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INTRODUCTION

CKD is a progressive condition characterized by a loss
of kidney function. It is defined as abnormalities of
kidney structure and/or function, present for >3
months, with implications for health, and the presence
of either estimated glomerular filtration rate (eGFR)
of <60 ml/min per 1.73 m2 or markers of kidney
damage, including albuminuria.1 CKD is associated
with high healthcare costs, poor quality of life, and
serious adverse health outcomes (including cardiovas-
cular disease [CVD], kidney failure [KF], infection, and
death). As a major contributor to morbidity and mor-
tality due to noncommunicable diseases, CKD is ranked
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as the 10th leading cause of death worldwide, with an
estimated worldwide prevalence ranging from 10% to
16%.2,3 Currently, more than 850 million people have
kidney disease, the vast majority of whom are living in
low- and middle-income countries with limited access
to healthcare resources.4

Africa is witnessing a high and rapidly increasing
incidence of cardio-metabolic diseases, which are lead-
ing contributors to deaths due to noncommunicable
diseases in this region. The significant increase in the
prevalence of hypertension; type 2 diabetes mellitus
(T2DM); endemic infections such as HIV, hepatitis B
and C, tuberculosis, and malaria; as well as the use of
herbal medications and other nephrotoxins are pro-
jected to drive the burden of CKD in Africa.5

CKD is also a significant risk factor for CVD. Patients
with CKD have a higher propensity to develop coro-
nary artery disease, heart failure (HF), arrhythmias, and
sudden cardiac death.6 CVD associated with CKD is
more likely to cause higher mortality rates than KF
alone.7,8 Cardiovascular (CV) events contribute to a
Kidney International Reports (2024) 9, 526–548
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large proportion of unfavorable outcomes in patients
with CKD.9 Conventional CV risk factors such as hy-
pertension, T2DM, and dyslipidemia are highly prev-
alent in patients with CKD and contribute to
atherosclerotic CVD, particularly in earlier CKD stages.
Reducing CV risk in patients with CKD is imperative
for any CKD management strategy.

Currently, CKD accounts for 4 million disability-
adjusted life years lost annually across the African
continent, marginally lower than T2DM (6.4 million
disability-adjusted life years).10 It is estimated that by
2030, more than 70% of patients with KF would be
living in low-income countries, such as those in Sub-
Saharan Africa (SSA).11,12

The true prevalence and disease burden of CKD in
Africa remains unknown due to multiple factors
ranging from a paucity of epidemiological data to a lack
of standardization of diagnostic and staging tests for
kidney damage assessment. Accurate estimation of the
prevalence and disease burden of CKD is a cost-
effective approach to draw government and policy-
makers’ attention to the exponential rise of CKD in this
region, and encourage efforts toward prevention,
detection, and treatment of CKD at earlier stages.

Several practical challenges are unique to Africa,
which undermine optimal kidney care for patients with
CKD. Financial feasibility, clinical and ethical optimi-
zation of dialysis services, and lack of uniform and
consistent distribution are other significant challenges
to KF care.13 Owing to financial constraints, currently
existing CKD management strategies include lifestyle
modifications (weight control, dietary restrictions, ex-
ercise, and smoking cessation), maintaining target
levels of blood pressure and blood glucose, avoiding
exposure to nephrotoxins, and pharmacological inter-
vention with angiotensin-converting enzyme in-
hibitors/angiotensin receptor blockers. Although
newer therapeutic agents such as SGLT2is have
demonstrated kidney protective benefits and in asso-
ciated conditions of T2DM and CVD, their use remains
limited due to high cost and accessibility issues in this
region.14 Preventing progression to KF is thus of
paramount importance. Preventive strategies to reduce
the overall risk of CKD development in healthy in-
dividuals (primary prevention), early identification of
CKD and its risk factors and prompt treatment initia-
tion (secondary prevention), and prevention of
precipitating factors in advanced stages of CKD (ter-
tiary prevention) can considerably delay the progres-
sion to KF and requirement of kidney replacement
therapy.15

This position paper intends to provide an overview
of the available region and country-specific prevalence
and disease burden of CKD, and the barriers in the
Kidney International Reports (2024) 9, 526–548
management strategies of CKD in the African region.
The paper also summarizes the current evidence on the
role of SGLT2is and its applicability in different pop-
ulations with CKD to support their safe implementation
in CKD management.

Methods

A steering committee meeting was convened in
November 2022 to discuss the current unmet needs and
challenges in nephrology practice for CKD management
in the region. A panel comprising 13 key external ex-
perts in the field of nephrology from 5 African regions:
center African region (Cameroon and the Democratic
Republic of Congo), west African region (Senegal,
Ghana, Cote d’Ivoire, and Nigeria), east African region
(Ethiopia and Kenya), Austral African region
(Mauritius and South Africa), and north African region
(Egypt and Tunisia) congregated to discuss the preva-
lence and regional burden of CKD, evaluate risk factors
on incidence and progression of CKD, and identify gaps
in effective screening, diagnosis, and management of
CKD in this region. Based on emerging clinical evidence
about the effectiveness of SGLT2is in slowing the risk
of progression of CKD to KF, the panel also reviewed
the current clinical trial evidence of SGLT2is and its
implications in the African region. The panel proposed
recommendations for their implementation as first-line
nephroprotective agents in an effort to reduce the
high burden of kidney disease in the region.

The panel is a representation of the key experts and
members of the African Association of Nephrology
society. The experts were from the 12 countries as
mentioned in the methodology; however, the evidence
presented on the CKD prevalence, burden, epidemi-
ology, current practices, and challenges can be gener-
alized to the entire African region and the
recommendations provided can be adapted across the
continent.

The recommendations presented in this position
paper are an outcome of open discussion among the
experts based on their clinical experience in CKD pa-
tient care, supported by published evidence on car-
diorenal outcomes of SGLT2is.

PREVELANCE AND DISEASE BURDEN OF CKD

IN AFRICA

Epidemiological studies on the incidence, prevalence,
and disease burden of CKD are sparse across Africa and
it is probably underestimated and largely unknown. A
systematic review and meta-analysis of 21 medium-
quality and high-quality studies in 2014 found the
overall prevalence of CKD to be 13.9% (95% confi-
dence interval [CI], 12.2–15.7).16 The International So-
ciety of Nephrology Global Kidney Health Atlas -
527



Figure 1. Overall prevalence of CKD in Africa. Adapted from Stanifer JW, Jing B, Tolan S, et al. The epidemiology of chronic kidney disease in
sub-Saharan Africa: a systematic review and meta-analysis. Lancet Glob Health. 2014;2(3):e174-181. doi:10.1016/S2214-109X(14)70002-616; Kaze
AD, Ilori T, Jaar BG, Echouffo-Tcheugui JB. Burden of chronic kidney disease on the African continent: a systematic review and meta-analysis.
BMC Nephrol. 2018;19(1):125. doi:10.1186/s12882-018-0930-5.18 CKD, chronic kidney disease; SSA, sub-Saharan Africa.
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Africa initiative reported the overall prevalence of CKD
in Africa to be 6.28%, with wide variability within
countries such as Mauritius, an upper-middle income
country, reporting the highest prevalence as 17.63%,
and Uganda, a low-income country, reporting the
lowest prevalence (4.87%).17 A systematic review and
meta-analysis published in 2018 reported the preva-
lence of CKD stages 1 to 5 in the general population of
Africa as 15.8% (95% CI, 12.1–19.9), and 4.6% (95%
CI, 3.3–6.1) for CKD stages 3 to 5.18 The prevalence was
significantly higher in SSA compared to North Africa
for both CKD stages 1 to 5 (17.7%; 95% CI, 13.7–22.1
vs. 6.1%; 95% CI, 3.6–9.3) and CKD stages 3 to 5
(4.8%; 95% CI, 3.2–6.6 vs. 2.6%; 95% CI, 2.3–2.9).18

The highest prevalence of CKD (19.8%) was seen in
West African countries (Figure 1).19 The overall prev-
alence of all stages of CKD in the high-risk populations
was 32.3%—the highest with hypertension (35.6%),
followed by diabetes (32.6%) and HIV (27.3%).18 The
mortality rate attributable to CKD ranged from 0.57%
in Zambia to 10.36% in Mauritius, and the percentage
of disability-adjusted life years ranged from 0.58% in
Nigeria to 6.85% in Mauritius.17 Another systematic
review assessing CKD burden among the African
528
general population and high-risk groups reported a
prevalence that ranged from 2% to 41% (pooled
prevalence: 10.1%; 95% CI, 9.8%–10.5%) with higher
prevalence in high-risk groups such as HIV, T2DM,
and hypertension.20 A systematic review and meta-
analysis of 12 African studies that included 5297 par-
ticipants from 6 countries (Ghana, Nigeria, Uganda,
Tanzania, Democratic Republic of Congo, and South
Africa) found the pooled prevalence of CKD in hyper-
tensive patients to be approximately 17.8% (95% CI,
13.0–23.3) with the highest prevalence seen in West
Africa (21.3%; 95% CI, 16.1–27.0); resulting in almost
4 times higher incidence of KF than in Caucasians.21,22

