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Abstract

Background Chronic kidney disease (CKD) is a globally significant non-communicable disorder. CKD prevalence
varies between countries and within a country. We compared the prevalence rates of CKD in South Africa with sub-
Saharan Africa, Africa, and globally.

Methods We registered a systematic review with the International Prospective Register of Systematic Reviews

for prevalence studies reporting CKD stages IlI-V from 2013 to 2021. The analysis sought to explain any significant
differences in prevalence rates. The R statistical package was used for data analysis. Comparisons included measures
of effect size due to the large sample sizes analysed. We also compared sex differences in prevalence rates, common
aetiologies, and type of study methodologies employed.

Results Eight studies were analysed, with two from each region. The matched prevalence rates of CKD between the
various regions and South Africa showed significant differences, except for one comparison between South Africa and
an African study [p=0.09 (95% Cl —0.04-0.01)]. Both sub-Saharan African studies had a higher prevalence than South
Africa. One study in Africa had a higher prevalence, while the other had a lower prevalence, whilst one Global study
had a higher prevalence, and the other had a lower prevalence compared to South Africa. The statistical differences
analysed using the Cramer’s V test were substantially less than 0.1. Thus, differences in comparisons were largely due
to differences in sample sizes rather than actual differences.

Conclusion Variable prevalence rates between regions included disparities in sample size, definitions of CKD, lack of
chronicity testing and heterogeneous laboratory estimations of eGFR. Improved consistency and enhanced methods
for diagnosing and comparing CKD prevalence are essential.
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Background

The estimated number of people with chronic kidney
disease (CKD) globally is approximately 844 million [1].
Patients with CKD are estimated to be twice the number
of people with diabetes worldwide and more than twenty
times the number of people affected by human immuno-
deficiency virus/acquired immune deficiency syndrome
(HIV/AIDS) [1]. Kidney diseases are among the most
common global non-communicable diseases (NCDs) [1].
The worldwide all-age prevalence of CKD has increased
by 29.3% over the past three decades [2]. CKD has there-
fore become a universal public health priority [3]. Even
though CKD prevalence has been researched more
widely in economically developed countries, the disease
burden is even more significant in developing coun-
tries [4]. The systematic review by Mills et al. estimated
the global prevalence of CKD to be 11.1% [4]. However,
the numbers affected by CKD rest on data of various
qualities, approximations, and assumptions [1, 5]. It is
acknowledged that CKD is common, but the challenge is
to define its true prevalence [5].

Non-communicable diseases (NCDs) are increas-
ingly contributing to morbidity and mortality over the
last three decades [6]. The factors contributing to NCDs
rise are increasing longevity, urbanization, and cultural
changes [6]. Metabolic disorders such as diabetes mel-
litus have contributed heavily to NCD deaths [7]. There
is a projected increase of 156% in diabetes mellitus, with
about 25 million more cases estimated from 2017 to 2045
[7]. The high estimated prevalence of CKD will cause a
significant disruption of healthcare provision obliging
fundamental infrastructural changes with increasing
expenditure [8]. Comparative CKD prevalence studies
involving different countries or within a continent have
revealed statistically significant differences in prevalence
rates [9, 10]. The variances proposed were due to actual
differences and disparities in study methods [9, 10].

Due to the dearth of epidemiological data from the
majority of the continent, the prevalence of CKD in
Africa continues to be underestimated [11] The major-
ity of CKD prevalence studies conducted in Africa are
not optimal [11, 12] Sub-Saharan Africa comprises 85%
of the African population with a higher prevalence of
CKD compared to the continent’s north [11]. The most
frequent causes of CKD in Africa are hypertension and
diabetes mellitus followed by chronic glomerulonephritis
and tubulointerstitial disorders [11]. Poverty and a lower
socioeconomic status are two independent risk factors
for developing CKD in Africa and hasten the course of
the disease [13].

The International Society of Nephrology (ISN) Global
Health Atlas survey for Africa estimated the prevalence
of CKD in South Africa to be 10.7% (95% CI 9.94-11.57)
[14]. The distribution of NCDs in South Africa displays
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socioeconomic disparities, with the most onerous bur-
den falling on poor communities in urban areas [15]. The
World Health Organization (WHO) estimates that the
burden of NCDs in South Africa is two to three times
higher than in other developing countries [15].

