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Abstract: Africa, particularly sub-Sharan Africa (SSA), faces major challenges in respect to chronic
kidney disease (CKD). There is a rising prevalence due to the combined effects of hypertension,
diabetes, and human immunodeficiency virus (HIV) (and the interaction between them) and the
effect of apolipoprotein L1 (APOL1) variants on the susceptibility to CKD. Epidemiological data
on the prevalence of CKD are of low-to-medium quality, and reliable data are urgently needed
for health planning. Furthermore, there are important deficiencies in creatinine-based equations
in underestimating the prevalence of CKD in Africa, and evidence suggests that cystatin C based
equations are more reliable. There is a changing spectrum of HIV related CKD with the greater
availability of antiretroviral treatment. Major clinical trials using SGLT2 inhibitors have signalled a
major advance in the treatment of CKD, especially in relation to type 2 diabetes, but the affordability,
availability, and relevance to the African population is not established. The importance of the effects
of hypertension in pregnancy and pregnancy related acute kidney injury on CKD and the newer
concept of CKD of unknown cause (CKDu) are highlighted. Hypertension remains a dominant cause
of CKD in Africa, and newer information suggests that the most appropriate treatment to control
blood pressure and thus prevent CKD is the combination of either amlodipine plus a thiazide diuretic
or angiotensin converting enzyme (ACE) inhibitor.
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1. Introduction

At a global level, 7 of the 10 leading causes of deaths in 2019 were noncommunicable
diseases and accounted for 74% of deaths globally [1]. Chronic kidney disease (CKD) is
increasingly recognised as an important and rising contributor to mortality. In 1990, there
were 601,307 deaths due to CKD, which was ranked 16th as a cause of global deaths. In 2019,
there were 1.43 million deaths, adjusting the rank to 10th, representing a 2.37-fold increase.

In 2017, 697.5 million cases of all-stage CKD were recorded with a global prevalence
of 9.1%, representing a 29.3% increase in CKD [2]. CKD resulted in 35.8 million disability-
adjusted life years (DALYs) in 2017, with diabetic nephropathy accounting for almost a
third of them. Most of the burden of CKD was concentrated in the three lowest quintiles
of the socio-demographic index, but in several regions, particularly Oceania, sub-Saharan
Africa (SSA), and Latin America, the burden of CKD was much higher than expected for
the level of development. The age-adjusted global prevalence of CKD is shown in Figure 1,
demonstrating a high prevalence in Africa compared to the rest of the world [3] (Figure 1).
Additionally, 1.4 million cardiovascular (CV) disease-related deaths and 25.3 million CV
disease DALYs were attributed to CKD.
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Figure 1. The worldwide age-standardised global prevalence of CKD per 100,000 population in 2016 
(adapted from reference [3]). 

The regional prevalence of CKD in SSA ranges from 12.2 to 16.5%, based on a recent 
systematic review, but these estimates are based on mainly low-quality studies [4]. Nev-
ertheless, this is considerably higher than the global prevalence of 9.1%. It is, therefore, 
timely to discuss the challenges and advances in CKD in SSA. This review will focus on 
advances related to estimating glomerular filtration rate (GFR) in Africans, HIV related 
CKD, diabetic kidney disease, hypertension, CKD after hypertension in pregnancy, the 
interaction of HIV with diabetes/hypertension, and other topical issues. 

2. Challenges of Estimating GFR in SSA 
Estimating GFR (eGFR) based on the serum creatinine is the most practical way of 

determining the prevalence of CKD. The most common methods used are the Modifica-
tion of Diet in Renal Disease (MDRD) and Chronic Kidney Disease Epidemiology Collab-
oration (CKD-EPI) equations, which have been developed in high income countries and 
have not been validated against measured GFR (mGFR) in other regions, including SSA. 
Furthermore, both MDRD and CKD-EPI use a race-based correction factor for African 
Americans, which has become particularly controversial. In African Americans living 
with HIV, the racial adjustment adversely affected GFR estimates [5]. A new equation 
developed for both creatinine and cystatin C without racial adjustment appears to work 
reasonably well. However, eGFR was underestimated compared to mGFR in Blacks (me-
dian, 3.6 mL per minute per 1.73 m2) and overestimated compared to mGFR in non-Blacks 
(median, 3.9 mL per minute per 1.73 m2) [6]. 

Whether this correction factor is applicable to Africans living in Africa is also contro-
versial as no major study has been performed comparing eGFR to mGFR in SSA. As a 
result, the true prevalence of CKD in Africa may be either overestimated or, more likely, 
underestimated. Accurately determining the prevalence of CKD in any country or region 
has major implications for health planning, given the high costs of treating CKD and the 
high associated morbidity and mortality. 

