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in the UK between May 2018 and February 2020. The primary outcome was renal impairment (estimated
glomerular filtration rate [eGFR] of <60 mL/min/1.73 m?). Secondary outcomes were stage 5 CKD (eGFR

K ds: . . . ; . N
eywords: . <15 ml/min/1.73 m?, on dialysis for over 3 months or who had received a kidney transplant), proteinuria

Chronic kidney disease . . . . . .

Africa (urine protein/creatinine ratio >50 mg/mmol), and biopsy-confirmed HIV-associated nephropathy (HIVAN),

Diaspora focal segmental glomerulosclerosis (FSGS) or arterionephrosclerosis. Multivariable robust Poisson regression

Apolipoprotein L1 estimated the effect of region of African ancestry on kidney disease outcomes.

HIV Findings: Of the 2468 participants (mean age 48.1 [SD 9.8] years, 62% female), 193 had renal impairment, 87

Epidemiology stage 5 CKD, 126 proteinuria, and 43 HIVAN/FSGS or arterionephrosclerosis. After adjusting for demographic

HIVAN characteristics, HIV and several CKD risk factors and with East African ancestry as referent, West African

ancestry was associated with renal impairment (prevalence ratio [PR] 2.06 [95% CI 1.40—3.04]) and stage 5
CKD (PR 2.23 [1.23-4.04]), but not with proteinuria (PR 1.27 [0.78—2.05]). West African ancestry (as com-
pared to East/South African ancestry) was also strongly associated with a diagnosis of HIVAN/FSGS or arterio-
nephrosclerosis on kidney biopsy (PR 6.44 [2.42—17.14]).
Interpretation: Our results indicate that people of West African ancestry with HIV are at increased risk of kid-
ney disease. Although we cannot rule out the possibility of residual confounding, geographical region of ori-
gin appears to be a strong independent risk factor for CKD as the association did not appear to be explained
by several demographic, HIV or renal risk factors.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Research in context

Evidence before this study

Chronic kidney disease (CKD) is an important complication of
Human Immunodeficiency Virus (HIV) infection, particularly in
people of African ancestry. Among African people with HIV,
West-Africans appear at greatest risk of kidney disease
although CKD estimates are limited by heterogeneity of studies
and measures to define CKD, and availability of data on HIV and
traditional CKD risk factors.

Added value of the study

We conducted a study in people of African ancestry with HIV in
a single healthcare system. We confirmed that West African
ancestry was associated with an increased risk of renal
impairment (estimated glomerular filtration rate of <60 mlL/
min/1.73 m?) and stage 5 CKD (eGFR <15 ml/min/1.73 m? or
requiring permanent renal replacement therapy), and that this
was not explained by differences in several demographic, HIV
or traditional CKD risk factors. Moreover, participants of West
African ancestry were six-fold more likely to be diagnosed with
HIV associated nephropathy (HIVAN), focal segmental glomeru-
losclerosis (FSGS), or arterionephrosclerosis, glomerular pathol-
ogies that have been associated with coding variants of the
apolipoprotein L1 (APOL1) gene that are highly prevalent in
populations of West African ancestry.

Implications of all the available evidence

HIVAN/FSGS disproportionally affects people of West-African
ancestry and this may contribute to the high burden of kidney
disease in this population. These data suggest that early HIV
diagnosis and prompt initiation of ART, already recommended
to reduce morbidity and mortality in all people with HIV, may
be an important CKD prevention strategy, particularly in popu-
lations of West African ancestry.

1. Introduction

Chronic kidney disease (CKD) is a common condition character-
ized by gradual loss of kidney function over time, leading to increased
morbidity and mortality. CKD is ranked as the 12th leading cause of
death globally, and is particularly common among people living in
sub-Saharan Africa [1]. With a population of over one billion [2], sub-
Saharan Africa is a vast and heterogenous region with marked genetic
diversity, in which urbanization and economic progress contribute to
a rapid transition in disease-burden from communicable diseases
and childhood illnesses to chronic, non-communicable diseases,
including CKD.

