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Abstract 
Background: In Africa, true prevalence of chronic kidney disease 
(CKD) is unknown, and associated clinical and genetic risk factors 
remain understudied. This population-based cohort study aimed 
to investigate CKD prevalence and associated risk factors in rural 
South Africa. 
Methods: A total 2021 adults aged 20-79 years were recruited 
between 2017-2018 from the Agincourt Health and Socio-
Demographic Surveillance System in Bushbuckridge, Mpumalanga, 
South Africa. The following were collected: sociodemographic, 
anthropometric, and clinical data; venous blood samples for 
creatinine, hepatitis B serology; DNA extraction; spot urine samples 
for dipstick testing and urine albumin: creatinine ratio (UACR) 
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measurement. Point-of-care screening determined prevalent HIV 
infection, diabetes, and hypercholesterolemia. DNA was used to test 
for apolipoprotein L1 (APOL1) kidney risk variants. Kidney Disease 
Improving Global Outcomes (KDIGO) criteria were used to diagnose 
CKD as low eGFR (<60mL/min/1.73m2) and /or albuminuria (UACR ≥ 
3.0mg/mmol) confirmed with follow up screening after at least three 
months. eGFR was calculated using the CKD-EPI(creatinine) equation 
2009 with no ethnicity adjustment. Multivariable logistic regression 
was used to model CKD risk. 
Results: The WHO age-adjusted population prevalence of CKD was 
6.7% (95% CI 5.4 - 7.9), mostly from persistent albuminuria. In the fully 
adjusted model, APOL1 high-risk genotypes (OR 2.1; 95% CI 1.3 - 3.4); 
HIV infection (OR 1.8; 1.1 - 2.8); hypertension (OR 2.8; 95% CI 1.8 - 4.3), 
and diabetes (OR 4.1; 95% CI 2.0 - 8.4) were risk factors. There was no 
association with age, sex, level of education, obesity, 
hypercholesterolemia, or hepatitis B infection. Sensitivity analyses 
showed that CKD risk factor associations were driven by persistent 
albuminuria, and not low eGFR. One third of those with CKD did not 
have any of these risk factors. 
Conclusions:  In rural South Africa, CKD is prevalent, dominated by 
persistent albuminuria, and associated with APOL1 high-risk 
genotypes, hypertension, diabetes, and HIV infection.
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Introduction
Infectious and non-communicable disease comprise substantial  
risk for chronic kidney disease (CKD) in Africa, but its true 
prevalence remains unknown. Methodological differences in  
sampling frames and criteria used to diagnose CKD, and  
limited understanding of the best measures to assess kidney  
function in African populations make prevalence data difficult  
to interpret. Recent large epidemiological studies have  
highlighted regional differences in CKD prevalence - which was 
lower in West Africa (Ghana and Burkina Faso) compared to  

East (Kenya) and South Africa, and higher in eastern compared  
to southern Uganda1,2.

Risk factors associated with kidney disease are understud-
ied. In many African studies traditional risk factors associ-
ated with CKD include hypertension, diabetes, HIV infection, 
older age, and female sex1,3. Studies from Tanzania, Malawi, 
Uganda and Kenya, suggest non-traditional risk factors are 
an important contributor to CKD risk2,4,5. These include 
endemic and other infectious diseases, such as undiagnosed  
genitourinary tuberculosis (TB), schistosomiasis, and viruses 
other than human immunodeficiency virus (HIV) which can 
manifest as nitrite-negative leukocyturia and/or hematuria, or 
tubulointerstitial injury related to occupational or environmental  
toxin exposure3,5.

Compared to other US populations groups, African Americans 
have a three-to-four times higher risk of kidney failure associ-
ated with recessive inheritance of apolipoprotein L1 (APOL1)  
kidney risk variants (KRV)6. APOL1 KRV comprise two  
missense single nucleotide polymorphisms (SNPs) defining 
the G1 allele and a six base pair-deletion defining the G2 allele. 
G1 and G2 alleles originated in West Africa with recent positive 
selection from protection against trypanosomal African sleep-
ing sickness. APOL1 KRV frequencies vary widely in Africa: 
Nigeria’s Igbo and Yoruba people have the highest frequen-
cies (40%), with lower frequencies in South Africa (18%), and  
near-absence in East Africa7.

The role of APOL1 KRV in the pathogenesis of CKD in African 
populations is unclear. APOL1 KRV have been associated with 
hypertension-attributed and non-diabetic CKD in Democratic  
Republic of Congo and Nigeria, persistent albuminuria despite 
well-controlled HIV disease in Nigeria, and HIV-associated 
nephropathy, systolic hypertension and low eGFR in South  
Africa2,8–11. One familial study from South African failed to  
demonstrate an association between APOL1 KRV and  
hypertension-attributed CKD compared to unaffected family 
members12. Recently, a large population-based study showed an  
association between APOL1 KRV and albuminuria (but not  
eGFR), and this association was attenuated when compared to  
African American populations13.

The aim of this study was to determine the prevalence of CKD 
and identify associated clinical and genetic risk factors in a 
rural South African population. We hypothesized that CKD  
prevalence would be high and associated with APOL1 KRV,  
infectious and non-communicable disease.

Methods
Study setting and sampling strategy
This longitudinal cohort study was conducted from November 
2017 to September 2018 in the Medical Research Council (MRC)/
Wits Rural Public Health and Health Transitions Research Unit 
(otherwise referred to as “Agincourt”) in Bushbuckridge, a 
rural subdistrict of the Mpumalanga province in north-eastern  
South Africa14. Agincourt is a health and socio-demographic 
surveillance system (HDSS) site that includes approximately 
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115,000 people. A minimum sample size of 1800 was required 
to provide at least 80% power to determine CKD prevalence  
of at least 5%, provided the true prevalence was equal to or 
more than 6.5%. Proportional allocation of Black African 
adults aged 20 to 79 years ensured a representative sample 
based on the most recent annual population census. Sample 
size was increased proportionately to 2759 individuals to  
accommodate a 25% non-participation rate. 

