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Background: Two coding risk variants in the Apo L1 gene (APOL1) underlie most of the 
excess risk for kidney diseases in recent African ancestry patients. Strength and consistency 
of the relationship between APOL1 high-risk genotypes and the risk of chronic kidney 
diseases (CKD) and end-stage renal disease (ESRD) are not uniform.
Objective: To conduct a systematic review and meta-analysis of prospective studies asses
sing the association of APOL1 genotypes and the risk of developing CKD, ESRD, and CKD 
to ESRD in adults.
Methods: Systematic search of MEDLINE, EMBASE, and Google Scholar was performed 
for prospective studies assessing the associations between APOL1 genotypes and CKD, 
ESRD, and progression from CKD to ESRD. Secondary analyses were to evaluate the 
annual kidney function change by APOL1 gene status. Random effects models were used 
to estimate pooled risk ratios (RRs) and weighted mean differences for outcomes of interest.
Results: The search yield 10 prospective during a follow-up period ranging from 4.4 to 25 
years. The high-risk APOL1 genotype was associated with the incidence of CKD (RR:1.41 
[95% CI: 1.14–1.75]), the progression from CKD to ESRD (RR: 1.70[95% CI:1.44; 2.01]) 
compared with the low-risk APOL1 genotype. There was no appreciable association between 
high-risk APOL1 genotype with the incidence of ESRD. Furthermore, high-risk APOL1 
genotype was associated with a marginal decrement in the annual eGFR decline (−0.55[95% 
CI: −0.94 to −0.16]) mL/min/1.73m2 compared with low-risk APOL1 genotype status.
Conclusion: In summary, African Americans carrying APOL1 high-risk genotypes are at 
increased risk of developing CKD and ESRD. Given that the APOL1 risk alleles are 
common among individuals with African ancestry, with ~18% of African Americans carry
ing high-risk alleles, these findings highlight the potential identification of subgroups of 
patients who may benefit from APOL1 screening and developing culturally-appropriate 
interventions.
Keywords: APOL1, chronic kidney disease, end-stage renal diseases, disparities, African 
Americans

Introduction
Significant disparities exist in kidney disease, with African Americans facing an 
increased burden of chronic kidney diseases (CKD) and progression from CKD to 
end-stage renal diseases (ESRD).1 Besides, African Americans experience rapid 
kidney function deterioration at the early stages of the disease, compared with 
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Caucasians.2 The increased risk is partly attributable to 
two kidney risk variants (APOL1 G1 and G2) in the 
gene encoding apo L1 (APOL1).3 Unlike the other com
mon complex disease variants that follow additive or mul
tiplicative patterns, APOL1-mediated kidney disease risk 
principally carries autosomal-recessive inheritance.3 

Although the literature suggests an association between 
high-risk APOL1 genotypes and kidney diseases, the 
strength of association was not uniform, with some studies 
finding a strong association of high-risk APOL1 status 
with kidney diseases and other studies finding weaker 
associations. Although a few reports and reviews were 
available on the association of APOL1 risk variants from 
case-control studies,4,5 no systematic review or meta- 
analysis has evaluated the association between APOL1 
risk status and the incidence of CKD, ESRD, and the 
progression of CKD to ESRD, and kidney function 
decline. This is important as there is an ongoing debate 
on the usefulness of APOL1 genotyping in clinical deci
sion making, with only a little consensus, has emerged 
among clinicians.6,7

Therefore, we conducted a systematic review and 
a meta-analysis of prospective cohort studies to describe 
the association between APOL1 genotypes and future risk 
of CKD, ESRD, and progression from CKD to ESRD.

