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ABSTRACT

Diabetic kidney disease (DKD) is a topic of
increasing concern among clinicians involved in
the management of type 2 diabetes mellitus
(T2DM). It is a progressive and costly complica-
tion associated with increased risk of adverse
cardiovascular (CV) and renal outcomes and
mortality. Ongoing monitoring of the estimated
glomerular filtration (eGFR) rate alongside the

urine albumin:creatinine ratio (ACR) is recom-
mended during regular T2DM reviews to enable
a prompt DKD diagnosis or to assess disease
progression, providing an understanding of
adverse risk for each individual. Many people
with DKD will progress to end-stage kidney dis-
ease (ESKD), requiring renal replacement therapy
(RRT), typically haemodialysis or kidney trans-
plantation. A range of lifestyle and pharmaco-
logical interventions is recommended to help
lower CV risk, slow the advancement of DKD
and prevent or delay the need for RRT. Emerging
evidence concerning sodium-glucose co-trans-
porter-2 inhibitor (SGLT2i) agents suggests a role
for these medicines in slowing eGFR decline,
enabling regression of albuminuria and reducing
progression to ESKD. Improvements in renal end
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points observed in SGLT2i CV outcome trials
(CVOTs) highlighted the possible impact of
these agents in the management of DKD. Data
from the canagliflozin CREDENCE trial (Cana-
gliflozin and Renal Events in Diabetes with
Established Nephropathy Clinical Evaluation)
have since demonstrated the effectiveness of this
medicine in reducing the risk of kidney failure
and CV events in a population comprising indi-
viduals with T2DM and renal disease. CRE-
DENCE was the first SGLT2i study to examine
renal outcomes as the primary end point. Real-
world studies have reaffirmed these outcomes in
routine clinical practice. This article summarises
the evidence regarding the use of SGLT2i
medicines in slowing the progression of DKD
and examines the possible mechanisms under-
pinning the renoprotective effects of these
agents. The relevant national and international
guidance for monitoring and treatment of DKD
is also highlighted to help clinicians working to
support this vulnerable group.

Keywords: Chronic kidney disease; Diabetic
kidney disease; End-stage kidney disease;
Kidney failure; Oral glucose-lowering
medicines; SGLT2 inhibitors; Type 2 diabetes

Key Summary Points

People with type 2 diabetes mellitus
(T2DM) and diabetic kidney disease (DKD)
are at increased risk of mortality alongside
adverse cardiovascular (CV) and renal
outcomes, with many progressing to end-
stage kidney disease and requiring
haemodialysis or kidney transplantation

In recent years, a growing body of
evidence has emerged concerning the
potential renoprotective effects of the
sodium-glucose co-transporter 2 inhibitor
(SGLT2i) class of medicines, with data
from large T2DM CV outcome trials
(CVOTS) demonstrating a significant
reduction in markers for progression of
kidney disease in addition to CV end
points

In response, a new era of SGLT2i cardio-
renal studies was initiated, with the
canagliflozin CREDENCE trial
(Canagliflozin and Renal Events in
Diabetes with Established Nephropathy
Clinical Evaluation) being the first to
publish data demonstrating the
effectiveness of this medicine in reducing
the risk of both kidney failure and CV
events in a population comprising
individuals with T2DM and renal disease

The evolving evidence base in this area is
reflected in the latest international
guidelines for the treatment of T2DM, and
this article aims to put these
recommendations into context for
clinicians supporting people with T2DM,
outlining the relevant studies that have
driven these changes and examining the
potential mechanisms that may underly
the renoprotective effect of SGLT2i
treatments as well as the implications for
clinical practice

The SGLT2i Prescribing Tool, previously
developed by the Steering Committee, has
also been updated to reflect much of the
evidence discussed in this review and is
available via the Diabetes Therapy website
as a supplementary material

ROLE OF THE IMPROVING
DIABETES STEERING COMMITTEE

The Improving Diabetes Steering Committee
comprises a panel of clinical experts from across
primary and specialist care, who meet with the
objective of improving diabetes care. The
Committee aims to ensure that healthcare pro-
fessionals (HCPs) who prescribe diabetes
medicines have access to balanced and accurate
information and evidence concerning type 2
diabetes mellitus (T2DM) medicines, with a
specific focus on the sodium-glucose co-trans-
porter-2 inhibitor (SGLT2i) class of treatments.
The group is committed to providing healthcare
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colleagues with clarity regarding the evidence
base supporting SGLT2i agents, highlighting
the relative benefits and risks of these therapies.
Educational materials and publications, such as
the previously published consensus documents,
provided by the panel are intended to increase
confidence and understanding regarding the
appropriate place of these medicines within the
current UK T2DM treatment paradigm [1, 2].
Professor David Wheeler was involved with the
planning, delivery, analysis and publication of
the CREDENCE study, which included human
participants and complied with the tenets of the
Declaration of Helsinki.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article, go to https://doi.org/10.6084/m9.
figshare.12937334.