In a recent study by Fabian et al. conducted in Uganda, Malawi, and South Africa, 
3025 subjects underwent determination of mGFR using the slope-intercept method for io-
hexol plasma clearance, and this was compared to eGFR using a variety of creatinine and 

Figure 1. The worldwide age-standardised global prevalence of CKD per 100,000 population in 2016
(adapted from reference [3]).

The regional prevalence of CKD in SSA ranges from 12.2 to 16.5%, based on a recent
systematic review, but these estimates are based on mainly low-quality studies [4]. Nev-
ertheless, this is considerably higher than the global prevalence of 9.1%. It is, therefore,
timely to discuss the challenges and advances in CKD in SSA. This review will focus on
advances related to estimating glomerular filtration rate (GFR) in Africans, HIV related
CKD, diabetic kidney disease, hypertension, CKD after hypertension in pregnancy, the
interaction of HIV with diabetes/hypertension, and other topical issues.

2. Challenges of Estimating GFR in SSA

Estimating GFR (eGFR) based on the serum creatinine is the most practical way of
determining the prevalence of CKD. The most common methods used are the Modification
of Diet in Renal Disease (MDRD) and Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equations, which have been developed in high income countries and have not
been validated against measured GFR (mGFR) in other regions, including SSA. Further-
more, both MDRD and CKD-EPI use a race-based correction factor for African Americans,
which has become particularly controversial. In African Americans living with HIV, the
racial adjustment adversely affected GFR estimates [5]. A new equation developed for
both creatinine and cystatin C without racial adjustment appears to work reasonably well.
However, eGFR was underestimated compared to mGFR in Blacks (median, 3.6 mL per
minute per 1.73 m2) and overestimated compared to mGFR in non-Blacks (median, 3.9 mL
per minute per 1.73 m2) [6].

Whether this correction factor is applicable to Africans living in Africa is also con-
troversial as no major study has been performed comparing eGFR to mGFR in SSA. As a
result, the true prevalence of CKD in Africa may be either overestimated or, more likely,
underestimated. Accurately determining the prevalence of CKD in any country or region
has major implications for health planning, given the high costs of treating CKD and the
high associated morbidity and mortality.

In a recent study by Fabian et al. conducted in Uganda, Malawi, and South Africa,
3025 subjects underwent determination of mGFR using the slope-intercept method for
iohexol plasma clearance, and this was compared to eGFR using a variety of creatinine and
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cystatin C based equations with or without the correction factor for African Americans [7].
Complete data and adequate quality mGFR were available from 2578 participants. This
demonstrated that creatinine-based equations overestimated kidney function compared to
mGFR, which was worsened by correcting for ethnicity. The greatest bias occurred with
reduced kidney function. The proportion of subjects with a mGFR < 60 mL/min was more
than double compared to a creatinine based eGFR. Cystatin C equations outperformed all
creatinine-based equations. The imputed prevalence of CKD based on mGFR was more
than two-times higher than creatinine-based eGFR in six countries in Africa [7]. The over
estimation of GFR and under estimation of CKD impacts both clinical care and public
health in SSA.

The reasons for the poor performance of creatinine based eGFR is not known. Non-
GFR determinants of creatinine, rather than ethnicity, might underlie greater inaccuracy.
Lower muscle mass with less creatinine generation due to growth stunting, wasting from
chronic infection or inflammation (e.g., tuberculosis (TB) and HIV), lower dietary protein,
and undiagnosed liver disease may all contribute to these inaccuracies. Renal tubular
handling of creatinine might be affected by antiretroviral therapy (ART) and by variants in
genes affecting creatinine production and tubular secretion.

These findings have highly relevant implications for detecting CKD in SSA. Cystatin
C measurement is not generally available in Africa and, in addition, costs significantly
more than measuring creatinine. Increasing the accessibility of cystatin C and driving the
cost down seems the only practical method of overcoming this problem, although further
research for other biomarkers is needed.