Methods
Selection Strategy and Inclusion Criteria
We used a predefined search strategy and statistical analy
sis plan for this systematic review and meta-analysis using 
a prespecified protocol. Using the Meta-analysis Of 
Observational Studies in Epidemiology (MOOSE) guide
lines for reporting,8 we searched electronic databases 
(MEDLINE, Google Scholar, and Embase) for prospective 
cohort studies up to 31 March 2020, utilizing a systematic 
search strategy that removed duplicate studies. 
A combination of free text words and Medical Subject 
Headings (MeSH) terminologies were employed to search, 
and multiple pre-searches determined the final search strat
egy without language restrictions. We have used the fol
lowing terms for the MEDLINE:

(((‘renal insufficiency, chronic’[MeSH Terms] OR ‘kidney 
failure, chronic’[MeSH Terms]) OR ‘proteinuria’[MeSH 
Terms]) OR ‘albuminuria’[MeSH Terms]) OR (chronic 
kidney disease[Text Word] OR chronic kidney failure 
[Text Word]) OR chronic kidney insufficiency[Text 
Word] OR chronic kidney dysfunction[Text Word] OR 

chronic renal disease[Text Word] OR chronic renal fail
ure[Text Word] OR chronic renal insufficiency[Text Word] 
OR chronic renal dysfunction[Text Word] OR end stage 
renal disease[Text Word] OR proteinuria[Text Word] OR 
albuminuria[Text Word] AND ((‘apolipoprotein l1’[MeSH 
Terms] OR (‘apolipoprotein’[All Fields] AND ‘l1’[All 
Fields]) OR ‘apolipoprotein l1’[All Fields]) AND 
(‘humans’[MeSH Terms] OR ‘humans’[All Fields] OR 
‘human’[All Fields]) OR APOL1[Text Word]) 

To identify eligible studies. Analogous search terms were 
used for the other electronic databases. Finally, we manu
ally searched for eligible original research, reviews, and 
related articles to compensate for the electronic search 
deficiency. If multiple studies reported the same cohort 
results, the latest and most complete data was extracted 
for the analysis.

Study Selection
Studies were included in this meta-analysis if they fulfilled 
the following selection criteria: a) prospective study 
design; b) measured APOL1 gene alleles; c) the outcome 
was CKD/ESRD; d) published in English; e) sample size 
of > 100 subjects; and f) the investigators reported abso
lute counts for calculating the risk ratio (RR) with 95% CI 
for the outcomes of interest. We excluded any animal, 
case-control, cross-sectional studies, reviews, commen
taries, and letters that examined other associations. If the 
study results were published more than once, we included 
the finding with the complete follow-up in our primary 
analysis. Two reviewers (JR, RK) independently and 
manually screened the abstracts using the computerized 
screening program Abstrackr (Tufts Medical Center, 
Boston, Massachusetts).9 Conflicts over inclusion were 
resolved with an in-person discussion with a third investi
gator (RP) if necessary.

Data Extraction
Data were extracted and captured into a spreadsheet spe
cifically for this study with a data validation feature to 
control the data (type, value, and find invalid entries) 
entered. Variables entered from the selected studies 
included: a) study-level information (authors, country, 
center, year); b) study population characteristics (age, 
sex, and follow-up duration); and c) the number of events 
(CKD/ESRD). Two reviewers independently extracted 
data. Discrepancies were resolved by consensus or by an 
adjudicator (RP) if needed.
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Quality Assessment
One author (JR) assessed the methodological quality. 
Since the included studies (except one) were nonrando
mized and had a cohort design, Newcastle-Ottawa Quality 
Assessment Scale (NOS)10 was used to judge study qual
ity, as advocated by the Cochrane collaboration.11 NOS 
uses a star system (with a maximum of nine stars) to 
appraise a study in three domains: the selection of partici
pants (4 points), comparability of study groups (2 points), 
and the ascertainment of outcomes of interest (3 points). 
We assigned 0–3, 4–6, and 7–9 for the low, moderate, and 
high quality of studies, respectively.