INTRODUCTION

Diabetic kidney disease (DKD) is a widely
recognised and growing concern among clini-
cians involved in the management of type 2
diabetes mellitus (T2DM). Practical approaches
that prevent or delay the progression of this
serious and costly condition are urgently
required, particularly in the current era of
COVID-19, for the benefit of people living with
T2DM and healthcare services alike.

As the T2DM treatment pathway continues
to evolve, an emerging role has been high-
lighted for SGLT2i therapies in slowing DKD
progression to end-stage kidney disease (ESKD)
[3, 4]. In this article, the Improving Diabetes
Steering Committee discusses current data and
the proposed mechanisms that may underpin
renoprotective effects of these agents, as well as
the potential value that SGLT2i therapies offer
in delaying the onset and progression of
chronic kidney disease (CKD).

The SGLT2i Prescribing Tool, previously
developed by the Steering Committee, has also

been updated to reflect much of the evidence
discussed here. The Tool is included as a sup-
plementary item alongside this article and can
also be accessed online via the Diabetes Therapy
website. This article is based on previously
conducted studies and does not contain any
studies with human participants or animals
performed by any of the authors.

THE BURDEN OF KIDNEY DISEASE
IN T2DM

DKD is a sub-type of CKD observed in people
with T2DM in the absence of other identified
kidney pathologies. Approximately 40% of
people with T2DM have kidney disease, and this
is predicted to rise to around 50% by 2025 [5, 6].
In recent years, there have been significant
increases in the number of people living with
T2DM and DKD, as well as the proportion of
this population requiring renal replacement
therapy (RRT); dialysis and/or kidney trans-
plantation [7].

Increased Mortality Due to DKD

Kidney and cardiovascular (CV) functions are
intrinsically linked. CKD is an independent
predictor of CV disease and mortality, in both
people with and without T2DM [8]. Increased
mortality rates associated with T2DM are
believed to be predominantly due to kidney
disease, and global disease burden data show
that the number of deaths due to DKD rose by
94% between the years 1990–2012 [8, 9].

Quality of Life Outcomes with DKD

Health-related quality of life (HRQoL) outcomes
are progressively and significantly impaired
with advancing CKD and DKD [10, 11].
Research examining HRQoL among people with
kidney disease has shown that people with
diabetes (particularly the elderly) are at greater
risk of poor outcomes relating to physical
functioning and emotional/mental health
compared with those without diabetes [10, 11].
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Economic Burden of DKD

The rising number of people with DKD requir-
ing RRT has significant implications for health
resource use and costs of care for people with
T2DM. Haemodialysis is estimated to cost the
UK National Health Service (NHS) £26,835 per
patient each year [12]. In 2010/2011, the NHS
costs attributed to kidney failure due to T2DM
were approximately £379 million, and this is
projected to rise to around £635 million by
2035/36 [13].

Intensified T2DM treatment strategies, using
lifestyle and pharmacological interventions to
lower the risk of renal and CV outcomes, may
reduce inpatient admissions and the mean cost
per person-year compared with conventional
disease management [14].

EVALUATION
AND CLASSIFICATION OF DKD
DISEASE MARKERS

Although much debate exists regarding the
most appropriate and accurate markers for pro-
gression of DKD, a moderately increased urinary
albumin:creatinine ratio (ACR) (albuminuria)
and declining estimated glomerular filtration

rate (eGFR) are currently regarded as the most
acceptable and widely used early indicators of
kidney disease in the absence of specific
biomarkers and diagnostic tools [3, 15].

The National Institute for Health and Care
Excellence (NICE) guidelines for the assessment
and management of CKD classify the stages of
kidney disease and define the risk of adverse
outcomes (e.g. acute kidney injury, all-cause
mortality, CV events) according to eGFR and
ACR (shown in Fig. 1) [16]. Decreasing eGFR
and increasing ACR are each considered to be
independent risk factors for adverse outcomes
and mortality [8, 16]. Elevated ACR and
declining eGFR, in combination, multiply the
risk of adverse outcomes [16]. The rate of eGFR
decline over time also provides a signal for dis-
ease progression and an indication of prognosis
[17, 18].

Routine Monitoring of Renal Markers

People with mild-to-moderate reductions in
eGFR (Fig. 1, G2-G3a, eGFR 45–89 ml/min/1.73
m2) and moderately increased ACR (Fig. 1, A2,
ACR 3–30 mg/mmol) should be tested/moni-
tored at least once each year [16]. People at
greater risk of adverse outcomes, classified by a
moderate-to-severe eGFR decrease and severely

Fig. 1 NICE/KDIGO classification of CKD using eGFR and ACR categories [16]
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increased ACR (Fig. 1, G3b–G5 and A3,
eGFR\ 30 ml/min/1.73 m2 and ACR[ 30 mg/
mmol), should be tested more frequently (2–4
times each year, depending on risk category)
[16].