HIV is also highly prevalent in sub-Saharan Africa, with the great-
est prevalence in East and Southern Africa [3]. The risk of acute kid-
ney injury and CKD is increased in people with HIV; these conditions
frequently have a multifactorial etiology including: chronic immune
activation as a direct effect of the HIV virus; drug toxicity from antire-
troviral therapy (ART) or agents to treat or prevent opportunistic
infections; and age-related comorbid kidney disease due to diabetes,
hypertension, and cardiovascular disease for example [4]. In addition,
common coding variants of apolipoprotein L1 (APOL1) gene were
found to be strongly associated with some subsets of CKD in people
of African ancestry, especially HIV-associated nephropathy (HIVAN,
odds ratio [OR] 29 in African Americans, 89 in South Africans), focal
segmental glomerulosclerosis (FSGS, OR 17), and arterionephroscle-
rosis (OR 2—4) [5-8]. APOL1 renal risk variants are also associated

with steeper decline in estimated glomerular filtration rate (eGFR)
[9] and non-diabetic end-stage kidney disease (ESKD, OR 7) [8]. These
APOL1 risk variants are found almost exclusively in people of African
ancestry, with the highest frequencies reported in West Africans and
the lowest in East Africans [4]. Within West Africa, the frequency of
the APOL1 risk variants is particularly high among the Yoruba and
Igbo-Edo speaking populations of Nigeria, and the Asante in Ghana
[5,7-9].

There remains a paucity of reliable population-based data on the
prevalence of CKD in African people with HIV. A recent systematic
review of CKD in Africans with HIV [10] and a study from the UK Col-
laborative HIV Cohort (UK CHIC) Study [11] reported the highest
prevalence of CKD in people from West Africa. However, the system-
atic review highlighted several weaknesses in the design of the
included studies, a lack of standardized measures of eGFR, and differ-
ences in the populations studied and HIV care provided. The UK CHIC
study was limited by a lack of information on hypertension, diabetes,
and cardiovascular disease, all of which are known risk factors for
CKD [11].

In the present study, performed in a setting of universal and free
access to healthcare, we sought to further investigate the relationship
between region of African ancestry and markers of kidney disease:
renal impairment, stage 5 CKD and proteinuria, with adjustment for
demographic, HIV, and CKD-associated parameters. As HIVAN is an
important cause of CKD in black people with HIV [12], we hypothe-
sized that West African ancestry, a region with the highest preva-
lence of APOL1 risk alleles, would be associated with renal
impairment (particularly stage 5 CKD), proteinuria and HIVAN/FSGS
on kidney biopsy.

2. Methods
2.1. Subject enrolment and demographic data

The genetic markers of kidney disease progression in people of
African ancestry (GEN-AFRICA) study is a cross-sectional study
designed to investigate genetic factors associated with CKD in the
United Kingdom. The GEN-AFRICA study enrolled consenting adults
of African ancestry with HIV at 15 HIV clinics and three dialysis/kid-
ney transplantation centers across England between May 2018 and
February 2020. There were no exclusion criteria. Demographic data,
including country of birth of both parents, clinical information, HIV
status and comorbid conditions, were collected from participants
using questionnaires and corroborated through review of clinical
records. Laboratory data, including nadir and most recent CD4 cell
count, viral hepatitis status (hepatitis B surface antigen and anti-hep-
atitis C antibody) and HIV viral load were obtained from electronic
patient records. Renal function, including serum creatinine and urine
protein creatinine ratio (uPCR), was measured in local laboratories. If
a renal biopsy had ever been performed, a copy of the histopathology
report, where available, was obtained. The study was approved by an
NHS Research Ethics Committee and Health Research Authority (18/
L0/0234 and 239895).

The exposure in the presented analyses was region of sub-Saharan
African ancestry (East, South, Central and West Africa) as defined by
the African Union [13], with the exception that Angola was included
in the Central rather than South region. Participants of Caribbean,
North African, or mixed African ancestry were excluded. eGFR was
calculated utilizing the CKD Epidemiology Collaboration (CKD-EPI-
Cr) equation [14] with and without application of the correction fac-
tor for black ethnicity The primary outcome was renal impairment
was defined as an eGFR <60 mL/min/1.73 m? [15,16]. Participants
were stratified by eGFR based on Kidney Disease: Improving Global
Outcomes (KDIGO) CKD guidelines [17] and those with eGFR
<15 mL/min/1.73 m? who were on dialysis for over three months or
who had received a kidney transplant were categorized as having
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stage 5 CKD. Renal biopsy reports were reviewed and adjudicated by
a renal physician (JB) and, in case of discrepancy, a histopathologist
to identify cases of HIVAN, (primary) FSGS and arterionephrosclero-
sis, a common cause of CKD in people of African ancestry [18]. Diabe-
tes mellitus and hypertension were predominantly self-reported
diagnoses; medical records were reviewed for those reporting but
not on treatment for these conditions to verify the diagnosis. Addi-
tionally, diabetes cases were ascertained through review of medical
records of those with glycosuria.