3. The Importance of APOL1 and CKD

Despite probable under-reporting, there are data that suggest that Africa has a higher
prevalence of CKD and that genetic risk plays an important role in CKD prevalence. The
APOL1 gene encodes for the protein apolipoprotein L1. Historically, this gene grants innate
immunity against most strains of Trypanosoma brucei. Two gain-of-function Apolipoprotein
L1 (APOL1) variants G1 or G2 were first determined among individuals of African descent
with a high prevalence found in Western Africa [8,9]. The African diaspora led to the
widespread distribution of these coding variants, reaching frequencies of 21% for G1
and 13% for G2 in African Americans [10]. APOL1 risk variants have been strongly
associated with an increased risk of developing focal segmental glomerulosclerosis (OR
10.5–16.9), HIV-associated nephropathy (HIVAN) (OR 29.2), and, possibly, increasing
the risk of developing other causes of CKD, such as hypertensive nephrosclerosis (OR
7.3) [11]. APOL1 risk variants have also been strongly associated with HIVAN in Black
South Africans [12]. Possessing two APOL1 risk alleles results in up to a 50% lifetime risk
in those with HIVAN [13]. However, 20 to 30% of African Americans with HIVAN have
0 to 1 APOL1 risk alleles, suggesting the role of other environmental and viral factors or
other genetic contributions [14]. Differentiating hypertensive nephrosclerosis from other
forms of CKD may be difficult, and further research is required linking APOL1 variants to
the high prevalence of hypertension-associated CKD.

There are also evolving targeted therapies, these include APOL1 small molecule
inhibitors, APOL1 antisense oligonucleotides (ASO), and inhibitors of APOL1-associated
inflammatory pathways [15]. The novel small molecule APOL1 inhibitors bind recombinant
APOL1 proteins, thereby inhibiting its biological function, providing the potential to treat
APOL-1 mediated kidney diseases.

4. Diabetic Kidney Disease

Approximately 40% of people with type 2 diabetes (T2D) will develop diabetic kidney
disease (DKD), accounting for approximately 50% of cases of end-stage kidney disease
(ESKD) in the developed world [16,17]. Furthermore, CV disease is the leading cause
of death [18]. However, epidemiological data from SSA regarding CKD in people with
diabetes is extremely limited and, at best, of low-to-medium quality.
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In a systematic review conducted in Africa, the prevalence of CKD in people with
type 1 and type 2 diabetes varied from 11% to 83.7% [19]. Incident event rates were 94.9%
for proteinuria at 10 years of follow-up, 34.7% for ESKD at 5 years of follow-up and 18.4%
for mortality from nephropathy at 20 years. Duration of diabetes, blood pressure (BP),
advancing age, obesity, and glucose control were the common determinants of kidney
disease. These figures strongly suggest a far greater incidence of DKD in Africa and higher
incidence of morbidity and mortality.

There is also a significant interaction with HIV, which is common, particularly in
Southern Africa. In 2019, a retrospective study of 653 patients with diabetes from KwaZulu-
Natal found a significant interaction with HIV on the prevalence of CKD [20]. Nephropathy,
defined by proteinuria, was present in 25.66% vs. 15.43% of the HIV infected vs. non-
infected patients, respectively. This finding was confirmed by a systematic review and
meta-analysis conducted by Ekrikpo et al. [21].

Most guidelines have advocated a multi-faceted approach to prevent DKD, entailing
strict BP and diabetic control, the intensive treatment of dyslipidaemia, the use of ACE
inhibitors/angiotensin receptor blockers (ARBs), aspirin, and lifestyle intervention. This
was based on the STENO-2 study that was associated with a 20% reduction in death and
47% reduction in nephropathy in the intensively treated group compared to standard
treatment [22].

However, this approach has changed dramatically with the publication of clinical
trials involving SGLT2 inhibitors. A full review of this is beyond the scope of this article,
but, briefly, there was a striking reduction in CV death, heart failure, and “hard” kidney
outcomes, including kidney failure, in a trial involving patients with diabetes with underlying
atherosclerotic CV disease [23]. Several other studies reported similar results [24,25]. Four
dedicated CKD studies (two of which included patients without underlying diabetes) [26–29]
reported a consistent reduction in hard kidney end points, heart failure, and CV death,
even in those without underling diabetes. In a recent meta-analysis of 13 trials involving
90,409 participants (82.7% with diabetes and 17.3% without diabetes), allocation to an
SGLT2 inhibitor reduced the risk of progressive kidney disease by 37% with no difference
in benefits in patients with and without diabetes [30]. In the four CKD trials, risk reductions
were similar, irrespective of primary CKD diagnosis.

It is evident from the systematic reviews that the greatest benefit is in those with
eGFR < 60 mL/min with albuminuria and/or underlying CV disease and most major
guidelines recommend SGLT2 inhibitors for treatment and prevention of DKD [31]. How-
ever, the problem with all these major studies were that only 4–5% of patients entering these
studies were identified as Black. In an analysis of the outcomes across geographic regions,
there were consistent reductions in the composite endpoint of 50% reduction in eGFR,
ESKD, death related to kidney failure, or CV cause. The reduction in hazard ratio ranged
from 0.70 in Asia, 0.6 in Europe, 0.61 in Latin America, and 0.51 in North America [32].
There were no data from SSA, but the available data are reassuring that Africans are likely
to benefit from SGLT2 inhibitors.