Participant recruitment and study procedures
Ethics approval was obtained from the Medical Human 
Research Ethics Committee, University of the Witwatersrand  
(certificate number M170583). Trained fieldworkers and nurses 
performed home visits in 31 villages comprising the Agincourt  
HDSS. Written informed consent was obtained in the  
participant’s first language (primarily Xitsonga). Participants with  
abnormal tests were referred to their local primary health 
care clinic for confirmatory testing and further management. 
Weight (kg) was measured using a digital scale and height was  
measured with a portable stadiometer (Seca, Germany). Height 
and weight were used to calculate body mass index (BMI) 
((kg)/(m)2. Blood pressure (BP) was measured using automated 
upper arm devices (Omron M6W, Intellisense BP785 large 
cuff, Japan). Participants were asked to sit comfortably with 
legs uncrossed for five minutes before taking readings. Three 
measurements were taken using an appropriate-sized cuff on 
the left arm at two-minute intervals. Of three BP readings,  
the first was discarded, and a mean of the second and third  
readings used for analyses. Nurses performed capillary point 
of care (POC) random cholesterol and random glucose testing  
(Cardiochek PA analyzer, PTS Panels test strips, PTS Diagnos-
tics, USA). If a participant knew their HIV status as positive, 
this was recorded. If HIV status was unknown or participants 
previously tested negative, nurses offered voluntary POC screen-
ing and testing (Alere HIV Combo, Abbott, USA) according 
to South African Department of Health guidelines15. A positive  
test result was confirmed with a second test (Uni-Gold 
Recombigen HIV-1/2, Trinity BioTech, USA). Nurses  
collected blood samples and a freshly voided urine sample for 
laboratory testing. A spot urine pregnancy test was performed  
for premenopausal women (Abon One Step Pregnancy Test,  
Pharmaland, UAE). Samples were stored in isothermal  
bags (2 – 6 °C) with temperature monitoring (Easylog, Lascar  
Electronics, UK). After completing fieldwork, samples were  
delivered to the Agincourt Research laboratory for processing  
and storage at -80°C according to standard operation procedures.

Laboratory procedures
A 20µL aliquot of DNA was shipped to the Frederick National 
Laboratory at the National Cancer Institute, USA, for APOL1 
genotyping16. DNA was genotyped using TaqMan assays  
(ThermoFisher Scientific, USA). APOL1 G1 KRV comprised 
a missense G nucleotide at rs73885319 (G1g) and either a T  
or G nucleotide at rs60910145; presence of only the G1g 
(p.342Gly) variant was sufficient to define the G1 KRV17. The 
APOL1 G2 KRV consists of a six-base-pair in-frame deletion, 
rs717185313. The number of APOL1 KRV (G1 or G2) carried  

by each participant was coded as 0 for the G0/G0 genotype,  
1 for the G0/G1 or G0/G2 genotype, or 2 for the G1/G1, G1/G2, 
or G2G2 genotypes. APOL1 genotypes were further coded as 
“high-risk (HR)” if the participant carried any combination  
of 2 risk alleles or “low-risk (LR)” if the participant had  
0 or 1 risk allele. This classification was used for statistical  
analyses16. All remaining specimens were shipped at -80°C 
to the Central Laboratory Services (CLS) in Johannesburg, 
South Africa. Serum and urine creatinine was measured by 
an isotope-dilution mass spectrometry traceable modified 
Jaffe method, urine albumin by a colorimetric method (Cobas  
6000/c501 analyzer), urine albumin:creatinine ratios (UACR) 
were calculated and reported (mg/mmol), and hepatitis B status  
was determined using Immulite serological assays (ARCHI-
TECT i1000SR analyzer, Abbott USA). The CLS laboratory 
adhered to standard daily internal quality control procedures 
and complied with the requirements of the external quality  
control program through the College of American Pathologists.

Study procedures
For each participant, highest level of education was received 
from the Agincourt HDSS. Body mass index (BMI) was 
used to classify participants as underweight (< 18.5); normal  
(18.5 – 24.9); overweight (25.0 – 29.9); or obese (≥ 30.0)18.  
Participant blood pressure was classified according to the 7th 
Report of the Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure as normo-
tensive: systolic blood pressure (SBP) <120mmHg and diasto-
lic blood pressure (DBP) <80mmHg; prehypertensive: SBP 
≥120mmHg and <140mmHg or DBP ≥80mmHg and <90mmHg; 
and hypertensive: SBP ≥ 140mmHg or DBP ≥ 90mmHg19.  
Diabetes was defined as a non-fasting glucose ≥ 11.1mmol/L; 
and hypercholesterolaemia as a non-fasting total cholesterol  
> 5.0mmol/L20,21.

Chronic kidney disease prevalence
Kidney Disease Improving Global Outcomes (KDIGO) crite-
ria were used to diagnose CKD22. eGFR was calculated using 
the CKD-EPI

(creatinine)
 equation 2009 without adjusting for 

African American ethnicity as race-based coefficients have 
been shown to overestimate GFR in this rural South African  
population23. Albuminuria was quantified with spot UACR. 
Participants with low eGFR (<60ml/min/1.73m2), and/or albu-
minuria (UACR ≥3.0mg/mmol) were followed up with repeated 
measures after a minimum of three months. CKD was defined 
as low eGFR, or albuminuria, or a combination (low eGFR  
and/or albuminuria) provided these measures were confirmed  
on repeat testing, and this definition was used for all analyses. 

Statistical analysis
Continuous variables were represented as mean (standard 
deviation [SD]) if normally distributed and median (interquar-
tile range) if non-normally distributed. Categorical variables  
were expressed as frequencies (percentage). Study variables 
were compared between sexes using the chi-squared test  
(Fisher’s exact test was used for 2×2 tables). To identify factors 
associated with CKD, logistic regression analysis was used  
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to estimate odds ratios (OR), with corresponding 95% confi-
dence intervals (CIs). Hierarchical models based on existing 
knowledge of known CKD risk factors were developed with all 
models, age- and sex-adjusted. Model 1 incorporated level of  
education and BMI. Model 2 added APOL1 genotype status, 
and Model 3 added comorbid infectious and non-communicable  
conditions: hepatitis B, HIV, hypertension, diabetes, and hyper-
cholesterolaemia. Nested models were compared using the 
likelihood ratio test. Because CKD was a composite variable  
(low eGFR and/or albuminuria), sensitivity analyses com-
pared whether there were differences in association between 
risk factors and (i) low GFR alone, or (ii) albuminuria alone.  
Missing data were reported in figures and tables. CKD popu-
lation prevalence was age-standardized using the revised  
World Health Organization (WHO) World Standard Population 

Distribution for ages 20–79 (direct method)24,25. Statisti-
cal analyses were performed using SAS (Stata Corp, Texas,  
USA) and can be performed in R (R Core Team, 2014)26.