2.2. Statistical methods

Baseline characteristics of the study population, stratified by
region of ancestry and by eGFR (greater or less than 60 mL/min/
1.73m?), were compared using X? for categorical variables, and Krus-
kal-Wallis tests or ANOVA for continuous variables, as appropriate.
Robust Poisson regression was used to quantify the association
between each covariate and kidney disease status. It was decided a
priori that age and sex would be included in the minimally adjusted
model, followed by HIV factors (nadir and current CD4 cell count, and
prior AIDS). The fully adjusted model also included renal factors (dia-
betes and cardiovascular disease). As hypertension is on the causal
kidney disease pathway, hypertension was excluded as a factor in the
primary and secondary outcomes analyses (we conducted sensitivity
analyses that included hypertension in the multivariable models).
The association between region of ancestry and secondary outcomes:
(1) stage 5 CKD, (2) proteinuria (uPCR >50 mg/mmol [approximately
500 mg/g], excluding those with stage 5 CKD) and (3) biopsy-con-
firmed HIVAN/FSGS/arterionephrosclerosis was also investigated.
East African region of ancestry was used as referent for all analyses
except for biopsy-confirmed HIVAN/FSGS/arterionephrosclerosis,
where East and South African ancestry were combined as referent. As
diabetic nephropathy is an important cause of CKD, we performed a
further sensitivity analysis excluding participants with diabetes.
Finally, interaction analyses were performed to examine whether
diabetes, hypertension or cardiovascular disease modified the associ-
ation between region of African ancestry and renal impairment. All
statistical analyses were done using STATA v16 (StataCorp, College
Station, Tx). The study was reported according to STROBE guidelines.

2.3. Role of funding sources

This study was supported by the Medical Research Council (UK)
Confidence in Concept scheme (MC_PC_17164). The project has been
supported in part the National Institutes of Health and the National
Cancer Institute Intramural Research Program (CAW).

3. Results

Of the 3026 individuals enrolled in the GEN-AFRICA cohort, 2468
(81.6%) reported sub-Saharan African ancestry with both parents
born in the same sub-Saharan region and were included in the cur-
rent analyses. The characteristics of these participants at the time of
enrolment are shown in Table 1. Participants were predominantly
women (62%) and had a mean age of 48.1 (SD 9.8) years, and gener-
ally long-standing and well-controlled HIV. The prevalence of diabe-
tes, cardiovascular disease and proteinuria was similar across all four
sub-Saharan African regions while hypertension was more common
among Central and West Africans. Among the 2,281participants with
proteinuria data (and no stage 5 CKD), 77.9%, 16.7%, 5.5% had no pro-
teinuria, uPCR 15-49 mg/mmol, and uPCR>50 mg/mmol, respec-
tively. Exposure to antiretroviral drugs was generally similar across
all regions (Table S3).

One hundred and ninety-three participants (7.8%) had renal
impairment, with the highest prevalence in those of West African
ancestry (11.5%) and the lowest in those of South African ancestry

(5.3%, Fig. 1). Among participants with renal impairment, 89.1% had
hypertension and 26.6% had diabetes. Overall prevalence of hepatitis
B (surface antigen) and hepatitis C (anti-HCV) was 6.2% and 1.3%
respectively; anti-HCV was more common in those with renal
impairment (4.4% vs 1.0%). The characteristics of those with and
without renal impairment are shown in Table S2. When stratified by
ancestral country, participants with the highest prevalence of renal
impairment mostly originated from West Africa, with rates of 13%,
10%, 10% and 9% in those with ancestral roots in Nigeria, Cote d’Ivoire,
Ghana and Sierra Leone respectively (Fig. 2, Table S7). Forty-three
participants had a biopsy-confirmed diagnosis of HIVAN (N = 36),
FSGS (N = 4) or arterionephrosclerosis (N = 3); 1 (2.3%), 6 (14%), 4
(9.3%) and 32 (74.4%) of these occurred in individuals of East, South,
Central and West African ancestry (Fig. S1, Table S1).