The lack of comprehensive CKD registries in South
Africa and the rest of Africa has resulted in limited
knowledge of CKD prevalence. The ISN has underscored
that the current and future burden of CKD will be con-
centrated in lower socioeconomic countries, which often
lack systematized and coordinated policies to manage the
problem [16]. Accurate CKD prevalence rates allow for
efficient preparation and execution of intervention and
prevention programs [17]. The purpose of this review
is to compare the CKD prevalence rates in South Africa
with prevalence rates in sub-Saharan Africa, Africa as
a whole, and globally. The study sought to explain the
causes of any substantial differences in prevalence rates if
this was present.

Method

The study was registered with the International Prospec-
tive Register of Systematic Reviews (PROSPERO). The
reference number for the review was CRD42022330121.
Two reviewers applied the eligibility criteria indepen-
dently. Decisions were checked by a third reviewer.
Disagreements were resolved through discussion and
reaching a consensus. The study searched for publica-
tions on CKD using Google Scholar, Scopus, Embase,
and PubMed/Medline.

The search terms included “prevalence;” “epidemiol-
ogy, “chronic kidney disease, “renal insufficiency,” “renal
impairment,” “nephropathy,” “stage III-V CKD, “protein-
uria, “albuminuria,” “meta-analysis,” “systematic reviews,’
“cohort,” “cross-sectional,” “population-based,” “South
Africa, “sub-Saharan Africa,’ “Africa,” “global.

The current Kidney Disease Improving Global Out-
comes (KDIGO) staging criteria for CKD were included
(stage III-V); hence the period for the studies was limited
predominantly to the last decade (2013-2021) [18]. The
search included only those reporting CKD (stage III-V)
prevalence as not all studies included stages I-II CKD.
Inclusion criteria included adult studies and English lan-
guage articles. Studies that were translated into English
were also included. The search included meta-analyses,
systematic reviews, cohort, and cross-sectional studies.
The studies were expected to use the prevailing defini-
tion of CKD. Criteria were also limited to those directly
reporting studies of CKD in South Africa, sub-Saharan
Africa, and globally.

Exclusion criteria were studies with patients under 12
years of age, those with inaccessible full texts, non-Eng-
lish studies that were not translated into English. Studies
involving specific populations such as pregnant women,



Hariparshad et al. BMC Nephrology (2023) 24:62

acute kidney injury or transplantation were excluded.
(Fig. 1). The first reviewer developed a data extraction
tool. The data extracted included author, year of study,
region, the prevalence of CKD, study population, and
study design. Information acquired was tabulated on an
Excel Spreadsheet (Microsoft Office for Windows, ver-
sion 10; Microsoft Corporation, Redmond, WA®) for
analysis.

The prevalence of CKD in South African studies was
compared with the prevalence in sub-Saharan Africa,
Africa, and globally to determine if there were statisti-
cally significant differences. Some of the papers reviewed
had studied large numbers of patients. It was hence
necessary to use the effect size to assess the strength of
correlations where the chi-square test of independence
would have shown dependence.

The null hypothesis proposed that there was no sta-
tistically significant difference in the prevalence of CKD
between South Africa and sub-Saharan Africa, Africa,
and globally. The R package was used for data analysis.
In R, the test for difference between two proportions and
the chi-square test for independence provided the same
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chi-square and p values. Rejection of the null hypothesis
could be interpreted as evidence that the variables being
considered are statistically dependent. An alternative
interpretation for the rejection was that the sample pro-
portions being compared were significantly different.

The probability of finding a significant difference
between proportions is increased with large sample
sizes. The increased chi-square statistic may not repre-
sent a strong pattern of dependence between variables
but reflects an increase in sample size. It was necessary
to review the test of independence between two variables
and use the effect size to assess whether significant dif-
ferences were not due to large sample sizes. The Cra-
mer’s V test was used as an effect size measurement for
the chi-square test of independence. The test measured
how strongly categorical fields, regions, and CKD are
associated.

Results
The analysis incorporated eight studies. (Table 1).

There were two studies each from South Africa, sub-
Saharan Africa, Africa, and globally. A total of 7 665

Records identified through database
searching Google Scholar. Scopus,
Embase. and PubMed

n=41

Additional records identified
through other sources (Cochrane
Library. Science Direct)

n=3

y Y

Total number of studies identified

n=44

Records screened

n=35

v

Full text articles assessed for
eligibility

n=20

v

Studies included in the final
analysis

n=3

Duplicates removed

o
n= 9
Records excluded because of
’ inadequate data for analysis
n=15
Full text articles excluded
As stage 3-5 disease reported not within
the last decade
n=12