In regard to GLP-1 receptor agonists, there has been no dedicated CKD study. However,
eight CV outcomes trials included participants with an eGFR as low as 15 mL/min/1.73 m2.
In a meta-analysis of these studies, GLP-1 receptor agonists significantly reduced the risk
for a composite CKD outcome, mainly driven by the reduction in albuminuria [33]. As
a result, the consensus report by the American Diabetes Association (ADA) and Kidney
Disease Improving Global Outcomes (KDIGO) only recommends GLP-1 receptors agonists
for additional risk-based management and glycaemic control in patients with CKD already
treated with metformin and SGLT2 inhibitors [34].

These very important advances in the treatment and prevention of DKD are difficult
to translate into SSA. Currently, there are no generic formulations of these drugs, and
they remain expensive, particularly the GLP-1 receptor agonists. It, therefore, remains
unlikely that most people with DKD in SSA are likely to benefit from these drugs, due to
affordability and availability.
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5. Hypertension and CKD

In 2019, high systolic BP was the leading risk factor for DALYs worldwide, accounting
for 9.3% of all DALYs [35]. In Africa, the proportion of people affected by hypertension is
estimated to be between 15 and 70% [36], and the estimated direct costs of hypertension
from a South African study amount to USD 0.711 billion, with societal costs of USD 2.08 bil-
lion [37]. However, an Ethiopian study reported that treating hypertension according to the
International Society of Hypertension 2020 guidelines could result in USD 9574 million in
savings [38]. The cost saving is due to the decrease in hypertensive mediated organ damage,
including CKD. This highlights the need for ensuring optimal blood pressure control in
SSA. The CREOLE trial, performed in SSA, demonstrated excellent blood pressure control
from initiating antihypertensives with the combination of a calcium channel blocker in
combination with a thiazide diuretic or ACE inhibitor and is the preferred choice of initial
treatment of Africans [38,39]. However, access to optimal therapies is lacking, particularly
the shortage of single pill combinations.

A systematic review of community-based data shows that the prevalence of CKD in
SSA ranges from 2–14% and, in patients with hypertension from Africa, CKD was present
in 13–51%. Vascular disease/hypertension was the most common (16%) cause of CKD,
followed by diabetes, glomerulonephritis, and other causes [4]. The presence of severe
hypertension was associated with a higher risk of complications. Data from a community-
based study (including both rural and urban sites) from the Cote d’Ivoire found that severe
hypertension was present in 14.1% of screened subjects and was almost double in urbanised
regions [40]. In the setting of non-diabetic-CKD, hypertensive retinopathy was detected in
70.1% of patients from a Tanzanian tertiary centre, with grade III at 19.6% and grade IV at
13.8%, suggesting that severe/malignant hypertension is present in ±33% of people with
stages 3-5 CKD [41]. Whether severe hypertension or malignant hypertension is the cause
or a result of CKD remains to be determined, but it is of concern that this is a common
feature detected in the region.

Modifiable risk factors for CKD are a rising concern in Africa. The Global Burden of
Disease report from 2019 demonstrates the rising CV and CKD risk factors, particularly
high body mass index, high systolic blood pressure, and elevated plasma glucose [34].
A community-based screening study in Nigeria identified 32.3% of subjects with prehy-
pertension and 43.4% with hypertension. The identified modifiable risk factors included
diabetes, cigarette smoking, and the use of non-steroidal anti-inflammatories and herbal
substances [42]. Similarly, in other community-based studies, hypertension was found to be
the most common risk factor for CKD, with 21.8% in Ethiopia and 55.4% in Ghana [43,44].
Obesity is an independent risk factor for CKD and was identified in 21.4% of participants
in the Ghana report. However, screening for CKD in patients with pre-existing risk factors
provides a higher yield of CKD diagnoses and is a better indicator of the need to change
treatment when compared with population-based screening for CKD [45].

The development of CKD needs to be considered as a lifelong risk and determining
the presence of risk factors in childhood is essential for prevention programmes and CV
risk tracking. A report from Ghana found that hypertension was present in 3.5% of school
children (average age 8.9 years) and obesity in 9.8%, similar to other countries [46]. Similarly,
in South Africa, obesity/overweight was identified in 20% of supposedly healthy 5–9 year
olds, pre-hypertension in 14%, and hypertension in 22% [47]. In this report, adiposity and
elevated BP was more common in the White and Black ethnic groups, respectively. Salt
intake is a further concern that has been found to contribute to hypertension and CKD. It
was estimated that sodium intake contributed to 1.5% of deaths in 2012 and 0.7% of DALYs
in South Africa [48]. Salt legislation has, subsequently, been introduced and found to lower
sodium intake in South Africa [49].