Results
The flow diagram in Figure 1 details sample selection, reasons 
for non-participation, and CKD screening procedures. Overall, 
2021/2759 adults consented (73% participation rate), with 
the final study sample representative of the Agincourt HDSS  
population (Figure 2). Participant socio-demographic and  
clinical characteristics overall, and stratified by sex, are sum-
marized in Table 1. For participants with complete data for 
eGFR and UACR (n=2004): 32 had low eGFR at first screen-
ing, and of these, 12/29 (41%) were confirmed with low eGFR at  
follow-up; 247 had albuminuria at first screening, and of  

Figure 1. Flow diagram depicting study sample selection, participant recruitment, and CKD screening strategy.
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these, 118/220 (54%) were confirmed with albuminuria at  
follow-up (Figure 1). Overall, the WHO age-standardized  
prevalence for low eGFR was 0.9% (95% CI 0.4 - 1.4); for  
albuminuria was 6.2% (95% CI 5.0 - 7.4), and for CKD (low  
eGFR and/or albuminuria) was 6.7% (95% CI 5.4 - 7.9).

Results from multivariable adjusted logistic regression analyses  
are summarised in Table 2. In the fully adjusted model, CKD  
was associated with diabetes (OR 4.0; 95% CI 1.9 - 8.3), hyper-
tension (OR 2.8; 95% CI 1.8 - 4.3), high-risk APOL1 genotype  
(OR 2.1; 95% CI 1.3 - 3.4), and HIV infection (OR 1.8; 
95% CI 1.1 - 2.8). CKD was not associated with age, sex,  
level of education, BMI, hepatitis B infection or hypercholes-
terolaemia. Because CKD was a composite variable, sensitivity 
analyses were conducted to determine whether the associations  
observed were driven by low eGFR or albuminuria. The 
number of events was too small for a sensitivity analysis 
restricted to eGFR <60mL/min/1.73m2. Instead, a sensitivity  
analysis was performed using eGFR <90mL/min/1.73m2 on  
initial screen which showed an association with advancing age, 
obesity, and diabetes, but not with APOL1 high-risk genotypes,  

HIV infection, or hypertension (Table 3). For albuminuria,  
two sensitivity analyses were performed for those with  
albuminuria on (i) initial screening, and (ii) follow up screening  
(Table 4–Table 5). Both confirmed associations observed 
with the composite endpoint (CKD defined as low eGFR 
and/or albuminuria) were primarily driven by persistent  
albuminuria. 

For participants with CKD, overall, there was no identified risk 
factor in 32% (37/117) of participants (Table 6), most had one 
risk factor, and none had more than three. Women had fewer 
identified risk factors than men. CKD risk factors included 
those identified in the multivariable regression analyses: high-
risk APOL1 genotype, hypertension, HIV infection, and  
diabetes. 

Discussion
This rigorously conducted study determined CKD prevalence 
in a rural South African population using recommended KDIGO 
criteria for eGFR and albuminuria with confirmatory testing.  
Far more than low eGFR, persistent albuminuria was the  

Figure 2. Comparison of the study sample with Agincourt HDSS population stratified by age and sex.
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Table 1. Sociodemographic and clinical characteristics of the study participants.

Variable1 Men, N (%) 
(N = 851)

Women, N (%) 
(N = 1170)

Overall, N (%) 
(N = 2021)

Age (years) median (IQR) 35 (27 – 47) 34 (25 – 45) 35 (27 – 48)

20 – 39 years N (%) 557 (65.5) 705 (60.3) 1262 (62.4)

40 – 59 years N (%) 227 (26.7) 329 (28.1) 556 (27.5)

60 – 79 years N (%) 67 (7.9) 136 (11.6) 203 (10.0)
2Serum creatinine (µmol/L) mean (SD) 73 (15) 56 (13) 63 (16)
2estimated GFR (ml/min/1.73m2) mean (SD) 112 (17) 112 (19) 112 (18)
3UACR (mg/mmol) median (IQR) 0.3 (0.2 – 1.0) 0.5 (0.3 – 1.3) 0.4 (0.2 – 1.2)
4Highest education level

No formal education N (%) 47 (5.6) 135 (11.7) 182 (9.1)

Less than six years completed N (%) 65 (7.7) 94 (8.1) 159 (7.9)

Six or more years completed N (%) 733 (86.8) 928 (80.2) 1661 (83.0)
5BMI (kg/m2)

Normal (BMI 18.5 - 24.99) 493 (58.0) 277 (24.9) 770 (39.2)

Underweight (BMI < 18.5) 55 (6.5) 28 (2.5) 83 (4.2)

Overweight (BMI (25.0 - 29.99) 206 (24.2) 365 (32.8) 571 (29.1)

Obese (BMI >= 30.0) 96 (11.3) 444 (39.9) 540 (27.5)
6APOL1 Low-risk (zero or one risk allele) N (%) 745 (88.3) 1031 (89.0) 1776 (88.7)
6APOL1 High-risk (two risk alleles) N (%) 99 (11.7) 127(11.0) 226 (11.3)
7Blood pressure

Normal N (%) 212 (24.9) 543 (46.4) 755 (37.4)

Pre-hypertension N (%) 452 (53.1) 445 (38.0) 897 (44.4)