A recent study in Senegal showed a CKD prevalence
of 5.2% with almost 92% of the patients being diag-
nosed with advanced stages of CKD, and 34.9% with
KF.23 Similarly, in another study conducted at a
teaching hospital in the southeast of Nigeria, KF cases
accounted for 7.96% of all medical admissions and
41.69% of renal admissions.24 The Maremar (Maladies
rénales chroniques au Maroc) study conducted in
Morocco estimating the prevalence of CKD, hyperten-
sion, diabetes, and obesity in a randomized, represen-
tative, high response rate (85%) sample found a low
Kidney International Reports (2024) 9, 526–548
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prevalence of CKD (2.9% adjusted to the actual adult
population of Morocco).25 Another concerning finding
of a large community-based study on CKD prevalence
in SSA was a CKD prevalence of 6.8% in a community
where the mean age of the adult population was 38
years, with a wide variation between regions. The CKD
prevalence was primarily estimated by high prevalence
of proteinuria with largely preserved kidney
function.26

Fabian et al.27 through their population cohort
studies from Malawi, Uganda, and South Africa
demonstrated that estimating glomerular filtration rate
using serum creatinine substantially underestimated
the individual and population-level burden of impaired
kidney function in Africa, thereby highlighting the
need for scalable and affordable ways to accurately
identify impaired kidney function in Africa.

Across all 3 countries, creatinine-based GFR-esti-
mating equations were inadequate, and that worsened
with declining kidney function. eGFR equations
overestimated the proportion of grade 1 CKD
compared with measured GFR and underestimated the
proportion with grade 2 to 5 stages of kidney func-
tion. Creatinine-based equations underestimated
stages 2 to 5 by at least 50%. Overestimation of in-
dividual GFR and misclassification by GFR stage was
exacerbated when using ethnicity coefficients for the
Modification of Diet in Renal Disease and CKD-
Epidemiology Collaboration equations. GFR estima-
tion using cystatin C alone or in combination with
creatinine led to a reduction in the overestimation of
measured glomerular filtration rate when compared
with creatinine-based estimates; that implies that the
estimates of prevalence of impaired kidney function
using cystatin C were more than 2 times higher than
creatinine-based estimates.27

The cost of nondialysis management and kidney
replacement therapies are substantially higher in SSA
than in North Africa and is mainly privately funded or
out-of-pocket.17 A majority of African countries do not
have the provision of kidney transplants and thus rely
heavily on dialysis. Although both hemodialysis and
peritoneal dialysis are available, hemodialysis is more
commonly used and only 41% of countries have peri-
toneal dialysis facilities.17 The annual costs of hemo-
dialysis and peritoneal dialysis were generally more
than US$10,000 higher in SSA than in North Africa.
The availability of healthcare resources and workforce
in the Africa region are also considerably limited as
compared to global estimates with an average of 0.62
nephrologists per million population, compared with
9.95 per million population globally.17 Most patients
with KF initiate dialysis in Africa but discontinue soon
after due to unsustainable treatment costs and
Kidney International Reports (2024) 9, 526–548
insufficient infrastructure, thus further increasing the
disease burden and complications associated with KF.28
CKD ETIOLOGY AND RISK FACTORS

The recent epidemiological transition resulting in a
surge of noncommunicable diseases such as T2DM,
hypertension, and obesity is adding to the growing
prevalence rate of CKD in the African region.16,29 CKD
progression is also known to be accelerated in patients
of African origin due to nonmodifiable risk factors such
as age, sex, and genetic susceptibility to hypertension,
and higher frequencies of Apolipoprotein L1 (APOL1)
G1 and G2 high-risk alleles.30–32 The prevalence of
hypertension in Africa is estimated to be approxi-
mately 36% and continues to grow rapidly.33 The
pathogenesis of hypertension varies significantly in the
African population with a propensity for a more
aggressive course of hypertension resulting in early
target organ damage. Several factors contribute to this
phenomenon, including genetic polymorphisms, low
birthweight, aberrant salt sensitivity, and poor socio-
economic conditions.34–36 Another significant risk fac-
tor associated with CKD highly prevalent in the African
region is hypertensive disorders of pregnancy, pre-
dominantly preeclampsia and eclampsia.37 Coupled
with inadequate access and low quality of antenatal
care, preeclampsia is one of the leading causes of
maternal and perinatal morbidity and mortality in the
African region. Early preclinical studies have demon-
strated decrease in blood pressure and natriuresis due
to SGLT2is thus ameliorating the long term CV risk
associated with preeclampsia.38

Autosomal dominant polycystic kidney disease, the
most common form of hereditary kidney disease, is
noted as another significant cause of CKD in Africa.20 In
a 13-year retrospective hospital-based study (2005–
2017), autosomal dominant polycystic kidney disease
was identified as the fourth leading cause of CKD
among Ghanaian adults.39

Approximately 24 million adults were reported to
have diabetes in Africa in 2021. This figure is estimated
to increase to 33 million by 2030 and 55 million by
2045.40 Uncontrolled T2DM is an established modifi-
able risk factor for CKD, and also accelerates disease
progression. Obesity is not just an initiating risk factor
for the development of CKD, but it also leads to CKD
progression.19 In a study evaluating the prevalence of
undiagnosed CKD in SSA, the prevalence of CKD was
found to be 36%, with 16% of them being obese in-
dividuals. Obesity ranked as a top risk factor after
hypertension (44%) and diabetes (39%).41

Glomerular diseases are one of the most common
causes of the progression of CKD. Studies from Africa
529
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have shown that glomerular diseases (primary and
secondary) account for 10.2% to 52% of patients with
KF.42 Chronic glomerulonephritis related to endemic or
neglected infectious diseases remains the major cause of
CKD in Africa.43 Consequently, the only sign of CKD
for those patients at an early stage is urinary abnor-
malities such as hematuria and proteinuria.

Communicable diseases such as HIV and hepatitis B
and C contribute significantly to the large burden of
CKD in SSA. The prevalence of CKD in HIV-positive
individuals ranges from 22.9% to 51.8% as per some
studies conducted in Nigeria with one of the highest
prevalences of HIV in Africa.44–46 The prevalence of
CKD in HIV-positive patients, naïve to antiretroviral
therapy, was reported to be 13.4% in another Nigerian
study.47 A systematic review of published literature
from 60 countries reported a prevalence of 7.9% (95%
CI, 5.2%–11.1%) in the African region.48 HIV-
associated nephropathy is known to be the most se-
vere form of HIV and kidney disease and a leading
cause of KF characterized by the presence of focal
glomerulosclerosis.49–51

Hepatitis B prevalence in SSA is also amongst the
highest in the world, varying between 5% and
20%.52,53 In a retrospective study of patients with CKD
screened for hepatitis B surface antigens and hepatitis C
antibodies, the seroprevalence of hepatitis B and hep-
atitis C, and coinfection was seen in 15.6%, 4.8%, and
0.9% of the patients, respectively.54 Parasitic and
protozoal infections such as schistosomiasis, filariasis,
leishmaniasis, and malaria are endemic to SSA. Expo-
sure to nephrotoxins also adds to the burden of CKD.
The spectrum of kidney disease caused by infectious
etiologies varies widely from acute kidney injury,
acute and chronic glomerulonephritis, and interstitial
nephritis to pyelonephritis. Infections have been
implicated in many adverse kidney syndromes,
including CKD of unknown etiology.55
CURRENT MANAGEMENT OF CKD

Patients with advanced CKD are more susceptible to
developing adverse outcomes, including CKD progres-
sion, CV complications, and KF. Early identification of
CKD and its accurate staging would enable the imple-
mentation of appropriate interventions to delay its
progression and reduce the risk of CV complications.
For effective CKD management, a comprehensive
multidisciplinary approach is recommended to target
risk factors for CKD with lifestyle changes (dietary
management, physical activity, weight control, and
abstinence from smoking) along with optimal manage-
ment of comorbid T2DM, hypertension, and associated
CV risk factors. In addition, patients require regular
530
monitoring for complications of CKD, such as anemia,
acid-base and electrolyte imbalances, and mineral bone
diseases (Figure 2).1,56,57 Persistently elevated serum
creatinine and albuminuria are important diagnostic
and prognostic biomarkers of CKD. For initial assess-
ment, measurement of eGFR using serum creatinine is
considered the gold standard because of its afford-
ability, easy accessibility, and long history of clinical
use. Measurement of albuminuria by a spot urine
sample using either albumin-specific dipsticks or urine
albumin-to-creatinine ratio (UACR) are most accepted
by physicians and nephrologists. The Kidney Disease
Improving Global Outcomes (KDIGO) preferentially
recommends using UACR, followed by urine protein-
to-creatinine ratio over total protein urinalysis strips
(either automated or manual) in assessing albuminuria
in CKD diagnosis and follow-up. Although quantitative
assessment of albuminuria using UACR is favored and
recommended by the guidelines, it is unaffordable in
African countries and use of urine test strips such as
Albustix and dipstick screening is considered accept-
able in the absence of more reliable methods and be
followed by appropriate confirmatory testing.