Data Synthesis and Statistical Analysis
Primary Exposure Variable
The primary exposure was the existence of high-risk APOL1 
genotypes, using a recessive model (G1/G1, G2/G2, or G1/ 
G2) compared with low-risk genotypes (G1/G0, G2/G0, or 
G0/G0). The G1 haplotype consists of two nonsynonymous 
missense variants (rs73885319 [S342G], and rs60910145 
[I384M]) that are in almost total positive linkage disequili
brium, and the G2 haplotype was characterized by a six-base 
pair in-frame deletion (rs71785313 [N388del: Y389del]). 
These alleles are in negative disequilibrium and virtually 
never occur on the same chromosome.12

Outcome Variables
The primary outcomes were the incidence of CKD, ESRD, 
and the progression from CKD to ESRD using an auto
somal recessive genetic model (Supplemental Table 1).

Statistical Analysis
In this meta-analysis, the relative risks (RR) and 95% con
fidence intervals were appraised as the effect size for all the 
studies, and hazard ratios (HR) were deemed equivalent to 
RR.13 If outcomes were presented as odds ratios (ORs),14 

data were converted to RR for analysis by using the formula 
RR=OR/([1−pRef]+[pRef×OR]), where pRef is the preva
lence of the outcome (ie, kidney diseases) in the reference 
group.15 Outcomes from individual cohort studies were 
pooled using a random-effects model because this approach 
assumes that there could be heterogeneity in clinical and 
methodological approaches that might affect the findings. 
All pooled analyses were reported with 95% CIs. The 
DerSimonian and Laird method of moments estimator were 
used to estimate the between-study variance, and the corre
sponding 95% CIs were calculated using the Wald type 
method.16 Secondary analyses were defined a priori to 

evaluate the annual kidney function change by APOL1 
gene status. As the eGFR measurements were based on 
different methodologies, we reported the standardized mean 
difference using the inverse-variance method.17 A P value 
<0.05 was regarded as statistically significant. We assessed 
heterogeneity from the Mantel-Haenszel model and I2 values 
(the percentage of variance in the pooled estimate due to 
between-study differences), with an I2 value greater than 
50%, suggesting moderate heterogeneity.18 The possibility 
of publication bias was evaluated for the overall analysis 
using the Begg test and visual inspection of a funnel plot.19 

Additional sensitivity analyses were undertaken by omitting 
the most extensive study or studies based on their weighted 
percentage in the pooled estimates.20 All meta-analyses were 
conducted in R (version 4.0.1.; R foundation of statistical 
computing, Vienna, Austria) statistical platform using the 
packages “meta” (version 4.9–6) (12) and “metafor” (version 
2.1–0) (13), with a two-tailed α of 0.05 considered statisti
cally significant.

Results
Characteristics and Quality of the 
Included Studies
Among 199 candidate abstracts identified in the electronic 
databases and other sources, we identified 30 potential stu
dies for a full review. Twenty studies were excluded on full 
manuscript assessment as they deemed non-relevant 
(Supplemental Figure 1). A detailed review and data extrac
tion was conducted on ten studies14,21–29 for systematic 
review and meta-analysis (Supplemental Figure 1). All 
included studies were based in North America. There were 
53,976 (high-risk APOL1 genotype: 7376; low-risk APOL1 
genotype: 46,600) participants across the ten cohort studies 
(Table 1). The prevalence of the APOL1 kidney risk geno
type was 17.5%, ranging from 12.2% in the CARDIA study, 
a cohort of younger adults, to 26.6% in the JHS, a large, 
community-based, observational study. The age range was 
34.9 years to 61.7 years, with a median age of 54.1 years. 
The proportion of females included in the study was 48.0% 
(range: 0% −100%); and median baseline eGFR was 92.5 
(non-CKD: 107.4; CKD: 61.2) mL/min/1.73m2. The dura
tion of follow-up ranged from 4.4 to 25 years, with a median 
duration of 10.0 years. All but two studies genotyped 
APOL1 G1 (rs73885319 and rs60910145) and G2 
(rs71785313) using the Taqman assay (Thermo Fisher 
Scientific). According to quality assessment criteria, seven 
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studies were graded as high-quality and three as moderate- 
quality.