6. Pregnancy Related AKI and Its Causes—A Growing Concern of CKD in Africa

Pregnancy-related acute kidney injury (PRAKI) is defined as AKI occurring during
pregnancy, labour, delivery, and/or the post-partum period. The reported incidence of
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PRAKI in developing nations is higher than developed countries (4–26% vs. 1–2.8%,
respectively) [50–52]. PRAKI in Africa is estimated to occur in 1 in 1000 deliveries [53]. It
also accounts for a significant proportion of AKI in adults in Africa (5–27%) [53]. This is
20–100-fold higher than in developed countries. [54]. In low–low-middle income countries,
pre-eclampsia [PET], post-partum haemorrhage, and sepsis are the leading causes of
PRAKI [50–52]. Severe or repeated episodes of AKI are risk factors for CKD, and PRAKI is
increasingly recognized as a risk for developing future CKD in women. This progression to
CKD adds an additional load onto the substantial health care burden in African countries.

Kidney recovery after PRAKI is poorly described in literature from Africa. A system-
atic review and meta-analysis on PRAKI in SSA found only 9 of the 14 studies reported
on kidney recovery data [53]. Non recovery ranged from 0.4–36.5%. Table 1 demon-
strates the data from Africa with kidney recovery data following PRAKI in different
cohorts [51,55–68]. Full recovery ranged from 39–84%, and dialysis dependence ranged
from 0.4–35% of those not recovering. Literature from other developing countries reported
that 1.5–2.5% of patients with PRAKI progressed to ESKD, and 4–9% of women remain
dialysis-dependent at 6 months post-partum in severe PRAKI [69–73]. Studies have demon-
strated that the risk for CKD progressively increases with the severity of AKI. The adjusted
HR was 2.0 for mild AKI and increased to 28.2 for severe AKI [74]. An additional concern
is the high rate of loss to follow up in post-partum women. This raises major concerns for
(1) gaps in the health care system, (2) lack of awareness of the need for follow-up after AKI,
and (3) the known rates of incomplete recovery post PET are likely being vastly underesti-
mated. South Africa reported a high risk of PRAKI (17%) in women with preeclampsia. Of
those women that survived, 1/3 had not recovered kidney function at discharge, and half
did not have a follow-up kidney function performed [65].
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Table 1. Studies related to PRAKI in Obstetric cohorts or referral to Nephrology.

Analysis PRAKI n
(%)

No of Deliveries/Total
Cohort

Percentage PRAKI
Caused by PET Time of PRAKI AKI Stage 3 Dialysis Mortality in

PRAKI
Full

Recovery

Gaber
Egypt

(2021) [55]

Prospective
referral nephrology

40
(1%) 4500 35% 45% 3

32% PP - - 22.5% 62.5%
35% D

Adejumo
Nigeria

(2019) [56]

Retrospective
review of PRAKI 32 - 18.8% 34.4% 3

56.3% PP 71.9% R 5.4% (25% ND) 34.4% 53.1%
3.1% D

Awolwale
Nigeria

(2018) [57]

Retrospective
PRAKI requiring

HD

43
(3.8%) D 11,242 40% 22.5% 3

50% PP all 100%
(9.3% WD) 17.5% 72.5%

Cooke
Malawi

(2018) [58]
Prospective 26

(1.1%) 2300 73.1% - 23% K 0 0 84.6%

Kabbali
Morocco

(2015) [59]

Prospective based
on referrals 44 - 63.6% 40% 3

52.3% PP 61% R 38.6% 11.4% 66%

Arrayhani
Morocco

(2013) [60]
Prospective 37

(0.66%) 5600 66.6% 61.1% 3

22% PP 33% R 16.2% 1 76%
5.4% D

Abdelkader
Mauritius
(2020) [61]

Retrospective
referral nephrology 102 (6.9%) 1675 61.2% - - 38.2% 9.8% 39.2%

Msheli, M
Tunisia

2021 [62]
Retrospective 96

(100%) - 40% - - 23.9% 13% 75%

Elshinnawy
Egypt

2020 [63]

Prospective
observational 78 (0.5%) 13,050 - - - 15.3% 14% 60%

7.6% D

Aminu, MS.
Nigeria

2017 [64]

Retrospective
review 26 - 23% 77% 3 26.9% 30.7% 65.3%

3.8% D
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Table 1. Cont.