In the current clinical practice, the use of renin-
angiotensin-aldosterone system (RAAS) blockers
(including angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers) are the mainstay for
delaying CKD progression and managing complica-
tions. In view of their proven efficacy in terms of
improvement in albuminuria and hypertension, the
KDIGO 2021 guideline for the management of blood
pressure in patients with CKD recommends using
angiotensin-converting enzyme inhibitors or angio-
tensin receptor blockers as first-line therapeutic agents
for patients with hypertension, CKD, and moderate to
severe albuminuria (G1 [$90 ml/min per 1.73 m2] to G4
[15–29 ml/min per 1.73 m2], A2 [30–300 mg/g], and A3
[>300 mg/g]), with or without T2DM.57

Despite their established renoprotective efficacy for
significant risk reduction (in terms of doubling of
serum creatinine, KF, and death) by 16% and 20%, as
reported by RENAAL58 and IDNT59 studies, respec-
tively, there is a continued residual risk of progression
of CKD to KF or premature death from CV events. These
findings highlight the need for novel medications to
address this continuing risk.
EMERGING ROLE OF SGLT2is IN CKD

SGLT2is are a novel group of glucose-lowering agents
with the mechanism of action based on the inhibition of
sodium-glucose cotransporter-2 in the proximal con-
voluted tubule preventing reabsorption of glucose,
thereby causing increased urinary excretion of glucose
Kidney International Reports (2024) 9, 526–548



Figure 2. Identification and referral pathway for the management of CKD. ACEi, angiotensin-converting enzyme inhibitors; AKI, acute kidney
injury; ARB, angiotensin receptor blockers; CKD, chronic kidney disease; CV, cardiovascular; eGFR, estimated glomerular filtration rate; GLP-1
RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycosylated hemoglobin; MBD, mineral bone diseases; RAASi, renin-angiotensin aldo-
sterone system inhibitors; SBP, systolic blood pressure; SGLT2i, sodium-glucose cotransporter-2 inhibitors; UACR, urine albumin-to-creatinine
ratio.
aeGFR categories in CKD classification G1: $90 ml/min per 1.73 m2, G2: 60–89 ml/min per 1.73 m2, G3a: 45–59 ml/min per 1.73 m2, G3b: 30–44 ml/
min per 1.73 m2, G4: 15–29 ml/min per 1.73 m2 and G5: <15 ml/min per 1.73 m2 (kidney failure)
bUACR categories in CKD classification A1: <30 mg/g, A2: 30–300 mg/g, A3: >300 mg/g. Recreated with permission from Shlipak MG, Tum-
malapalli SL, Boulware LE, et al. The case for early identification and intervention of chronic kidney disease: conclusions from a Kidney Disease:
Improving Global Outcomes (KDIGO) Controversies Conference. Kidney Int. 2021;99(1):34-47. doi:10.1016/j.kint.2020.10.01256; permission conveyed
through Copyright Clearance Center, Inc.
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and sodium.60 This results in a multitude of metabolic
benefits and positive clinical outcomes, such as a
reduction in glycosylated hemoglobin (i.e., HbA1c),
albuminuria, body weight, and blood pressure
(Figure 3).

With emerging evidence, SGLT2is have transformed
the management of CKD in patients with and without
T2DM. The primary mechanism by which SGLT2is are
thought to be nephroprotective is through increasing
distal sodium delivery and inhibiting tubuloglomerular
feedback resulting in afferent arteriole vasoconstriction
and reduction in intraglomerular pressure. Current
indications for SGLT2is include T2DM, HF, and CKD
(Table 1).61,62

Summary of Efficacy of SGLT2is

Most CV outcome trials on SGLT2is were not specif-
ically intended to evaluate kidney outcomes. However,
they analyzed them as secondary end points; and
therefore, were underpowered to validate
Kidney International Reports (2024) 9, 526–548
renoprotective benefits of SGLT2is. Despite insufficient
power and a relatively low percentage of patients with
advanced-stage CKD in these trials,63 most CV outcome
trials demonstrated the renoprotective efficacy of
SGLT2is in patients with T2DM. Favorable kidney
outcomes from the CV outcome trials paved the way for
subsequent clinical studies evaluating the effect of
SGLT2is on primary kidney-specific end points in pa-
tients with CKD, including the recent landmark EMPA-
KIDNEY trial that included a heterogeneous patient
cohort with substantial representation of patients with
nondiabetic kidney diseases (UACR <30 mg/g;
eGFR #20 ml/min per 1.73 m2) (Table 264–75).

Real-World Kidney Outcomes With SGLT2is

Consistent with the results from major clinical trials
and CV outcome trials, several real-world effectiveness
studies have generated evidence in favor of cardiorenal
protective benefits of SGLT2is in patients with T2DM
followed-up with under routine clinical care.76,77 In a
531



Figure 3. Mode of action of SGLT2is and beneficial effects. eGFR, estimated glomerular filtration rate.
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real-world multinational CVD-REAL 3 observational
cohort study involving 65,231 patients with T2DM
who received propensity-matched treatment with
SGLT2is and other glucose-lowering agents, SGLT2i
treatment reduced the annual rate of eGFR decline by
1.53 ml/min per 1.73 m2 (95% CI, 1.34–1.72; P <
0.0001). During the mean follow-up duration of 14.9
months, patients treated with SGLT2is had a lower risk
of composite kidney events, compared to other anti-
diabetic medicines (hazard ratio [HR], 0.49; 95% CI,
0.35–0.67; P < 0.0001).78 Similar findings emerged
from another observational study based on the Japa-
nese CKD registry with lower risk of occurrence of
composite kidney outcome (50% eGFR decline and KF),
regardless of the rate of eGFR decline or presence of
proteinuria at baseline.76 Further, the antiproteinuric
effect of SGLT2is was first confirmed by the DARWIN-
T2D study, which reported a noticeable decline in
median urine albumin excretion rate following 6
months of treatment with dapagliflozin, compared to no
change in urine albumin excretion rate with the
comparator drugs.79

SGLT2is have been shown to prevent decline in
kidney function through reduction in glomerular
hypertension independent of their effect on glycemic
control.61,80 A real-world study analyzed kidney
532
outcomes in 4446 patients with diabetic kidney dis-
ease treated with SGLT2is compared to standard anti-
diabetic and renoprotective medications. In this
study, patients prescribed SGLT2is showed a signifi-
cant reduction in CKD progression (HR, 0.60; 95% CI,
0.49–0.74) and risk of developing KF (HR, 0.33; 95%
CI, 0.17–0.65), with more pronounced beneficial ef-
fects seen in moderate to advanced CKD stages.81 A
theoretical extrapolation based on CREDENCE trial
data is that a hypothetical trial participant aged 63
years with a baseline eGFR of 56 ml/min per 1.73 m2 is
likely to develop KF in the next 10 years, with an
annual rate of eGFR decline of 4.6 ml/min/year with
only RAAS blockade. However, adding SGLT2is to the
ongoing RAAS blockers would reduce the rate of eGFR
decline to only 1.85 ml/min/year, thus further delay-
ing the risk of developing KF by 15 years, even after
adjusting for the initial dipping of eGFR (Figure 4).80

Long-term results from the DAPA-CKD trial extrapo-
lated over a 10-year period found that patients
receiving dapagliflozin spent a longer duration in CKD
stages 1 to 3 (0.65 [95% CI, 0.41–0.90] years per pa-
tient) and shorter period in stages 4 to 5 (�0.23 [95%
CI, 0.45–0.00] years per patient) compared with those
on placebo. In addition, dapagliflozin treatment pre-
vented 83 deaths and initiation of kidney replacement
Kidney International Reports (2024) 9, 526–548



Table 1. Recommendations for prescribing SGLT2i therapy in CKD

Indications

� Congestive heart failure (eGFR >20 ml/min per 1.73 m2)
� Established ASCVD or high risk for ASCVD in patients with T2DM (eGFR $30 ml/min per 1.73 m2)
� CKD with or without T2DMa, with eGFR $20 ml/min per 1.73 m2 and UACR $200 mg/g
� As an additional therapy with ACEi/ARBs at maximum tolerated dose of SGLT2i
� To be prescribed in the earlier CKD stages to improve clinical outcomes.

