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ABSTRACT

Diabetic kidney disease (DKD) occurs in
approximately 20–40% of patients with type 2
diabetes mellitus. Patients with DKD have a
higher risk of cardiovascular and all-cause
mortality. Angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers and
antihyperglycemic drugs form the mainstay of
DKD management and aim to restrict

progression to more severe stages of DKD.
Sodium-glucose cotransporter 2 inhibitors
(SGLT2i) control hyperglycemia by blocking
renal glucose reabsorption in addition to pre-
venting inflammation, thereby improving
endothelial function and reducing oxidative
stress; consequently, this class of prescription
medicines is emerging as an important addition
to the therapeutic armamentarium. The EMPA-
REG OUTCOME, DECLARE TIMI 58, and CAN-
VAS trials demonstrated the renoprotective
effects of SGLT2i, such as restricting decline in
glomerular filtration rate, in the progression of
albuminuria, and in death due to renal causes.
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The renoprotection provided by SGLT2i was
further confirmed in the CREDENCE study,
which showed a 30% reduction in progression
of chronic kidney disease, and in the DELIGHT
study, which demonstrated a reduction in
albuminuria with dapagliflozin compared with
placebo (- 21.0%, confidence interval [CI] -
34.1 to - 5.2, p = 0.011). Furthermore, a meta-
analysis demonstrated a reduced risk of dialysis,
transplantation, or death due to kidney disease
(relative risk 0.67; 95% CI 0.52–0.86;
p = 0.0019) and a 45% risk reduction in worsen-
ing of renal function, end-stage renal disease, or
renal death (hazard ratio 0.55, CI 0.48–0.64,
p\0.0001) with SGLT2i, irrespective of baseline
estimated glomerular filtration rate. Thus, there
is emerging evidence that SGLT2i may be used to
curb the mortality and improve the quality of life
in patients with DKD. However, clinicians need to
effectively select candidates for SGLT2i therapy.
In this consensus statement, we have qualita-
tively synthesized evidence demonstrating the
renal effects of SGLT2i and proposed recommen-
dations for optimal use of SGLT2i to effectively
manage and delay progression of DKD.

Keywords: Delay; Diabetic kidney disease;
Progression; Renoprotection; SGLT2 inhibitors

Key Summary Points

Diabetic kidney disease (DKD) occurs in
approximately 20–40% of patients with
type 2 diabetes mellitus.

Patients with DKD have a higher risk of
cardiovascular and all-cause mortality.

Angiotensin-converting enzyme inhibitors
or angiotensin receptor blocker and
antihyperglycemic drugs form the mainstay
of DKD management and aim to restrict
progression to more severe stages of DKD.

The sodium-glucose cotransporter 2
inhibitors (SGLT2i) control hyperglycemia
by blocking renal glucose reabsorption in
addition to preventing inflammation,
thereby improving endothelial function
and reducing oxidative stress, and hence
are emerging as an important addition to
the therapeutic armamentarium.

The EMPA-REG OUTCOME, DECLARE TIMI
58, and CANVAS trials demonstrated the
renoprotective effects of SGLT2i, which
were further confirmed by the CREDENCE
study and DELIGHT study. In addition, a
meta-analysis demonstrated a reduced risk
of dialysis, transplantation, or death due to
kidney disease and 45% risk reduction in
worsening of renal function, end-stage
renal disease, or renal death with SGLT2i,
irrespective of baseline estimated
glomerular filtration rate level. Thus, there
is emerging evidence that SGLT2i may be
used to curb mortality and improve quality
of life in patients with DKD, although
clinicians need to effectively select
candidates for SGLT2i therapy.

In this consensus statement, we have
qualitatively synthesized evidence
demonstrating the renal effects of SGLT2i
and have proposed recommendations for
optimal use of SGLT2i to effectively
manage and delay progression of DKD.
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Summary of Recommendations

SGLT2i can be used as add-on second-line
therapy in patients with T2DM having
mild-to-moderate DKD with the aim to
delay the progression of DKD1

Initial reduction in estimated glomerular
filtration rate (eGFR) is expected after
initiation of SGLT2i, hence close
monitoring of patients is recommended.

Patients with eGFR\ 60 mL/min/1.73 m2

should be closely monitored as per local
practice for renal function parameters.

SGLT2i can be used if eGFR is[45 mL/
min/1.73 m2.

SGLT2i can be continued if eGFR is
between 30 and 45 mL/min/1.73 m2.

SGLT2i should be discontinued if eGFR
falls below 30 mL/min/1.73 m2.

SGLT2i should not be used in patients
with end-stage renal disease or on dialysis.

Patient selection and education should be
an integral part of management when
initiating SGLT2i.

Caution should be taken when prescribing
SGLT2i to patients with a history of prior
amputation, severe peripheral vascular
disease, neuropathy, foot ulcers,
hypersensitivity reactions, euglycemic
DKA, and those on diuretic therapy.

Patients should be educated on perineal
and genital hygiene and signs and
symptoms of mycotic infections; early
diagnosis and treatment should be
encouraged.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12871889

INTRODUCTION

Diabetes mellitus is a global pandemic affect-
ing approximately 463 million adults (20–
79 years); in 2019 it accounted for a health
expenditure of approximately USD 760 billion,
10% of the total spending on adult healthcare
[1, 2]. Sustained hyperglycemia resulting from
type 2 diabetes mellitus (T2DM) causes
microvascular injury and long-term diabetic
complications such as nephropathy, now
known as diabetic kidney disease (DKD) [3, 4].
In the third National Health and Nutrition
Examination Survey conducted in the USA,
42.3% of the individuals with diabetes had
chronic kidney disease (CKD) (N = 15,046), and
the 10-year cumulative mortality, standardized
to population age, sex, and race, in this patient
population was 31.1% (95% confidence interval
[CI] 24.7–37.5%) [5]. Of 5097 patients with
T2DM in the UK Prospective Diabetes Study
(UKPDS), 24.9% developed microalbuminuria
and 0.8% required renal replacement therapy
(RRT) within 10 years following the diagnosis
[6].

India ranks highest in the prevalence of CKD
(39.8%, 95% CI 38.3–41.4%) in the Joint Asia
Diabetes Evaluation Registry [7]. An observa-
tional analysis from START-India study in 1500
Indian patients with T2DM reported the preva-
lence of CKD to be 46.5% [8]. Based on data
from the Screening and Early Evaluation of
Kidney Disease (SEEK)-India community-based
cohort, hypertension and diabetes are the most
common risk factors for CKD. The prevalence of
diabetes among subjects with CKD in this study
was approximately double (31.6%) that of those
not having CKD (16.1%) [9]. A study of US1 The US Food and Drug Administration has approved

canagliflozin for use in DKD and has granted FastTrack
designation for the development of dapagliflozin as
therapy to delay the progression of renal failure and
prevent cardiovascular and renal deaths in patients with
chronic kidney disease.
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electronic medical records demonstrated that
CKD was associated with the highest incre-
mental risk of all-cause mortality (ACM) in
people newly diagnosed with T2DM [10]. Eval-
uation of the Singapore National Healthcare
Group CKD Registry revealed a high annual
mortality rate of 64.1 per 1000 patients with
DKD (95% CI 60.2–68.3), with the mortality
rate increasing with increasing severity of CKD
(37, 57.5, 98.3, and 198.5% in patients with
CKD stages 3A, 3B, 4, and 5, respectively) [11].
Diabetes is the leading cause of end-stage renal
disease (ESRD), and individuals with diabetes
are tenfold more likely to progress to ESRD than
those without diabetes [12], as evidence from
the rising prevalence of diabetes among deaths
from renal failure in India: from 26% (257/
1151) in 2001–2003 to 34% (937/2943) in 2010
[13].