In univariable analysis, region of African ancestry, age, female sex,
nadir CD4 count, current CD4 count, mode of HIV acquisition, prior
AIDS, anti-HCV, hypertension, diabetes, and cardiovascular disease
were all associated with renal impairment. In the fully adjusted
model, participants of West African ancestry had double the odds (PR
2.06, 95% confidence interval [CI] 1.40 — 3.04) of renal impairment as
compared to those of East African ancestry which was quite similar
to the univariable estimate. Age, current and nadir CD4 cell count,
anti-HCV, prior AIDS, diabetes, and cardiovascular disease also
remained associated with renal impairment in these adjusted analy-
ses (Table 2). When hypertension was included in the final model for
renal impairment, the association between renal impairment and
West African ancestry attenuated but remained significant (PR 1.68,
95% Cl 1.16—-2.44).

In secondary analyses, West African ancestry was also associated
with stage 5 CKD (PR 2.23, 95% CI 1.23-4.04) (Tables 3A and S4) but
not with proteinuria (excluding stage 5 CKD, Tables 3A and S5). How-
ever, when hypertension was included in the final model for stage 5
CKD, West African ancestry was no longer associated with stage 5
CKD (PR 1.49, 95% C1 0.89-2.52) (Table 3B).

Compared to East and South African ancestry, West African ances-
try was also strongly associated with biopsy-confirmed HIVAN/FSGS/
arterionephrosclerosis (PR 6.44, 95% CI 2.42—17.14) (Tables 3A and
S6). In additional sensitivity analyses, the risk of renal impairment
remained similar when correction for ethnicity was excluded in eGFR
calculations, and in models that excluded participants with diabetes
(Table 3B). There was no evidence of interaction between region of
African ancestry and renal impairment with diabetes (p values
0.12-0.87), hypertension (p values 0.25-0.72) or cardiovascular dis-
ease (p values 0.09-0.91).

4. Discussion

To our knowledge, GEN-AFRICA is the first pan-African diaspora
cohort, allowing for direct comparison of markers of kidney disease,
CKD risk factors and a biopsy diagnosis of HIVAN/FSGS and arterio-
nephrosclerosis in the setting of HIV across regions of African ances-
try. Consistent with the findings of a recent meta-analysis [10] and
the UK CHIC study [11], the highest prevalence of renal impairment
was observed in individuals of West African ancestry and the lowest
prevalence in those from the South African region. West Africans
remained at higher risk of renal impairment and stage 5 CKD after
adjusting for demographic, HIV, and CKD risk factors (except for
hypertension, which is on the causal pathway for CKD). West African
ancestry was also strongly associated with having HIVAN/FSGS and
arterionephrosclerosis. By contrast, although proteinuria was com-
mon, we observed no association between region of ancestry and
proteinuria.

The increased risk of renal impairment in West Africans may
relate to the high prevalence of renal risk variants (G1, G2) of the
APOL1 gene that confer protection against trypanosomiasis but
increase the risk of glomerular scarring, especially in the setting of
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Table 1

Demographic and clinical characteristics of the study participants stratified by African region of ancestry.