Uncertain indications

� T1DM
� eGFR <20 ml/min per 1.73 m2 (maybe continued till patient requires dialysis)
� Insufficient evidence of use in polycystic kidney disease, lupus nephritis, vasculitides, and type 1 DKD
� No clear evidence for discontinuation during AKI unless contraindicated based on concerns about efficacy or the pill count. In that case, treatment should be resumed at the earliest.b

Key practice points:

� Because there is no evidence of a graded dose response, titrating to a higher dose is not necessary for maximizing the cardiorenal benefits. Notably, though a higher dose of SGLT2i may
improve glycemic control, the glucose-lowering effect of SGLT2i decreases at lower eGFR levels.

� SGLT2i should be initiated at the lowest recommended daily dose: canagliflozin 100 mg, dapagliflozin 10 mg, empagliflozin 10 mg, or ertugliflozin 5 mg.
� SGLT2is can be safely used in patients with CKD stages 1 to 4.
� Initiation of SGLT2i therapy may lead to reversible decline in the eGFR and is generally not an indication to discontinue treatment.
� No need for monitoring of renal function parameters and electrolytes at 1 month after initiating SGLT2i beyond what is performed in general clinical practice for patients with eGFR $20

to <45 ml/min per 1.73 m2, UACR <200 mg/g, heart failure, and risk of volume depletion with concomitant use of RAAS blockers and loop diuretics.
� Consult diabetologist if there is confusion on the etiology of diabetes (T1DM, LADA, secondary diabetes due to pancreatitis) or if patient is taking multiple insulin injections or presenting

significant glycemic imbalance (HbA1c >9%)
� No consultation needed if the patient is only treated with drugs that do not induce hypoglycemia (metformin, DPP-4i, GLP-1 RA) or no significant alteration of glycemic control is required.
� If the patient is already being treated with drugs inducing hypoglycemia (SU, glinides, insulin), it is necessary to consult diabetologist for adjustment of doses of these drugs.
� SGLT2i reduce HbA1c levels by a mean of 0.7% in patients with eGFR >60 ml/min per 1.73 m2.
� Physicians must check HbA1c levels before prescribing SGLT2i:

B If HbA1c >8%, dose reduction of hypoglycemic drugs usually not necessary
B If HbA1c is 7% to 8%, reduce the dose of SU or glinide by 50% and insulin dose by 10%; self-monitoring of blood glucose.

� If HbA1c <7%, SU or glinide can be discontinued and insulin dose reduction by 20%, self-monitoring of blood glucose. Initiation of SGLT2is is associated with a reduced risk of AKI in
comparison to initiation of other anti-glycemic agents.c

� In case of nondiabetic patients detecting glucosuria is a simple parameter to assess therapy adherence when urine dipstick is available, due to resource constraints in many African
countries, this may not be sustainable in the long term. Furthermore, a reduced renal threshold for glycosuria in some patients may negate this.

ACEi, angiotensin-converting enzyme inhibitors; ASCVD, atherosclerotic cardiovascular disease; ARB, angiotensin receptor blockers; CKD, chronic kidney disease; DKD, diabetic kidney
disease; DPP-4i, dipeptidyl peptidase-4 inhibitors; eGFR, estimated glomerular filtration rate; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycosylated hemoglobin; LADA,
late onset diabetes of adulthood; RAAS, renin-angiotensin aldosterone system; SGLT2i, sodium-glucose cotransporter-2 inhibitor; SU, sulfonylureas; T1DM, type 1 diabetes mellitus;
T2DM, type 2 diabetes mellitus; UACR, urine albumin-to-creatinine ratio.
aNondiabetic kidney disease includes ischemic nephropathy, IgA nephropathy, FSGS, chronic pyelonephritis, chronic interstitial nephritis.
bCarriazo S, Ortiz A. Stopping kidney protection in the elderly following acute kidney injury: think mortality. Clinical Kidney Journal. 2022 Jun;15(6):1037; Meraz-Muñoz AY, Weinstein J,
Wald R. eGFR Decline after SGLT2 Inhibitor Initiation: The Tortoise and the Hare Reimagined. Kidney360. 2021 Jun 24;2(6):1042–7.
cZhuo M, Paik JM, Wexler DJ, Bonventre JV, Kim SC, Patorno E. SGLT2 Inhibitors and the Risk of Acute Kidney Injury in Older Adults with Type 2 Diabetes. Am J Kidney Dis. 2022
Jun;79(6):858-867.e1. doi:10.1053/j.ajkd.2021.09.015.
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therapy in 51 cases per 1000 patients over 10 years
with a reduction in predicted rates of hospitalizations
due to HF and instances of sudden decline in kidney
function by 19 and 39 estimated events per 1000 pa-
tients, respectively.82 The EMPA-KIDNEY trial
included adults with or without T2DM with eGFR of
20 to 45 ml/min per 1.73 m2, regardless of albuminuria
or eGFR of 45 to 90 ml/min per 1.73 m2 with
UACR $200 mg/g on maximally-tolerated RAAS
blockade.61,83,84 Unlike the DAPA-CKD trial, the
EMPA-KIDNEY encompassed a larger representation
of patients within the G2A2 CKD subgroup, thereby
extending the SGLT2i intervention to patients with
lower risk and higher eGFR.61,83,84 Notably, EMPA-
KIDNEY demonstrated lower utilization of RAAS
blockade and included a more substantial representa-
tion of nondiabetic kidney diseases, encompassing
over 1600 participants with glomerular disease, more
than 1400 with hypertensive kidney disease, over 450
with tubulointerstitial disease, and more than 600
with an unknown cause.83 The EMPA-KIDNEY trial
was stopped early in March 2022 for efficacy, sug-
gesting that patients with CKD without albuminuria
Kidney International Reports (2024) 9, 526–548
also benefitted from SGLT2i, thereby expanding the
population eligible for SGLT2i therapy.61,83,84

Using the data from CREDENCE and FIDELIO trials,
a recent study by Heerspink et al.85 revealed that
combined treatment with SGLT2is and
mineralocorticoid-receptor antagonists in patients
with T2DM and CKD could prolong the event-free
survival up to 16.7 years at the age of 50 years,
compared with 10 years using only RAAS blockers.
These trial data corroborated findings from the CRIC
trial that showed an incremental gain in event-free
survival of 6.3 years (95% CI, 5.2–7.3) on combined
treatment with SGLT2i and mineralocorticoid-receptor
antagonists.86

Cost-Effectiveness of SGLT2is

SGLT2is have recently been added to the World Health
Organization’s Model Essential Medicines List that
targets prices to achieve common thresholds for cost-
effectiveness or cost-savings achievable with nominal
price reductions. An extensive review conducted
recently that aimed to estimate price targets to guide
negotiations for inclusion in national formularies after
533



Table 2. Cardiovascular and kidney outcomes with SGLT2is in pivotal randomized clinical trials

Trial Name Key eligibility criteria Sample size (N)
African Race
N (%) Intervention

Median follow-up
period (Years) CV outcomes Kidney endpoints Outcomes

EMPA-REG OUTCOME
(2015, 2016)64,65

(NCT01131676)

HbA1c level:
7.0 to 9.0%
Established CV disease
eGFR: $30 ml/min per
1.73m2

7020 Small sample
size reported
as limitation of
the study

Empagliflozin (1:1:1)
(either 10 mg or 25 mg or
placebo once daily)

3.1 CV death, MI, stroke
HR, 0.86; 95.02% CI,
(0.74–0.99);

P ¼ 0.04 (for superiority)

Worsening of nephropathy Empagliflozin vs placebo
12.7% vs. 18.8%;
HR, 0.61; 95% CI,
(0.53–0.70);

P < 0.001
Hospitalization for HF
HR, 0.65; 95% CI,
(0.50–0.85);

P ¼ 0.002

Doubling of the serum
creatinine level
accompanied by eGFR
of #45 ml/min
per 1.73 m2

1.5% vs. 2.6%;
HR, 0.56; 95% CI,
(0.39–0.79);

P < 0.001

Initiation of KRT 0.3% vs. 0.6%;
HR, 0.45; 95% CI,
(0.21–0.97);

P ¼ 0.04
Progression to A3
albuminuria

11.2% vs. 16.2%;
HR, 0.62; 95% CI,
(0.54–0.72);

P < 0.001
Rate of incident albuminuria
(in patients with normal
albumin at baseline)

51.5% vs. 51.2%;
HR, 0.95; 95% CI,
(0.87–1.04);

P ¼ 0.25
Death from kidney cause Empagliflozin: 0.1%

CANVAS and CANVAS-R
(2017)66 (CANVAS:
NCT01032629;
CANVAS-R:
NCT01989754)