Although the 2019 General Medical Services
(GMS) Quality Outcomes Framework (QOF) no
longer requires regular measurement of ACR, six
QOF points are awarded to practices establishing
and maintaining a register of adults
(aged C 18 years) with CKD (classified using the
NICE recommendations G3a–G5) (CKD005)
[19]. As adults with T2DM represent a significant
proportion of this group, they should be inclu-
ded on local CKD registers, where appropriate.

SLOWING OR PREVENTING DKD
PROGRESSION

Addressing Risk Factors: Lifestyle
and Pharmacological Interventions

Several lifestyle and pharmacological approa-
ches have been recommended to help prevent
or delay the progression of DKD [16]. These are

summarised in Box 1. Guidelines include regu-
lar evaluation of kidney and/or vascular com-
plications, as well as interventions that aim to
improve glycaemic control and lipid levels,
maintain healthy body weight and optimise
blood pressure [16, 20]. Advice may incorporate
adjustments to diet and exercise, management
of stress or referral for smoking cessation sup-
port [16, 20].

Detailed dietary assessment (to address obe-
sity), followed by appropriate support and edu-
cation, can be a helpful first step toward slowing
kidney function decline [16, 20]. Encourage-
ment to give up smoking, with cessation advice
and pharmacological interventions (e.g. nico-
tine replacement therapy) where appropriate,
may be helpful for patients who need extra
support in this area. Regular reviews of HbA1c
and prescribed glucose-lowering medications
are also important. Other risk factors should be
checked routinely, such as blood pressure and
prescribing of appropriate antihypertensive
drugs in line with national and local guidelines,
usually angiotensin-converting enzyme inhibi-
tors (ACEis) or angiotensin receptor blockers
(ARBs) [16, 19, 20]. Statins are considered stan-
dard care for people with CKD in both primary
and secondary prevention according to NICE
guidelines [21]. Some concurrent medications
may adversely affect renal function, e.g. non-
steroidal anti-inflammatory drugs (NSAIDS). It
is necessary to review prescribed treatments and
provide education on the use of over-the-
counter (OTC) medications and their potential
impact on the kidneys [16]. Recommendations
on the use of aspirin and other anti-platelet
medications in people with T2DM and kidney
disease are unclear [16, 22]. NICE guidelines for
the management of T2DM do not recommend
aspirin for people without CV disease and the
NICE CKD guidelines highlight the need for
additional evidence on the benefits of aspirin as
a primary prevention measure for people with
CKD at the highest risk of CV disease [16, 22].

Box 1 Key lifestyle and pharmacological interventions for
DKD progression [16, 19, 20, 35]

Diet and nutritional advice

Recommendations on appropriate levels of physical

activity

Weight loss advice

Smoking cessation advice and support

Education on proteinuria levels and potential markers

for kidney function decline

Education on the potential renal impact of over-the-

counter medicines (e.g. NSAIDs)

Review of concomitantly prescribed medicines and the

potential for adverse renal effects

ACEi or ARB therapy (maximally tolerated dose)

Statins

SGLT2i treatments
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Renoprotective Medicines

Agents that block the renin-angiotensin-aldos-
terone system (RAAS) pathway (ACEi and ARB
drugs) have demonstrated renoprotective
effects in people with T2DM [23, 24]. These
medicines are recommended by NICE for slow-
ing the progression of DKD and are included in
the current QOF (DM006, 3 points) [16, 19]. The
Kidney Disease Improving Global Outcomes
(KDIGO) group has also drafted guidelines for
the management of CKD in people with dia-
betes (due to be published in September 2020)
[20]. KDIGO recommends titration to the
maximally tolerated dose of ACEi and ARB
treatments for people with T2DM and increased
ACR (ACR[3 mg/mmol) [20]. Many individu-
als with T2DM may already be taking ACEi or
ARB medicines for hypertension. Monitoring
for eGFR reduction and hyperkalaemia is
required when initiating or increasing the dose
of RAAS antagonists [16]. These drugs have been
shown to reduce the relative risk of renal events
by 20%; however, a residual risk remains for
people with T2DM [23–26]. The Steno-2 trial
showed the benefit of intensive multifactorial
treatment approaches (e.g. lifestyle changes,
glycaemic control, RAAS inhibitors) on CV and
renal outcomes in people with T2DM and
severely increased ACR [26]. It should be noted
that, despite multiple interventions, 25% of
those treated intensively went on to develop
kidney disease, suggesting that there is scope for
improvement in this area of T2DM manage-
ment [26].