Region of African Ancestry

All East South Central West p value
N =2468 N =585 N=810 N=168 N =905
Age (years) Mean (SD) 48.1(9.8) 49.1(9.7) 48.3(9.9) 47.8(10.2) 47.2(9.8) 0.002
Female sex n (%) 1531 (62.0) 377 (64.4) 562 (69.4) 95 (56.5) 497 (54.9) <0.001
Time since HIV diagnosis (years) Mean (SD) 14.1(6.3) 16.6(7.2) 149(5.3) 14.5(6.3) 11.5(5.6) <0.001
Nadir CD4 (cells/mm?) Median (IQR) 194 (78-329) 182 (80-319) 200 (85-335) 182 (47-302) 196 (76-351) 0.21
Current CD4 (cells/mm?) Median (IQR)  551(396-719)  534(376-706)  599(430-763)  511(355-645)  531(390-705)  <0.001
HIV viral load (<200 copies/mL) n (%) 2302 (93.3) 553 (94.5) 766 (94.6) 152(90.5) 831(91.8) 0.03
On ART n (%) 2444 (99.0) 581(99.3) 806 (99.5) 167 (99.4) 890 (98.3) 0.07
Time since ART initiation (years) = median (IQR)  10.9(6.4-14.9) 12.6(7.5-18.1) 12.4(7.5-15.5) 11.4(6.9-15.8) 9(5.1-12.6) <0.001
Mode of HIV acquisition <0.001
Heterosexual n (%) 2150(87.1) 484 (82.7) 724 (89.4) 151(89.9) 791 (87.4)
MSM n (%) 32(1.3) 8(14) 7(0.9) 0(0.0) 17(1.9)
Vertical n (%) 107 (4.3) 26 (4.4) 37 (4.6) 5(3.0) 39(4.3)
Blood products n (%) 20(0.8) 4(0.7) 3(04) 1(0.6) 12(1.3)
Unknown n (%) 159 (6.4) 63(10.8) 39(4.8) 11(6.5) 46(5.1)
Prior AIDS n (%) 615 (25.7) 169 (29.9) 231(29.2) 36 (22.0) 179 (20.5) <0.001
HBsAg positive n (%) 151(6.2) 25(4.4) 33(4.1) 17(10.2) 76 (8.5) <0.001
Anti-HCV positive* n (%) 30(1.3) 4(0.7) 9(1.2) 7(4.3) 10(1.1) 0.003
Diabetes n (%) 249 (10.2) 63(10.9) 82(10.2) 15(8.9) 89(9.9) 0.88
Hypertension n (%) 826 (33.5) 184 (31.6) 240(29.7) 62 (36.9) 340(37.6) 0.003
Cardiovascular disease n (%) 109 (4.4) 26 (4.4) 32(4) 12(7.2) 29 (4.3) 0.32
BMI (kg/m?) Mean (SD) 29.5(6.2) 29.0(5.9) 30.7 (6.4) 29.7(5.7) 29.6 (5.7) <0.001
eGFR (60 mL/min/1.73m?**) <0.001
>90 n (%) 1605 (65.0) 410(70.1) 550 (67.9) 115(68.5) 530(58.6)
60-90 n (%) 670(27.1) 140 (23.9) 217 (26.8) 42 (25.0) 271(29.9)
30-59 n (%) 92(3.7) 16 (2.7) 26(3.2) 4(2.4) 46 (5.1)
15-29 n (%) 14 (0.6) 3(0.5) 3(04) 2(1.2) 6(0.7)
<15 (Stage 5 CKD**) n (%) 87(3.5) 16 (2.7) 14(1.7) 5(3.0) 52(5.7)
uPCR" (mg/mmol) 0.90
<15 n (%) 1776 (77.9) 429 (77.6) 584 (77.8) 123(77.9) 640 (78.1)
15-49 n (%) 380(16.7) 100 (18.1) 120(16.0) 26 (16.5) 134 (16.4)
50-99 n (%) 65(2.9) 11(2.0) 23(3.1) 5(3.2) 26(3.2)
>100 n (%) 60 (2.6) 13(2.4) 24(3.2) 4(2.5) 19(2.3)

ART=antiretroviral therapy; MSM=men who have sex with men; AIDS=acquired immunodeficiency syndrome; HBsAg=hepatitis B surface antigen; Anti-HCV=hepatitis C
virus antibody; BMI=body mass index; uPCR=urine protein/creatinine ratio; SD=standard deviation; IQR=interquartile range.

There are no missing data for age, sex, mode of HIV acquisition, ART and eGFR; 0.2% of participants lack data for time since HIV diagnosis, 0.3% for current CD4 cell count,
5.5% for nadir CD4 cell count, 8.9% for time since ART initiation, 3% of for prior AIDS, 0.9% for diabetes, 0.2% for hypertension, 1.4% for HBsAg, 2.8% for anti-HCV, and 5%

for uPCR (mainly those with stage 5 CKD).

tCardiovascular disease = composite of any previous history of myocardial infarction, coronary artery disease, peripheral vascular disease, stroke, heart failure and

cardiomyopathy.
* Hepatitis C RNA: detectable N = 4, undetectable N = 24, not available N = 2.

ok

estimated glomerular filtration rate calculated with CKD EPI formula with correction of black ethnicity included.

