
ers checked the information (UE & SN).

Study quality assessment

After evaluation for the inclusion and exclusion criteria, 
all included articles were subjected to quality assessment 
using the Newcastle Ottawa Scale (NOS) for observational 
cohort studies [14]. For the observational case–control and 
cross-sectional studies, a modified Newcastle Ottawa Scale 
appraisal tool was used (S6 File). The critical appraisal was 
carried out by three independent reviewers (YR, UE & BW) 
and cross-checked by one other reviewer (SN).

Meta‑analysis

A meta-analysis was used to summarize association data 
between APOL1 and prevalent CKD; APOL1 and prevalent 
persistent proteinuria; APOL1 and HIVAN; and APOL1 and 
progression to ESKD. We pooled the study-specific esti-
mates using a random-effects meta-analysis model (DerSi-
monian-Laird) to obtain an overall summary estimate for 
each of the analyses. Heterogeneity was assessed using the 
χ2 test on Cochrane’s Q statistic [15] and quantified by cal-
culating the I2 (with values of 25%, 50%, and 75% represent-
ing low, medium, and high heterogeneity, respectively [16]). 
We assessed the presence of publication bias using Begg’s 
test [17]. Data were analyzed using Stata 17.0 for Windows 
(Stata Corp. 2021. Stata Statistical Software: Release 17. 
College Station, Tx: Stata Corp USA).

Results

Study selection process and characteristics 
of included studies

The initial literature search retrieved 4418 articles, of which 
24 were selected after the title and abstract screening for 
full-text review (Fig. 1, PRISMA flow chart). Out of the 24 
articles screened for full-text review, 14 were included for 
the review and for the meta-analysis (S5 File). There were 
11,069 participants across all included studies, five studies 
[9, 18–21] comprising 5075 participants from Africa and 
eight studies [5, 8, 11, 22–26] from North America with 
a cumulative sample size of 3130 participants, and one 
study [27] from Europe with a sample size of 2864. The 
countries of origin for the component studies included the 
United States of America (eight studies [8, 11, 22–26, 28]), 
the Democratic Republic of Congo (one study [21]), Nigeria 
(two studies [18, 19]), South Africa (one study [9]), United 
Kingdom (UK; one study [27]), and one study [20] was done 
across Burkina Faso, Senegal, and Cameroon (Table 1). 
The year of publication of the studies spanned from 2011 to 
2022 (Table 1). Participants were black in most (85.7%) of 
the studies. Two of the studies [11, 21] included pediatric 
patients, while the remaining 12 were undertaken in adult 
populations. The participants in the pediatric studies had 
an average age of 9.0–15.3 years, while the mean age for 
the adult studies ranged from 37.1 to 48.1 years. Two of the 
studies [25, 26] were composed of only females, and the 
rest had a female proportion in the range of 33.0–69.9%. 
Seven of the studies [18–21, 24–26] were not based on 
renal histopathology findings; two [11, 27] had a mixture 
of patients with or without renal histopathology, while five 
studies [8, 9, 22, 23, 28] were histopathology-based. The 
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HIV positive CKD patients were heterogeneous, ranging 
from HIVAN, FSGS-only, to HIV-associated immune com-
plex kidney disease (HIVICK) across the component studies. 
The outcomes of the component studies were also hetero-
geneous. CKD, as defined by the Kidney Disease Improv-
ing Goals Outcome (KDIGO) as either kidney damage or a 
reduced eGFR of less than 60 mL/min/1.73 m2 for at least 
3 months, was the outcome of interest in five studies [9, 11, 

18, 19, 27]; proteinuria in five studies [19, 21, 25–27]; pro-
gression to ESKD in three [8, 22, 23]; eGFR decline in two 
[20, 24]; association with having FSGS or HIVAN in three 
studies [8, 27, 28]. One study [9] disaggregated the effect 
estimates of APOL1 renal-risk variants for HIVAN, FSGS, 
HIVICK, other types of glomerular nephtitis, and other 
kidney diseases. A pooled estimate of the findings in this 

Fig. 1   PRISMA flow diagram
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study was used for further computations of the association 
of APOL1 and CKD in the HIV positive population.