Published evidence from large-scale ran-
domised trials and real-world studies supports
the use of SGLT2i treatments in reducing the
overall rate of kidney function decline and
adverse renal risk among those with T2DM
[3, 27–34]. The American Diabetes Association
(ADA) and European Association for the Study
of Diabetes (EASD) consensus on the manage-
ment of hyperglycaemia in T2DM (Fig. 2), the
new KDIGO guideline and the European Society
of Cardiology (ESC)/EASD guideline each rec-
ommend the use of SGLT2i treatments for
people with T2DM and eGFR C 30 ml/min/1.73
m2 (G3a/G3b, Fig. 1), where the approved
licence indication allows [20, 35, 36]. These

recommendations are based on subgroup anal-
yses from SGLT2i cardiovascular outcome trials
(CVOTs) as well as more recent data from the
CREDENCE trial (Canagliflozin and Renal
Events in Diabetes with Established Nephropa-
thy Clinical Evaluation), the first published
study to assess the effects of an SGLT2i agent on
renal outcomes in patients with T2DM and CKD
[3, 30, 31].

SGLT2i TREATMENTS: RENAL
OUTCOMES DATA

Data analyses examining the effects of SGLT2i
therapies on renal function have shown a sim-
ilar pattern regarding eGFR [3, 27–31, 34]. An
initial acute reduction in eGFR is observed at
the start of treatment, followed by an overall
slowing in the decline of eGFR over time and a
reduction in other markers of kidney function
deterioration [3, 27–31, 34].

Renal Data from SGLT2i Cardiovascular
Outcome Trials

The SGLT2i CVOTs primarily examined
and demonstrated the efficacy of this treatment
class in reducing CV risk among those with
T2DM [27–29, 34]. However, secondary and
exploratory analyses of these data highlighted a
potential role for SGLT2i therapies in reducing
adverse renal outcomes, even though the study
populations were not generally considered to be
at significant risk of advancing DKD [27–31, 34].
Table 1 shows the mean eGFR and urine ACR
measures reported at baseline for each of the
CVOTs. Mean eGFR at baseline was within the
NICE category for mild risk (Fig. 1, G2) for each
of the CVOTs [16, 27–31, 34]. Where provided
within the published data, median urine ACR at
baseline was within the normal range according
to the NICE guidelines (Fig. 1, A1)
[16, 27–31, 34].

Table 2 provides an overview of key renal
end points and reported outcomes from each of
the SGLT2i CVOTs. Due to differences in study
design, renal efficacy outcomes cannot be
directly compared across CVOTs. However, each
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study demonstrated reductions in composite
renal risk end points (Fig. 3) as well as individ-
ual markers of kidney function decline
[28, 30, 31, 34].

Post-hoc analysis of data from the EMPA-
REG OUTCOME trial showed a reduced risk in
the composite renal end point when comparing
empagliflozin treatment with placebo, and the
CANVAS Program renal composite end point
occurred less frequently among participants in
the canagliflozin group compared with those in
the placebo group (Fig. 3; Table 2) [28]. Regres-
sion of albuminuria (return to ACR B 3 mg/
mmol) was increased by 30% in the CANVAS
study (Table 2) [28, 30]. Analysis of data from
the DECLARE-TIMI 58 trial revealed a reduced
risk in the renal composite end point (with
dapagliflozin treatment versus placebo), and the
DAPA-CKD trial was halted early in March 2020

Fig. 2 ADA/EASD consensus on the management of hyperglycaemia in T2DM. Reproduced with permission from Davies
et al. [35]

Table 1 Mean eGFR and median ACR scores at baseline
reported in SGLT2i CVOTs [27–29, 34]

SGLT2i CVOT Mean eGFR
at baseline

Median urine
ACR at baseline

EMPA-REG

OUTCOME

(empagliflozin)

74 ml/min/

1.73 m2

2.03 mg/mmol

CANVAS Program

(canagliflozin)

76 ml/min/

1.73 m2

1.36 mg/mmol

DECLARE-TIMI 58

(dapagliflozin)

85 ml/min/

1.73 m2

1.47 mg/mmol

VERTIS-CV

(ertugliflozin)

76 ml/min

per 1.73

m2

Not available
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Table 2 Summary of key renal outcomes reported in SGLT2i CVOTs [27–31, 34]

CVOT key renal end points Reported outcome: SGLT2i therapy
versus placebo

EMPA-REG OUTCOME (empagliflozin)

Composite renal outcome:

Doubling of serum creatinine level, initiation of RRT, death from renal

disease

46% relative risk reduction (HR 0.54, 95%

CI 0.40–0.75; P\ 0.001)

Incident or worsening of nephropathy:

Progression to severely increased ACR, doubling of serum creatinine levels

accompanied by an eGFR B 45 ml/min/1.73 m2, initiation of RRT or

death from renal disease

39% relative risk reduction (HR 0.61; 95%

CI 0.53–0.70; P\ 0.001)

CANVAS Program (canagliflozin)

Composite renal outcome:

Sustained 40% reduction in eGFR, the need for RRT or death from renal

causes

40% relative risk reduction (HR 0.60; 95%

CI 0.47–0.77)

Progression of albuminuria (ACR[ 3 mg/mmol) 27% relative risk reduction (HR 0.73; 95%

CI 0.67–0.79)

Regression of albuminuria (return to ACR B 3 mg/mmol) 30% regression

(HR 1.70; 95% CI 1.51-1.91)

