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Abstract

Glomerular hyperfiltration predisposes nephron susceptible to damage irreversibly, thereby playing
an important role in initiating the development of diabetic kidney disease. The pathogenesis of glomerular
hyperfiltration in the past clinical trials has emphasized the importance of neurohormones such as the renin-
angiotensin-aldosterone system (RAAS). Unfortunately, diabetic kidney damage or glomerular hyperfiltration
does not completely get attenuated by RAAS blockade. Therefore, many recent clinical trials have focused on
role of renal tubular factors to the hyperfiltration state such as the sodium-glucose cotransporter. The tubular
factors are acting to increase sodium reabsorption in the renal proximal tubule through sodium-glucose
Cotransporter-2 as the leading cause of hyperfiltration by afferent arteriole dilation via the tubuloglomerular
feedback. Clinical evidence has suggested that sodium-glucose cotransporter-2 inhibitors (SGLT2i) can not
only reduce development but attenuate deterioration of albuminuria through various mechanisms. This review
aims to discuss the role of SGLT2i in type 2 diabetes patients with chronic kidney disease in detail. (J Intern
Med Taiwan 2021; 32: 322-332)
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Introduction

The mechanism of action of sodium-glucose
cotransporter-2 inhibitors (SGLT2i) based upon
sodium-glucose cotransporter-2 (SGLT2) blockade
in the renal proximal tubule to inhibit glucose reab-
sorption in the kidney and therefore lower blood
sugar'. This is in turn accompanied by improved

glycemia, blood pressure (BP) lowering, body

weight reduction, and decreased albuminuriaZ. The
pleiotropic effects have implicated with reducing
the risk of renal outcomes and cardiovascular events
in recent large-scale clinical trials of SGLT2i3?
and, consequently, this class of agent is now rec-
ommended as a next step after metformin for type
2 diabetes (T2D) patients with established cardio-
vascular disease (CVD) in the latest American and

European clinical practice guidelines®.
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The incidence of diabetic kidney disease (DK D)
is clinical particularly importance since it results in
increasing cardiovascular risk and all-cause mor-
tality’. Moreover, patients presenting with asymp-
tomatic microalbuminuria or early progressive signs
of chronic kidney disease (CKD), e.g., declines in
estimated glomerular filtration rate (eGFR) have
been scrutinized to increase in poor clinical out-
comes and mortality®°. Despite increasing diversity
of effective treatments, those with early stage CKD
may be treated insufficiently to increase the likeli-
hood for development of more advanced stages of
renal failure!®. Thus, preventing or attenuating the
progression of albuminuria in T2D by early inter-

vention with treatments remains necessary.

The pleiotropic effects of SGLT2i

Aside from obvious benefits of plasma glucose
lowering, body weight loss and BP reduction?,
SGLT2i modify hemodynamics!''-'7, promote reduc-
tion in oxidative stress (OS)!%19, advanced glyca-
tion end-products??-?2, inflammatory makers>3-27,
increase diuretic actions3-5, and activate renin angio-
tensin aldosterone system (RAAS)!7. The pleiotro-
pic effects of SGLT2i on renal benefits are discussed

below.

Hemodynamic modification

Tubuloglomerular feedback (TGF) is a negative
feedback system that works on the single nephron
level and regulates the tone of the afferent arteriole,
and thereby eGFR, to stabilize the solute and fluid
load to the macula densal!!. However, an increased
reabsorption of glucose by SGLT2 in diabetes in the
renal proximal convoluted tubule decreases delivery
of solutes to the macula densa and in turn causes
vasodilation of the afferent arteriole, which results
an increased in intraglomerular pressure and sub-
sequently facilitates the development of diabetic
nephropathy. SGLT2 inhibition restore solute deliv-