Moreover, CKD contributes to a 1.4- to 2.9-
fold increase in cardiovascular (CV) mortality in
individuals with diabetes. Approximately 44%
of all ESRD cases are due to diabetes, with this
patient group reported to have up to an 18-fold
increase in mortality [11, 12, 14]. A subnormal
estimated glomerular filtration rate (eGFR) of
between 61 and 90 mL/min/1.73 m2 has been
reported to be a strong predictor of major CV
events in diabetic patients even with normoal-
buminuria [15]. In contrast, the risk for ACM,
CV mortality, coronary heart disease, and stroke
in this population was found to be reduced after
controlling multiple risk factors, such as gly-
cated hemoglobin (HbA1c), blood pressure,
cholesterol, and smoking [14]. Thus, control of
all associated risk factors is important to curb
the risk of mortality in people with T2DM
having CKD.

Sodium-glucose cotransporter 2 inhibitors
(SGLT2i) are glucose-lowering drugs that have
beneficial effects on blood pressure and body-
weight, indirectly exerting renoprotection.
They also reduce albuminuria and are postu-
lated to have direct hemodynamic effects on

the kidney. Large-scale CV outcome trials
(CVOTs) of SGLT2i, conducted to meet regula-
tory requirements and ensure CV safety, have
shown promising effects on a range of albu-
minuria and kidney outcomes in the popula-
tions studied [90].

With this background, in this consensus
statement, we discuss the treatment approaches
and the role of SGLT2i in managing as well as
delaying the progression of DKD in people with
T2DM.

METHODOLOGY

The therapeutic strategies for managing CKD in
people with T2DM using SGLT2i are presented
in this consensus statement in the form of
recommendations.

In order to generate these recommendations,
we performed a literature search of the MED-
LINE and EMBASE databases using combina-
tions of the following key terms: ‘‘SGLT2i,’’
‘‘composite renal outcomes,’’ ‘‘T2DM,’’ ‘‘chronic
kidney disease,’’ ‘‘CKD,’’ ‘‘Diabetes,’’ ‘‘renopro-
tection,’’ ‘‘eGFR,’’ ‘‘ACR,’’ ‘‘creatinine,’’ ‘‘death,’’
‘‘mortality,’’ and ‘‘nephropathy’’. Key experts in
the field of endocrinology and nephrology
critically reviewed the results presented in the
literature, and the recommendations were
developed. The type of source evidence, such as
randomized controlled trials (RCTs), meta-
analysis of RCTs, and nonrandomized con-
trolled trials, were mapped for each of the rec-
ommendations. The American Association of
Clinical Endocrinologists and American College
of Endocrinology Protocol guidelines were used
to assess the quality of evidence [16]. The rec-
ommendations were reviewed once again and
modified to incorporate the clinical practice
experience to generate the consensus recom-
mendations presented here.

This article is based on previously conducted
studies and does not contain any studies with
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human participants or animals performed by
any of the authors.

DIAGNOSIS AND PROGNOSIS
OF CHRONIC KIDNEY DISEASE

The National Kidney Foundation-Kidney Dis-
ease Outcomes Quality Initiative (NKF-KDOQI)
guideline defines CKD as the presence of either
one or both of the following two criteria for at
least 3 months: (1) GFR\ 60 mL/min/1.73 m2;
(2) markers of kidney damage (C 1), such as
albuminuria (albumin: creatinine ratio [ACR] C
30 mg/g), urinary sediment abnormality, elec-
trolyte, or other abnormality due to tubular
disorder, abnormalities on histology, structural
abnormalities detected by imaging, or history of
kidney transplantation [17–19]. The prognosis
of CKD is determined by assessing the GFR

category together with the albuminuria cate-
gory. The color-coding in Fig. 1 explains the
level of risk associated with the GFR and albu-
minuria categories [20].

PATHOPHYSIOLOGY
AND THERAPEUTIC TARGETS
OF DKD

Pathophysiology of DKD

In persons with normoglycemia and normal
GFR, kidneys filter up to approximately 180 g
of glucose per day, which equals approxi-
mately 30% of the daily energy expenditure.
Glucose is reabsorbed in the proximal convo-
luted tubule (PCT) through the expression of
SGLT2 and SGLT1, which substantially prevents

Fig. 1 Diagnostic and prognostic criteria for chronic
kidney disease. The GFR and albuminuria grid depicts the
risk of progression, morbidity, and mortality by color, from
best (low risk; green) to worst (red; very high risk) (green
? yellow [moderately increased risk] ? orange [high risk]

? red). CKD Chronic kidney disease, GFR glomerular
filtration rate, KDIGO Kidney Disease: Improving Global
Outcomes. (Reproduced with permission from KDIGO
2012 [19])
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glucose loss into the urine and contributes to
intrarenal and systemic metabolic control.
Chronic hyperglycemia in T2DM leads to
metabolic dysregulation due to increased gly-
colysis, which then upregulates multiple dis-
tinct pathways, such as the polyol, hexosamine,
advanced glycation end products, and protein
kinase C pathways, leading to glomerular
hyperfiltration and proteinuria. Additionally,
hyperglycemia causes renal hemodynamic
changes, oxidative stress, inflammation,
hypoxia, and an overactive renin–an-
giotensin–aldosterone system (RAAS), which
mediates adverse changes in the vasculature
[21–24]. These changes include thickening of
the glomerular basement membrane, loss of
endothelial fenestrations, mesangial matrix
expansion, and loss of podocytes with efface-
ment of foot processes (Fig. 2a) [25].

Chronic hyperglycemia causes an increase in
proximal tubular glucose delivery and leads to
excessive glucose reabsorption by the SGLT2
receptors. As a cascading effect, there is reduced
fluid delivery to the distal tubule, lower tubular
back pressure in the Bowman space, and higher
effective glomerular filtration pressure
accounting for up to 50% of the hyperfiltration
seen in DKD [26]. Hyperfiltration increases
tubular transport load since all of the salt and
fluid that is filtered by the kidneys is reabsorbed
by the tubular system. The increased tubular
transport load enhances oxygen consumption,
increases release of inflammatory cytokines,
and decreases erythropoietin production. The
resultant hypoxia stimulates renal interstitial
fibrosis. This entire cascading sequence is con-
sidered to be a major pathway in the progres-
sion of DKD (Fig. 2b) [27–30].

Therapeutic Targets and Management
of DKD

The American Diabetes Association (ADA) 2020
guideline recommends a patient-centered
approach to guide the choice of pharmacologic
agents. DKD is an important comorbidity to be

considered in addition to factors such as cost,
patient preferences, and possible side effects
(e.g., hypoglycemia and impact on weight) [31].
Various guidelines emphasize a multipronged
approach to manage DKD in T2DM [23, 31–33].
Figure 3 shows the components of a multi-
pronged approach to the management of DKD
in T2DM.