T2DM
30 years or older with a
prior history of
symptomatic ASCVD or
50 years or older with
at least 2 CV risk factors
eGFR $30 ml/min per
1.73 m2

10,142 (CANVAS:
4330, CANVAS-R:
5812)

176 (3) CANVAS (1:1:1) –
canagliflozin (300
mg), canagliflozin
(100 mg) or matching
placebo

CANVAS-R (1:1) –
canagliflozin: 100 mg
with an optional
increase to 300 mg or
matched placebo

2.4 CV death, MI, stroke
Canagliflozin vs. placebo
26.9 vs. 31.5 participants
per 1000 patient-years

HR, 0.86; 95% CI,
(0.75–0.97); P <

0.001 (for non-
inferiority);

P ¼ 0.02 (for superiority)

Progression of albuminuria
(participants per 1000
patient-years)

89.4 vs. 128.7
HR, 0.73; 95% CI,
(0.67–0.79)

Hospitalization for HF
5.5 vs. 8.7;
HR, 0.67; 95% CI,
(0.52–0.87)

Regression of albuminuria
(participants per 1000
patient-years)

293.4 vs. 187.5;
HR, 1.70; 95% CI,
(1.51–1.91)

Progression to A3
albuminuria (participants
per 1000 patient-years)

89.4 vs 128.7;
HR, 0.73; 95% CI
(0.67–0.79)

Composite outcome of
sustained 40% reduction
in eGFR, need for KRT, or
death from kidney causes
(participants per 1000
patient-years)

5.5 vs. 9.0;
HR, 0.60; 95% CI
(0.47–0.77)

(Continued on following page)
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Table 2. (Continued) Cardiovascular and kidney outcomes with SGLT2is in pivotal randomized clinical trials

Trial Name Key eligibility criteria Sample size (N)
African Race
N (%) Intervention

Median follow-up
period (Years) CV outcomes Kidney endpoints Outcomes

CREDENCE (2019)67

(NCT02065791)
T2DM patients with CKD
eGFR: 30 to <90 ml/min
per 1.73 m2

UACR >300 to 5000 mg/
g

HbA1c level:
6.5% to 12.0%

4401 112 (5.1) Canagliflozin 100 mg
once daily vs. placebo

2.62 CV death, MI, stroke
HR, 0.80; 95% CI,
(0.67–0.95);

P ¼ 0.01

Relative risk of composite of
KF, a doubling of the
serum creatinine, or death
from kidney or CV causes
(participants per 1000
patient-years)

43.2 vs. 61.2
HR, 0.70; 95% CI,
(0.59–0.82);

P ¼ 0.00001

Hospitalization for HF
HR, 0.61; 95% CI,
(0.47–0.80);

P < 0.001

Kidney-specific composite of
KF, a doubling of the
serum creatinine level, or
death from kidney causes

HR, 0.66; 95% CI,
(0.53–0.81);

P < 0.001

Relative risk of KF HR, 0.68; 95% CI,
(0.54–0.86);

P ¼ 0.002

EMPEROR-Reduced
(2020)68

(NCT03057977)

Chronic HFrEF 3730 123 (6.6) Empagliflozin 10 mg once
daily vs. placebo

1.3 CV death or
hospitalization for HF

19.4% vs. 24.7%
(empagliflozin vs.
placebo)

HR, 0.75; 95% CI,
(0.65–0.86);

P < 0.001

Annual rate of decline in
eGFR

Empagliflozin vs.
placebo

�0.55 vs. �2.28 ml/
min/1.73 m2;

P < 0.001

DAPA-CKD (2020)69

(NCT03036150)
Patients of CKD with or
without T2DM

eGFR: 25 to 75 ml/min
per 1.73 m2

UACR: 200 to 5000 mg/g

4304 104 (4.8) Dapagliflozin 10 mg vs.
placebo once daily

2.4 CV death or
hospitalization for HF

HR, 0.71; 95% CI,
(0.55–0.92);

P ¼ 0.009

Occurrence of the composite
of a sustained decline in
the eGFR of at least 50%,
KF, or death from kidney
or CV related causes

Dapagliflozin vs. placebo
9.2% vs. 14.5%;
HR, 0.61; 95% CI,
(0.51–0.72);

P < 0.001
Risk of composite of a
sustained decline in the
eGFR of at least 50%, KF,
or death from kidney-
related causes

HR, 0.56; 95% CI,
(0.45–0.68);

P < 0.001

DECLARE-TIMI 58 (2019,
2021)70,71

(NCT01730534)

Patients with T2DM
Established ASCVD or
multiple risk factors for
ASCVD

HbA1c level: (6.5% to
12.0%)

Creatinine clearance
of $60 ml/min

17,160 Not mentioned Dapagliflozin 10 mg once
daily vs. matched
placebo (1:1)

4.2 CV death or
hospitalization for HF
(among patients with
multiple risk factors)

HR, 0.84, 95% CI,
(0.67–1.04)

Cardiorenal composite
outcome

HR, 0.76: 95% CI,
(0.67 to 0.87);

P < 0.0001
Kidney-specific outcome HR, 0.53; 95% CI,

(0.43–0.66);
P < 0.0001

KF or death from kidney
causes

HR, 0.41; 95% CI,
(0.20–0.82);

P ¼ 0.012
Sustained decline in eGFR
by at least 40% to less
than 60 ml/min per 1.73
m2

HR, 0.54; 95% CI,
(0.43–0.67);

P < 0.0001

eGFR Dapagliflozin group had
higher eGFR compared
to placebo

P < 0.001
UACR Dapagliflozin group had

lower UACR compared
to placebo

P < 0.001

(Continued on following page)
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Table 2. (Continued) Cardiovascular and kidney outcomes with SGLT2is in pivotal randomized clinical trials

Trial Name Key eligibility criteria Sample size (N)
African Race
N (%) Intervention

Median follow-up
period (Years) CV outcomes Kidney endpoints Outcomes

VERTIS CV (2020,
2021)72,73

(NCT01986881)

T2DM
Established ASCVD
eGFR $30 ml/min per
1.73 m2

8246 166 (3) Ertugliflozin 5 mg vs.
ertugliflozin 15 mg vs.
matched placebo once
daily (1:1:1)

3 Composite of death from
CV causes, MI, or stroke

HR, 0.97; 95.6% CI,
(0.85–1.11);

P < 0.001 (for non-
inferiority)

Composite kidney outcome
event of death from kidney
causes, KRT, or doubling
of the serum creatinine
level from baseline

HR, 0.81; 95.8% CI,
(0.63–1.04)

Death from CV causes or
hospitalization for HF

8.1% vs. 9.1%
(ertugliflozin vs.
placebo)

HR, 0.88; 95.8% CI,
(0.75–1.03);

P ¼ 0.11 (for superiority)

Composite kidney outcome
of sustained 40%
reduction from baseline in
eGFR, chronic kidney
dialysis/transplant or
kidney death (events per
1000 person-years)

Ertugliflozin vs. placebo
6.0% vs. 9.0%;
HR, 0.66; 95% CI,
(0.50–0.88)

Death from CV causes
HR, 0.92; 95.8% CI,
(0.77–0.11)

Change in eGFR (relative to
baseline)

2.6 ml/min per 1.73 m2

change in UACR (relative to
baseline)

�16.2%

SCORED (2021)74

(NCT03315143)
Patients with T2DM and
CKD, with or without
albuminuria

HbA1c level: $7%; eGFR:
25 to 60 ml/min per
1.73 m2

Risk for CV disease

10,584 176 (3.3) Sotagliflozin
200 mg to 400 mg once
daily vs. matched
placebo (1:1)

1.3 CV death, hospitalizations
for HF, and urgent visits
for HF

5.6 vs. 7.5 (no. of events/
100 patient-years)

HR, 0.74; 95% CI,
(0.63–0.88);

P < 0.001

First occurrence of sustained
decline in eGFR $50%
from baseline for at least
30 days, long-term
dialysis, KRT, or
sustained eGFR <15 ml/
min per 1.73 m2 for $ 30
days

Sotagliflozin vs. placebo
0.5% vs. 0.7%;
HR, 0.71; 95% CI,
(0.46–1.08)

EMPA-KIDNEY (2023)75

(NCT03594110)
Patients with CKD eGFR:
$20 to <45 ml/min per
1.73 m2 or $45
to <90 ml/min per
1.73 m2

UACR: $200 mg/g

6609 128 (4) Empagliflozin 10 mg daily
vs. matched placebo
once daily (1:1)

2 CV death, hospitalization
for HF

4.0% vs. 4.6%
(Empagliflozin vs.
placebo)