DECLARE-TIMI 58 (dapagliflozin)

Renal composite outcome:

Sustained eGFR decline of C 40% to\ 60 ml/min/1.73 m2, ESKD

(dialysis for C 90 days, kidney transplantation or confirmed sustained

eGFR\ 15 ml/min/1.73 m2) or death from renal causes

47% relative risk reduction (HR 0.53; 95%

CI 0.43–0.66; P\ 0.0001)

Cardiorenal end point:

Sustained eGFR decline of C 40% to\ 60 ml/min/1.73 m2, ESKD

(dialysis for C 90 days, kidney transplantation or confirmed sustained

eGFR\ 15 ml/min/1.73 m2) or death from renal or CV causes

24% relative risk reduction

(HR 0.76; 95% CI 0.67–0.87; P\ 0.0001

Sustained decline in eGFR (C 40% ml/min/1.73 m2 to \ 60 ml/min/

1.73 m2)

46% relative risk reduction (HR 0.54; 95%

CI 0.43–0.67; P\ 0.0001)

Risk of ESKD or renal death 59% relative risk reduction (HR 0.41; 95%

CI 0.20–0.82; P = 0.012)

VERTIS-CV (ertugliflozin)

Renal composite outcome:

Renal death, RRT or doubling of serum creatinine

19% relative risk reduction

(HR 0.81; 95.8% CI 0.63–1.04; P = 0.08)
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because of overwhelming efficacy [31]. The
ertugliflozin VERTIS-CV trial demonstrated a
19% relative risk reduction with ertugliflozin for
the composite renal end point, versus placebo,
in people with T2DM and atherosclerotic car-
diovascular disease (ASCVD) (Table 2) (and post
hoc exploratory analysis using data from the
VERTIS-SU and VERTIS-MET trials suggested
that ertugliflozin provided improvements in
eGFR and ACR compared with non-ertugliflozin
treatment) [34, 37].

The CREDENCE Trial

The CREDENCE trial was a double-blind, ran-
domised study to assess renal treatment out-
comes with canagliflozin (100 mg) among
adults with T2DM and CKD [3].

Participants were at least 30 years of age,
with HbA1c levels of 47.5–107.7 mmol/mol,
CKD (defined as eGFR between 30–90 ml/min/
1.73 m2) and albuminuria (urine ACR
33.9–565 mg/mmol) [3]. Nearly all participants
were receiving ACEi or ARB treatment and a
prespecified plan ensured that 60% of

Fig. 3 Renal composite outcomes reported in SGLT2i
CVOTs [28, 30, 31]. a EMPA-REG OUTCOME post
hoc renal composite outcome (doubling serum creatinine
level, initiation of RRT or death from renal disease).
Reproduced with permission from Wanner et al. [30].
b The CANVAS Program exploratory renal composite
outcome (40% reduction in eGFR, requirement for RRT,

or death from renal causes). Reproduced with permission
from Neal et al. [28]. c DECLARE-TIMI 58 secondary
efficacy renal composite (C 40% eGFR decline, ESKD, or
death from renal causes). Reproduced with permission
from Mosenzon et al. [31]
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participants had eGFR\60 ml/min/1.73 m2 [3].
The study included 4401 participants and
median follow-up was 2.62 years [3]. At base-
line, the mean age was 63 years, mean HbA1c
was 67 mmol/mol, mean eGFR was 56.2 ml/
min/1.73 m2 and median ACR was 104.75 mg/
mmol [3].

Key renal efficacy and safety end points from
the CREDENCE study are summarised in
Table 3. Figure 4 shows the primary composite
outcome for this study: a renal composite
comprising ESKD, doubling of serum creatinine

level, or renal or CV death. The primary out-
come event rate was significantly lower in the
canagliflozin group compared with the placebo
group: 43.2 versus 61.2 per 1000 patient-years,
providing a 30% relative risk reduction (HR
0.70; 95% CI 0.59–0.82; P = 0.00001) [3].

The relative risk of the composite of ESKD,
doubling of the serum creatinine level or renal
death was 34% lower in the canagliflozin group
versus the placebo group (HR 0.66; 95% CI
0.53–0.81; P\ 0.001) [3]. The components of
ESKD (chronic dialysis for C 30 days, kidney
transplantation, eGFR\15 ml/min/1.73 m2

sustained for C 30 days) were reduced by 32%
(HR 0.68; 95% CI 0.54–0.86; P = 0.002) and the
risk of dialysis or kidney transplantation was
reduced by 26% (HR 0.74; 95% CI 0.55–1.00)
[3].

The estimated number needed to treat (NNT)
over 2.5 years for the primary composite end
point was 22, meaning that 47 fewer patients in
a population of 1000 would reach this end point
during this time frame compared with placebo
[3]. Among participants with baseline eGFR
30–45 ml/min/1.73 m2, the NNT over 2.5 years
to prevent the primary composite end point was
16 [3].