*** Stage 5 CKD=eGFR <15 mL/min/1.73m? and those on dialysis for over three months or had a kidney transplant.
" uPCR does not include participants with stage 5 CKD (eGFR <15 mL/min/1.73m? and those on dialysis or had a kidney transplant).

viral infections such as HIV [G]. As Nigerian ancestry was predomi-
nant among the West Africans enrolled in our cohort, the observed
increased risk of renal impairment among West Africans may relate
to the high prevalence of APOL1 G1/G2 variants in this population.
Indeed, a majority (over 70%) of HIVAN/FSGS/arterionephrosclerosis,
each of which has been associated with APOL1 high risk genotypes,
was diagnosed in West Africans, mostly of Nigerian ancestry. The
greater burden of renal impairment and stage 5 CKD in those of West
African ancestry may, at least in part, be due to HIVAN/FSGS. As ART,
a higher CD4 cell count and suppressed HIV viral load have all been
associated with a reduced incidence of HIVAN [18,19], our findings
suggest that early HIV diagnosis followed by prompt initiation of fully
suppressive ART may be an important CKD prevention strategy.
Contrasting with our findings, a recent study of kidney disease in
predominantly HIV negative Africans found the lowest prevalence of
CKD, defined as an eGFR <60 mL/min/1.73 m? and/or albuminuria
>3 mg/mmol, in West Africans and highest prevalence in South Afri-
cans [20]. This was a large population-based study of CKD prevalence
(AWI-Gen study) conducted in six discrete locations in East, South
and West Africa. The AWI-Gen study recruited from two rural areas
in West Africa: Burkina Faso (Nanoro) and Ghana (Navrango), each

with a known low prevalence of HIV, CKD and APOL1 risk variants
[5,21]. This study is therefore unable to account for differences in
CKD prevalence in relation to regional variability in the prevalence of
APOL1 risk variants. Rather, the higher prevalence of CKD in the South
African sites may reflect a different stage of epidemiological transi-
tion from rural to urban lifestyle; the South African sites in AWI-Gen
were semi-rural to urban areas with higher prevalence of CKD risk
factors including diabetes and hypertension.

Proteinuria was not associated with region of African ancestry.
This finding was surprising given that studies have shown APOL1
renal risk genotypes to be associated with more frequent and earlier
onset of proteinuria [22—-25]. Proteinuria is an important risk factor
for CKD progression with a higher prevalence generally among peo-
ple of African ancestry [26,27] and it is likely that participants with
severe proteinuria have progressed to stage 5 CKD in our study. As
we excluded participants with Stage 5 CKD from the proteinuria anal-
yses, this may explain the lack of association with region of African
ancestry. As most participants had well controlled HIV, it is possible
that the lack of association between proteinuria and CKD is due to
past rather than current renal injury (e.g. prior to HIV diagnosis/con-
trol). It is also possible that the HIV virus itself, exposure to ART or
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South Africa
5.3%

Fig. 1. Regions of sub-Saharan Africa (East, Central, West, South) and prevalence of renal impairment (eGFR <60 ml/min/1.73m?) by region of ancestry of the study participants.

other medications, or traditional CKD risk factors such as diabetes
and hypertension were the predominant causes of proteinuria rather
than APOL1-associated glomerular disease.

The strengths of this study include the large number of partici-
pants who are representative of people of African ancestry currently
living with HIV in the UK. In addition, our study included a substan-
tial number (n = 87) of people with stage 5 CKD who, in the absence
of renal replacement therapy, would be missing from most studies
conducted in Africa. Consistent with other studies from sub-Saharan
Africa, our study included a higher proportion of females (by contrast,
most US studies have a predominance of African American males).
The limitations include the cross-sectional design and use of a single
creatinine time point to calculate eGFR which may not accurately
reflect CKD status; however, as almost all participants were clinically
well and recruited during routine outpatient visits, it is likely that
most had stable kidney function. The CKD-EPI equation, which is a
creatinine-based equation, has not been widely validated in African
populations, and the use of the adjustment for ethnicity, while argu-
able given the high BMI of our participants, remains contentious
[27]; this issue is currently being investigated by the African Research
into Kidney Diseases (ARK) study [28]. However, in our study, analy-
ses of stage 5 CKD support the findings of the primary outcome

suggesting that the association between region of ancestry and renal
impairment is real. We did not investigate the associations between
specific ART medications and CKD as tenofovir disoproxil fumarate
(TDF), atazanavir and lopinavir are generally avoided in people with
CKD [11,29], and have no information on markers of renal tubular
(dys)function, hence we are unable to account for the effects of some
ART medications that may lead to reduced tubular creatinine secre-
tion [30]. We also have incomplete data on anti-hypertensive medi-
cations and are unable to exclude that differential use of angiotensin
converting enzyme inhibitors or angiotensin II receptor antagonist
may have affected the severity of proteinuria in different regions.