Progression of kidney
disease (KF, sustained
decrease in eGFR to <10
ml/min per 1.73 m2,
stained decrease in eGFR
of $40% from baseline,
or kidney death) or death
from CV events

Empagliflozin group vs
placebo

13.1% vs. 16.9%;
HR, 0.72; 95% CI,
(0.64–0.82);

P < 0.001

ASCVD, atherosclerotic cardiovascular disease; CI, confidence interval; CKD, chronic kidney disease; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HbA1c, glycosylated hemoglobin; HF, heart failure; HFrEF, heart failure with reduced
ejection fraction; HR, hazard ratio; KF, kidney failure; KRT, kidney replacement therapy; MI, myocardial infarction; SGLT2i, sodium-glucose cotransporter-2 inhibitor; T2DM, type 2 diabetes mellitus; UACR, urine albumin-to-creatinine ratio.
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Figure 4. Delayed risk of KF with the addition of SGLT2is to RAAS blockers. Reproduced from Meraz-Muñoz AY, Weinstein J, Wald R. eGFR
Decline after SGLT2 Inhibitor Initiation: The Tortoise and the Hare Reimagined. Kidney360. 2021;2(6):1042-1047. doi:10.34067/KID.0001172021.80

eGFR, estimated glomerular filtration rate; RAASi, renin-angiotensin aldosterone system inhibitors.
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the addition of SGLT2is to World Health Organization’s
Essential Medicines List found that they would need to
have a median price of $224 per person per year (a
17$4% cost reduction; IQR $138–359, population-
weighted across countries; mean price $257).87 There
is currently limited data on cost analysis of SGLT2is on
the African continent due to reasons ranging from a
delayed introduction of the agents in Africa and
limiting costs to inequitable access. Despite the benefit
of SGLT2is on primary and secondary prevention of
complications and risk factors associated with CKD, the
health economic impact of SGLT2is especially in low-
and-middle income countries remains unclear. Studies
conducted thus far on the socioeconomic impact of
initiating with an SGLT2i have shown decreased
medical costs and increased the quality-adjusted life
year compared with conventional treatment establish-
ing the economic benefit.88 Another significant concern
is the availability of resources and copayments within
public healthcare systems in Africa, resulting in
continued endorsement and listing of older therapies
rather than funding newer medications such as
SGLT2is.
Use of SGLT2i in Pediatric Population

Although safety and efficacy data of SGLT2is in chil-
dren with CKD is limited, they are generally well-
tolerated and not associated with any unexpected or
clinically significant safety findings in the pediatric
population with T2DM in the studies conducted so
far.89,90 They are proven effective in children with
Kidney International Reports (2024) 9, 526–548
inherited proteinuric CKD with an eGFR >60 ml/min
per 1.73 m2.91,92 However further studies in larger
populations with long term follow-up are necessary.

IMPORTANT PRACTICAL CONSIDERATIONS

FOR PRESCRIBING SGLT2i THERAPY IN CKD

Initial Decline in eGFR After SGLT2i Initiation

SGLT2i initiation induces a reduction in eGFR (w3 to 5
ml/min per 1.73 m2) during the first 2 to 4 weeks of
treatment, which is short-lived and starts normalizing
by 12 weeks, followed by an attenuation of the slope of
eGFR decline.64,67,93,94 This effect is mainly attributed
to positive hemodynamic changes and correlated with
long-term preservation of kidney function. Evidence
from randomized clinical trials suggests that SGLT2i
users have a slower annual rate of eGFR decline,
compared to the steady decline observed with non-
users, conferring long-term renoprotective benefits
(Table 3).64,67,72

Risk of Hypoglycemia

Reduced kidney function may increase the risk of
hypoglycemia.95 The glucose-lowering effect of
SGLT2is is insulin-independent; their use is associated
with a lesser risk of hypoglycemia in patients with CKD
and T2DM, compared to other antihyperglycemic
agents (sulfonylureas).96 Consistent with these find-
ings, DAPA-CKD, CREDENCE, and EMPA-KIDNEY
trials showed no increased risk of hypoglycemia in
patients with CKD and T2DM.67,69,75 In the context
of dose adjustment of concomitant antidiabetic
537
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Table 3. Mitigation strategies for adverse events associated with the use of SGLT2is
Adverse risks Mitigation strategies

Genital infections � Prior to prescribing SGLT2is, patients should be informed about the risk of genital infections
� Patient counseling to maintain good genital hygiene
� Patients’ education about the signs and symptoms of genital infections
� If a patient develops an uncomplicated fungal infection, discontinuation of SGLT2is is not required; rather management with antifungal medications
� For those with a history of recurring genital infections, prophylactic antifungal treatment is recommended (to be reviewed after 6 months or earlier if needed)

UTI � Discontinue SGLT2is when treating pyelonephritis or urosepsis
� Caution should be taken when prescribing SGLT2is to a patient with recurrent UTI

DKA � Prior to initiating SGLT2is, assessment of predisposing factors for DKA
� Discontinue SGLT2is, if a patient develops DKA
� Patient education about signs/symptoms to help early detection of DKA
� Follow-up with blood or urine ketones in high-risk individuals
� Sick-day protocol
� Restriction on the ketogenic diet, alcohol abuse
� Maintaining a minimum low dose of insulin if needed
� Consider temporarily stopping SGLT2is, if one chooses intermittent fasting (e.g. for Ramadan)
� Undertaking ketone testing for diabetic patients, if unwell
� Exercise caution when starting SGLT2is in patients with T1DM and T2DM (consult diabetologist, if needed)
� Discontinue SGLT2is for 3 days before surgery or during acute illness

Volume depletion � Discontinuation of SGLT2is is not required
� Regular monitoring of volume status and kidney function
� Dose adjustment of diuretics in high-risk patients
� Temporarily withhold SGLT2is during acute illness

AKI � Careful interpretation of initial decline in eGFR after initiating SGLT2is, considering expected drug effect to avoid unwarranted discontinuation of treatment

Amputations � Routine preventive foot care measures for those at high risk of amputation
� Avoid initiating SGLT2is in the presence of active foot infection or ulceration
� Discontinue SGLT2is, if foot complications occur during treatment
� Consider re-initiating SGLT2i therapy after complete resolution of foot complications

Fractures � For patients with CKD treated with SGLT2is, monitoring of bone parameters (calcium, phosphate, and PTH) as appropriate for the CKD stage

AKI, acute kidney injury; CKD, chronic kidney disease; DKA, diabetic ketoacidosis; eGFR, estimated glomerular filtration rate; PTH, parathyroid hormone; SGLT2i, sodium-glucose
cotransporter-2 inhibitor; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; UTI, urinary tract infection.
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medications, clinicians must consider that the glucose-
lowering efficacy of SGLT2is is reduced at lower eGFR
levels (below 30 ml/min per 1.73 m2).97

Risk of Hyperkalemia

Use of RAAS blockers are known to increase the risk of
hyperkalemia leading to discontinuation.98 Data from
the post hoc analysis of the CREDENCE trial showed
that treatment of patients with T2DM and CKD with
canagliflozin reduced the incidence of hyperkalemia or
initiation of potassium binders compared to placebo
(32.7 vs. 41.9 participants per 1000 patient-years; HR,
0.78; 95% CI, 0.64–0.95; P ¼ 0.014) with no effect on
the risk of hypokalemia (HR, 0.92; 95% CI, 0.71–1.20;
P ¼ 0.53).99 A subsequent meta-analysis involving 6
randomized double-blind trials evaluated the effects of
SGLT2i on serum potassium levels in patients with
T2DM at high CV risk or with underlying CKD. The
findings revealed a reduction in the overall risk of
serious hyperkalemia (HR, 0.84; 95% CI, 0.76–0.93;
Pheterogeneity ¼ 0.71) with no variations in risk observed
across different levels of baseline kidney function,
history of HF, and utilization of mineralocorticoid-
receptor antagonists and diuretic agents. Furthermore,
the use of SGLT2is did not elevate the risk of inducing
hypokalemia (HR, 1.04; 95% CI, 0.94–1.15;
Pheterogeneity ¼ 0.42).100 These findings align with a
538
meta-analysis of the CANVAS Program, indicating that
the use of canagliflozin had no significant impact on
serum potassium levels across the general population,
regardless of dosage, RAAS inhibitors use, or baseline
eGFR levels. Moreover, the frequency of hyperkalemia-
related adverse events were similar with canagliflozin
and the placebo use.101 In addition, a cross-over, ran-
domized clinical trial investigating the effects of
dapagliflozin and the selective mineralocorticoid-
receptor antagonists eplerenone in patients with
T2DM and CKD, both individually and in combination,
showed a higher incidence of hyperkalemia in patients
receiving eplerenone alone (n ¼ 8; 17.4%) compared
with dapagliflozin and eplerenone combination ther-
apy. Therefore, SGLT2is may present a viable option
for patients who are unable to tolerate RAAS blockers
because of hyperkalemia.