Fig. 1 Selection of papers for analysis of the prevalence of CKD from South Africa, sub-Saharan Africa, Africa and Globally
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Table 1 Studies in South Africa, sub-Saharan Africa, Africa, and globally on prevalence of CKD

Author Region Year Study type 95% Reported CKD CKD number Non-CKD Total
Confidence  III-V preva- of patients number of num-
interval lence rate patients ber of

patients

Matsha etal.[19]  South Africa 2013 Cohort 50-85 8.7% 104 11 1202

Population based
Adeniyietal. [20]  South Africa 2016 Cohort 3.2-9.7 6.4% 31 458 489
Population based
George et al. [8] Sub-Saharan 2019 Cross sectional 99-11.7 10.7% 868 7242 8110
Africa Population based
Staniferetal [22] ~ Sub-Saharan 2014 Systematic review 12.2-15.7 13.9% 8939 55,368 64,307
Africa Population based
Kaze etal.[12] Africa 2018 Systematic review 3.3-6.1 4.6% 4528 93904 98 432
Population and hospital
based

Abd ElHafeezet  Africa 2018 Systematic review 9.8-10.5 10.1% 15150 134 850 150 000

al.[11] Population based

Hill et al. [4] Global 2016 Systematic review 92-12.2 10.6% 742 000 6 258 000 7 000

Population based 000

Bikbov et al. [2] Global 2017 Systematic review 35-43 4.1% 314262509 7350676734 7664

Population based 939 243

961 783 participants were included: 315 034 128 (4.1%)
having CKD stages III-V. The sample size of the studies
ranged from 489 in a South African study [19, 20] to 7
664 939 243 in a global study [2]. The prevalence rates for
CKD ranged from 6.4 to 8.7% in South Africa [19, 20],
10.7-13.9% in sub-Saharan Africa [21, 22], 4.6—10.1% in
Africa [16, 17] and 4.1-10.6% globally [2, 4].

Matsha et al. published a regional cohort study on
CKD in the Western Cape, South Africa, in one of the
two South African studies [19]. The age-standardized
prevalence using the Chronic Kidney Disease Epide-
miology Collaboration equation (CKD-EPI) of CKD
was 8.7% (95% CI 7.5-9.9) [19]. The overall mean age
of participants was 52.9 *+ 14.8 years; females consti-
tuted 75.3% of the study group. The risk factors involved
included hypertension (33.0%) which also doubled the
risk of developing CKD [19]. The prevalence of diabetes
was 26.0%, with obesity being a significant risk factor for
developing diabetes mellitus [19]. The prevalence of HIV
was not reported.

The second South African study was a cross-sectional
survey of CKD prevalence from the Western Cape by
Adeniyi et al. [20]. The age-standardized prevalence
using the CKD-EPI equation for CKD was 6.4% (95% CI
3.2-9.7%) [20]. Patients had a mean age of 46.3 8.5 years
with the majority (70.3%) being female [20]. Risk factors
included hypertension and diabetes, with a prevalence
of 55.2% and 20.7%, respectively, while the prevalence of
HIV was not reported [20].

In the sub-Saharan African study by George et al. in
2019, using a population-based study, the authors investi-
gated the CKD prevalence in four sub-Saharan countries,

viz. Burkina Faso, Ghana, Kenya, and South Africa [21].
The overall prevalence of CKD was 10.7% (95% CI 9.9—
11.7) [10]. South Africa had the highest prevalence of
12.9% (95% CI 10.6—11.5) compared to the East and West
African countries [21]. The mean age of participants was
49.9 15.8 years [10]. Females accounted for 49.2% of the
study participants [21]. Women had a higher prevalence
of CKD of 12.0% (95% CI 10.8-13.2) compared to men,
with a prevalence of 9.5% (95% CI 8.3—-10.8) [10]. Prev-
alence of the risk factors of hypertension, diabetes, and
HIV were 32.6% (95% CI 31.3-34), 5.6% (95% CI 5-6.2),
and 15.9% (95% CI 14.9-17.1), respectively [21].

A systematic review by Stanifer et al. in 2014 of 22
medium and high-quality studies in sub-Saharan Africa
reported the prevalence of CKD to be 13.9% (95% CI
13.8-19.6) [22]. The mean age in the different quality
studies was 41.5+ 4.1 years, with females constituting
57.5% of participants [22]. Risk factors included hyper-
tension and diabetes, and HIV, with a median prevalence
of 16.8% and 17.1%, and 11.9%, respectively [22].