ery to the macula densa with reversal of vasodila-

tion of the afferent arteriole and in turn preserve
eGFR in long term in diabetic nephropathy!?.
SGLT2i may reverse hypoxia around the renal
proximal tubules, thereby mitigating hemody-
namic overload via reduction in enhanced sympa-
thetic activity'3. Treatment with SGLT2i leads to
increased hematocrit which suggests recovery of
renal tubulointerstitial function in diabetes'*. The
increased hematocrit during SGLT2i therapy has
generally been interpreted as indicating hemocon-
centration due to the diuretic effect, although it has
been reported that the risk of cerebral infarction
is not increased®!>. However, several studies sug-
gested that hemoconcentration due to the diuretic
effect seems unlikely the leading cause of elevated
hematocrit'*16. A possible interesting mechanism
for the elevated hematocrit might be an effect of
SGLT2i on red cell mass, as suggested by the tran-
sient increases in serum erythropoietin concentra-

tions and reticulocyte count!’.

Oxidative stress, advanced glycation end
products, and inflammatory effects

OS reflects excessive production of reactive
oxygen species (ROS) and the suppression of ROS
removal is implicated with organ damage?®. SGLT2i
reduced ROS generation, expression of monocyte
chemoattractant protein-1 gene, and apoptosis of
renal tubular cells via high glucose suppression's.
SGLT2i may reduce OS though suppression of
NADPH oxidase 4-derived ROS generation and
inhibit proinflammatory macrophage infiltration
and inflammation in DKD'.

The accumulation of advanced glycation end-
products (AGEs) might initiate diabetic macroan-
giopathy through receptor for AGE (RAGE), and
the increase of RAGE expression could be a reason
that diabetes accelerates atherosclerosis rapidly?°.
SGLT2i have been recently recognized to inhibit
renal reactions of oxidation, inflammation and

fibrosis in diabetic rats partly by suppression of
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AGEs and RAGE axis?. SGLT2i appear to prevent
glucotoxicity with high efficiency by reducing for-
mation of AGEs, methylglyoxal levels and the induc-
tion of RAGE-dependent signaling?!. Recently,
SGLT2i was suggested to improve cardiac function
via AGE generation reduction and oxidative damage
lowering?2. Thus, the SGLT2i-mediated inflamma-
tory response through a reduction in AGEs-AGEs/
RAGE crosstalk provide a novel mechanism to
decrease diabetic complications.

The diabetic proinflammatory mediators might
activate the renal proximal tubular cells to result in
increased kidney injury3°. SGLT2i might have anti-
inflammatory effects by blockade of macrophage
accumulation and expression of proinflammatory
biomarkers?3. Thus, SGLT2i could significantly
reduce renal morphology and structural changes of
diabetes, e.g., mesangial matrix expansion, endothe-
lial fenestrations loss, glomerular basement mem-
brane thickening, and podocyte loss?*. SGLT2i
prevented high glucose-related increases in inflam-
matory cytokines production most likely via block-
ade of glucose entry into the renal proximal tubular
cell?. Several other studies demonstrated that dia-
betic patients treated with SGLT2i may reduce
serum plasminogen activator inhibitor-1 levels?.
SGLT2i may also improve insulin sensitivity and
attenuate CVD risk via induced changes of serum

leptin, adiponectin, and interleukin-6 27.

Blood pressure

It has been confirmed that BP lowering
attenuates not only risk of mortality and morbid-
ity3!, but also has renoprotective effects in diabe-
tes32. However, the exact mechanism(s) behind the
BP-lowering effects of SGLT2i are not completely
understood. SGLT2i induce sustained systolic and
diastolic BP reduction, partly through minimal
natriuresis and likely sympathetic tone reduc-
tions33. SGLT2i can induce body weight reduction?,

which is mainly due to loss of fat mass rather than

lean mass®*. By natriuretic and osmotic diuretic
effects, SGLT2i could induce volume contraction3?.
SGLT?2i also can lead to an improvement in vascu-
lar resistance and arterial stiffness, which is associ-
ated with improved BP3¢. The exact mechanism(s)
through which SGLT2i reduces arterial stiffness are
not completely understood, but may be related to
improved glycemic control, body weight reduction,
volume contraction as a result of osmotic diuresis
or reduced OS3°. Moreover, SGLT2i also reduce
sympathetic nervous system and RAAS activity
via augmented distal sodium chloride delivery to
the macula densa inducing TGF, afferent arteriole
narrowing and attenuated hyperfiltration, both of

which are important determinants of BP3.