Hypertension 187 (22.0) 182 (15.6) 369 (18.3)
8Diabetes N (%) 21 (2.5) 50 (4.3) 71 (3.5)
9Hypercholesterolaemia N (%) 144 (16.9) 321 (27.4) 465 (23.0)
10Hepatitis B infection N (%) 40 (4.7) 40 (3.4) 80 (4.0)
11HIV infection N (%) 102 (12.0) 278 (23.8) 380 (18.8)
12Normoalbuminuric nitrite negative leukocyturia N (%) 124 (16.9) 354 (38.0) 478 (28.7)
13Normoalbuminuric haematuria N (%) 179 (24.4) 294 (31.6) 473 (28.4)

1Percentages may sum to +/- 100 from rounding; for missing data : 2Serum creatinine and estimated GFR from first screening: 
n=1169 for women; n=2020 overall; 3UACR: urine albumin: creatinine ratio from first screening: n=845 for men; n=1160 for women; 
n=2005 overall; 4Highest level of education: n=845 for men; n=1157 for women; n=2002 overall; 5Body mass index (BMI) = weight 
(kg)/height (m2): excluded pregnant women n=53; n=850 for men; n=1114 for women; n=1964 overall; 6APOL1 risk genotypes: 
n=844 for men; n=1158 for women; n=2002 overall; 7normal: SBP < 120mmHg and DBP < 80mmHg; pre-hypertension: SBP ≥ 
120mmHg and < 140mmHg or DBP ≥ 80mmHg and < 90mmHg; hypertension: SBP ≥ 140mmHg or DBP ≥ 90mmHg; women with 
hypertension: 90/182 (49.5%) were previously tested and informed they were hypertensive; 78/182 (42.9%) were previously tested 
and informed they were normotensive; 14/182 (7.7%) had not been tested; men with hypertension: 55/187 (29.4%) were previously 
tested and informed they were hypertensive; 93/187 (49.7%) were previously tested and informed they were normotensive; 39/187 
(20.9%) had not been tested; 8Diabetes: non-fasting glucose >= 11.1mmol/L; 9Hypercholesterolaemia: non-fasting total cholesterol 
> 5.0mmol/L; 10Hepatitis B infection: n=851 for men; n=1169 for women; n=2020 overall; 11HIV Infection: women testing positive: 
259/278 (93.2%) had prior knowledge of their status; 15/278 (5.4%) had previously tested negative; 4/278 (1.4%) had no prior 
testing; men testing positive: 88/102 (86.2%) had prior knowledge of their status; and 7/102 (6.9%) each, had previously tested 
negative or had no prior testing. 12Urine dipstick results from first screening; excluded pregnant women n=53; n=734 for men; 
n=931 for women; n=1665 overall; 13Urine dipstick results from first screening; excluded pregnant women n=53; n=735 for men; 
n=931 for women; n=1666 overall. 
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Table 2. CKD prevalence and model-adjusted odds ratios for CKD risk by socio-demographic factors, APOL1 status, 
infectious and non-communicable comorbidity.

All models age- and sex-adjusted

Variable Overall 
N = 19751 

n (%)

CKD 
N = 124 
(6.3%) 
n (%)

Model 12 
Adjusted for 

education, BMI

Model 22 
Adjusted for 

education, BMI, 
APOL1 genotype

Model 32 
Adjusted for education, BMI, 

APOL1 genotype, hepatitis 
B, HIV status, hypertension, 

diabetes, hypercholesterolemia

Age (years)

20 – 39 1234 (62.5) 70 (5.7) 1.00 reference 1.00 reference 1.00 reference

40 – 59 546 (27.6) 34 (6.2) 1.07 (0.67 – 1.68) 1.08 (0.68 – 1.72) 0.70 (0.43 – 1.15)

60 – 79 195 (9.9) 20 (10.3) 1.52 (0.76 – 3.07) 1.55 (0.77 – 3.13) 0.82 (0.38 – 1.76)

Sex

Male 829 (42.0) 55 (6.6) 1.00 reference 1.00 reference 1.00 reference

Female 1146 (58.0) 69 (6.0) 0.85 (0.57 – 1.26) 0.85 (0.57 – 1.27) 0.88 (0.58 – 1.34)

Education

No education 179 (9.2) 14 (7.8) 1.00 reference 1.00 reference 1.00 reference

Less than six years 155 (7.9) 15 (9.7) 1.42 (0.65 – 3.13) 1.38 (0.63 – 3.04) 1.24 (0.55 – 2.80)

Six or more years 1622 (82.9) 93 (5.7) 0.93 (0.44 – 1.93) 0.91 (0.43 – 1.89) 0.86 (0.41 – 1.81)
3BMI (kg/m2)

Non-obese 1388 (72.4) 89 (6.4) 1.00 reference 1.00 reference 1.00 reference

Obese 530 (27.6) 31 (5.8) 0.89 (0.56– 1.42) 0.87 (0.55 – 1.39) 0.67 (0.41 – 1.09)

APOL1 genotype

Low-risk 1737 (88.7) 99 (5.7) 1.00 reference 1.00 reference

High-risk 221 (11.3) 24 (10.9) 2.16 (1.34 – 3.48) 2.10 (1.29 – 3.42)

Hepatitis B status

negative 1897 (96.1) 118 (6.2) 1.00 reference

positive 78 (3.9) 6 (7.7) 0.93 (0.33 – 2.63)

HIV status

negative/unknown 1602 (81.1) 94 (5.9) 1.00 reference

positive 373 (18.9) 30 (8.0) 1.78 (1.12 – 2.83)

Blood pressure

No hypertension 1617 (81.9) 80 (4.9) 1.00 reference

hypertension 358 (18.1) 44 (12.3) 2.76 (1.78 – 4.27)

Diabetes

absent 1909 (96.7) 110 (5.8) 1.00 reference

present 66 (3.3) 14 (21.2) 4.00 (1.93 – 8.29)

Hypercholesterolaemia

absent 1524 (77.2) 85 (5.6) 1.00 reference

present 451 (22.8) 39 (8.6) 1.37 (0.87 – 2.14)
Column percentages may sum to +/-100 due to rounding; odds ratios presented with 95% confidence intervals; categories presented as frequency 
(%); 1N = 1975: total number eligible for inclusion after CKD screening and follow up; 2N = 1885: total number with complete data for variables 
included in regression models; 3BMI: body mass index: non-obese <30.0; obese BMI >= 30.0; Bold text indicates 5% level of significance (p-value 
<0.05).
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Table 3. eGFR <90mL/min/1.73m2 (on initial screen) and model-adjusted odds ratios by socio-demographic factors, APOL1 
status, infectious and non-communicable comorbidity.