Analysis PRAKI n
(%)

No of Deliveries/Total
Cohort

Percentage PRAKI
Caused by PET Time of PRAKI AKI Stage 3 Dialysis Mortality in

PRAKI
Full

Recovery

Studies related to PRAKI secondary to HDP cohort

Conti-
Ramsden

South Africa
(2019) [65]

Retrospective
analysis of cohort

with PET
237 (15.3%) Total in cohort 1547 100% - 4.1% K 12.5% 3% in total

cohort 80.4%

Studies related to PRAKI in defined cohorts ICU/AKI or dialysis cohorts

Bentata
Morocco
2012 [51]

Retrospective
analysis of PRAKI
in Obstetric ICU

43 Total PRAKI cohort in
ICU 43 60% - 27.9% R 11.6% 25.6% in

total cohort 84.4%

Akuse
Nigeria [66]

Retrospective audit
on acute dialysis
obstetric cohort

8 (5.3%) D 483 50% - 100% 7 (87.2%)
1(12.5% ND) 25% 12.5%

Bouaziz
Tunisia [67]

Retrospective
review of ICU

admissions
313 (56.9%) 550 ICU cohort 66.5% - 6% R 1.7% 9.3% 0.4% D

Oluyesi
Nigeria [68]

Retrospective
review of AKI

cohort
18 (19.8%) 91 AKI patients 33% - * 62.2% K 38.5% 38.5% ** 52.7%

HDP: Hypertensive disorder in pregnancy (include pre-eclampsia, gestational or transient hypertension, chronic hypertension, and pre-eclampsia superimposed on chronic hypertension);
PET: pre-eclampsia, ET: Eclampsia; ICU: intensive care unit; AKI: acute kidney injury; K KDIGO classification AKI; Not specified how AKI classified; R RIFLE criteria to classify AKI;
HD: haemodialysis; * Overall AKI stage in cohort; ** overall mortality in cohort; 3 AKI developed in the 3rd Trimester; PP AKI developed in the post-partum period; WD withdrew
dialysis; ND not dialysed but dialysis required; D dialysis dependent.
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7. Pre-Eclampsia as a Future Risk for CKD

The last decade has demonstrated that the long-term health consequences resulting
from pre-eclampsia are marked. These included sustained hypertension (three-fold in-
creased risk), two-fold increased risk of CV disease and stroke, increased risk of metabolic
syndrome, and, more recently, studies showed a 6× increased risk of ESKD [75–78]. The
risk of progression to CKD or ESKD is not due to the PRAKI alone. The aetiology is thought
to be an interplay between endotheliosis and podocyte damage during PET, followed by
the future development of co-morbidities, particularly diabetes, hypertension, metabolic
syndrome, and, possibly, persistent endothelial dysfunction [79]. This is an important con-
tributing risk for CKD. The World Health Organisation estimates the incidence of PET in
developing countries is seven times higher than in developed countries [80]. Hypertensive
disorders in pregnancy (HDP) are the second leading maternal cause of death in SSA [81].

8. Newer Findings into the Pathogenesis of PET

Advances in research of genetic and inflammatory system involvement in PET in the
African setting has increased in recent years. The inflammatory system’s role in the patho-
genesis of PET has been studied. Tumour necrosis factor alpha (TNF-α) polymorphisms,
altering the regulatory function and leading to increased transcription and production, has
been associated with PET. Recent research suggests polymorphisms, particularly 1031C/A
and the haplotype CA, contribute to an increased risk of PET in Tunisian women [82].
Other TNF-α SNPs, mostly the −308 G/A, have been studied in different ethnic cohorts
(European and Asian) with varying results [83,84]. Research into genetic predispositions
for pre-eclampsia is being studied. APOL1 G1 risk allele in pregnant women of African
origin may contribute to the development of PET and early-onset PET [85]. International
data have shown that maternal–foetal APOL1 genotype discordance and foetal high-risk
APOL1 genotypes independently contribute to PET in African American mothers [86]. In a
study reviewing the association of the infant APOL1 genotype and PET, it was found that
the infant APOL1 genotype was significantly associated with preeclampsia in a dominant
inheritance pattern with an odds ratio of 1.41 (p = 0.029, 95% CI 1.037, 1.926) [87]. In
patients of African origin, the R536Q gene mutation is found in a higher proportion of
women with pre-eclampsia versus the controls [88]. This mutation alters the beta subunit
of the epithelial sodium channel and is a genetic cause for hypertension in Africans. By
understanding the association of these genetic variants and inflammatory components
with PET, the development of future useful screening tests may assist in predicting at-risk
pregnancies and targeted interventions to improve pregnancy outcomes.