APOL1 Genotypes and Chronic Kidney 
Diseases
Figure 1 summarizes the results of subgroup analyses strati
fied by the incidence of CKD, ESRD, and CKD to ESRD, 
respectively. Five studies14,24–27 reported data for the associa
tion between APOL1 genotype and the risk of CKD. All of 
the studies reported a positive association (ie, HR>1.00) 
between two risk alleles incident CKD compared with zero 
or one risk allele. High heterogeneity was detected with an 
I2=89% (Cochran Q statistic=36.1, P<0.001), the RR from 
the random-effects model was 1.41 (95% CI, 1.14; 1.75). 
Progression from CKD to ESRD was available from two 
studies,23,26 from three cohort analyses, with a pooled RR 
of 1.70 [95CI: 1.44; 2.01] from the fixed-effects model 
(Figure 1). There was no heterogeneity found with an 
I2=0% (Cochrane Q statistic=3.0), with all the studies found 

a RR above 1.00. Incidence of ESRD results was available 
from 3 studies21,22,27 with a pooled RR of 1.86 [95% CI: 0.90; 
3.01] from the random-effect model. High heterogeneity was 
found with an I2= 93.2% (Cochrane Q statistic=29.27, 
P<0.0001). Two of the studies found a RR above 1.00 except 
for one study with a non-significant association.24 The differ
ence in the risk of APOL1 genetic risk variants with baseline 
kidney function status was not significant (P=0.8414). The 
diagnostic criteria for CKD/ESRD incidence varied widely in 
the included studies (Supplemental Table 1). The Egger 
regression test did not show statistically significant asymme
try of the funnel plot, suggesting that publication bias was 
unlikely (P= 0.1433; Figure 2).

APOL1 Genotypes and Kidney Function 
Change
Six studies14,21,23,28,29 in 7142 individuals provided data for 
the association between APOL1 genetic variants and long
itudinal eGFR decline rates (Figure 3). The pooled analysis 

Figure 1 Association between APOL1 high-risk variants and kidney diseases. 
Note: The estimates are based on APOL1 no-risk alleles vs APOL1 high-risk alleles. 
Abbreviations: ARIC, Atherosclerosis Risk in Communities study; CARDIA, The Coronary Artery Risk Development in Young Adults; AASK, African American Study of 
Kidney Disease and Hypertension; MVP, Million Veterans Program; CRIC, The Chronic Renal Insufficiency Cohort; WHI, Women’s Health Initiative; APOL1 LR, APOL1 low- 
risk variants; APOL1 HR, APOL1 high-risk variants; CKD, chronic kidney diseases; ESRD, end-stage renal diseases.
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showed that the presence of high-risk APOL1 genotype was 
associated with an annual eGFR decline (−0.55 (95% CI: 
−0.94 to −0.16)) mL/min/1.73m2 compared with low-risk 
APOL1 genotype status. There was no significant heteroge
neity (I2 = 42.0%; P=0.12) and publication bias (Egger 
regression test: P=0.2397). The high-risk APOL1 genotype 
mediated decline in kidney function was more pronounced in 
individuals with CKD (−0.87 [−1.81; −0.06] mL/min/ 
1.73m2) at baseline compared without CKD (−0.27[−0.58; 
0.03] mL/min/1.73m2). In a sensitivity analysis, excluding an 
HIV cohort (MACS) did not modify the results.

Discussion
Our meta-analysis of published prospective studies found 
that high-risk APOL1 genotype status was associated with 

~41% increased risk of CKD and 70% increased risk of CKD 
to ESRD progression compared to low-risk APOL1 genotype 
status. There was no significant association between high- 
risk APOL1 genotype status with the incidence of ESRD. 
Our systematic review and meta-analysis are timely, consid
ering recent interests and suggestions regarding APOL1 
genetic testing as part of clinical practice or population 
screening and consideration of the APOL1 genetic testing 
and treatment in precision medicine.6 We found significantly 
increased variation in study findings than would be antici
pated as a result of chance, owing to the considerable hetero
geneities in study populations and methods.