Diuretic effects

The results of the Empagliflozin Cardio-
vascular Outcome Even Trial in Type 2 Diabetes
Mellitus-Removing Excess Glucose (EMPA-REG
OUTCOME)?, the Canagliflozin Cardiovascular
Assessment Study (CANVAS) program®*, and
the Dapagliflozin Effect on Cardiovascular
Events-Thrombolysis in Myocardial Infarction 58
(DECLARE-TIMI 58)° have demonstrated that
the diuretic actions of SGLT2i presumably play an
important role in cardioprotection. The increased
urinary sodium excretion has been observed dur-
ing the early phase of treatment with SGLT2i37-38,
SGLT2i afforded a reduction in interstitial fluid and
serum sodium without changing the intravascular
volume by osmotic diuresis?. It has been speculat-
ed that the selective reduction in interstitial volume
may be a unique feature of SGLT2i rather than other
diuretics, which may restrict the aberrant reflex neu-
rohumoral stimulation to induce intravascular vol-
ume depletion with traditional diuretics*°. Moreover,
SGLT?2i are uricosuric, whereas traditional diuretics
are related to high levels of serum uric acid, probably
reflecting the different impact on cardiovascular out-

comes*!. Natriuresis is suggested to be the primary
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factor associated with the SGLT2i-induced tran-
sient increases in urine volume and decreased plas-
ma natriuretic peptide with increased plasma renin
activity (PRA) may be a compensatory mechanism
for subsequent urine output recovery*?. These find-
ings correspond to a renal physiological and adaptive
mechanism to maintain overall body fluid balance

following initial treatment with SGLT2i.

Renin angiotensin aldosterone system
Several animal models reported that block-
ade of the RAAS reduced some features of dia-
betic renal injury, specifically fibrosis, macrophage
infiltration, and elevations in transforming growth
factor-beta gene expression*. SGLT2i activates sys-
temic and local RAAS activity in diabetes, suggest-
ing hydrochlorothiazide-like physiologic effects!”.
Although the clinical implications of SGLT2i-
induced RA AS-activation are not well- understood,
it seems undesirable since angiotensin receptor acti-
vation clinically play a crucial role in the develop-
ment of DKD. However, the activated RAAS during
angiotensin- receptor blockade or angiotensin-con-
verting enzyme inhibition would favor renopro-
tective pathways of the RAAS cascade, including
angiotensin 1-7 production and activation of Mas
and type-2-angiotensin-II receptors**. Clinically,
empagliflozin increased significantly angiotensin
IT and aldosterone levels in diabetes®. Similarly,
dapagliflozin was associated with serum aldoste-
rone and PRA concentration elevation!”. Moreover,
it should be noted in EMPA-REG OUTCOME that
81% of participants were treated with angiotensin
converting enzyme inhibitors (ACEi) or angioten-
sin-receptor blockers (ARB)3. Thus, it is tempting
to speculate that SGLT2i combines with RAAS
blockade may result in similar synergistic effects by
combined blockade of neurohormonal and tubular
factors. Further evidence will be required to inves-
tigate whether such combined strategy of dual
SGLT2i and RAAS blockade has the potential to

bring long-term renoprotection, in part through nor-

malizing glomerular hyperfiltration.

Major clinical trials on renal end-
point findings

More than 40% of diabetic patients during their
lifetime develop to CKD, which is the major cause
accounting for the progression of end-stage renal
disease (ESRD)*047. Accordingly, it is necessary to
recognize whether the benefits of SGLT2i might be
applicable to DKD patients, and whether potential
detrimental effects, in particular renal safety, are
similar or different for individuals with CKD. The
recent major clinical trials of SGLT2i on renal end-

point findings are discussed below.