Patients With Stage 4 CKD

In a prespecified analysis of the DAPA-CKD trial that
included 624 patients with stage 4 CKD at baseline
(eGFR: 25–30 ml/min per 1.73 m2), the use of dapagli-
flozin resulted in 27% reduction in primary composite
efficacy endpoint ($50% sustained decline in eGFR,
KF, or death due to kidney or CV causes) and signifi-
cant decrease of eGFR slope decline over time (2.15 ml/
min per 1.73 m2 with dapagliflozin vs. 3.38 ml/min per
Kidney International Reports (2024) 9, 526–548
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1.73 m2 with placebo). These findings were in agree-
ment with those reported for the overall dataset
comprising a larger population with stages 2 or 3 of
CKD. In addition, no increase in the rate of adverse
events was observed for this subpopulation. SGLT2i
treatment was continued even after eGFR declined
to <15 ml/min per 1.73 m2.102 Consistent with these
results, the EMPEROR-reduced trial demonstrated
similar beneficial effects of empagliflozin on CV and
kidney end points across all eGFR categories, extending
even in patients with eGFR <30 ml/min per 1.73 m2.68

Therefore, SGLT2is comprise a beneficial addition to
the therapeutic armamentarium for patients with CKD,
particularly for earlier stages although studies have
also shown benefits in case of late stage CKD.103,104

Chronic Glomerulonephritis

Results from a subgroup analysis of DAPA-CKD trial
participants with focal segmental glomerulosclerosis105

and IgA nephropathy103 revealed positive outcomes in
terms of substantial reduction in annual mean rate of
chronic decline of eGFR with dapagliflozin, compared
with placebo.

In 104 patients with biopsy-confirmed focal
segmental glomerulosclerosis, dapagliflozin reduced the
rate of primary composite kidney outcome (sustained
eGFR decline $50%, KF, or kidney or CV death)
compared with placebo (HR, 0.62; 95% CI, 0.17–2.17).
The annual rate of eGFR decline was found to be slower
in the dapagliflozin group (-1.9 ml/min per 1.73 m2;
95% CI, -3.0 to -0.9) versus placebo (-4.0 ml/min per
1.73 m2; 95% CI, -4.9 to -3.0) resulting in a between-
group difference of 2.0 ml/min per 1.73 m2/year (95%
CI, 0.6–3.5).105

Among 270 patients with IgA nephropathy, only 6
patients treated with (4%) dapagliflozin reached the
same primary composite kidney outcome compared to
20 (15%) in the placebo arm (HR, 0.29; 95% CI, 0.12–
0.73) during the median follow-up period of 2.1 years.
In addition, the mean rate of eGFR decline with dapa-
gliflozin was �3.5 ml/min per 1.73 m2/year relative
to �4.7 ml/min per 1.73 m2/year with placebo.
Furthermore, dapagliflozin reduced the UACR by 26%
relative to placebo.103 Results from subgroup analysis
from the EMPA-CKD trial, including 25% of patients
with non-diabetic glomerulonephritis, are awaited.75

Kidney Transplant Recipients

Although there is a scarcity of published evidence,
SGLT2i therapy in patients with kidney transplants
demonstrated a modest effect on improving glycemic
control, and body weight with reassuring safety data,
in particular on the risk of urinary tract infection (UTI).
There is reported evidence of a physiologic dip in eGFR
Kidney International Reports (2024) 9, 526–548
consistent with an appropriate hemodynamic response
and reduction in hyperfiltration, which remains intact
in kidney transplant recipients and is likely to translate
to long-term renoprotective benefit.106 A very recent
retrospective cohort study including 226 kidney
transplant SGLT2i users showed a significant reduction
in the risk of the composite primary outcome of all-
cause mortality, graft loss, and doubling of creatinine
in diabetic kidney transplant patients than the control
group in the multivariate and propensity score-
matched models (adjusted HR, 0.43; 95% CI, 0.24–
0.78; P ¼ 0.006 and adjusted HR, 0.45; 95% CI, 0.24–
0.85; P ¼ 0.013, respectively).107
CRITICAL BARRIERS IN EFFECTIVE CKD CARE

AND OPTIMAL INITIATION OF SGLT2i IN

AFRICA

Multiple barriers prove to be hindrances in the
implementation of effective screening programs and
management of CKD in the African region. Social risk
factors, such as limited financial resources and low
health literacy are significant patient-level barriers.
There are no CKD registries or real-world data from the
region. Unavailability of educational materials espe-
cially in the rural areas; lack of regional data leading to
application of western guidelines in a population that is
markedly different in racial, ethnic, and sociocultural
profile; inadequate medical reimbursements and in-
surance schemes; and suboptimal patient adherence to
follow-up are major challenges in CKD care pathways.

Despite the clinical practice guideline recommenda-
tions and high-quality published evidence supporting
the cardiorenal protective effects of SGLT2is, their
utilization remains dismally low in real-world clinical
scenarios. As is the case with several novel therapies
that conventionally take an average of 17 years from
research to implementation in clinical practice, SGLT2is
are also faced with several barriers to effective adoption
to practice.108 Limited insurance coverage, lack of
knowledge especially regarding side effects, poor
accessibility, high out-of-pocket expenditure, and
prescriber inertia were cited by the experts as potential
barriers to adopting SGLT2i therapy in the African
setting. Changing clinical practice and overcoming
“prescriber inertia” requires comprehensive coordina-
tion between patients, physicians, and healthcare sys-
tems through a targeted approach.109 Despite the fact
that patients of African ancestry are genetically pre-
disposed to accelerated CKD progression, most of the
SGLT2i trials published to date only enrolled few pa-
tients with black ethnicity. The distinct effects of
SGLT2i in black and in African populations if any have
not been researched. Given the overwhelming racial
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disparity for CKD risk and progression in black pa-
tients, the key experts recommended undertaking
future randomized clinical trials to validate clinical
outcomes with SGLT2is in African populations.

From 2015 to 2019, despite an increasing trend for
SGLT2i use for T2DM treatment (3.8% to 11.9%),
their overall use was relatively lower among patients
with atherosclerotic CVD, HF with reduced ejection
fraction, and CKD. In the same study, the multivar-
iate analysis revealed that black ethnicity, female
sex, and poor socioeconomic status were associated
with a lower utilization rate of SGLT2is.110 Report-
edly, only 32.9% of the eligible population with
diabetic kidney disease at risk of disease progression
received SGLT2i therapy in real-world clinical
practice.111

Adoption of novel therapeutic agents are impacted
by critical barriers that include decreased access to
quality CKD care, lack of specialists familiar with the
benefits of SGLT2i use, provider bias or preconceived
notions of physicians that certain groups of patients
may be less likely to adhere to treatment with an
expensive agent, and prescription abandonment
owing to socioeconomic barriers.110 Affordability and
out-of-pocket costs of SGLT2is may be prohibitive
resulting in prescription abandonment, especially
because the cost of older therapies are more
affordable.

In addition, it is well-established that overall, hy-
pertension, CVD, HF, and CKD comorbidities each and
collectively are more significant in racial or ethnic
populations, and thus the potential benefits of SGLT2is
may have a greater impact on cardio-renal disease in
the Black population.

Racial and ethnic variations in etiology, incidence,
prevalence, disease burden, and response to treatment
are well-recognized with especially striking disparities
between patients of African ancestry and other racial
populations.112,113 Patients of African ancestry are
known to harbor genetic traits that result in dimin-
ished response to key pharmacological therapies. This
is further complicated by the lack of a robust assess-
ment of the effect of treatments in Black patients
because of their underrepresentation in clinical trials.
The underrepresentation of clinical trial participants
with African descent in landmark clinical studies
conducted worldwide on SGLTis are glaring. Trial
participants of Black or African ancestry accounted for
approximately 5% of the total trial population
(Table 2).114 In addition, more than 99% of Black pa-
tients enrolled were from the Americas with consider-
able differences in the socioeconomic factors, health
behavior, and access to healthcare compared to those
living on the African continent.
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SAFETY OUTCOMES WITH SGLT2i

Although SGLT2is have an acceptable safety profile,
some adverse events reported with their use include
diabetic ketoacidosis, genital mycotic infection, UTI,
risk of lower limb complications, and volume deple-
tion. SGLT2i agents induce glucosuric effects resulting
from reduced reabsorption of glucose in kidney tu-
bules, which may favor the growth of pathogenic mi-
crobes, thereby suggesting an increased risk of genital
infections and UTIs. In 2015, the US Food and Drug
Administration warned of a possible risk of severe UTI
with the use of SGLT2i agents115; however, subsequent
findings from population-based studies and meta-
analysis revealed no significant association of SGLT2is
with clinically significant UTI, compared with either
placebo116,117 or other glucose-lowering
agents.67,78,118,119 In the CREDENCE trial, the rate of
UTI with canagliflozin was not significantly different
from the placebo.69 A meta-analysis of randomized
clinical trials reported that SGLT2i use aggravated the
risk of genital infections by 3-fold in patients with
T2DM and CKD.120 Genital infections occur more
frequently among female users of SGLT2is and those
with a prior history of such infections.65,121 Of note,
such infectious complications resulting from SGLT2i
use are generally mild and can be treated by antifungal
medications, without necessitating discontinuation of
treatment.122