The Diabetes Control and Complications
Trial was the first to demonstrate the renopro-
tective effects of intensive glycemic control
through a reduction in the incident micro- and
macro-albuminuria in persons with insulin-de-
pendent diabetes mellitus by 39 and 54%,
respectively.[34]. Similar results with significant
reductions in the risk of ESRD by 65%,
microalbuminuria by 9%, and macroalbumin-
uria by 30% were obtained with intensive gly-
cemic control in the Action in Diabetes and
Vascular Disease: Preterax and Diamicron MR
Controlled Evaluation (ADVANCE) trial with
gliclazide [35]. These were the earliest two
landmark trials in type 1 DM and T2DM,
respectively, that demonstrated the renopro-
tective effects of good glycemic control. Reno-
protective effects of angiotensin II receptor
blockers (ARBs) were proven by a delay in the
onset of microalbuminuria and doubling of
serum creatinine in the Randomized Olmesar-
tan And Diabetes Microalbuminuria Prevention
(ROADMAP) [36], Irbesartan Diabetic
Nephropathy Trial (IDNT) [37], and Reduction
of Endpoints in T2DM with the Angiotensin II
Antagonist Losartan (RENAAL) trials [38–40].
On the other hand, a combination of ARBs and
angiotensin-converting enzyme inhibitors
(ACE-Is) was associated with an increased risk of
dialysis, doubling of serum creatinine and death
(hazard ratio [HR] 1.09, 95% confidence interval
[CI] 1.01–1.18, p B 0.037) [41]. Little data exist
on comparative effectiveness of ARBs versus
ACE-Is in terms of reducing the risk of CV out-
comes. According to the general consensus,
they can be administered interchangeably [40].
The Aliskiren Trial in Type 2 Diabetes Using
Cardiorenal Endpoints (ALTITUDE), which
studied the addition of aliskiren (direct renin
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Fig. 2 a Structural changes in kidney morphology with
diabetic kidney disease. (Reproduced withpermission from
Alicicet al. [25]). b Hemodynamic changes in diabetic kidney
disease.Na? Sodium, SGLT2 sodium-glucose co-transporter 2,

TGF tubuloglomerular feedback. (Reproduced withpermission
from Cherney et al. [30]). c Restoration of tubuloglomerular
feedback by SGLT2 inhibitors. (Reproduced withpermission
from Cherney et al. [30])
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inhibitor) to RAAS blockade in people with
T2DM with high CV and renal risk, was pre-
maturely halted because of an increase in
adverse events (AEs), with no reduction in CV
or renal outcomes [42]. Novel therapies like
sulodexide (SUN-MACRO trial) [43] and bar-
doxolone (Bardoxolone Methyl Evaluation in
Patients with CKD and Type 2 Diabetes [BEA-
CON] trial) have not shown renoprotective
benefits or a reduction in risk of ESRD and CV
death [40, 44].

ACE-Is or ARBs as monotherapy and antihy-
perglycemic drugs form the mainstay of DKD
management and aim to restrict progression to
ESRD. The robust renoprotection results from
the recent landmark CREDENCE trial [45] and
recent revision to the prescribing information
for dapagliflozin have led to the increasing
recognition of role of SGLT2i in patients with
DKD with eGFR C 30 to\90 mL/min/1.73 m2

to reduce the risk of CKD progression and CV
events [20, 46]. Figure 4 depicts the various

pathways involved in DKD and the therapeutic
targets.

ROLE OF SGLT2I IN DKD

Mechanism of Renoprotection by SGLT2i

Sodium-glucose cotransporter 1 inhibitor is
localized to the proximal tubule and is respon-
sible for approximately 90% of the reabsorption
of the glucose filtered by the kidney. SGLT2i
prevent this reabsorption of glucose, thereby
reducing the renal workload. SGLT2- and
SGLT1-mediated glucose reabsorption is associ-
ated with Na? and fluid reabsorption, a process
which reduces the concentrations of Na?, Cl-,
and K? in the tubular fluid as well as at the
distal end. Since the coupling ratio of glucose to
sodium is 1:2 with SGLT1 and 1:1 with SGLT2,
SGLT2 may increase sodium reabsorption in the
proximal tubule. The lower Na?, Cl-, and K?

concentrations are sensed by the macula densa

Fig. 3 Multipronged approach to manage diabetic kidney
disease in type 2 diabetes mellitus. ACE-I Angiotensin-
converting enzyme inhibitor, ARBs angiotensin II receptor

blockers, BMI body mass index, DKD diabetic kidney
disease, HbA1c glycated hemoglobin
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cells and cause the single-nephron GFR to
increase through the mechanism of tubu-
loglomerular feedback (TGF) [47]. The role of
TGF is to stabilize the salt and fluid delivery to
the distal nephron, where a fine regulation of
salt and fluid balance is established. Osmotic
effects of high luminal glucose concentration
due to SGLT2i action increase distal tubular
fluid delivery and lower GFR by increasing
hydrostatic pressure in Bowman’s space.
Reduction in the GFR reduces tubular transport
load, mainly in the PCT, thus lowering renal
cortical oxygen demand and increasing oxygen
tension. The reduction in GFR may also reduce
tubular growth and albuminuria, as well as the

resultant kidney inflammation. The diuretic
and natriuretic effects of SGLT2 inhibition also
reduce effective circulating volume, blood
pressure, and body weight, contributing to CV
protection.

SGLT2i may selectively reduce interstitial
volume with minimal change in blood volume,
whereas loop diuretics may cause a reduction in
both interstitial and intravascular volume. This
differential volume regulation by SGLT2i is
assumed to limit the aberrant reflex neurohu-
moral stimulation in the setting of intravascular
depletion [48]. In the early stages of treatment,
SGLT2i can cause polyuria and natriuresis, and
subsequent reductions in extracellular volume

Fig. 4 Pathophysiology of diabetic kidney disease. AGEs
Advanced glycation end products, CTGF connective tissue
growth factor, ECM extracellular matrix, eGFR estimated
GFR, ESRD end-stage renal disease, ET-1 endothelin-1,
GLP-1RA glucagon-like peptide 1 receptor agonists, IL
interleukin, JAK Janus kinase, PDGF platelet-derived
growth factor, NF-jB nuclear factor kappa-light-chain-

enhancer of activated B cells, PKC-b protein kinase C-b,
PTF pentoxiphylline, RAAS renin–angiotensin–aldos-
terone system, ROS reactive oxygen species, RRT renal
replacement therapy, TGF-b1 transforming growth factor-
b1, TNF-a tumor necrosis factor-a, VEGF vascular
endothelial growth factor
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and blood pressure can potentially activate the
RAAS. In turn, RAAS activation can lead to
increased angiotensin II and endothelin-1
levels, with efferent arteriolar vasoconstriction
and hyperfiltration. However, this action of
SGLT2i has been observed to be transient [49].
As SGLT2i do not activate intrarenal RAAS,
there is no increased risk of kidney injury or
hypertension in T2DM [50–53]. The interaction
between SGLT2i and RAAS is not yet completely
understood. Moreover, SGLT2i (empagliflozin)
restores glycemic control, prevents inflamma-
tion, improves endothelial function (thoracic
aorta), and reduces oxidative stress in the aorta
and in the blood of diabetic rats [54, 55]. In
addition, SGLT2i alter renal hemodynamics,
decrease intraglomerular pressure, and attenu-
ate diabetes-associated hyperfiltration and
tubular hypertrophy, together with reducing
the tubular toxicity of glucose to directly pro-
tect kidney. Thus, SGLT2i can play a vital role in
delaying the progression of DKD in people with
T2DM.

SGLT2i and Glycemic Control

Glycemic control is important to curb the pro-
gression of DKD. The SGLT2i have demon-
strated glycemic efficacy as well as other
benefits such as weight reduction, reduction in
blood pressure, and an increase in high-density
lipoprotein-cholesterol. In a meta-analysis
comparing SGLT2i with placebo for 24 weeks,
the reduction in HbA1c was 0.6% (95% CI
0.5–0.7; p\ 0.001, N = 9 trials) with dapagli-
flozin and 0.8% (95% CI 0.7–0.8; p\ 0.001,
N = 3 trials) with canagliflozin [56].

Several meta-analyses and RCTs have
demonstrated the glycemic efficacy of SGLT2i
(empagliflozin [57, 58], canagliflozin [59, 60],
and dapagliflozin [61]) to be comparable to that
of other antihyperglycemic agents, with the
additional benefits of reduction in body weight
and blood pressure.

The glycemic efficacy (mean changes from
baseline in HbA1c) of empagliflozin 10 mg
(- 52%, 95% CI - 0.72 to - 0.32) and 25 mg
(- 0.68%, 95% CI - 0.88 to - 0.49) (both
p\0.0001) over placebo has been

demonstrated even in people with T2DM hav-
ing stage 2 and 3 CKD [62].