In a meta-analysis of 98 CKD studies in Africa by Kaze
et al. in 2018, the overall prevalence of CKD was 4.6%
(95% CI 3.3-6.1) [12]. The mean age of participants
was 43.0 £ 6.2 years. [12] The proportion of female par-
ticipants was not reported. The main risk factors for
CKD were hypertension, diabetes, and HIV [12]. The
prevalence rates for the risk factors were 35.6% (95% CI
27.9-43.7), 13.3% (95% CI 10.7-16), and 17.9% (95% CI
10.9-26.1), respectively [12].

In another systematic review of 152 CKD stage III-V
prevalence studies in Africa in 2018 by Abd El Hafeez
et al. [11], the CKD prevalence rate was 10.1% (95% CI
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9.8-10.5) [11]. The median age was 52.8 + 11.7 years [11].
The overall proportion of female participants was 64.3%
[11]. The pooled risk factor prevalence of hypertension
was 34.5% (95% CI 34.0-36.0), diabetes 24.7% (95 CI
23.6-25.7), and HIV 5.6% (95% CI 5.4-5.8) [11].

The global study by Hill et al. in 2016 was a system-
atic review and meta-analysis of 100 observational stud-
ies involving seven million patients [4]. The estimated
prevalence of CKD was 10.6% (95% CI 9.2-12.2%) [4].
The mean age of all participants was 49.0 * 8.5 years [4].
The proportion of female participants studied was 55.0%
[4]. The prevalence of CKD in males was 8.1% (95% CI
6.3-10.2) [4]. The CKD prevalence in females was 12.1%
(95% CI 10.6—13.8) [4]. The median prevalence of the two
major risk factors was hypertension (40.1%) and diabe-
tes mellitus (15.1%) [4]. HIV was not reported as a risk
factor.

Bikbov et al. in 2020 reported a systemic analysis of the
Global Burden of Disease (GBD) study based on pub-
lished literature, registration systems, chronic kidney fail-
ure registries, and household surveys [2]. The estimated
prevalence in a study population for CKD stage III was
3.9% (95% CI 3.5-4.3%), 0.16% (95% CI 0.0.13-0.19%) for
CKD stage IV, and 0.07% (95% CI 0.06-0.08%) for CKD
stage V [2]. The mean age and proportion of female par-
ticipants were not reported, but the prevalence of CKD
in females was 1.29-fold (95% CI 1.28—1.3) more than
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in males [2]. The age-standardized prevalence of CKD
in females was 9.5% (95% CI 8.8—10.2] and 7.3% (95%CI
6.8-7.9) in males [2]. Major risk factors for CKD in the
study were hypertension, with a prevalence of 43.2% (95%
CI 42.3-54.1), and diabetes, with a prevalence of 57.6%
(95% CI 50.5—63.8) [2]. There was no reporting of HIV as
a risk factor.

The first comparison was between South Africa and
sub-Saharan Africa. Both sub-Saharan studies had a
higher prevalence of CKD compared to Matsha et al.
[19]. Once more, when compared to Adeniyi et al. [20],
both sub-Saharan studies revealed a higher prevalence of
CKD..

When comparing South Africa with Africa, only one
study comparing Adeniyi et al. [20](South Africa) ver-
sus Kaze et al. [12] (Africa) displayed no significant dif-
ference. The African study by Kaze et al. [12] displayed a
lower CKD prevalence. Abd El Hafeez et al. [11](Africa)
had a higher prevalence of CKD than both South African
studies. (Table 2)

The final CKD prevalence comparison was between
South Africa and global studies. The global study by Bik-
bov et al. [2] had a lower prevalence of CKD, while the
global study by Hill et al. [4] had a higher prevalence of
CKD when both were compared to the South African
studies.

Table 2 shows the results of statistical tests of differences in CKD prevalence in South Africa versus sub-Saharan Africa, African and

global studies

Comparative Region Authors Proportions 95% Cl Chi-Squared p-value Cramer’sV

Sub-Saharan Africa Matsha et al. [19] (SA) 0.07570715 -0.08: —0.05 39.249 <0.001 0.025
Stanifer et al. [22] 0.13900508
Matsha et al. [19] (SA) 0.07570715 -0.05:-0.01 10.78 <0.001 0.035
George et al. [8] 0.10702836
Adeniyi et al. [20] (SA) 0.06339468 -0.10:-0.05 22633 <0.001 0.019
Stanifer et al. [22] 0.13900508
Adeniyi et al. [20] (SA) 0.06339468 -0.07:-0.02 8919 <0.001 0.033
George et al. [8] 0.10702836