Volume depletion is another concern among SGLT2i
users resulting from its diuretic effects. For patients at
risk of hypovolemia, decrease in the dose of thiazide or
loop diuretics is recommended by the KDIGO 2022
guidelines before initiation of SGLT2i treatment.62,123

In the CANVAS trial, allocation to SGLT2i therapy
resulted in 2-fold higher risk of lower limb amputation
in comparison to a placebo (6.3 vs. 3.4 events per 1000
patient-years, respectively); however, analysis of other
12 trials revealed no statistically significant association
between the use of SGLT2i and instances of lower limb
amputation (relative risk of 1.06; 95% CI, 0.93–1.21).124

A meta-analysis concluded that compared with non-
SGLT2i users, the risks of amputation and peripheral
arterial disease were slightly increased in patients with
canagliflozin treatment.125 Monitoring optimal body
weight and blood pressure reduction is an important
risk precaution action for patients at high risk of lower
limb complications during the SGLT2i treatment
course. Patients should be educated on examining their
foot every day for cuts, redness, swelling, sores, blis-
ters, corns, calluses; and ensure appropriate hygiene.

Considering the hemodynamic effects of SGLT2is,
their initiation may be associated with an initial slight
decrease in eGFR, in the same way as RAAS blockers.
Kidney International Reports (2024) 9, 526–548
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However, initiation of SGLT2i does not require alter-
ation in the frequency of CKD monitoring and the
reversible decrease in eGFR does not require discon-
tinuation of SGLT2i therapy.126 In fact, the existence of
this initial alteration is correlated with better subse-
quent nephroprotection.127,128 Therefore, monitoring
of renal function beyond what is performed in general
clinical practice is not required. Nevertheless, in view
of these data and the opinion of key experts, a reduc-
tion in eGFR levels by >30% warrants careful assess-
ment of volume status and the temporary
discontinuation of SGLT2i therapy.127

SGLT2i-associated diabetic ketoacidosis, although
rarely reported in patients with T2DM, is usually
accompanied by normal or mildly elevated blood
glucose concentrations, which may remain unnoticed,
leading to delayed diagnosis and potentially fatal con-
sequences.129 Both patients with type 1 diabetes melli-
tus and patients T2DMusing insulin are at higher risk of
ketoacidosis, particularly with type 1 diabetes mellitus
and latent autoimmune diabetes in adults phenotype.130

In the CREDENCE67 and EMPA-KIDNEY75 trials, the
incidence of diabetic ketoacidosis events was relatively
higher with SGLT2i treatment compared to placebo;
however, the absolute rates were low, whereas DAPA-
CKD reported no diabetic ketoacidosis cases with the
use of dapagliflozin (compared to 2 cases with
placebo).69

Further, the CANVAS trial identified a significant
association between lower extremity amputation and
bone fractures with the use of canagliflozin.66 How-
ever, the CREDENCE trial reported a similar rate of
amputation and fractures in patients with CKD treated
with canagliflozin and placebo.67 Likewise, the DAPA-
CKD69 and EMPA-KIDNEY75 trials confirmed no
increased risk of amputation or fractures with the use
of dapagliflozin and empagliflozin, compared with
placebo. Reassuringly, no increased risk of adverse
events, including acute kidney injury, hyperkalemia,
and hypoglycemia were evident with the use of
SGLT2is in patients with CKD.67,69,75

Before prescribing SGLT2is, patients should be well-
informed of the potential adverse events and their signs
and symptoms, thereby facilitating early identification
and appropriate management to prevent them from
becoming a major barrier to their optimal utilization in
the eligible population (Table 3).61,131,132
PRESCRIBING SGLT2I IN PATIENTS WITH CKD

The KDIGO 2022 clinical practice guidelines for T2DM
management in CKD recommends a lower eGFR
threshold of $20 ml/min per 1.73 m2 for prescribing
SGLT2is to improve clinical outcomes in patients with
Kidney International Reports (2024) 9, 526–548
CKD and T2DM. Once initiated, SGLT2i therapy is
recommended to be continued even at lower eGFR
levels until the patient requires dialysis.131 Further,
glucagon-like peptide 1 receptor agonist is recom-
mended in patients who do not meet their individual-
ized glycemic target using metformin and/or SGLT2is
or when the initiation of these drugs is not possible (for
eGFR <20 ml/min per 1.73 m2).131,133

In view of cardioprotective outcomes exhibited by
SGLT2i therapy, the UK Kidney Association guidelines
recommend their use in albuminuria patients with
UACR$25 mg/mmol requiring modification of CV risk,
with or without T2DM (with eGFR $25 ml/min per
1.73 m2).132 Based on the recent EMPA-KIDNEY trial
involving patients with CKD irrespective of their
albuminuria status, updated recommendations may
expand the indications for SGLT2i use to non-
albuminuric patients as well.75

Based on the guideline recommendations for SGLT2i
use in CKD management, the key experts have outlined
a treatment algorithm to facilitate the safe imple-
mentation of SGLT2i therapy into clinical practice by
primary care physicians (Table 1 and Figure 5).

RECOMMENDATIONS FROM THE AFRICAN

ASSOCIATION OF NEPHROLOGY

Based on the above discussion and the opinion of the
experts, the key points related to the CKD burden,
contributing risk factors, and barriers and challenges
in ensuring optimum kidney care to patients with CKD
have been summarized in this manuscript. In addition,
the experts have proposed recommendations on the use
of SGLT2is in patients with CKD to guide nephrologists
and primary care physicians in their decision-making
(Table 1).

A few key limitations of this manuscript are the lack
of adapting published international guidelines such as
the KDIGO into the regional context through the
Appraisal of Guidelines Research and Evaluation (i.e.,
AGREE II) instrument that would enable addressing
barriers and challenges associated with identification,
management, and use of evidence-based medications in
CKD.

Similarly, grading of evidence was not performed as
a part of this manuscript’s development and future
systematic reviews in the African region on the efficacy
and safety of SGLT2is should be envisaged.

Conclusion

The substantial burden of CKD in Africa highlights the
need for a concerted effort toward the development of
effective prevention and mitigation strategies to over-
come the high health and economic burden that this
condition entails in a region that has significant
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Figure 5. Proposed treatment algorithm for SGLT2i therapy in patients with CKD. AKI, acute kidney injury; BP, blood pressure; CKD, chronic
kidney disease; DKA, diabetic ketoacidosis; eGFR, estimated glomerular filtration rate; GLP1-RA, glucagon-like peptide 1 receptor agonist;
HbA1c, glycosylated Hemoglobin; RAASi, renin-angiotensin aldosterone system inhibitors; SGLT2i, sodium-glucose cotransporter-2 inhibitor; SU,
sulfonylureas; UACR, urine albumin-to-creatinine ratio.
*Refer to Box C for more details. Recreated with permission from Yau K, Dharia A, Alrowiyti I, et al. Prescribing SGLT2 Inhibitors in Patients With
CKD: Expanding Indications and Practical Considerations. Kidney Int Rep. 2022;7(7):1463-1476. doi:10.1016/j.ekir.2022.04.09461; permission
conveyed through Copyright Clearance Center, Inc.

GUIDELINES F Jarraya et al.: Role of SGLT2i in CKD Management in Africa

542 Kidney International Reports (2024) 9, 526–548



F Jarraya et al.: Role of SGLT2i in CKD Management in Africa GUIDELINES
resource constraints. There are several barriers to
optimal CKD screening, early detection, and timely
intervention to delay the progression to KF. SGLT2is
have emerged as a potent therapeutic agent with
mounting evidence of cardiorenal protective effects
with broad indications in T2DM, CKD, and CVDs.
SGLT2is play a significant role in CKD management
especially in delaying progression to KF in patients
who have albuminuria with or without T2DM. How-
ever, further research to evaluate their safety and
effectiveness in African patients is warranted to further
establish these effects in a population that is ethnically
and socioeconomically diverse.

Similarly, there is an imminent need for a multidis-
ciplinary consensus guidelines involving other mem-
bers in the CKD care management system such as
primary care physicians, social workers, lateral spe-
cializations, nutritionists, pharmacists, and community
leaders, to be developed in the African region.
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