Post2008, anumberofCVOTswereundertaken
to comply with the US Food and Drug Adminis-
tration (FDA) recommendation for demonstrating
no unacceptable increase in CV risk with any new
antidiabetic therapy [63]. The first evidence of the
CV benefit and renoprotective effect of SGLT2i
came in 2015–2016 with the EMPA-REG CVOT
[64, 65]. Subsequent trials with SGLT2i demon-
strated robust CV as well as renal protection.

Clinical Evidence of CV Benefits
with SGLT2i

Progression of CKD may lead to adverse CV out-
comes; hence it is important to manage CV
comorbidities in persons with T2DM having
CKD. Three CVOTs have demonstrated strong
CV benefits with the use of SGLT2i in people with
T2DM. Empagliflozin in the EMPA-REG OUT-
COME study [64] and dapagliflozin in DECLARE-
TIMI 58 study [66] revealed a significant reduc-
tion in hospitalization due to heart failure (HHF)
(HR 0.65; 95% CI 0.50–0.85, p = 0.002 and HR
0.73, 95% CI 0.61–0.88, respectively). Dapagli-
flozin resulted in a lower rate of CV death or HHF
compared with placebo (4.9 vs. 5.8%; HR 0.83,
95% CI 0.73–0.95, p = 0.005). Empagliflozin,
compared with placebo, demonstrated signifi-
cantly lower rates of death from CV causes (3.7 vs.
5.9%; HR 0.62, 95% CI 0.49–0.77) and death from
any cause (5.7 and 8.3%; HR 0.68, 95% CI
0.57–0.82). In addition, the efficacy of dapagli-
flozin with respect to the rate of CV deaths or
HHF was similar in the subgroup of people with
established atherosclerotic cardiovascular dis-
ease (ASCVD) (dapagliflozin 7.8% and placebo
9.3%; HR 0.83, 95% CI 0.71–0.98) and in the
subgroup of people with multiple risk factors but
not having established ASCVD (dapagliflozin
2.8% and placebo 3.4%; HR 0.84, 95% CI
0.67–1.04, Pinteraction = 0.99) [66]. Similarly, the
CANVAS program with canagliflozin also
showed a reduction in HHF (HR 0.64, 95% CI
0.35–1.15 vs. HR 0.68; CI 0.51–0.90; Pinterac-

tion = 0.91) in the primary (individu-
als C 50 years of age with C 2 risk factors for CV
events, but with no prior CV event,) and
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secondary prevention cohorts (individuals C

30 years of age with a prior CV event) [67]. The US
FDA has approved empagliflozin for lowering CV
death [68], canagliflozin for lowering the risk of
major adverse cardiac event in people with T2DM
having established CV disease (CVD) [69], and
dapagliflozin to reduce the risk of HHF in adults
with T2DM and established CVD or multiple CV
risk factors [70]; and provided a fast track desig-
nation for development of dapagliflozin to delay
the progression of renal failure and prevent CV
and renal death in patients with CKD with/
without T2DM [71].

CLINICAL EVIDENCE
OF RENOPROTECTIVE EFFECT
WITH SGLT2I

Regulatory Guidance for Renal Outcome
Trials

The European Renal Best Practice guideline
group recently observed that high-quality
studies addressing clinically relevant questions
for CKD patients are lacking, despite the fre-
quency of CKD. Inadequate reporting of out-
comes is challenging for clinical decision-
making and for generating evidence-based
guidance. A sufficiently large change in GFR
has been considered a surrogate endpoint for
the CKD outcomes [72]. As the progression of
CKD is slow and there are no overt symptoms
until the end stage, establishing clinical
parameters to define its progress is challenging.
A scientific workshop sponsored by the NKF
and the US FDA proposed a 30 or 40% decline
in eGFR as an endpoint for clinical trials in
CKD. It was also noted that an eGFR decline of
40% may be more broadly acceptable than a
30% decline across a wider range of baseline
GFRs and patterns of treatment effects on GFR.
Evidence was stronger for a GFR decline of
40%. The 30 and 40% reduction in eGFR cor-
respond to a 1.3- and 1.5-fold increase in serum
creatinine level, respectively. For both end-
points, a follow-up during the trial of at least
2–3 years and a sample size[ 1000 to allow
90% power is recommended. The workshop

concluded that more research is required for
composite endpoints, including other kidney
outcomes, such as the occurrence of CKD GFR
category 4 or acute kidney injury (AKI) [73]. A
meta-analysis of 37 randomized trials also
endorsed the primary endpoint of a 30–40%
reduction in eGFR [74]. The European Medical
Agency and FDA endorsed the 40% reduction
in eGFR as a primary endpoint [75, 76] and
further recommended the collection of mean-
ingful clinical events (ESRD/mortality) as sec-
ondary outcomes, with the aim to provide
important supportive information on patient
benefit [75]. More recently, major adverse renal
events (MARE) have been proposed as the
outcome measure for future studies. MARE
includes a set of major morbidity events such
as the development of new-onset DKD, reach-
ing ESRD, starting RRT, or receiving a kidney
transplant, and mortality [77].

Evidence From Phase II/III Trials

Early evidence that SGLT2i provided renal pro-
tection was seen in phase II and phase III trials.
In a phase III trial comparing empagliflozin and
glimepiride, preservation of renal function was
reported with empagliflozin (25 mg once daily,
n = 769) from baseline to week 104 compared
with glimepiride (1–4 mg once daily, n = 780) as
an add-on to metformin. The adjusted mean
difference in eGFR (baseline to week 104) for
empagliflozin versus glimepiride was 3.3 mL/
min/1.73 m2 (95% CI 2.0–4.7, p\ 0.0001) [78].
A post-hoc analysis of data pooled from two
phase III clinical trials in patients having
hypertension and T2DM, receiving stable doses
of ACE-Is or ARBs and having microalbuminuria
or macroalbuminuria at baseline showed that
dapagliflozin was associated with greater
12-week reductions in albuminuria compared
with placebo [79].

A phase III study of empagliflozin as an add-
on treatment in people with T2DM and stage 2
and 3 CKD demonstrated that empagliflozin
reduces albuminuria [62]. In a phase III study in
individuals with T2DM already on metformin,
canagliflozin slowed the decline in kidney
function compared with glimepiride,
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independent of the glycemic benefits. In addi-
tion, canagliflozin significantly decreased albu-
minuria; the effects of canagliflozin on ACR
were consistent irrespective of baseline RAAS
blockade [80].

Evidence from CVOTs

The CVOTs of SGLT2i had renal outcomes as
their secondary endpoints, hence they were not
sufficiently powered to establish the renopro-
tective effects of SGLT2i; also, they had a rela-
tively small proportion of patients with late-
stage CKD. However, despite this lack of suffi-
cient power to assess renal outcomes, these tri-
als have successfully demonstrated
renoprotective benefits in terms of composite
renal endpoints (Fig. 5a). In the EMPA-REG
OUTCOME trial involving people with T2DM
having established CVD, incident or worsening
nephropathy occurred in 525 of 4124 patients
(12.7%) in the empagliflozin group and in 388
of 2061 (18.8%) in the placebo group (HR 0.61,
95% CI 0.53–0.70, p\0.001) [65]. The CANVAS
program involving similar patient profiles,
achieved better outcomes with canagliflozin in
terms of the composite outcome of a sustained
40% reduction in the eGFR, the need for RRT, or
death from renal causes in comparison with
placebo (HR 0.60, 95% CI 0.47–0.77) [81]. The
DECLARE-TIMI 58 trial in people with T2DM
with and without established CVD found that
patients treated with dapagliflozin were at a
lower risk of composite renal outcomes com-
pared with patients receiving placebo (3.7 vs.
7.0 events/1000 patient-years; HR 0.53, 95% CI
0.43–0.66) [66]. Renal events occurred in 4.3%
in the dapagliflozin group and 5.6% in the
placebo group (HR 0.76; 95% CI 0.67–0.87) and
death from any cause occurred in 6.2 and 6.6%
of the respective groups (HR 0.93; 95% CI
0.82–1.04) [66]. A significant risk reduction in
terms of composite renal events (sustained
decrease in eGFR by at least 40% to \ 60 mL/
min/1.73 m2, ESRD, or renal death) was
achieved with dapagliflozin compared with
placebo in people with T2DM with multiple risk
factors and without established ASCVD (HR