As highlighted already, kidney disease is
closely associated with increased CV risk and
mortality [8]. The CREDENCE trial

Table 3 Summary of key renal outcomes reported in the
canagliflozin CREDENCE trial [3]

CREDENCE key end
points measured

Reported outcome:
canagliflozin versus
placebo

Primary composite

outcome: ESKD,

doubling of serum

creatinine level, or renal

or CV death

30% relative risk reduction

(HR 0.70; 95% CI

0.59–0.82; P = 0.00001)

Renal-specific composite:

ESKD, doubling of the

serum creatinine level or

renal death

34% relative risk reduction

(HR 0.66; 95% CI,

0.53–0.81; P\ 0.001)

ESKD: Chronic dialysis

for C 30 days, kidney

transplantation,

eGFR\ 15 ml/min/1.73

m2 sustained

for C 30 days

32% relative risk reduction

(HR 0.68; 95% CI

0.54–0.86; P = 0.002)

Doubling of serum

creatinine

40% relative risk reduction

(HR 0.60; 95% CI

0.48–0.76; P\ 0.001)

Dialysis, kidney

transplantation or renal

death

28% relative risk reduction

(HR 0.72; 95% CI

0.54–0.97)

CV composite: CV death or

hospitalisation for heart

failure

31% relative risk reduction

(HR 0.69; 95% CI

0.57–0.83; P\ 0.001)

Fig. 4 Primary efficacy outcome from the CREDENCE
trial. Renal composite outcome (end-stage kidney disease,
doubling of serum creatinine, or renal or CV death).
Reproduced with permission from Perkovic et al. [3]
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demonstrated that canagliflozin treatment was
associated with a lower incidence of CV out-
comes in this high-risk population, including
the composite of CV death or hospitalisation for
heart failure (HF) (HR 0.69; 95% CI 0.57–0.83;
P\ 0.001) [3]. The risk of CV death, myocardial
infarction or stroke was reduced by 20% (HR
0.80; 95% CI 0.67–0.95; P = 0.01) [3].

In accordance with EMPA-REG and
DECLARE safety data, no significant difference
was observed in the risk of lower limb amputa-
tion (LLA) with canagliflozin treatment versus
placebo in the CREDENCE study [3, 27, 29]. LLA
rates were 12.3 and 11.2 per 1000 patient-years
in the canagliflozin and placebo groups,
respectively (HR 1.11; 95% CI 0.79–1.56) [3]. A
foot care protocol amendment was included in
the CREDENCE study in response to a safety
signal raised during the CANVAS Program;
however, CREDENCE was already well under-
way at that stage with approximately 70% of
participants enrolled in the study [3, 28]. Rates
of fracture were similar across the canagliflozin
and placebo groups (HR 0.98; 95% CI 0.70–1.37)
[3]. As observed in CVOTs, the reported inci-
dence of diabetic ketoacidosis (DKA) was low,
but numerically higher in the SGLT2i group
compared with placebo: 2.2 versus 0.2 per 1000
patient-years [3, 27–29].

It has been noted that CREDENCE is the only
definitive prospective clinical trial to date that
has demonstrated a clinically significant effect
on major renal outcomes with an SGLT2i ther-
apy in people with CKD and T2DM [36, 38].

Meta-Analysis: SGLT2i CVOT
and CREDENCE Trial Data

Pooled renal data from a meta-analysis exam-
ining CV and renal outcomes from SGLT2i
CVOTs and the CREDENCE trial showed that
canagliflozin, empagliflozin and dapagliflozin
were associated with favourable outcomes with
respect to renal end points versus placebo [32].

Pooled relative risk (RR) among people with
T2DM and CV disease or CV risk factors was
lower for those treated with an SGLT2i com-
pared with placebo for the composite renal
outcome of doubling of serum creatinine or

40% decrease in eGFR, initiation of RRT or
death due to renal disease (RR 0.63; 95% CI
0.56–0.71) [32]. The pooled RR for the same
composite renal outcome among those with CV
disease or CV risk factors and eGFR \60 ml/
min/1.73 m2 was also lower for those treated
with an SGLT2i versus placebo (RR 0.67; 95% CI
0.59–0.76) [32]. Progression of albuminuria
among people with T2DM and CV disease or CV
risk factors was reduced with SGLT2i treatment
compared with placebo (RR 0.80; 95% CI
0.76–0.84) [32]. Progression of albuminuria was
defined as a C 30% increase in albuminuria or
transition from either normo-albuminuria
(Fig. 1, A1) to moderately increased albuminuria
(microalbuminuria) (Fig. 1, A2) or severely
increased albuminuria (macroalbuminuria)
(Fig. 1, A3), or from moderately to severely
increased albuminuria [32].