9. What Is New in HIV and CKD in SSA

In 2020, human immunodeficiency virus (HIV) affected 37.7 million people globally,
with 1.5 million new cases during that year. Eastern and SSA had the highest disease
burden, with SSA accounting for almost 60% of new infections [89,90]. In a systematic
review and meta-analysis of CKD in an adult cohort with HIV, the overall global prevalence
was 6.4%, with the highest prevalence in SSA (7.9%) [21]. The improved longevity on ART
has extended the causes of ESKD by increasing the prevalence of traditional CKD risk
factors such as diabetes and hypertension [91].

With improved HIV viral suppression, the survival of people with HIV (PWH) re-
ceiving kidney replacement therapy (KRT) has been described as being comparable to
HIV-negative cohorts, although there have been some conflicting data [92,93]. In Cameroon,
the one-year survival of PWH on maintenance haemodialysis was reported to be lower
compared to their HIV negative counterparts, with a two-fold increased risk of death [94].
Registry data throughout SSA are scarce; however, South Africa reported that 13.5% of
patients on chronic KRT were PWH in 2019 [95]. This is an underestimate of the true
prevalence, as unsuppressed HIV is often an exclusion criterion for maintenance dialysis in
the state sector, due to imposed resource constraints.
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There have now been several studies reporting on a change in the spectrum of kidney
disease in PWH since the ART era [96–98]. As early as 1998, HIVAN was reported to
decline in regions with early ART initiatives [99]. South Africa lagged woefully behind,
with large-scale roll-out only occurring from 2004. Since then, published biopsy data from
South Africa reported a decline in HIVAN, which corresponds with an increase in the
proportion of PWH receiving ART at the time of biopsy and an increase in median CD4 cell
count [96,97,100]. Two recent biopsy series from South Africa also reported an increase in
the proportion of biopsies with tubulointerstitial disease [97,101]. This increase was likely
influenced by HIV/TB coinfection, sepsis, and tenofovir exposure, as well as other insults.

TB is the most common opportunistic infection seen in PWH. It can affect the kidney
in two major ways: firstly, by causing genitourinary TB, and, secondly, in the form of gran-
ulomatous interstitial nephritis (GIN). Unfortunately, the COVID-19 pandemic displaced
TB improvement targets globally, with an increase in TB deaths [102]. In SSA, the overall
estimate of HIV prevalence in TB patients was 31.8% [103]. Autopsy series describing
TB involvement in the kidney of PWH in the pre-ART from India, Mexico, and the Cote
d’Ivoire reported a frequency of 59%, 23%, and 60%, respectively [104–106].

ART has also seen the additional challenge of TB immune reconstitution inflammatory
syndrome (IRIS) in the kidney in the form of TB-GIN and acute interstitial nephritis [107].
ART re-establishes the host’s ability to form granulomata, often resulting in an intense
“paradoxical” reaction [108]. The role of the kidney biopsy is particularly important in
this cohort due to the multiple pathologies that often coexist providing a role in assisting
management decisions.

TAF is the next generation tenofovir (TDF) prodrug whose composition has improved
stability and allows superior penetrance into cells. Tenofovir diphosphate (TFV-DP) is
the active intracellular metabolite for TDF and TAF [109]. Compared with 300 mg TDF,
TAF 25 mg showed more potent antiviral activity, higher peripheral blood mononuclear
cell (PBMC) intracellular TFV-DP concentrations, and lower plasma tenofovir exposures.
This study also demonstrated less proximal tubular injury and a smaller decrease in eGFR
compared with TDF [110].

Dolutegravir (DTG) is a pivotal ART that has become the backbone of several HIV
programmes, especially in SSA. It inhibits the organic cation transporter 2, thereby inducing
an increase in serum creatinine of up to 0.4 mg/dL (44 mmol/L) and a drop in eGFR of
10–15 mL/min per 1.73 m2 without altering the actual GFR [111,112].

Most regions in SSA have no formal transplantation programs or, if available, are
focused on living-related donation, with the operation occurring outside of their own
country. PWH were initially not enrolled into transplantation programmes due to the
perceived poor outcomes [113]. There is now robust evidence supporting positive outcomes
in both HIV-negative donors to HIV-positive recipients and positive donors to positive
recipients. South Africa reported on 15 years of experience of HIV-positive donors to
HIV-positive recipients. The 5-year overall survival and graft survival of 83.3% and 78.7%,
respectively, are similar to the 3-year overall survival [114] and graft survival observed
among HIV-positive patients who received an organ from an HIV-negative donor in the
United States (88.2% and 73.7%, respectively) [115]. However, there is the additional
complexity of drug interactions. Managing ART and immunosuppression can make drug
level monitoring challenging. There is also increased risk of rejection, similar to that
described in the HIV-negative to HIV positive cohort. The South African cohort recently
described a concerning signal for increased rejection rates in those on a protease-inhibitor-
based regimen [116].