All models age- and sex-adjusted

Variable1 Overall 
N = 1975 

n (%)

eGFR 
<902 

N = 220 
n (%)

Model 1 
Adjusted for 

education, BMI

Model 2 
Adjusted for 

education, BMI, 
APOL1 genotype

Model 3 
Adjusted for education, BMI, 

APOL1 genotype, hepatitis B, HIV 
status, hypertension, diabetes, 

hypercholesterolemia

Age (years)

20 – 39 1234 (62.5) 43 (3.5) 1.00 reference 1.00 reference 1.00 reference

40 – 59 546 (27.6) 81 (14.8) 4.60 (3.08 – 6.86) 4.59 (3.07 – 6.85) 4.13 (2.73 – 6.26)

60 – 79 195 (9.9) 96 (49.2) 26.1 (15.5 – 43.7) 26.0 (15.5 – 43.7) 22.1 (12.9 – 37.9)

Sex

Male 829 (42.0) 90 (10.9) 1.00 reference 1.00 reference 1.00 reference

Female 1146 (58.0) 130 (11.3) 0.74 (0.52 – 1.04) 0.75 (0.52 – 1.04) 0.75 (0.53 – 1.07)

Education

No education 179 (9.2) 53 (32.4) 1.00 reference 1.00 reference 1.00 reference

Less than six years 155 (7.9) 34 (21.9) 0.83 (0.48 – 1.43) 0.83 (0.48 – 1.44) 0.75 (0.53 – 1.07)

Six or more years 1622 (82.9) 127 (7.8) 0.99 (0.61 – 1.61) 1.00 (0.61 – 1.62) 0.82 (0.47 – 1.42)
3BMI (kg/m2)

Non-obese 1388 (72.4) 133 (9.6) 1.00 reference 1.00 reference 1.00 reference

Obese 530 (27.6) 86 (16.2) 1.61 (1.13 – 2.28) 1.61 (1.13 – 2.28) 1.46 (1.02 – 2.49)

APOL1 genotype

Low-risk 1737 (88.7) 197 (11.3) 1.00 reference 1.00 reference

High-risk 221 (11.3) 22 (10.0) 0.93 (0.55 – 1.55) 0.93 (0.56 – 1.57)

Hepatitis B status

negative 1897 (96.1) 207 (10.9) 1.00 reference

positive 78 (3.9) 13(16.7) 1.33 (0.65 – 2.71)

HIV status

negative/unknown 1602 (81.1) 177 (11.0) 1.00 reference

positive 373 (18.9) 43 (11.5) 1.07 (0.71 – 1.61)

Blood pressure

No hypertension 1617 (81.9) 150 (9.3) 1.00 reference

hypertension 358 (18.1) 70 (19.6) 1.18 (0.82 – 1.71)

Diabetes

absent 1909 (96.7) 192 (10.1) 1.00 reference

present 66 (3.3) 28 (42.4) 2.06 (1.13 – 3.75)

Hypercholesterolaemia

absent 1524 (77.2) 137 (9.0) 1.00 reference

present 451 (22.8) 83 (18.4) 1.09 (0.77 – 1.56)
1Column percentages may sum to +/-100 due to rounding; odds ratios presented with 95% confidence intervals; categories presented as frequency 
(%); 2eGFR<90: estimated GFR less than 90ml/min/1.73m2; 3BMI: body mass index: non-obese <30.0; obese BMI >= 30.0; Bold text indicates 5% level of 
significance (p-value <0.05)
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Table 4. Albuminuria (on initial screen) and model-adjusted odds ratios by socio-demographic factors, APOL1 status, infectious 
and non-communicable comorbidity.

All models age- and sex-adjusted

Variable1 Overall 
N = 1975 

n (%)

Albuminuria 
N= 220 
n (%)

Model 1 
Adjusted for 

education, BMI

Model 2 
Adjusted for 

education, BMI, 
APOL1 genotype

Model 3 
Adjusted for education, BMI, 

APOL1 genotype, hepatitis 
B, HIV status, hypertension, 

diabetes, hypercholesterolemia

Age (years)

20 – 39 1234 (62.5) 122 (9.9) 1.00 reference 1.00 reference 1.00 reference

40 – 59 546 (27.6) 70 (12.8) 1.34 (0.95 – 1.89) 1.36 (0.96 - 1.91) 1.00 (0.70 - 1.45)

60 – 79 195 (9.9) 28 (14.4) 1.33 (0.76 – 2.35) 1.34 (0.76 – 2.37) 0.81 (0.44 - 1.50)

Sex

Male 829 (42.0) 84 (10.1) 1.00 reference 1.00 reference 1.00 reference

Female 1146 (58.0) 136 (11.9) 1.08 (0.79 – 1.48) 1.08 (0.79 - 1.48) 1.12 (0.81 - 1.55)

Education

No education 179 (9.2) 22 (12.3) 1.00 reference 1.00 reference 1.00 reference

Less than six years 155 (7.9) 25 (16.1) 1.53 (0.81 – 2.89) 1.50 (0.80 – 2.83) 1.47 (0.76 – 2.77)

Six or more years 1622 (82.9) 171 (10.5) 1.06 (0.60 – 1.87) 1.04 (0.59 – 1.85) 1.00 (0.57 – 1.84)
2BMI (kg/m2)

Non-obese 1388 (72.4) 146 (10.5) 1.00 reference 1.00 reference 1.00 reference

Obese 530 (27.6) 64 (12.1) 1.08 (0.77 – 1.52) 1.07 (0.76 – 1.50) 0.90 (0.63 - 1.28)

APOL1 genotype

Low-risk 1737 (88.7) 186 (10.7) 1.00 reference 1.00 reference

High-risk 221 (11.3) 33 (14.9) 1.57 (1.05 – 2.36) 1.54 (1.02 – 2.33)