We lacked information on other factors that may contribute to
renal impairment in Africa including infections such as malaria and
schistosomiasis, environmental exposure to heavy metals, or data on
current use of non-steroidal anti-inflammatory drugs and prior use
of antimicrobial treatments and prophylaxis. A small number of
recruitment centers were renal centers, and thus our sample includes
a higher proportion of people with stage 5 CKD, meaning our study is
unable to provide true prevalence estimates. Finally, although we
had a sizeable cohort with broad representation from across sub-
Saharan Africa, the Central African cohort was small, the East, South
and West African regions were over-represented by people of
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Fig. 2. Proportion of participants with eGFR stages 1-5, by country of ancestry
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Proportion of participants in each country of ancestry with estimated glomerular filtration rate >90, 60—89, 30—59, 15—29 and <15 mLmin/1.73 m?. Data are restricted to par-
ticipants with both parents born in the same country, and to countries with at least N = 10 individuals.

Ugandan, Zimbabwean and Nigerian ancestry, and there was sub-
stantial heterogeneity in prevalence of renal impairment and stage 5
CKD within regions. Our data show that in a setting where healthcare
is universally accessible, there was an increased burden of kidney dis-
ease among those of West African ancestry. Consistent with the

known distribution of APOL1 risk alleles, we observed a particularly
strong association between West African ancestry and HIVAN/FSGS
and arterionephrosclerosis. Genetic analyses in the GEN-AFRICA
cohort are currently being undertaken; if these confirm that APOL1
high risk genotypes are a major driver of the increased risk of kidney

Table 2
Factors associated with renal impairment (eGFR <60 mL/min/1.73m?), n = 193.
Univariate Adjusted for age and sex Adjusted for HIV factors Adjusted for renal factors

PR 95% CI pvalue PR 95% CI pvalue PR 95% Cl pvalue PR 95% CI p value
African Region of Ancestry <0.001 <0.001 <0.001 <0.001
East 1 1 1 1
South 089  0.58-1.37 059 094 0.61-144 076  0.87 0.54-1.41 058 090 0.56-1.44 0.67
Central 1.09 057-2.11 079 110 0.58-2.10 076  0.85 0.40-1.82 068 0.69 0.29-1.68 0.41
West 1.92 1.33-2.78 0.001 2.04 1.12-293 <0001 200 1.35-2.96 0.001 2.06 1.40-3.04 <0.001
Age (per 1 year increment) 1.05 1.04-1.07 <0.001 1.05 1.04-1.07 <0.001 1.05 1.03-1.06 <0.001 1.04 1.02-1.06 <0.001
Sex (Female vs. male) 062  047-0.81 <0.001 077 0.53-1.01 0.06 097 0.71-1.31 083 097 0.72-1.32 0.87
Time since HIV diagnosis (5 years increments)  1.05 0.95-1.17 0.31
Nadir CD4 (50 cell/mm? increment) 088  0.8/3-0.93 <0.001 094 0.89-0.99 003 095 0.90-1.00 0.05
Current CD4 (50 cell/mm? increment) 093  0.90-0.97 <0.001 096 0.92-1.00 006 095 0.92-0.99 0.007
On ART 062  0.21-1.81 0.38
HIV viral load (<200 copies/mL) 1.09 0.62-1.91 0.77
Mode of HIV Acquisition 0.26
Heterosexual 1
MSM 1.61 0.64-4.07 0.32
Vertical 048  0.19-1.27 0.14
Blood products 1.93 0.67-5.54 0.22
Unknown 1.21 0.73-2.01 0.45
Prior AIDS 1.76  133-232 <0.001 1.66 1.19-2.29 0.003 152 1.09-2.11 0.01
HBsAg (positive) 0.96 0.53-1.73 0.89
Anti-HCV (Positive) 3.63 1.97-6.69 <0.001 348 1.84-6.57 <0.001 297 1.44-6.14 0.003
Diabetes 320 2.38-430 <0.001 215 1.52-3.03 <0.001
Hypertension 16.24 10.40-2535 <0.001
Cardiovascular disease 3.83 2.71-5.40 <0.001 294 1.98-435 <0.001
BMI (kg/m?)
<185 164 044-6.12 0.46
18.5-24.99 1
25-30 082  0.56-1.91 0.30
>=30 084  0.59-1.20 0.34

ART=antiretroviral therapy; MSM=men who have sex with men; AIDS=acquired immunodeficiency syndrome; HBsAg=hepatitis B surface antigen; Anti-HCV=hepatitis C virus anti-

body; BMI=body mass index; PR=prevalence ratio; Cl=confidence interval.
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Table 3
Secondary outcomes (A) and sensitivity analyses (B).