Real-World Evidence

A large, international, real-world study of peo-
ple with T2DM (CVD-REAL 3) demonstrated
that initiation of SGLT2i therapy was associated
with a slower rate of kidney function decline
and reduced risk of major kidney events com-
pared with other glucose-lowering drugs [33].
Mean follow-up was 14.9 months and the main
outcome measure was eGFR decline [33]. Pooled
data showed a difference in eGFR decline
favouring SGLT2i treatment compared with
other glucose-lowering drugs of 1.53 ml/min/
1.73 m2 per year (95% CI 1.34–1.72; P\0.0001)
[33]. An additional kidney composite end point
was used in the study, comprising a sustained
reduction in eGFR of C 50% or ESKD (defined as
eGFR\ 15 ml/min/1.73 m2), dialysis
for C 30 days or kidney transplantation [33].
Overall, 351 composite kidney outcomes
occurred: 114 in the SGLT2i group (3.0 events
per 10,000 patient-years) and 237 among those
taking other glucose-lowering medications (6.3
events per 10,000 patient-years) (HR 0.49; 95%
CI 0.35–0.67; P\ 0.0001) [33].

A large register-based cohort study using
nationwide data from routine clinical practice
in Sweden, Denmark and Norway showed that
SGLT2i treatment lowered the risk of serious
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renal events compared with dipeptidyl pepti-
dase-4 inhibitor (DPP4i) therapies [39]. In total,
29,887 new SGLT2i users were included and
matched with the same number of people
newly initiated on DPP4i treatment [39]. Mean
follow-up time was 1.7 years [39]. Incidence of
serious renal events was 2.6 versus 6.2 events
per 1000 person years with SGLT2i and DPP4i
therapies, respectively (HR 0.42; 95% CI
0.34–0.53) [39]. Incidence of RRT was also sig-
nificantly reduced with SGLT2i treatment
compared with DPP4is: 0.8 and 2.5 events per
1000 person years with SGLT2i and DPP4i
therapies, respectively (HR 0.32; 95% CI
0.22–0.47) [39].

POTENTIAL MECHANISMS
UNDERPINNING
THE RENOPROTECTIVE ACTION
OF SGLT2I TREATMENTS

Conclusive evidence concerning the mecha-
nisms responsible for the renoprotective effects
observed with SGLT2i drugs is lacking, but sev-
eral hypotheses have been proposed to explain
the apparent slowing of DKD progression over
time associated with these medicines. It is pos-
sible that a combination of several mechanisms
may be responsible for the effect observed in
practice [4, 40, 41].

Improved Glomerular Haemodynamics

Figure 5 provides a visual representation of the
processes outlined below. Tubuloglomerular
feedback is mediated by the juxtaglomerular
apparatus, which contains the macula densa; a
specialised group of cells that detect sodium ion
(Na?) concentration within the tubule, sig-
nalling to the glomerulus to regulate the

filtration rate and avoid dehydration via a
feedback loop. Changes in glomerular filtration
are mediated by a signalling system involving
adenosine generated by Na?/potassium (K?)
ATPase. Glucose and Na? are removed from the
filtrate via SGLT2 co-transporter proteins in the
proximal tubule [4, 41].

In the presence of hyperglycaemia due to
diabetes, hyperfiltration occurs; SGLT2 co-
transporters are upregulated in the proximal
tubule and glucose and Na? reabsorption
increases. Lower Na? concentrations are detec-
ted at the macula densa, which subsequently
signals to the glomerulus to increase the filtra-
tion rate to restore Na? delivery to the distal
tubule [4, 40, 41]. Adenosine levels drop due to
reduced Na?/K? ATPase activity and the affer-
ent arteriole dilates, enabling increased blood
flow through the glomerulus [4, 40, 41].

The SGLT2i class of drugs reduces reabsorp-
tion of glucose and Na? via inhibition of SGLT2
co-transporters within the proximal tubule,
which re-establishes Na? delivery to the macula
densa [4, 40, 41]. Current models suggest that
the afferent arteriole may constrict in response
to raised adenosine levels, driven by increased
membrane Na?/K? ATPase activity, to regulate
and reduce glomerular blood flow [4, 40, 41]. It
is possible that SGLT2i drugs have a protective
effect on the glomerulus in the longer term due
to the constriction of the afferent arteriole,
which in turn lowers the intraglomerular pres-
sure and reduces the amount of protein filtered
through the glomerulus (albuminuria). It has
also been suggested that RAASi therapies might
have a complementary and renoprotective
effect on intraglomerular pressure through
dilation of the efferent arteriole, although sub-
group analysis of CVOT data does not appear to
support this hypothesis [40, 42].

Reduced Tubular Workload

Oxygen consumption is high in the kidney due
to the many active functions associated with
solute reabsorption [43, 44]. Increased SGLT2
co-transporter activity within the diabetic kid-
ney raises the oxygen demand, which may not
be matched by delivery to the tissue via the

bFig. 5 Proposed mechanism for sodium-mediated changes
in adenosine bioactivity at the afferent arteriole. Repro-
duced with permission from Heerspink et al. [40].
a Mechanism under normal conditions. b Mechanism
during hyperglycaemia. c Mechanism in the presence of an
SGLT2i agent
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blood, leading to hypoxia [44]. The SGLT2i
treatments may help to protect the kidneys by
inhibiting reabsorption via these demanding
co-transporters and reducing both the energy
and aerobic requirements of the system [43].