Hepatitis B status

negative 1897 (96.1) 209 (11.0) 1.00 reference

positive 78 (3.9) 11 (14.1 1.03 (0.48 - 2.21)

HIV status

negative/unknown 1602 (81.1) 170 (10.6) 1.00 reference

positive 373 (18.9) 50 (13.4) 1.43 (0.99 - 2.06)

Blood pressure

No hypertension 1617 (81.9) 155 (9.6) 1.00 reference

hypertension 358 (18.1) 65 (18.2) 1.94 (1.36 – 2.76)

Diabetes

absent 1909 (96.7) 198 (10.4) 1.00 reference

present 66 (3.3) 22 (33.3) 3.79 (2.08 – 6.88)

Hypercholesterolaemia

absent 1524 (77.2) 154 (10.1) 1.00 reference

present 451 (22.8) 66 (14.6) 1.26 (0.89 – 1.79)
1Column percentages may sum to +/-100 due to rounding; odds ratios presented with 95% confidence intervals; categories presented as frequency (%);2BMI: 
body mass index: non-obese <30.0; obese BMI >= 30.0; Bold text indicates 5% level of significance (p-value <0.05).
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Table 5. Albuminuria (confirmed with follow up) and model-adjusted odds ratios by socio-demographic factors, APOL1 
status, infectious and non-communicable comorbidity.

All models age- and sex-adjusted

Variable1 Overall 
N = 1975 

n (%)

Albuminuria 
N = 118 

n (%)

Model 1 
Adjusted for 

education, BMI

Model 2 
Adjusted for 

education, BMI, 
APOL1 genotype

Model 3 
Adjusted for education, BMI, 

APOL1 genotype, hepatitis 
B, HIV status, hypertension, 

diabetes, hypercholesterolemia

Age (years)

20 – 39 1234 (62.5) 69 (5.6) 1.00 reference 1.00 reference 1.00 reference

40 – 59 546 (27.6) 33 (6.0) 1.02 (0.64 – 1.63) 1.05 (0.65 - 1.68) 0.69 (0.42 – 1.15)

60 – 79 195 (9.9) 16 (8.2) 1.11 (0.52 – 2.36) 1.13 (0.53 – 2.40) 0.61 (0.27 – 1.48)

Sex

Male 829 (42.0) 53 (6.4) 1.00 reference 1.00 reference 1.00 reference

Female 1146 (58.0) 65 (5.7) 0.82 (0.54 – 1.23) 0.82 (0.55 - 1.24) 0.85 (0.55 – 1.30)

Education

No education 179 (9.2) 13 (7.3) 1.00 reference 1.00 reference 1.00 reference

Less than six years 155 (7.9) 13 (8.4) 1.25 (0.55 – 2.87) 1.21 (0.53 – 2.78) 1.08 (0.46 – 2.54)

Six or more years 1622 (82.9) 90 (5.5) 0.81 (0.38 – 1.73) 0.79 (0.37 – 1.70) 0.76 (0.35 – 1.63)
2BMI (kg/m2)

Non-obese 1388 (72.4) 84 (6.1) 1.00 reference 1.00 reference 1.00 reference

Obese 530 (27.6) 30 (5.7) 0.95 (0.59 - 1.51) 0.92 (0.58 – 1.48) 0.72 (0.44 - 1.18)

APOL1 genotype

Low-risk 1737 (88.7) 93 (5.4) 1.00 reference 1.00 reference

High-risk 221 (11.3) 24 (10.9) 2.31 (1.43 – 3.72) 2.23 (1.37 – 3.64)

Hepatitis B status

negative 1897 (96.1) 112 (5.9) 1.00 reference

positive 78 (3.9) 6 (7.7) 0.97 (0.34 - 2.77)

HIV status

negative/unknown 1602 (81.1) 90 (5.6) 1.00 reference

positive 373 (18.9) 28 (7.5) 1.70 (1.06 - 2.73)

Blood pressure

No hypertension 1617 (81.9) 78 (4.8) 1.00 reference

hypertension 358 (18.1) 40 (11.2) 2.56 (1.63 – 4.00)

Diabetes

absent 1909 (96.7) 106 (5.6) 1.00 reference

present 66 (3.3) 12 (18.2) 3.54 (1.64 – 7.60)

Hypercholesterolaemia

absent 1524 (77.2) 81 (5.3) 1.00 reference

present 451 (22.8) 37 (8.2) 1.45 (0.92 – 2.30)
1Column percentages may sum to +/-100 due to rounding; odds ratios presented with 95% confidence intervals; categories presented as frequency (%); 
2BMI: body mass index: non-obese <30.0; obese BMI >= 30.0; Bold text indicates 5% level of significance (p-value <0.05).
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Table 6. Distribution of risk factors in those with and 
without CKD overall, and by sex.

Number of CKD 
risk factors1

Overall 
N (%)

No CKD 
N(%)

CKD 
N (%)

Overall N = 1885 N = 1768 N = 117

0 1059 (56.2) 1022 (57.8) 37 (31.6)

1 682 (36.2) 628 (35.5) 54 (46.2)

2 131 (6.9) 109 (6.2) 22 (18.8)

3 13 (0.7) 9 (0.5) 4 (3.4)

Men N = 815 N = 760 N = 55

0 482 (59.1) 467 (61.4) 15 (27.3)

1 280 (34.4) 251 (33.0) 29 (52.7)

2 47 (5.8) 38 (5.0) 9 (16.4)

3 6 (0.7) 4 (0.5) 2 (3.6)

Women N = 1070 N = 1008 N = 62

0 577 (53.9) 555 (55.1) 22 (35.5)

1 402 (37.6) 377 (37.4) 25 (40.3)

2 84 (7.9) 71 (7.0) 13 (21.0)

3 7 (0.7) 5 (0.5) 2 (3.2)
1CKD risk factors: from multivariable regression analysis we identified as 
APOL1 high-risk genotype; HIV infection, hypertension, and diabetes.

dominant kidney function abnormality and the primary driver 
of observed associations with APOL1 high-risk genotypes, 
HIV infection, hypertension, and diabetes. There were no sig-
nificant associations with age, sex, level of education, obesity,  
hepatitis B infection, or hypercholesterolemia.