Univariate Multivariable *

PR 95% Cl pvalue PR 95% Cl p value
A. Secondary Analyses
Stage 5 CKD" (n = 87)
African Region of Ancestry <0.001 0.001
East 1 1
South 0.63 031-1.28 0.21 069 031-1.54 0.36
Central 1.09 0.40-2.93 0.87 1.03  034-3.13 0.96
West 2.11 1.21-3.64 0.01 223 1.23-4.04 0.009
Biopsy-confirmed HIVAN/FSGS and arterionephrosclerosis (n = 43)
African Region of Ancestry <0.001 0.001
East/South 1 1
Central 4.74 1.40-16.04 0.01 447  1.20-16.69 0.03
West 7.05 3.12-15.90 <0.001 644 242-17.14  <0.001
Proteinuria’ (n =126)
African Region of Ancestry 047
East 1
South 143 0.91-2.37 0.11
Central 131 0.62-2.77 0.48
West 1.27 0.78-2.05 034
B. Sensitivity Analyses
eGFR<60 ml/min/1.72m? with additional adjustment for hypertension (n = 193)
African Region of Ancestry <0.001 <0.001
East 1 1
South 0.89 0.58-1.37 0.59 093  0.59-147 0.76
Central 1.09 0.57-2.11 0.79 0.67  0.30-147 0.32
West 1.92 1.33-2.78 0.001 168 1.16-244 0.006
Stage 5 CKD* with additional adjustment for hypertension (n = 87)
African Region of Ancestry <0.001 0.03
East 1 1
South 0.63 031-1.28 0.21 059  0.28-1.27 0.18
Central 1.09 0.40-2.93 0.87 0.73  0.26-2.05 0.55
West 2.11 1.21-3.64 0.01 149  0.89-2.52 0.13
eGFR without correction for ethnicity ¥ (n = 193)
African Region of Ancestry <0.001 <0.001
East 1 1
South 1.12 0.80-1.57 0.51 110 0.77-1.58 0.60
Central 1.16 0.69-1.96 0.58 1.01  056-1.82 0.98
West 1.89 1.40-2.55 <0.001 203 1.49-2.75 <0.001
Participants without diabetes (n =2197)
African Region of Ancestry <0.001 <0.001
East 1 1
South 0.87 0.51-1.47 0.6 087 049-1.54 0.64
Central 1.42 0.70-2.91 0.34 1.08 049-238 0.85
West 2.13 1.37-3.32 0.001 211 1.32-3.36 0.002

ART=antiretroviral therapy; MSM=men who have sex with men; AIDS=acquired immunodeficiency
syndrome; HBsAg=hepatitis B surface antigen; Anti-HCV=hepatitis C virus antibody; BMI=body mass
index; PR=prevalence ratio; Cl=confidence interval.

K eGFR based on CKD-EPI equation, excluding correction for African American ethnicity.

X Multivariable model for Stage 5 CKD and for eGFR without correction for ethnicity adjusted for
age, sex, nadir CD4, current CD4, diabetes, cardiovascular disease and hepatitis C virus antibody; mul-
tivariable model for biopsy-confirmed HIVAN/FSGS and arterionephrosclerosis adjusted for age, sex,
nadir CD4, current CD4, cardiovascular disease and hepatitis C virus antibody; multivariable model
for eGFR<60 ml/min/1.72m? with adjusting for hypertension adjusted for age, sex, nadir CD4, current
CD4, prior AIDS, diabetes, hypertension, cardiovascular disease and hepatitis C virus antibody; multi-
variable model for individuals without diabetes adjusted for age, sex, nadir CD4, current CD4, prior
AIDS, cardiovascular disease and hepatitis C virus antibody.

* Stage 5 CKD=eGFR <15 mL/min/1.73 m? and those on dialysis for over three months or had a kid-
ney transplant.

' Proteinuria=uPCR >50 mg/mmol [approximately 500 mg/g] (excluding those with Stage 5 CKD).

disease in West Africans with HIV, early HIV diagnosis and prompt
initiation of ART will be even more important CKD prevention strate-
gies. This cohort is well placed to help further examine the complex
interactions between genes and the environment that ultimately pro-
mote the development of CKD.
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