Quality (risk of bias) assessment

For all the included studies, the quality assessment was con-
ducted using the Newcastle Ottawa Scale appraisal tool [14]. 
All studies included were found to be of high quality and the 
result of the appraisal is presented in the S8 File.

Meta‑analysis

Primary outcome: APOL1 association with CKD
Five studies (total sample size of 7164; 3 from Africa, 

1 from the UK, and 1 from the USA) examined the asso-
ciation of APOL1 high-risk variants with the occurrence 
of CKD in the HIV positive population [9, 11, 18, 19, 27]. 
With the exception of the South African study, the reported 
odds ratios for CKD are fairly comparable between the Afri-
can and European studies. The carriage of two APOL1 risk 
alleles significantly increased the risk of CKD occurrence 
in the HIV positive population [pooled odds ratio (OR) 4.65 
(95% CI 3.51 – 6.15); n = 7164, 5 studies, I2 = 52.4%, p-value 

for heterogeneity = 0.08) (Fig. 2). There was no evidence of 
publication bias (the p-value of Begg’s test was 0.81).

Secondary outcomes

APOL1 association with proteinuria

Five studies [19, 21, 25–27] examined the association 
between renal-risk APOL1 variants with proteinuria in the 
HIV positive population. The presence of two APOL1 risk 
alleles significantly increased the risk of proteinuria in the 
HIV positive population [pooled odds ratio (OR) 2.58 (95% 
CI 2.05–3.25); n = 7450, 5 studies, I2 = 85.3%, p < 0.001) 
(Fig. 3). There was no evidence of publication bias (the 
p-value of Begg’s test was 0.09).

APOL1 association with HIVAN

Four studies [8, 9, 27, 28] examined the association 
between renal-risk APOL1 variants with HIVAN. The 
reported odds ratios for HIVAN by the South African study 
far exceeded those reported by the European studies. The 
presence of two APOL1 risk alleles significantly increased 

Fig. 2   Forest plot of APOL1 (high-risk variants) association with CKD

Fig. 3   Forest plot of APOL1 (high-risk variants) association with proteinuria
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the risk of HIVAN [pooled odds ratio (OR) 16.67 (95% 
CI 10.22–27.19); n = 769, 4 studies, I2 = 84.6%, p < 0.001) 
(Fig. 4). There was no evidence of publication bias (p-value 
of Begg’s test was 0.99).

APOL1 association with progression to ESKD

The APOL1 association with progression to ESKD was 
assessed in three of the included studies [8, 22, 23]. The 
summary estimate indicated an increased rate of progression 
in individuals carrying two APOL1 renal risk alleles  (pooled 
hazard ratio 1.79 (95% CI 1.20–2.66); n = 449, 3 studies, 
I2 = 74.8%, p = 0.004 (Fig. 5). There was no evidence of pub-
lication bias (p-value of Begg’s test was 0.60).

APOL1 association with eGFR decline

The association of APOL1 with eGFR decline was reported 
in two of the included studies [20, 24]. The two studies 
used the CKD-EPI equation to determine the eGFR, with-
out the correction for ethnicity in one of the studies [20]. 
In a longitudinal cohort study among unsuppressed HIV-
infected African Americans, Estrella et al., 2015 showed 
that the APOL1 high-risk group (carriage of two APOL1 
risk alleles) experienced a faster annual eGFR decline than 
the low-risk individuals (carrying one or no risk allele). The 
study found a significant downward eGFR trajectory in the 