0.51, CI 0.37–0.69), as well as in those with
established ASCVD (HR 0.55, CI 0.41–0.75).
There was no difference with respect to there-
nal-specific composite outcome (Pinteraction =
0.72) and for the cardiorenal composite out-
come (Pinteraction = 0.67) between the estab-
lished ASCVD and multiple risk factors for
ASCVD cohorts. Furthermore, the benefit with
dapagliflozin in terms of composite renal events
was reported to be similar across groups strati-
fied by eGFR at baseline (Pinteraction = 0.87), and
greater in patients without diuretic use com-
pared with those on diuretics at baseline (HR
0.36, 95% CI 0.26–0.50 vs. HR 0.72, 95% CI
0.54–0.95; Pinteraction = 0.0021) [86].

In the EMPA-REG OUTCOME trial (follow-up
visit), the adjusted mean eGFR change (from
baseline) with each of the two doses of empa-
gliflozin versus placebo was 4.7 mL/min/
1.73 m2 (95% CI 4.0–5.5, p\ 0.001 for both
comparisons). Patients receiving empagliflozin
demonstrated a 55% lower risk of RRT, 38%
reduction in progression to macroalbuminuria,
and 44% lower risk in doubling of serum crea-
tinine levels [65].

An analysis of data from the CANVAS trial
demonstrated that the mean change in eGFR in
the placebo arm was - 3.9 ± 0.2 mL/min/
1.73 m2 compared with - 8 ± 0.2 mL/min/
1.73 m2 in the canagliflozin arm (mean differ-
ence 2.0 mL/min/1.73 m2, 95% CI 1.5–2.6).
Canagliflozin treatment reduced the risk of
sustained loss of kidney function and mitigated
the eGFR decrease [82]. Another analysis from
CANVAS showed that the effect of canagliflozin
on renal composite (40% decrease in eGFR,
ESRD, or renal death) was significantly pro-
nounced for preserved eGFR at baseline
(60–90 mL/min/1.73 m2, HR 0.58, 95% CI
0.41–0.84 and[90 mL/min/1.73 m2, HR 0.44,
95% CI 0.25–0.78) [83].

Additional Evidence

Sodium-glucose cotransporter 2 inhibitors are
associated with an initial decrease and long-
term preservation of eGFR. In a meta-analysis of
47 RCTs on SGLT2i, significant change in eGFR
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Fig. 5 Composite renal outcomes in cardiovascular outcome trials and renal outcome trials. a Composite renal outcomes in
cardiovascular outcome trials, b composite renal outcomes in renal outcome trials. CI Confidence interval
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from baseline was not observed with the use of
SGLT2i compared with placebo in overall
patients (weighted mean difference [WMD]
- 0.33 mL/min/1.73 m2, 95% CI - 0.90 to 0.23)
or in patients with CKD (WMD:- 0.78 mL/min/
1.73 m2, 95% CI - 2.52 to 0.97). Additionally,
the investigators found that SGLT2i was asso-
ciated with a reduction in the eGFR in short-
term trials and preservation of the same in long-

term trials [84]. Similarly, in the VERTIS-RENAL
trial, conducted in people with T2DM and stage
3 CKD, the number of patients who had[ 30%
decrease in eGFR from baseline at weeks 26 and
52 was higher in the ertugliflozin 5 mg and
ertugliflozin 15 mg groups (week 26: 10.3 and
8.7%, respectively; week 52: 13.5 and 14.0%,
respectively) than in the placebo group (week
26: 2.6%; week 52: 7.3%), with eGFR reverting

Fig. 5 continued
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to baseline levels upon stopping ertugliflozin
[85]. This phenomenon supports the theory
that eGFR reduction with SGLT2i is related to
an improvement in the dysregulated renal
hemodynamics and not due to renal injury
[53, 80, 86, 87]. The renal outcome trials further
confirmed the renal benefits of SGLT2i.

Real-world evidence has also corroborated
the findings from RCTs and CVOTs with regards
to the renal benefits of SGLT2i. DARWIN-T2D
was a retrospective study conducted in Italy.
Changes in albumin excretion rate (AER) and
eGFR were analyzed in patients receiving dapa-
gliflozin versus other glucose-lowering agents.
After 6 months, median AER declined by 37% in
the dapagliflozin group and did not change in
the comparator group. After adjusting for con-
founders, dapagliflozin was associated with an
AER reduction of 26.4 ± 13.1 mg/g (p = 0.045).
This study confirmed, for the first time by real-
world data, the antiproteinuric effect of dapa-
gliflozin [114].

CVD-REAL 3 was a real-world study con-
ducted with[65,000 patients from Israel, Italy,
Japan, Taiwan, and the UK who initiated treat-
ment for T2DM between 2013 and 2018. After
propensity matching, it was observed that[
35,000 patients were started on SGLT2i. Over

an average follow-up period of 14.9 months, the
annual improvement in mean eGFR was
0.46 mL/min/1.73 m2 in those treated with
SGLT2i, compared with a decline of 1.21 mL/
min/1.73 m2 for those treated with other
agents. SGLT2i use was also associated with
lower risk of a confirmed decline in eGFR of 57,
50, and 40%, respectively; a 51% lower risk for
the composite endpoint of a sustained reduc-
tion in eGFR of C 50% or end-stage kidney
disease, as well as a lower risk of HHF and all-
cause mortality. Thus, this study suggests that
SGLT2i are able to slow the progression of CKD
in patients with T2DM, also in real-world daily
clinical practice [115].

Effectiveness of SGLT2i in Ameliorating
Albuminuria

In the EMPA-REG CVOT trial, 80.7% of the
patients were taking ACE-Is or ARBs at baseline

and had controlled blood pressure. Incident or
worsening nephropathy was reduced by 39% in
the empagliflozin arm compared to placebo,
with the renal effects of empagliflozin evident
even in patients on RAAS blockers [65]. This
finding supports the potential use of empagli-
flozin in combination with RAAS blockers in
people with T2DM and CKD. In accordance
with an exploratory analysis of the EMPA-REG
OUTCOME trial, patients treated with empa-
gliflozin were more likely to experience a sus-
tained improvement from microalbuminuria to
normoalbuminuria (HR 1.43, 95% CI 1.22–1.67,
p\0.0001) or from macroalbuminuria to
microalbuminuria or normoalbuminuria (HR
1.82, 95% CI 1.40–2.37, p\0.0001) and less
likely to experience a sustained deterioration
from normoalbuminuria to microalbuminuria
or macroalbuminuria (HR 0.84, 95% CI
0.74–0.95, p = 0.0077). Moreover, the decrease
in urine ACR was evident since week 12 of the
treatment [88]. In the dapagliflozin phase II/III
trial, overall, 17.8, 18.9, and 7.0% of patients
improved to normoalbuminuria status in the
dapagliflozin 10 mg and 5 mg groups and pla-
cebo group, respectively [87]. Similarly, in a
pooled analysis of phase III dapagliflozin trials,
greater 12-week reductions in albuminuria
(- 33.2%, 95% CI - 45.4 to - 18.2) compared
with placebo was evident. The reduction in
albuminuria was also present after adjusting for
age, sex, changes in HbA1c, systolic blood
pressure, body weight, and eGFR, i.e., - 23.5%
(95% CI - 37.6 to - 6.3) [79]. A meta-analysis
of 47 RCTs of SGLT2i in 22,843 people with
T2DM having CKD reported a significant
reduction in urine ACR (weighted mean differ-
ence - 107.35 mg/g, 95% CI - 192.53 to
- 22.18) [84]. These results support the use of
SGLT2i in people with T2DM and CKD, irre-
spective of the patients’ albuminuria status at
baseline and even in patients with normoalbu-
minuria to prevent progression to micro- or
macroalbuminuria. Canagliflozin prevented the
progression of albuminuria by 27% (HR 0.73; CI
0.67–0.79) and induced regression of albumin-
uria more frequently in the trial participants
(HR 1.70; 95% CI 1.51–1.91) [81]. Table 1 shows
the renoprotective effects of SGLT2 inhibitors.
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Evidence From Renal Outcome Trials
and Meta-Analysis