Africa Matsha et al. [19] (SA) 0.07570715 0.01:0.04 23.035 <0.001 0.015
Kaze etal. [12] 0.04600130
Matsha et al. [19] (SA) 0.07570715 -0.04:-0.01 8.1396 0.004 0.007
Abd ElHafeez et al. [11] 0.10100000
Adeniyi et al. [20] (SA) 0.06339468 -0.01:0.04 2.9644 0.090 0.006
Kaze etal. [12] 0.04600130
Adeniyi et al. [20] (SA) 0.06339468 -0.06:-0.01 7.1905 0.007 0.007
Abd ElHafeez et al. [11] 0.10100000

Global Matsha et al. [19] (SA) 0.07570715 -0.04:-0.01 11.321 <0.001 0.001
Hill et al. [4] 0.106
Adeniyi et al. [20](SA) 0.06339468 -0.06:-0.02 8.9222 <0.001 0.001
Hill et al. [4] 0.106
Matsha et al. [19](SA) 0.07570715 0.02:0.05 35.947 <0.001 0.00
Bikbov et al. [2] 0.0410000
Adeniyi et al. [20] (SA) 0.06339468 -0.0002: 0.04 5.6807 0.017 0.00
Bikbov et al. [2] 0.0410000
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Overall, there were statistically significant differences
in comparisons between all studies, except for one study
comparing South Africa against Africa. The prevalence
of CKD in both sub-Saharan studies was higher than in
South African studies. One African study had a lower
prevalence of CKD than the South African studies, while
the other had a higher prevalence. Similarly, one global
study had a lower prevalence of CKD than the South
African studies, while the global study had a higher prev-
alence. However, the maximum Cramer’s V value for all
comparisons was 0.035, all considerably less than 0.1,
which suggested that these statistical differences were an
effect of sample size rather than actual differences.

Table 3 compares the studies analysed in each geo-
graphical region, incorporating the mean age range of
participants, number of female participants, and preva-
lence of risk factors. In addition, the table compared
whether the Kidney Disease Improving Global Outcomes
(KDIGO) guidelines were used to define CKD, including
whether testing for chronicity of more than three months
duration was used for the diagnosis of CKD. Further
comparisons included the type of serum creatinine assay
used, estimating equations to calculate the estimated glo-
merular filtration rate (eGFR), and if ethnicity co-efficient
were employed.

Most study participants in all studies assessed were in
the fourth to fifth decade of life. There was a predomi-
nance of female participants in the prevalence studies.
Hypertension and diabetes mellitus were the most com-
mon risk factors in all studies, with HIV identified as a
common risk factor in sub-Saharan Africa and Africa.

Only George et al. [21] (sub-Saharan African study)
used the KDIGO definition of CKD. None of the selected
studies considered chronicity of more than three months
for CKD. Matsha et al. [19], Adeniyi et al. [20] (South
Africa), and George et al. [21] (sub-Saharan Africa)
calculated serum creatinine with the enzyme-linked
assay. Abd ElHafeez et al. [11] (Africa) and Hill et al. [4]
(Global) analysed serum creatinine that was calculated
using the enzyme-linked and Jaffe assays. The CKD-EP],
Modification of Diet in Renal Disease (MDRD), and
Cockcroft-Gault equations were the most widely used for
the estimated glomerular filtration rate (eGFR). Matsha
et al. [19] (South Africa) and George et al. [21] (sub-Saha-
ran Africa) calculated the eGFR with and without ethnic-
ity co-efficient.

Discussion

On prima facie analysis, there were statistically signifi-
cant differences in CKD prevalence rates between South
Africa and sub-Saharan Africa, Africa, and globally in
all except for one comparison. The single comparison
that did not show a statistically significant difference in
CKD prevalence was between the South African study by
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Adeniyi et al. [20] compared to the African study by Kaze
et al. [12]. The prevalence of CKD in sub-Saharan studies
was higher than those in South African studies. However,
it could not be determined whether the prevalence of
CKD in South Africa was higher or lower than the Afri-
can and global prevalence.