high-risk group compared with the low-risk group in both 
unadjusted (− 2.48 mL/min/1.73 m2 [CI − 3.60 to − 1.36] 
p < 0.001) and adjusted (− 2.42 mL/min/1.73 m2 [CI − 3.52 
to − 1.32] p < 0.001) analyses. However, in the second study 
[20] conducted among people living with HIV of Black Afri-
can origin (across Burkina Faso, Senegal, and Cameroon), 
the obtained result is discordant. The researchers determined 
the APOL1 association with eGFR decline in two cohorts: 
the day care unit (antiretroviral therapy [ART]-naïve) and 
the 2LADY trial (on long-term ART) cohorts. The study 
revealed that there was no direct association between APOL1 
high-risk status and eGFR decline over time, showing an 
average decrease of 0.8 mL/min/1.73 m2 [− 1.0 to − 0.6]. 
On the other hand, in the 2LADY cohort, the study showed 
a difference in the eGFR over time (2.42 mL/min/1.73 m2 
[− 3.52 to − 1.32]) in the APOL1 low-risk group without any 
associated change in the APOL1 high-risk group.

APOL1 association with FSGS

Three studies [8, 9, 28] reported APOL1 association with 
FSGS. APOL1 high-risk genotype (carriage of two risk 
alleles) was associated with FSGS with almost threefold 
greater odds (OR 2.95 [1.48–5.84] p = 0.002) than the low-
risk in a univariable model as reported by Atta et al. [28]. 
In an adjusted analysis, the high-risk APOL1 status shows 
fivefold higher odds (OR 5.25 [2.37–11.62] p < 0.001) for 

Fig. 4   Forest plot of APOL1 high-risk variants association with HIVAN

Fig. 5   Forest plot of APOL1 high-risk variants association with progression to ESKD
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FSGS than the low-risk status [28]. For the Kopp et al., study 
[8] also, APOL1 high-risk was found to have significantly 
(p = 1.3 × 10–48) higher odds (OR 16.9 [11–26.5]) for FSGS 
than the APOL1 low-risk alleles. While the association 
reported in the Kasembeli et al. study was not significant 
(p = 0.48), nevertheless, the high-risk APOL1 status showed 
greater odds (OR 2.1 [0.03–44]) of developing FSGS than 
the low-risk status [9].

Discussion

In this meta-analysis, HIV positive individuals carrying two 
copies of the APOL1 risk alleles were found to have an 
almost three-fold higher risk of developing CKD, a two-
fold higher risk of developing proteinuria, and a 16-fold 
increased risk of developing HIVAN. Although the tra-
ditional CKD risk factors and HIV-related factors con-
tribute to the development of CKD, carrying two APOL1 
risk alleles appears to further potentiate the risk of kidney 
disease.

The mechanisms by which the APOL1 variants modu-
late the risk of kidney diseases is complex and still obscure. 
However, some of the proposed mechanisms largely sup-
ported by animal and in vitro studies include podocyte injury 
by the increased APOL1 expression through interferon, 
APOL1 inflammatory-mediated apoptosis leading to protein-
uria and glomerular scarring, inhibition of protein synthesis 
by the APOL1 G1 and G2 variants through activation of pro-
tein kinase R, APOL1-triggered mitochondrial dysfunction, 
and dysregulation of ubiquitin D (UBD)—a ubiquitin-like 
modifier protein [29–31]. An additional mechanistic may 
be the triggering of cell lysis and intracellular loss of potas-
sium by G1 and G2 APOL1 risk alleles [32].

Surprisingly, since the discovery of the genetic associa-
tion of APOL1 and kidney disease and the description of its 
strong link with HIVAN about a decade ago, only few stud-
ies have examined this relationship in HIV positive patients.

In this meta-analysis that included four published articles 
dealing with patients with biopsy-proven HIVAN, having 
two risk APOL1 alleles was shown to significantly increase 
the risk for HIVAN [pooled odds ratio (OR) 16.67 (95% 
CI 10.22–27.19) compared with being carriers of low-risk 
APOL1 genotype. All four studies reported a significant 
increase in susceptibility to HIVAN in patients carrying two 
APOL1 risk alleles with a strikingly high odds ratio of 89 
(95% CI 18, 912) in the South African study [9]. The rela-
tively small sample size of the South African study may have 
accounted for the huge confidence intervals that overlapped 
with the study from the USA [8].