Two major trials recently reported the renal
outcomes of SGLT2i as primary endpoints
(Table 2). The recent CREDENCE trial demon-
strated the renoprotective effect of canagliflozin
in people with T2DM having albuminuric CKD
(ACR[300–5000) and who were already on
stable doses of ACE-Is or ARBs (Fig. 5b). The
relative risk (RR) of the primary outcome (ESRD,
doubling of serum creatinine, death from renal,
or CV cause) was 30% lower in the canagliflozin
group than in the placebo group; the RR of the
composite of ESRD, a doubling of the creatinine
level, or death from renal causes was also lower
in the canagliflozin group, by 34%, and the RR
of ESRD was lower by 32% [45]. The DELIGHT
trial also confirmed the renoprotective effect of
dapagliflozin by a reduction in urine ACR.
Dapagliflozin reduced albuminuria when given
in combination with ACE-I or ARBs, and a
combination of dapagliflozin and saxagliptin
was used to achieve the dual objectives of
effective lowering of blood glucose and urinary
albumin excretion in people with T2DM and
CKD [89]. The renal outcome was not a primary
endpoint in the DERIVE study. In this study,
decreases from baseline in eGFR were greater
with dapagliflozin than with placebo at week 24
(- 2.49 mL/min/1.73 m2, 95% CI - 4.96 to
- 0.02); however, eGFR returned to baseline
levels at week 27 (3 weeks post-treatment)
(0.61 mL/min/1.73 m2, 95% CI - 1.59 to 2.81)
[61].

Neuen et al. performed a meta-analysis of
four CVOTs covering 38,723 participants to
assess the composite of dialysis, transplanta-
tion, or death due to kidney disease; their
results also confirmed the renoprotective effects
of SGLT2i. These authors reported that SGLT2i
reduced the risk of dialysis, transplantation, or
death due to kidney disease (RR 0.67, 95% CI
0.52–0.86, p = 0.0019) in addition to reducing
ESRD (RR 0.65, 95% CI 0.53–0.81, p\ 0.0001)
and AKI (RR 0.75, 95% CI 0.66–0.85,
p\0.0001). The benefit was consistent across
all studies and observed across all eGFR sub-
groups, even in participants with a baseline
eGFR of 30–45 mL/min/1.73 m2 (RR 0.70, 95%

CI 0.54–0.91, p = 0.0080) and irrespective of
baseline albuminuria (Ptrend = 0.66) and use of
RAAS blockers (Pheterogeneity = 0.31) [90]. Zel-
niker et al. showed a similar benefit, with
reduction in the terms of composite of wors-
ening of renal function, ESRD, or renal death
across all baseline eGFR levels, but greatest in
those with preserved renal function at baseline
(eGFR of\60 mL/min/1.73 m2: 33% reduction;
eGFR between 60 and 90 mL/min/1.73 m2: 44%
reduction; eGFR C 90 mL/min/1.73 m2: 56%
reduction; Pinteraction = 0.0258). SGLT2i were
also shown to provide 45% risk reduction for
composite renal events (HR 0.55, CI 0.48–0.64,
p\0.0001), with a similar benefit in those with
and without ASCVD (Pinteraction = 0.71) [91].

Revisions in Treatment Guidelines
for DKD Management

Based on the outcomes of the CREDENCE trial
in patients with CKD, the ADA 2020 and Euro-
pean Association for the Study of Diabetes
(EASD) 2019 consensus statements strongly
recommend (strength of recommendation A
and 1B, respectively) as a current first-line
standard of care SGLT2i in people with T2DM
and DKD with eGFR C 30 mL/min/1.73 m2, and
particularly in those with[300 mg/g albu-
minuria, with or without ASCVD, provided they
have an adequate renal function [46, 92, 93].

Safety Concerns and Contraindications
With SGLT2i

Sodium-glucose cotransporter 2 inhibitors are
increasingly being recognized as antihyper-
glycemic agents for people with T2DM having
established ASCVD or multiple risk factors for
CVD, and for those with mild-to-moderate renal
impairment. However, healthcare providers
need to be cautious and vigilant about the
specific safety concerns while prescribing them.
Regulatory agencies, including the US FDA, the
European Medicines Associations (EMA), and
Health Canada have issued safety warnings for
several AEs. These include AKI, diabetic
ketoacidosis (DKA), genital mycotic infections,
urinary tract infections (UTI), bone fractures,
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Table 2 Renal outcome trials with sodium-glucose cotransporter 2 inhibitors in patients with type 2 diabetes mellitus

Parameters Canagliflozin [45] Dapagliflozin [89] Dapagliflozin [61]

Study acronym (NCT number/

ClinicalTrials.gov identifier)

CREDENCE

(NCT02065791)

DELIGHT (NCT02547935) DERIVE(NCT02413398)

Number of enrolled patients 4401 461 321

Median observation time/

follow-up period

2.62 years 24 weeks 24 weeks

Eligibility eGFR = 30

to\ 90 mL/

min/1.73 m2

ACR[ 300 to

5000

Treatment with

RAAS blockade

1. HbA1c C 7.0% and B

11.0%

2. Stable antidiabetic

treatment during the last

12 weeks up to

randomization

3. eGFR 25–75 mL/min/

1.73 m2, inclusive

4. Micro- or

macroalbuminuria (urine

ACR 30—3500 mg/g)

5. Treatment with ACE-I or

an ARB for at least

3 months prior to screening

HbA1c C 7.0% and B 11.0%

Renal impairment: CKD 3A

Intervention Cana 100 mg once

daily

Dapa 10 mg or

Dapa 10 mg ? saxagliptin

2.5 mg

Dapa 10 mg

Control Placebo Placebo Placebo

Renal outcomes

Composite of ESKD, a doubling

of the serum creatinine level,

or death from renal, or CV

causes

Events per 1000

patient-years:

Cana: 43.2

HR 0.70 (95% CI

0.59–0.82,

p\ 0.00001)

Not reported Not reported
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Table 2 continued

Parameters Canagliflozin [45] Dapagliflozin [89] Dapagliflozin [61]

Change from baseline in urine

ACR at Week 24

Not reported Difference versus placebo at

Week 24:

Dapa - 21.0% (95% CI

- 34.1 to - 5.2,

p = 0.011)

Dapa ? saxagliptin - 38.0%

(95% CI - 48.2 to - 25.8,

p\ 0.0001)

Change from baseline in urine

ACR at Week 24 for patients

with baseline urine:

ACR C 30 mg/g

Week 12: difference - 41.7%

(95% CI - 57.1 to - 21.0,

p\ 0.001)

Week 24: difference: - 14.0%

95% CI - 42.3, 28.0,

p = 0.454

Change from baseline in eGFR

at Week 24

Not reported Difference versus placebo at

Week 24:

Dapa - 2.35 mL/min/1.73

m2 (95% CI - 4.16 to

- 0.53, p = 0.011)

Dapa ? saxagliptin

- 2.44 mL/min/1.73 m2

(95% CI - 4.22 to - 0.66,

p = 0.0075)

Difference vs placebo:

- 2.49 mL/min/1.73 m2 (95%

CI - 4.96 to - 0.02)

Doubling of serum creatinine

level

Events per 1000

patient-years:

Cana: 20.7

HR 0.60 (95% CI

0.48–0.76,

p\ 0.001)

Not reported Not reported

ESKD Events per 1000

patient-years:

Cana: 20.4

HR 0.68 (95% CI

0.54–0.86,

p = 0.002)

Not reported Not reported

eGFR\ 15 mL/min/1.73 m2 Events per 1000

patient-years:

Cana: 13.6

HR 0.60 (95% CI

0.45–0.80)

Not reported Not reported
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lower limb amputations, and acute and chronic
pancreatitis. The association of acute and
chronic pancreatitis with SGLT2i was reported
in the safety review by Health Canada, which
concluded that there may be a link between the
use of SGLT2i and the risk of acute pancreatitis.
However, there was only limited evidence to
suggest a link with chronic pancreatitis [94–96].
Table 3 summarizes the most common AEs
associated with the use of SGLT2i.

Genital Mycotic Infections and UTIs
Genital mycotic infections and UTIs are the
most commonly reported AEs with SGLT2i, and
they can be attributed to the specific mecha-
nism of action of urinary glucose excretion of
SGLT2i. A three- to sixfold increase in genital

infections has been reported in RCTs as well as
in observational studies [97]. In the EMPA-REG
OUTCOME trial, a significantly higher per-
centage of men and women had genital mycotic
infections (5.0 and 10.0%, respectively) com-
pared with those in the placebo group (1.5 and
2.6%, respectively; p\ 0.001); however, the
rates of UTI with empagliflozin and placebo
were similar [64]. A meta-analysis of 14 RCTs of
empagliflozin showed a significantly higher
incidence of genital tract infections compared
with placebo [58]. A similar trend was observed
for canagliflozin compared with placebo in the
CANVAS trial for genital mycotic infections
(34.9% in men vs. 10.8% in women; 68.8 vs.
17.5%, respectively; both p\0.001) and UTI
(40 vs. 38%, p = 0.38) [81], as well as in the

Table 2 continued

Parameters Canagliflozin [45] Dapagliflozin [89] Dapagliflozin [61]

Dialysis initiated or kidney

transplantation

Events per 1000

patient-years:

Cana: 13.3

HR 0.74 (95% CI

0.55–1.00)

Not reported Not reported

Renal death Events per 1000

patient-years:

Cana: 0.3

Not reported Not reported

ESKD, doubling of serum

creatinine level, or renal death

Events per 1000

patient-years:

Cana: 27.0

HR 0.66 (95% CI

0.53–0.81)

Not reported Not reported

Dialysis, kidney transplantation,

or renal death

Events per 1000

patient-years:

Cana: 13.6

HR 0.72 (95% CI

0.54–0.97)

Not reported Not reported

ACE-I Angiotensin-converting enzyme inhibitor, ACR albumin:creatinine ratio, ARB angiotensin II receptor blocker,
ESKD end-stage kidney disease RAAS renin-angiotensin aldosterone system
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meta-analysis of seven RCTs of canagliflozin
[98]. Although rare, genital infections were
proportionately higher in dapagliflozin group
than in the placebo group (0.9 vs. 0.1%; HR
8.36, 95% CI 4.19–16.68, p\0.001), both in
men and in women in the DECLARE-TIMI 58
study [66]. A meta-analysis of six dapagliflozin
RCTs showed a higher incidence of UTI with
dapagliflozin compared with placebo [99].

However, a large meta-analysis of 109 studies
involving SGLT2i found no difference in the
incidence of UTI with SGLT2i compared with
placebo (RR 1.02, 95% CI 0.95–1.09) [100].

Diabetic Ketoacidosis
The major concern regarding SGLT2i-associated
DKA is that it may present with normal or
slightly high blood glucose levels, which can
lead to delays in the recognition or diagnosis of
DKA and may be potentially fatal. SGLT2i have
been associated with increases in ketone-asso-
ciated AEs, suggesting a causal relationship
between SGLT2i and an asymptomatic rise in
ketone bodies. This is likely due to downstream
insulin deficiency and increased glucagon levels
that promote lipolysis and hepatic ketogenesis.
The glucosuria induced by SGLT2i lowers
plasma glucose, which decreases insulin secre-
tion from the b-cells of the pancreas. This, along
with the attenuation of sodium reabsorption in

Table 3 Frequently observed adverse events with sodium-glucose cotransporter 2 inhibitors: evidence from meta-analyses

Adverse events Overall SGLT2i
[100]

Empagliflozin
[58]

Canagliflozin [98] Dapagliflozin [99]

Acute kidney injury RR 0.59 (95% CI

0.39–0.89;

I2 = 0.0%)

Not analyzed Not analyzed Not analyzed

Diabetic ketoacidosis RR 0.66 (95% CI

0.30–1.45,

I2 = 0.0%)

Not analyzed Not analyzed Not analyzed

Urinary tract

infections

RR 1.02 (95% CI

0.95–1.09,

I2 = 0.0%)

OR 1.119 (95%

CI

0.886–1.411)

Cana 100 mg: RR 1.45 (95%

CI 0.91–2.29, p = 0.12)

Cana 300 mg: RR 1.18 (95%

CI 0.73–1.91, p = 0.49)

RR 1.74 (95% CI

1.21–2.49,

p = 0.003)

Genital tract

infections

Not analyzed OR 2.814 (95%

CI

1.712–4.625)

Cana 100 mg: RR 3.79 (95%

CI 2.05–7.01, p\ 0.01)

Cana 300 mg: RR 3.99 (95%

CI 2.16–7.35, p \ 0.01)

RR: 3.52 (95% CI

2.06–6.03,

p\ 0.00001)

Bone fractures RR 0.87 (95% CI

0.69–1.09,

I2 = 1.3%)

Not analyzed Not analyzed Not analyzed

Osmotic diuresis-

related AE/

hypovolemia

Not analyzed Not analyzed Cana 100 mg: RR 5.35 (95%

CI 2.43–11.77, p\ 0.01)

Cana 300 mg: RR 5.35 (95%

CI 2.43–11.77, p\ 0.01)

RR: 0.74 (95% CI

0.32–1.71,

p = 0.47)

AE Adverse events, OR odds ratio, RR relative risk, SGLT2i sodium-glucose cotransporter 2 inhibitors
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the kidneys, may indirectly increase the ketone
reservoir by increasing renal ketone reabsorp-
tion [111]. The events of DKA were rarely
reported in the major CVOTs conducted to date
and were not significantly different for the
SGLT2i arms when compared with placebo arms
for empagliflozin [66] and canagliflozin [81].
The meta-analysis by Donnan et al. reported
similar results [100]. Although rare, DKA was
more common in the dapagliflozin group than
in the placebo group in the DECLARE TIMI 58
trial (0.3 vs. 0.1%; HR 2.18, 95% CI 1.10–4.30,
p = 0.02). However, a pertinent observation was
that [ 80% of patients with DKA were using
insulin at baseline [66]. Zelniker et al. found an
increased risk of DKA with SGLT2i versus the
placebo arm (HR 2.20, 95% CI 1.25–3.87,
p = 0.0060), but again the event rates were low
(\1 per 1000 patient-years) [91].