Reduced Renal Inflammation

An additional mechanistic proposal is that
SGLT2i agents reduce inflammation and
hypoxic injury in the kidney over time [40].
Prolonged albuminuria and high intracellular
glucose levels within proximal tubular cells
trigger the expression of inflammatory cytoki-
nes, growth factors and fibrotic mediators as
well as the production of reactive oxygen spe-
cies [4, 44]. As SGLT2i agents block uptake of
glucose within proximal tubular cells, it is pos-
sible that their renoprotective effect may be
partly due to a reduced local inflammatory
response and fibrosis [4].

IMPLICATIONS FOR CLINICAL
PRACTICE

Efficient Care Provision and Use of Health
Resources

Progression of DKD represents a significant
burden to healthcare services. Adapting care
pathways to protect those most at risk of wors-
ening kidney function has the potential to
reduce this expensive complication of T2DM
and may enable some people to avoid RRT
completely. In addition, slowing the progres-
sion of DKD sufficiently to allow a significant
proportion of high-risk individuals to defer
dialysis or kidney transplant may provide con-
siderable HRQoL improvements.

Measurement and Ongoing Monitoring
of DKD Markers for Progression

In line with NICE guidelines, regular eGFR and
ACR testing are essential for successful DKD
diagnosis and monitoring. The rate of change or
decline is also an important indicator of renal
disease progression. In practice, it might not be

possible to accurately measure the rate of
decline as appropriate systems and software
may not be widely available in primary care to
support this. However, regular monitoring can
help to reveal trends that are indicative of
advancing kidney disease and poor prognosis.
Early detection of CKD can facilitate the intro-
duction of lifestyle and pharmacological inter-
ventions that enable people with T2DM to
retain kidney function for as long as possible.

Empowering People with T2DM and Those
Who Care for Them

Patient empowerment is critical to effective
T2DM management and the avoidance of
complications. It is important that people with
T2DM receive education to help them under-
stand the importance of their annual eGFR and
urine ACR test in evaluating their current level
of risk concerning CV complications and renal
failure. Practical tools and materials are avail-
able via organisations such as Diabetes UK and
TREND-UK to help support these conversations
(e.g. Diabetes UK Information Prescriptions).

Evidence- and Guideline-Based Use
of SGLT2i Agents and Other Treatments

ACEi and ARB treatments are recommended for
their renoprotective attributes. These medicines
should be considered for those with increased
risk of renal and CV disease (with hypertension
and/or microalbuminuria), where appropriate,
and in accordance with NICE and local pre-
scribing guidelines [16, 19–21]. Although, as
mentioned previously, clinicians should keep in
mind the residual risk for people with T2DM
and monitor regularly for disease progression
[23–26].

The ADA/EASD guidelines already reflect the
growing evidence base for SGT2i medicines in
the treatment of people with T2DMwho may be
at risk of DKD, and the latest KDIGO guidelines
are aligned with these recommendations
[20, 35]. ESC/EASD guidelines also recognise the
value of the CREDENCE data in demonstrating
the renoprotective effects of canagliflozin [36].
The prescribing landscape is beginning to
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change; canagliflozin has been granted a change
of licence by the European Medicines Agency
(EMA) and UK Medicines and Healthcare prod-
ucts Regulatory Agency (MHRA) to include use
in those with eGFR\ 30 ml/min/1.73 m2 [45].
This is in recognition of the renal outcomes
demonstrated in SGLT2i CVOTs, the CRE-
DENCE study and CVD-REAL 3
[3, 28, 30–34, 45–48]. Currently, canagliflozin
has the most direct evidence for renal benefit in
patients with DKD [3]. CREDENCE was the first
published SGLT2i study specifically examining
renal outcomes in a high-risk population, pro-
viding confirmatory and robust data on the
effects of canagliflozin on patient-relevant renal
end points [3, 38]. There was no signal for
adverse effects of amputation or fracture, which
had been seen in the CANVAS trial [3, 28].
Studies on other SGLT2i therapies are ongoing,
with data expected in the coming years (e.g.
DAPA-CKD and EMPA-KIDNEY studies). These
studies will assess whether the renal effects
observed in the CREDENCE study are a consis-
tent class effect across this group of therapies
[3, 45–48].

CONCLUSION

Looking to the future, clinicians working across
primary care, diabetes services and renal ser-
vices will need to collaborate effectively with
commissioners to ensure that the diagnosis and
ongoing management of DKD are prioritised
and that colleagues are appropriately supported
to implement this work. Equitable access to
testing and monitoring services, alongside the
medications that have been shown to be effec-
tive in slowing the progression of DKD, will be
critical in protecting this vulnerable group and
stemming the ever-increasing costs and HRQoL
implications of kidney failure and RRT.
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