There are several strengths to the study including the rural  
population-based sampling frame, combined evaluation of eGFR 
and albuminuria, and confirmation with follow-up testing which 
reduced the risk of over-reporting prevalent kidney disease.  
The strong contribution of persistent albuminuria to CKD  
prevalence is relevant, as many large epidemiological studies  
rely solely on the estimation of GFR. Limitations include evalu-
ation of few non-traditional risk factors for CKD, and low power 
for evaluating risk in those with eGFR <60mL/min/1.73m2.  
Participants with hypertension, HIV (not on treatment), anae-
mia, hypercholesterolaemia, and hyperglycaemia were referred 
to their local care facility for further investigation and/or 
treatment. In so doing, those with concomitant low eGFR  
and / or albuminuria at baseline might have received treat-
ment that affected subsequent kidney function testing. The rela-
tively small proportion of participants with low eGFR might 
be explained by the absence of appropriate care for those with 
severe kidney disease, thus creating a survival bias, or potential 
to overestimate creatinine-based GFR with the CKD-EPI

(creatinine)  

equation with consequent underdiagnosis of CKD27.

The association of APOL1 high-risk genotypes with persistent  
albuminuria is consistent with population-based studies in 
continental African and African American populations13,28,29.  
While the population frequencies of APOL1 high-risk  
genotypes approximated those reported in African Americans  
(~10–15%) and the association with persistent albuminuria  
similar, our study did not show any association with low eGFR7. 
This might relate to limited analytic power because so few 
had low eGFR, but it is worth noting that similar findings have 
been described in a population-based study from West, East, 
and Southern Africa13. The absence of longitudinal follow-up  
to evaluate the impact of APOL1 status on incident CKD, CKD 
progression, and survival restrict interpretation of current  
findings.

The study confirmed known associations with HIV infection, 
hypertension, and diabetes2,30,31, but one third of participants 
with CKD had none of these risk factors. Potential context-
specific risk for kidney disease not accounted for in this study 
include endemic malaria, endemic genitourinary schistosomiasis,  
genitourinary tuberculosis, ingestion of traditional and over-
the-counter medicines, and environmental exposures such as 
agricultural pesticides and heavy metal toxins32–34. Such expo-
sures might result in repeated bouts of acute, or acute-on-chronic 
kidney injury, or comprise the “second hit” needed for  
APOL1-induced kidney injury.

Our findings show that CKD is prevalent and those with HIV 
infection, hypertension, and diabetes may benefit from screen-
ing strategies to control risk and prevent progression. Research 
is needed to evaluate performance of creatinine-based eGFR 
equations in African populations and investigate the contribu-
tion of genetic and non-traditional risk factors to CKD risk in  
South Africa.

Data availability
Underlying data
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dedication).
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Ifeoma Ulasi   
1 Department of Medicine, College of Medicine, University of Nigeria, Enugu, Nigeria 
2 Department of Internal Medicine, Alex Ekwueme Federal University Teaching Hospital, Abakaliki, 
Nigeria 

Thank you for inviting us to review this manuscript. Knowing that there are not many large 
population community studies on kidney disease emanating from Africa, this is a step in the right 
direction. Most of the CKD data in Africa are hospital-based. 
 
The paper presents a much-needed perspective to studying kidney disease in Africa, looking at 
traditional risk factors as well as chronic viruses (HIV, hepatitis B virus except for hepatitis C virus) 
and some other non-traditional risk factors.  
 
The strengths of this study, including the large number of adults recruited (66,817), are quite 
commendable, as rural community recruitment of participants for a study is certainly an 
enormous task. However, the reason for selecting adults from 20 years of age was not stated. 
Recruiting participants from 18 years recognized globally as the onset of adulthood may have 
been more inclusive and good for comparison with other studies. 
 
Furthermore, there is still a paucity of data on genetic studies in Africa, including the link between 
CKD and genes; this study going beyond the traditional CKD risk factors in Africa to include 
genomics is remarkable.  
 
We agree and applaud the use of CKD-EPI without race/ethnicity adjustment. Still, it will be good 
to include that with race/ethnicity adjustment for clarity and future reference. The jury is not quite 
out in considering the use or not of the race/ethnicity adjustments. 
 
It will be nice to state how many hypertensive participants had pre-existing hypertension or 
incidental diagnosis. Similarly, prior vs. incidental HIV diagnosis should have been documented. 
 
At the first screening, certain patients had hypertension and/or impaired renal function (eGFR 
/albuminuria); any intervention done between the initial and second screenings should have been 
documented. Perhaps, these interventions could explain the drop in the number of participants 
with eGFR <60mls/min/1.73m2 or albuminuria from 220 to 118 and 29 to 12, respectively. 
 
Though the statistical analysis seems adequate, a statistician may also review that aspect.
 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
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Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

We confirm that we have read this submission and believe that we have an appropriate level 
of expertise to confirm that it is of an acceptable scientific standard, however we have 
significant reservations, as outlined above.

Author Response 26 Oct 2022
June Fabian, University of the Witwatersrand, Johannesburg, South Africa 

Thank you for your review.  
 
Response to reviewers: 
 
1. "The strengths of this study, including the large number of adults recruited (66,817), are 
quite commendable, as rural community recruitment of participants for a study is certainly 
an enormous task."

To clarify, the Agincourt Health and Demographic Surveillance System had a population of 
66,817 adults aged 20-79 years from which our representative sample of 2021 consented 
participants was derived (Figures 1 and 2).

○

2. "We agree and applaud the use of CKD-EPI without race/ethnicity adjustment. Still, it will 
be good to include that with race/ethnicity adjustment for clarity and future reference. The 
jury is not quite out in considering the use or not of the race/ethnicity adjustments." 
 
Thank you for your comments. We would like to bring the following to the reviewers' attention, as 
this addresses your concerns:

As a sequel to this study, we selected a subgroup of participants stratified by eGFR and sex 
(N=986) for a measured GFR study using iohexol as the reference. We showed that 
inclusion of race-based coefficients overestimated GFR in this rural South African 
population, and our findings were replicated in our partner country study sites, Malawi 
and Uganda. Please see reference:

○

https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(22)00239-X/fulltext 
Fabian J, Kalyesubula R, Mkandawire J, et al.: Measurement of kidney function in   Malawi, South 
Africa, and Uganda: a multicentre cohort study. The Lancet Global Health. 2022;10(8):e1159-
e1169. 
 