Acute Kidney Injury
The risk of AKI with SGLT2i is considered to be
due to volume depletion resulting from natri-
uresis, the effect on TGF, and consequent kid-
ney medullary hypoxia. The US FDA issued an
initial warning for increased AKI risk in
December 2015 and then strengthened the
warning in June 2016 for canagliflozin and
dapagliflozin [101]. However, the incidence of
AKI was significantly lower in patients receiving
dapagliflozin compared with placebo (1.5 vs
2.0%; HR 0.69, 95% CI 0.55–0.87) in the
DECLARE TIMI-58 study [66]. Similar observa-
tions were reported from the EMPA-REG OUT-
COME [64] and CANVAS program [81]. A recent
meta-analysis reported a consistent and robust
reduction in the likelihood of AKI among those
participants who had been randomized to
receive a SGLT2i (HR 0.66, 95% CI 0.54–0.80).
The reports of AKI were similar in frequency to
those of kidney disease progression [102]. Fur-
thermore, a Cochrane meta-analysis published
in September 2018 concluded that SGLT2i have
little or no risk of AKI in people with diabetes
and CKD (eGFR\ 60 mL/min/1.73 m2) [103].
Thus, the possibility of AKI should not preclude
the use of SGLT2i in patients with mild-to-
moderate CKD; SGLT2i should be discontinued
if GFR falls below 30 mL/min/1.73 m2. The
patients can be carefully monitored for any

incidence of AKI. Similar monitoring is required
for a rare but serious genital infection called
Fournier’s gangrene for which the FDA has
issued a warning [104].

Lower Extremity Amputations
In the CANVAS program, the rates of lower
extremity amputations were higher with cana-
gliflozin (6.30 per 1000 participant-years) than
with placebo (3.37 per 1000 participant-years)
(HR 1.97, 95% CI 1.41–2.75). Overall amputa-
tion risk was strongly associated with a baseline
history of prior amputation (major or minor)
(HR 21.31, 95% CI 15.40–29.49). The increased
risk of amputation was consistent in people
with baseline eGFR levels above and below
60 mL/min/1.73 m2 (HR 1.91, 95% CI 1.29–2.83
vs. HR 2.17, 95% CI 1.14–4.10, respectively), as
was the risk of fracture (HR 1.29, 95% CI
1.04–1.61 vs. HR 1.18, 95% CI 0.80–1.73,
respectively) [81]. In the recent CREDENCE
trial, there was no significant difference in the
risk of lower limb amputation (HR 1.11, 95% CI
0.79–1.56) and rates of fracture (HR 0.98, 95%
CI 0.70–1.37) between the canagliflozin and
placebo group [45]. Donnan et al. highlight the
lack of data for a causal association of SGLT2i
with the risk of amputations and fractures, and
they also confirm that the present evidence for
this association is available from CANVAS and
CANVAS-R trials only [100]. Pharmacovigilance
analysis from the US FDA Adverse Event
Reporting System (FAERS) also confirms that the
use of canagliflozin, but not dapagliflozin or
empagliflozin, might be associated with an
increased risk of amputations. However, there
are limitations to the FAERS data because there
is no definite causal link between drug exposure
and AE [112]. Conversely, the World Health
Organization global database revealed the
expected signal for canagliflozin; however, the
proportional reporting ratio was also high for
empagliflozin and, for toe amputations only, for
dapagliflozin [113].

Overall, genital mycotic infections are the
most frequent side effect observed with SGLT2i.
The incidence of UTI in patients treated with
SGLT2i is similar to that seen in all people with
T2DM. Hypoglycemia can occur when a SGLT2i
is used as an add-on to other agents causing
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Table 4 Ongoing clinical trials of sodium-glucose cotransporter 2 inhibitors in patients with chronic kidney disease

NCT number
(acronym)

Trial drug Comparator Eligibility Primary outcome Expected
study
completion
date

NCT03433248

(RACELINES)

Empagliflozin

and linagliptin

monotherapy

or combination

therapy

Gliclazide 1. Patients with

T2DM with

HbA1c: 7.0—

9.5%

2. On treatment

with ACE-I or

ARB

3.

eGFR C 45 mL/

min/1.73 m2

Changes in fasting and

postprandial GFR at Week

16

December

2020

NCT03036150

(Dapa-CKD)

Dapagliflozin 1. Patients with

T2DM

2. eGFR C 25

and B 75 mL/

min/1.73 m2

3. Evidence of

increased

albuminuria

3 months or

more

4. On treatment

with ACE-I or

ARB

Time to the first occurrence of

any of the components of the

composite: (1) C 50%

sustained decline in eGFR or

(2) reaching ESRD or CV

death or renal death

November

2020

NCT03594110

(EMPA-

KIDNEY)

Empagliflozin 1. Evidence of

CKD at risk of

kidney disease

progression

2. On treatment

with ACE-I or

ARB

Composite primary outcome:

Time to first occurrence of

(1) kidney disease

progression or (2) CV death

June 2022
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hypoglycemia, such as insulin or sulfonylureas.
Volume depletion and hypotension are rare and
can be minimized by adjusting diuretic and
antihypertensive treatment in patients at risk.
The incidences of AKI, amputation (largely feet
and toes), and fractures are rare and can be
prevented by careful monitoring and avoiding
use in high-risk patients [105].

Ongoing SGLT2i Trials Assessing Renal
Outcomes

Multiple trials assessing the renal benefits of
SGLT2i are ongoing. The RACELINES trial will
assess the clinical effects and mechanism of
monotherapy and combination therapy of the
SGLT2i empagliflozin and dipeptidyl peptidase
4 (DPP-4) inhibitor linagliptin on renal physi-
ology and biomarkers in metformin-treated
T2DM patients [106]. The EMPA-KIDNEY trial
will compare the renal effect of a SGLT2i and a
sulfonylurea. The EMPA-KIDNEY trial will
evaluate the effect of empagliflozin on kidney
disease progression or CV death in people
without T2DM [107]. Despite optimal treatment
with RAAS inhibitors, many patients with non-
diabetic kidney disease show progressive kidney
function loss, which is associated with high
residual proteinuria. The recently completed
DIAMOND study was conducted to assess the

renoprotective effects of dapagliflozin in non-
diabetic patients with proteinuria [109]. The
DAPA-CKD trial, evaluating the efficacy of
dapagliflozin in patients with CKD stages 2–4
and elevated urinary albumin excretion, with
and without T2D, will be stopped early due to
overwhelming efficacy [110]. The treatment
paradigm for CKD, for people with and without
T2DM, may change after the release of the
ongoing trial results over the next few years.
These trials are listed in Table 4 with their pri-
mary outcome measures.

RECOMMENDATIONS
FOR OPTIMAL USE OF SGLT2
INHIBITORS

Sodium-glucose cotransporter 2 inhibitors
reduce the risk of progression to DKD and renal
death by approximately 40–50% in people with
T2DM who are at risk of CV events and are on
ACE-Is and ARBs. Thus, SGLT2i have emerged
as the new drugs that must be included in the
armamentarium for the management for people
with T2DM having CVD or mild-to-moderate
DKD to curb morbidity and mortality. The rec-
ommendations for optimal use of SGLT2i, gen-
erated on the basis of evidence from RCTs and
meta-analyses, is summarized below.

Table 4 continued

NCT number
(acronym)

Trial drug Comparator Eligibility Primary outcome Expected
study
completion
date

NCT03315143

(SCORED)

Sotagliflozin 1. T2DM with

HbA1c C 7%

2. eGFR C 25

and B 60 mL/

min/1.73 m2

Time to the first MACE

Time to CV death or HHF

Marcj 2022

ACE-I angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor blocker, CKD chronic kidney disease, CV
cardiovascular, eGFR estimated glomerular filtration rate, ESRD end-stage renal disease, GFR glomerular filtration rate,
HbA1c glycated hemoglobin, HHF hospitalization for heart failure, T2DM type 2 diabetes mellitus, MACE major adverse
cardiac events
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