The mechanism accounting for the increased susceptibil-
ity to HIVAN in individuals with two APOL1 risk variants 
is likely due to a synergic interaction between HIV-1 protein 

and APOL1 variant-driven gene expression leading to podo-
cyte injury and glomerular scarring [29, 33]. For example, 
Mikulak et al. showed that kidney risk variant APOL1 pro-
tein enhances the accumulation and persistence of HIV-1 
in podocytes, which is facilitated through the priming of a 
pro-inflammatory cytokine IL-1β [34], while the non-risk 
variant of APOL1 attenuates accumulation and boarding of 
HIV-1 within the podocytes [34]. Although most of the stud-
ies reported the requirement of two APOL1 risk variants to 
induce renal cell toxicity, a weak association between a sin-
gle copy of APOL1 G1 risk allele and HIVAN was reported 
by the South African study. The reason attributed for this  
finding by the authors is that an effect from one risk allele is 
in line with a gain of injury and/or toxicity of these variants 
in renal cells that manifests in the presence of a potent inter-
actor like HIV, which is in contrast to a loss of gene func-
tion of APOL1 risk variants that follow a recessive model 
of inheritance [9]. In addition, it has also been shown that 
HIV viremia facilitates the detrimental renal effects of the 
APOL1 risk alleles and that achieving HIV viral suppres-
sion with ART may attenuate these detrimental effects [25]. 
Therefore, the unexpected  effect of the G1 risk allele may 
have been driven by viremia, since the South African cohort 
was ART- naïve.

Although sufficient studies were not available to allow for 
a meta-analysis for APOL1 and other HIV-associated kidney 
diseases, APOL1 renal risk variants have been strongly asso-
ciated with non–HIVAN FSGS [5]. For example, carrying 
two copies of the APOL1 risk alleles has a fivefold higher 
risk of developing non-HIV-associated FSGS with respect 
to carrying one or no risk allele [5]. Conversely, HIVICK is 
not associated with two risk alleles. Fine et al. reported that 
among 25 HIV-positive study participants who had kidney 
biopsy with no APOL1 risk alleles, only 3 (12%) had FSGS, 
while more than 40% (10) had HIVICK [23].

Since the identification of the association of APOL1 renal 
risk variants with increased progression of CKD by earlier 
case–control studies [4, 6], prospective studies have pro-
vided evidence that the APOL1 high-risk variants are associ-
ated with increased CKD progression over a long duration in 
a non-HIV population [7, 35]. Thus, APOL1 is now termed 
a disease progressor gene. This association is further sup-
ported by this meta-analysis which shows that the high-risk 
APOL1 variants carry a 79% increased risk of CKD progres-
sion to ESKD as compared with low-risk APOL1 genotype. 
A similar 70% increased risk of progression to ESKD was 
reported by a previously published meta-analysis in non-
HIV patients [36].

Although this is the first meta-analysis conducted to 
determine the association between APOL1 and kidney dis-
eases in people living with HIV, this study has some limita-
tions. First, substantial heterogeneity was observed across 
some of the considered outcomes, which is largely due to 
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the heterogeneous population included in the studies, varia-
tion in the adjustment for confounding variables across the 
studies, and non-uniformity of the methodologies used in the 
ascertainment of CKD progression. For example, some of 
the included studies did not explicitly state the confounding 
variables that were adjusted for.

Second, the insufficient number of studies precluded fur-
ther subgroup analyses and meta regressions to account for 
the significant heterogeneity across the studies.

Third, the included studies were largely from the USA 
and Sub-Saharan Africa, thus limiting the global generaliza-
tion of our findings.

Fourth, despite the fact that the strongest association 
between APOL1 renal risk variants and kidney disease that 
has been identified to date is with HIVAN, only four studies 
included kidney biopsies.

In conclusion, this meta-analysis confirms that APOL1 
renal risk variants are significantly associated with proteinu-
ria, CKD, and HIVAN and confer an increased risk of CKD 
progression to ESKD. It has also provided a more precise 
estimate of the effect size with smaller 95% CIs for CKD, 
HIVAN, and progression to ESKD, that can be useful for 
counseling and risk identification.
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