The wide variations in sample sizes between compara-
tive groups limited the interpretation of statistical tests
such as the p-values and confidence intervals [23]. The
significant differences in prevalence may be due to large
sample sizes. The analysis of the Cramer’s V effect size
indicated a weak association between CKD prevalence
rates and the regions. The statistically significant differ-
ences in prevalence rates across the regions may be due
to differences in sample sizes rather than dependence
of CKD prevalence between each geographical region.
Our analysis shows a similarity to previous comparative
studies between geographical regions [9, 10, 15]. Differ-
ences in prevalence rates of CKD between countries and
regions have been documented, with variations being
due to true differences or limitations caused by the het-
erogeneity of studies [15]. True variations result from
high protein diets, smoking, physical activity, socioeco-
nomic status, ethnicity, genetics, and birth weight [15].
International comparisons of CKD prevalence have been
hindered by differences in age, sex distribution, sam-
pling, and definitions of CKD [15]. Regional variations of
CKD prevalence within a country are also frequent, and
the degree of variations may fluctuate [15]. A rapid epi-
demiological transition could also explain the different
prevalence of environmental changes, adoption of west-
ern lifestyles, and rapid urbanisation in Africa [12]. The
clinical, demographic, and laboratory causes of variations
in CKD prevalence will be discussed.

The median age of developing CKD in lower-middle-
income countries was 43.7 years [12]. Observational
and cohort studies in Africa have consistently shown an
increased risk of cardiovascular disease mortality in the
early stages, with nearly 40% of deaths from CKD occur-
ring before 65 years [12]. The mean age of patients diag-
nosed with CKD in South Africa, sub-Saharan Africa,
and Africa was younger, between the fourth and fifth
decade, compared to the global CKD study by Hill et al.
[4], where the highest prevalence was between the fifth
and sixth decade. Lower kidney function was associated
with a significant and progressive reduction of life expec-
tancy in middle age for both men and women [24]. An
earlier age at diagnosis heralds a worse prognosis.

The KDIGO criteria, if used to define stages of CKD,
result in a considerable increase in prevalence with age
and the method used to estimate GFR [25]. The thresh-
old of 60ml/min/1.73m? for the diagnosis of CKD could
contribute to an overestimation of CKD in older patients
[26]. Elderly populations exhibit a normal “physiological”
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decline in GFR with aging (renal senescence) [27]. Epide-
miologic studies using a “once-off” testing of eGFR, espe-
cially with elderly participants, may also overestimate the
burden of CKD in older patients [25]. The controversy of
whether the decline in GFR is due to aging, as opposed to
disease, has not been directly resolved [25]. A suggested
method to overcome false positives would be to use the
third percentile of eGFR creatinine levels and age-cal-
ibrated thresholds [26]. Alternatively, the Berlin Initia-
tive Study 1 equation would be more suitable for subjects
older than 70 years [28].

Most patients diagnosed with CKD were female, in
keeping with the majority of worldwide CKD prevalence
studies [29]. The prevalence of CKD in the United States
of America is higher in females than males, but males
have a higher prevalence of newly treated chronic kid-
ney failure (CKF) [30]. The cause of this was indetermi-
nate but may be multifactorial [3]. There is a possibility of
overdiagnosis of CKD in older women than in men [31].
Women, on average, have lower estimated GFR and mea-
sured GFR (uncorrected for body surface area) and tend
to progress to a GFR value of <60ml/min/1.73m? before
men, although men progress more rapidly to CKF [31].
This physiological sex difference could contribute to an
overdiagnosis of CKD in women than men as they age,
especially in the absence of albuminuria [31].

The role of the social environment and economic con-
ditions is an emerging component in the pathway from
CKD risk to the development and complications of
CKD and chronic kidney failure [32]. Socioeconomi-
cally underprivileged inhabitants worldwide show an
unevenly high burden of CKD [32]. The burden is com-
pounded by the inability to receive evidence-based care
leading to poor clinical outcomes [32]. Lower socioeco-
nomic status was related to a greater risk of prevalence of
CKD [32].The poor with a higher kidney disease burden
often have fewer resources to meet treatment costs [32].
The consequence is “catastrophic spending” (defined as
out-of-pocket payments above 40% of non-food expen-
diture) [32]. Thus, advanced CKD could be considered
a risk factor for poverty along with low education level,
employment status, and ethnicity [33]. The entire fam-
ily becomes affected by the reduction in resources [33].
Poverty can also directly affect adherence to medical
treatment as the affected patient may be unable to access
follow-up care or afford kidney replacement therapy
when required [33].