Given the biodiversity of African populations, we cannot assume our findings are generalisable. 
However, the participants in the iohexol measured GFR study were the same as those in our 
population-based sample, and  we have shown unequivocally that race-based coefficients 
overestimate measured GFR in this population, so this effect on eGFR is clear. As such, we do not 
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feel it is necessary to include the eGFR results with a race-based adjustment in this paper, as it 
has been addressed separately with reference to measured GFR - the gold standard for 
evaluating performance of eGFR equations.  
 
To make this clear in the revised manuscript, we added the above reference to the methods 
section "Chronic kidney disease prevalence" where we state "eGFR was calculated using the CKD-
EPI (creatinine) equation 2009 without adjusting for African American ethnicity as race-based 
coefficients have been shown to overestimate GFR in this rural South African population". (tracked 
changes)  
 
3. "It will be nice to state how many hypertensive participants had pre-existing hypertension 
or incidental diagnosis. Similarly, prior vs. incidental HIV diagnosis should have been 
documented." 
Thank you, we collected these data, stratified by sex: 
 
Women: HIV prevalence was 23.8% (278/1170). Of those who tested positive:

259/278 (93.2%) had prior knowledge of their status○

15/278 (5.4%) had previously tested negative○

4/278 (1.4%) had no prior testing○

Men: HIV prevalence was 12.0% (102/851). Of those who tested positive:
88/102 (86.2%) had prior knowledge of their status○

7/102 (6.9%) each, had previously tested negative or had no prior testing○

 
Women: Hypertension prevalence was 15.6% (182/1170). Of those with hypertension:

90/182 (49.5%) were previously tested and informed they were hypertensive○

78/182 (42.9%) were previously tested and informed they were normotensive○

14/182 (7.7%) had not been tested○

Men: Hypertension prevalence was 22.0% (187/851). Of those with hypertension:
55/187 (29.4%) were previously tested and informed they were hypertensive○

93/187 (49.7%) were previously tested and informed they were normotensive○

39/187 (20.9%) had not been tested○

These data for HIV and hypertension have been added to the footnote for Table 1 (tracked 
changes).  
 
4. "At the first screening, certain patients had hypertension and/or impaired renal function 
(eGFR /albuminuria); any intervention done between the initial and second screenings 
should have been documented. Perhaps, these interventions could explain the drop in the 
number of participants with eGFR <60mls/min/1.73m2 or albuminuria from 220 to 118 and 
29 to 12, respectively." 
 
Thank you for raising this point. At baseline screening, participants with hypertension, HIV (not on 
treatment), anaemia, hypercholesterolaemia, and hyperglycaemia were referred to their local 
care facility for further investigation and/or treatment – made possible because tests were 
performed in real time using point of care technology. The eGFR and albuminuria testing was not 
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done in real time. Rather, samples were batched and shipped for laboratory testing to 
Johannesburg, South Africa. After obtaining results for kidney function from the laboratory, those 
with low eGFR (<60ml/min/1.73m2) and/or albuminuria (urine albumin:creatinine ratio 
>3mg/mmol) were rescreened after a minimum of 3 months (KDIGO CKD diagnosis guidelines). 
There were no interventions during this minimum 3-month period based on kidney function. 
However, there may have been some overlap between those referred because of their point of 
care results (who may also have had low eGFR and/or albuminuria). We have addressed this as a 
limitation in the revised manuscript (tracked changes).   
 
5. "Though the statistical analysis seems adequate, a statistician may also review that 
aspect." 
Thank you. A biostatistician, Dr Petra Gaylard (co-author in the paper) performed the statistical 
analysis.  

Competing Interests: none

Reviewer Report 07 October 2022

https://doi.org/10.21956/wellcomeopenres.19975.r52489

© 2022 Lees J. This is an open access peer review report distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.

Jennifer Lees   
School of Cardiovascular and Metabolic Health, University of Glasgow, Glasgow, UK 

I enjoyed reading this study investigating the prevalence of CKD – as defined by current 
international guidelines – for the diagnosis of chronic kidney disease in a rural south African 
population. The authors have further explored potential risk factors for CKD relevant to an African 
population. The authors acknowledge that the risk factors explored are not exhaustive, and they 
have detailed other potential risk factors that it was not possible to assess in this study. 
 
The manuscript is clearly written. The methods are thoroughly detailed and appropriate for the 
current investigation. Sensitivity analyses are appropriate and justified in the text. The results are 
clearly displayed in tables and described in text. The strengths and limitations of the study are 
clearly described. I agree with the authors that there is a major limitation in identifying prevalence 
of (and risk factors for) CKD in African populations using creatinine-based eGFR, when these 
estimates of kidney function and the guidelines for their use have been primarily derived and 
validated in developed countries. 
 
I believe the manuscript is scientifically valid in its current form. I have only a couple of very minor 
comments for clarity: 
 
Abstract and throughout:
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“WHO” is not defined (though presumably is World Health Organisation) – please specify on 
first use

○

 
Methods, section on “Chronic kidney disease prevalence”:

Authors wrote: “as these coefficients overestimate GFR in African populations”. Can the 
authors provide a reference for this statement?

○

 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: Outside the review of this work, I have received personal lectureship fees 
within the last 5 years from Bristol Myers Squibb, Pfizer and AstraZeneca.

Reviewer Expertise: Estimated GFR equations; CKD epidemiology (risk factors and outcomes)

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard.

Author Response 26 Oct 2022
June Fabian, University of the Witwatersrand, Johannesburg, South Africa 

Thank you for your review.  
As requested, I have included the full name for the "World Health Organization" (WHO) on 
first use; and I have added a reference for the statement "as these coefficients overestimate 
GFR in African populations" in the methods for the section titled "Chronic kidney disease 
prevalence" 
The above changes are tracked in the revised version of the paper that has been 
resubmitted.  

Competing Interests: No competing interests were disclosed.
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