Congruently, our study found that high-risk APOL1 
genotype status was associated with only a modest reduction 
in eGFR compared with low-risk APOL1 status. We found 
increased variability in the annual eGFR decline between the 
studies. These differences may be due to differences in study 
design and follow-up duration: for example CRIC partici
pants (with all the participants have CKD at baseline) were 
followed for a mean of ~4.2 years, whereas ARIC partici
pants (general population with a normal kidney function) 
had up to ~25 years of follow-up.

The plausible biological mechanisms by which APOL1 
variants cause kidney failure are not completely under
stood. Several mechanisms of APOL1 risk variant- 
induced cell injury have been proposed, such as loss of 
intracellular K+ influx and aberrant activation of stress- 
activated protein kinase (SAPK) signaling,30 mitochon
drial and endosomal trafficking dysfunction,31,32 and 
activation of protein kinase R signaling pathway by 
increased expression of APOL1 risk allele RNA.33

Overall, the pooled analysis of our meta-analysis 
showed that ~8.5 million African Americans (16.5%) 

Figure 2 Funnel plot – APOL1 and kidney disease events.

Figure 3 Forest plot showing the annual differences in eGFR decline by APOL1 genotype (APOL1 high-risk vs APOL1 low-risk status). 
Abbreviations: ARIC, Atherosclerosis Risk in Communities study; CARDIA, The Coronary Artery Risk Development in Young Adults; AASK, African American Study of 
Kidney Disease and Hypertension; CRIC, The Chronic Renal Insufficiency Cohort; CKD, chronic kidney diseases; ESRD, end-stage renal diseases.
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African Americans potentially carry high-risk APOL1 
genotype status, which suggests that APOL1 carries 
a significant public health burden in the US. However, 
as shown in our meta-analysis, only a subset of indivi
duals with the high-risk APOL1 genotype progress to 
CKD. This should prompt the development of studies 
aiming to identify the biological mechanisms of APOL1 
associated nephropathy and identify putative environ
mental and biomarkers “second hits” to address the 
growing epidemic of kidney diseases in African 
Americans. So far, we have not yet determined which 
factors heighten the disease risk. Identifying subgroups 
of patients that may benefit from APOL1 screening and 
culturally-appropriate interventions through the imple
mentation of preventive measures and maybe one day 
through the development of specific drugs targeting the 
pathway linking APOL1 and CKD development and 
progression should be a research priority.6

This systematic review and meta-analysis have some 
limitations. First, the ascertainment of CKD and ESRD 
outcomes by non-uniform methodologies may provide 
heterogeneous results, as different methods have various 
sensitivities and specificities to CKD/ESRD diagnosis. 
Second, we did not identify any prospective studies 
available on other forms of APOL1 associated nephro
pathies, such as HIV-associated nephropathy, due to our 
stringent inclusion criteria. Finally, the available future 
data were exclusively from the North American African 
American population and did not include other African 
regions, as the available studies were of case-control or 
cross-sectional study design.34–36 Therefore, the results 
are not generalizable globally.

To summarize, our study demonstrates that there was 
a modest association between high-risk APOL1 geno
type with progression to CKD and from CKD to ESRD 
progression. Currently, there is not sufficient straightfor
ward evidence for guidance, and it may be prudent to 
conduct APOL1 genotype testing only in high-risk indi
viduals such as in patients with the presence of CKD or 
HIV who wish to pursue genetic testing after being 
informed of all advantages and trade-off that are asso
ciated with it.

Disclosure
Dr Allyson Hart reports grants from CSL Behring, outside 
the submitted work. The authors report no other conflicts 
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