Countries with a higher CKD prevalence have a higher
risk factor profile [10]. Sub-Saharan Africa is estimated
to have 18.65 million people with diabetes mellitus [22].
A similar number is estimated to develop hypertension
by the end of this decade [22]. There would also be an
estimated 22 million people living with HIV/AIDS dur-
ing this time, posing a further substantial burden of CKD
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in this region [22]. In Africa, the dominant risk factors
for developing CKD are hypertension, diabetes mellitus,
and HIV [11, 12]. Africa also has the highest prevalence
of HIV-1 infection [34]. There is a robust association
between Apolipoprotein L1 gene variants found only on
African chromosomes resulting in an increased prob-
ability of developing focal segmental glomerulosclerosis
and HIV-associated nephropathy [34, 35]. Resource limi-
tations lead to the late initiation of ARVs (antiretroviral
agents), which predisposes to HIV-associated nephropa-
thy [36]. The combination of genetic susceptibility with
delayed treatment of HIV contributes to the increase in
CKD prevalence and disease burden. Africa is, there-
fore, subject to a dual burden of non-communicable and
endemic infectious diseases such as HIV leading to CKD
[37].

Global studies identified hypertension, diabetes mel-
litus, female sex, and increasing age as the major risk
factors for the development of CKD [2, 4]. International
differences in the prevalence of risk factors for CKD
could be affected by sample selection [10]. CKD preva-
lence fluctuates with time, as some international differ-
ences in CKD prevalence may be explained by differences
in the study periods and the associated transition of risk
factor profiles [10]. Increased prevalence within some
regions compared to neighbouring areas with similar
demographics may also indicate increased recognition
and recording of CKD [29]. The epidemiological transi-
tion from communicable to non-communicable diseases,
with significant increases in hypertension and diabetes
mellitus with aging, may also account for the increased
prevalence of CKD [11, 38, 39].

The estimated requirements for kidney replacement
therapy will double from 2.62 million in 2010 to 5.4 mil-
lion people by 2030 [40]. Global deaths due to kidney
disease are projected at between 5 and 10 million people
annually due to a shortage of kidney replacement therapy
services [40]. Higher-income countries spend 2-3% of
their annual health budget on CKF treatment for approx-
imately 0.03% of the total population [40]. Lower-income
countries are not able to provide similar resources for
chronic kidney failure (CKF). They will most likely expe-
rience the societal, health, and economic burden of
mostly untreated CKE.

Over the past decade, there have been substantial
developments in standardising assays for serum creati-
nine [41]. The re-calibration of serum creatinine assays to
an isotope dilution mass spectrometry reference method
has resulted in more specific assays traceable to the Inter-
national System of units [42]. The introduction of isotope
dilution mass spectrometry calibration for serum cre-
atinine assays has addressed the variability of serum cre-
atinine data [42]. However, difficulties persist concerning
using eGEFR to assess CKD prevalence in epidemiological
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studies [42]. A continuing complication is that the effect
of assay calibration differs between eGFR equations [43].
Variations in calibration have a more significant effect
on the MDRD equation than on the CKD-EPI equation
for eGFR [43]. The variation is due to the mathematical
exponent applied to serum creatinine in elevated eGFR
ranges and is lower in CKD-EPI than the MDRD equa-
tion [43]. The CKD-EPI equation gives a lower preva-
lence of CKD due to a higher eGFR in general or specific
population participants than other equations [43]. In
contrast, the systematic underestimation of eGFR with
the MDRD equation is associated with an overestimation
of CKD prevalence in epidemiological studies [43].

The lack of standardized equations to calculate eGFR
was highlighted in the studies by several authors in this
paper [2, 4, 17, 20—22]. Most studies reviewed displayed
an analytical heterogeneity used to measure creatinine.
Evaluation of eGFR is fundamental to medical practice,
research, and public health [44]. Serum creatinine is the
most commonly utilized biomarker to assess eGFR [45].
However, individual values may vary due to factors that
include mass, age, sex, ethnicity, and diet unrelated to
CKD [45]. Measured GFR (mGFR) and gold-standard
measurements using inulin clearance are, unfortunately,
too cumbersome to perform in extensive epidemio-
logic studies [31]. In a collaborative study from Malawi,
Uganda, and South Africa that prospectively measured
kidney function, it was established that creatinine-based
GFR-estimating equations overestimate kidney function
[46]. The implication is that the burden of kidney disease
may be significantly underestimated in Africa [46].