A heterogeneous spectrum of immune complex-mediated glomerular diseases has
been reported in PWH [117–119]. These include mesangiocapillary GN (MCGN), membra-
nous GN, post-infectious GN, “lupus-like GN”, and IgA nephropathy. The pathogenesis
and natural history of these GNs is not currently clarified. Key questions remain including
the role of HIV infection in the pathogenesis, the efficacy of ART in the prevention and
treatment, and the difference in the outcomes between those without HIV. A study from
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Cape Town aimed to determine the kidney outcomes of MCGN in PWH, and, without HIV,
there was no difference in the composite outcome of either doubling of the serum creati-
nine or ESKD between PWH and HIV negative patients 45.0% versus 25.4%, respectively;
p = 0.10 [120]. There was also no difference in mortality between the groups. Due to late
presentation, kidney outcomes remained poor, regardless of the HIV status.

Due to the increased genetic, infection, and drug risks for kidney disease in PWH, the
monitoring of kidney function is essential. This is recommended at the ART initiation and
when modifying ART, as well as yearly after that. However, those high-risk groups, includ-
ing those of the Black ethnicity, CD4 cell counts < 200 cells/L, viral loads > 4000 copies/mL,
or those with additional comorbid conditions such as diabetes mellitus, hypertension,
or hepatitis C virus coinfection, require more frequent monitoring. Due to the changing
spectrum of kidney disease since the ART rollout, additional attention needs to be given
to traditional risk factors of CKD, ART, and opportunistic infections, particularly TB in
high-risk regions. The overall positive outcomes of PWH with ESKD should not influence
candidacy for KRT.

10. CKD Unknown (CKDu) in Africa

While hypertension, diabetes, GN, and HIV are considered the major contributors to
CKD globally and in Africa, there is a large proportion of people with CKD who do not have
a clear cause for their kidney dysfunction, now termed CKD unknown (CKDu). In a South
African rural population, CKDu was found in 32% of those surveyed [121]. A scoping
review reports CKDu in Cameroon was detected in 13.5–17% of cases [122]. However, 3.4%
of sugarcane plantation workers had CKD, and CKD was detected in 15.9% of first-degree
relatives of people with CKD. Herbal medication and self-medication increased the odds of
having CKD.

A common theme for those detected with CKDu is employment in the agricultural
sector, such as sugarcane plantations. This raises the hypothesis that heat stress, dehydra-
tion, strenuous labour, and the exposure to agricultural chemicals could be contributing
to CKD in these people. Other theories include exposure to heavy metals, excess trace
elements and pollutants in water or agricultural products [123]. In support of some of
these theories, data from Africa have demonstrated that heat may contribute to CKD in
sugarcane plantation workers [124], crop farming with hexachlorocyclohexane [125], and
chemical exposure in cassava farmers where the use of unsafe farming practices increased
the risk [126]. Contrary to the findings from other African countries, a study in Malawi
reported a very low prevalence of CKDu (5%), with no added risk in those from a rural
setting or from agricultural work [127].

In Africa, it is essential to consider infectious diseases as potential contributing factors
to the development of CKD. HIV is well described, but other infectious diseases need to be
considered. A study from Tanzania demonstrated that a history of TB or schistosomiasis
was associated with albuminuria, and prior TB was associated with impaired kidney
function, aside from the usual causes [128]. In Uganda, a study in children with complicated
malaria (cerebral malaria or with severe anaemia) found that AKI was a risk factor for CKD
at 1 year. Severe AKI was associated with a four-fold increased risk of CKD [129]. AKI may
be underestimated as a contributing factor to CKDu if recurrent episodes are undetected,
particularly in non-hospitalised infectious diseases and agricultural workers [129].

Genetics may also contribute to CKDu in Africa [130]. APOL1 is well described, but
other genetic variants may be implicated, such as polymorphisms of the ectonucleotide py-
rophosphatase/phosphodiesterase 1 [131], transforming growth factor beta 1 (particularly
in HIV) [132], heme oxygenase, glycine amidinotransferase, and haemoglobin beta [133].

11. Conclusions

Africa, particularly SSA, faces a major challenge in respect to CKD. There is a rising
prevalence due to the combined effects of hypertension, diabetes, HIV (and interaction
between them), and the effect of APOL1 variants on the susceptibility to CKD. Epidemi-
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ological data on the prevalence of CKD is of low-to-medium quality, and reliable data
are urgently needed. Furthermore, there are important deficiencies in creatinine-based
equations in estimating the prevalence of CKD. The review highlights several important
advances and understanding of CKD in Africa in terms of hypertension, diabetes, HIV,
CKDu, and the long-term effects of hypertension in pregnancy and PRAKI.
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