A common limitation in CKD prevalence studies is the
“once-off testing” of serum creatinine (and hence eGFR).
Other limitations included quantifying albuminuria; the
different formulae used to calculate eGFR, the absence
of proteinuria and haematuria testing, and heterogeneity
in sample data used to calculate the prevalence of CKD.
Once off, eGFR testing or confirming chronicity was
reported here as a limitation in numerous studies [2, 4,
7, 8,16, 20]. Glassock et al. contend that although CKD is
widespread, the contention that the prevalence is increas-
ing in many countries may be incorrect [31]. The authors
maintain that using “once-off testing” of eGFR and albu-
minuria to define prevalence in epidemiological studies is
controversial, as these “single test” studies do not adhere
to the KDIGO CKD definition of three-month dura-
tion [18]. The “once-oft” testing produces a false positive
diagnostic rate of about 30% for eGFR and even higher
for albuminuria [47]. Conversely, false-negative results,
which primarily involve the younger population, arise
when they have an eGFR above 60 ml/min/1.73m? [48].
This subset does not meet the criteria for the definition
of CKD and is without proteinuria, but they have a low
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eGEFR for their age, below the 3rd percentile for age and
sex category [48].

Using ancestry coefficients, sex, and age of patients can
further contribute to the limitations of prevalence stud-
ies. The ancestry coefficient is a significant constituent of
the MDRD and CKD-EPI equations [31]. It was recom-
mended to improve the understanding of the prevalence
of CKD in ethnically diverse populations [31]. However,
the African American coefficient results in the MDRD
and CKD-EPI equations for eGFR being 21% and 15%
more elevated, respectively, than the same equations
without coefficients [31]. It can be contended that the use
of race in eGFR equations is a social and not a biologi-
cal concept [46]. The inclusion of race ignores diversity
within and among racial groups [46]. Alterations in esti-
mating equations can affect the calculation of the burden
of CKD and potentially disrupt patient care [46]. It can
also be debated that keeping a race term in GFR equa-
tions adversely affects access to kidney replacement ther-
apy [49].

Alternatives to calculating eGFR without using race are
currently being evaluated [50]. The estimation of GFR
with the usage of cystatin C was similar to estimations
using serum creatinine [50]. Cystatin C-based estima-
tions did not use race or ancestry and were not enhanced
or changed by their inclusion [50]. Most recent eGFR
equations use creatinine and cystatin C without race [51].
They are more accurate in estimating GFR than either
equation using creatinine or cystatin C alone [51]. This
has resulted in reduced differences from measured GFR
between race groups [51]. A systematic review of epide-
miological studies from sub-Saharan Africa highlighted
the source’s potential for bias [52]. These include vari-
ability in the requirements for serum creatinine assays,
appropriate choice of estimating equations to calculate
eGFR, and appropriate diagnostic criteria for CKD [52].
The results were consistent with other worldwide studies
[52]. The ongoing evolution of data from eGFR equations
will further inform clinical practice, research, and public
health considerations [52].

An essential requirement for the management of CKD
is for efficient and sustainable solutions to capture high-
quality population-based health data and extrapolate it
into health information systems [53]. This will allow a
better understanding of CKD epidemiology and varia-
tions in CKD prevalence [53]. The CKD in Africa (CKD-
Africa) project is a continental collaboration network
that aims to provide uniformly reliable estimates for
CKD prevalence [53]. The collaboration has currently
networked 12 African countries in sub-Saharan Africa,
totalling 39 studies and 35 747 participants [53]. This col-
lective health system would be able to effectively advise
future health services planning and policy for CKD man-
agement in Africa [53].
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The study limitations include analysing two studies
from South Africa from the same region. These stud-
ies may not represent the country’s prevalence of CKD
because regional variations in CKD prevalence can occur
within a country [15]. The South African studies had rela-
tively small numbers of participants compared to those
in sub-Saharan Africa, Africa, and globally. HIV, a signifi-
cant risk factor for CKD in sub-Saharan Africa, was not
investigated amongst participants in the South African
studies. The population sampling was also not represen-
tative of the South African population demographics.
A further limitation was the low number of studies that
were eligible for inclusion in the analysis.

Conclusion

There was a statistically significant variation in the preva-
lence of CKD between South Africa and sub-Saharan
Africa, Africa, and globally in all except one comparison.
However, there was a poor correlation due to the effect
size, which suggests that these differences may be due to
comparing studies with large sample sizes than to actual
differences in the prevalence. This review echoed the
marked heterogeneity when comparing CKD prevalence
from different regions. These included varying sample
sizes, differences in the study methodology, the criteria
for the definition of CKD, the lack of chronicity report-
ing, and variances in serum creatinine measurements
leading to variable eGFRs. Enhanced uniformity and
novel approaches are crucial for performing and report-
ing CKD prevalence studies to advance the accuracy of
comparing the burden of the disease.
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