Canagliflozin

The renoprotection of canagliflozin in DKD
patients has been investigated in several studies. T2D
patients with stage 3 CKD receiving canagliflozin
100mg and 300mg versus placebo had slightly less
proportion of progression to albuminuria (5.1, 8.3,
and 11.8%, respectively) and larger decrease in the
urinary albumin/creatinine ratio (UACR) (-3.8, - 7.2
and -0.8 pg/mg, respectively) from baseline to Week
2648, A follow-up extension of the above-mentioned
study showed that canagliflozin (100mg and 300mg)
compared to placebo demonstrated decreases in
eGFR (-2.1, -4.0 and -1.6 ml/min/1.73m?, respective-
ly) which were likely related to the diuretic effect
of canagliflozin®. Moreover, canagliflozin (100mg
and 300mg) versus placebo provided significantly
median percent reductions in UACR (-16.4, -28.0,
and 19.7%, respectively). The canagliflozin 300mg
suggested the larger decrease in UACR, which might
result from the larger eGFR decrease with this dose,
whereas the canagliflozin 100mg indicated the
decrease in UACR, which was related to a steadier
eGFR, argues against this rationale.

Although the renal outcomes from the

CANVAS program fail to reach statistical signifi-
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cance, the results suggested a promising benefit
of canagliflozin with the reduction of progression
to albuminuria by -27% and a sustained reduction
of renal composite outcomes by -40%*%. Moreover,
when using eGFR as a continuous variable, the
renoprotective effect of canagliflozin continued to
suggest benefit at all levels of renal function, but
may be attenuated with declining renal function (p
heterogeneity = 0.02 and 0.01, respectively) 3°.

A secondary analysis of a clinical trial in T2D
patients with metformin therapy investigated the
renal effects of canagliflozin versus glimepiride!.
Compared with glimepiride, the proportions of 30%
eGFR decline endpoint were lower for the cana-
gliflozin 100mg and 300mg groups (6.7% versus
9.7%; p=0.07, and 9.0% versus 9.7%; p=0.75),
respectively. Moreover, in the subgroup analysis, the
hazard ratio (HR) for the canagliflozin 100mg and
300mg groups versus glimepiride groups in patients
with UACR >30mg/g for the 30% eGFR decline
endpoint were 0.37 (p=0.03) and 0.69 (p=0.33),
respectively.

More recently, the Canagliflozin and Renal
Endpoints in Diabetes with Established Nephropa-
thy Clinical Evaluation (CREDENCE) study investi-
gated the renal outcomes in T2D patients with mod-
erate to severe albuminuria>?. The primary outcome
was a composite of ESRD, doubling of the serum
creatinine, or renal or cardiovascular death. The
reductions of relative risk (RR) for canagliflozin
group versus placebo group were -30% (p=0.00001),
-34% (p<0.001), and -32% (p=0.002) for the prima-
ry outcome, renal-specific composite, and ESRD,
respectively. This result provides evidence that
among T2D patients with CKD, canagliflozin might
reduce risk of renal failure at a median 2.62 years of

follow-up.
Empagliflozin

The EMPA-REG-RENAL investigated renal
effects of empagliflozin in T2D patients with

stage 2-4 CKD%. The reductions in UACR for
emapgliflozin group versus placebo group was
observed in stage 2 CKD patients (empagliflozin
10mg -184.59mg/g, p=0.0831; empagliflozin 25mg
-235.86mg/g, p=0.0257) and stage 3 CKD patients
(-183.78mg/g, p=0.0031) at Week 52. Moreover, less
proportions of stage 3 CKD patients with empa-
gliflozin 25mg versus placebo progressed from
normoalbuminuria to microalbuminuria, or from
microalbuminuria to macroalbuminuria, at the
end of trial (12.2% versus 22.2%, and 2.0% versus
11.4%, respectively). Importantly, more proportions
of stage 3 CKD patients with emapgliflozin 25mg
regressed from macroalbuminuria to microalbu-
minuria, or from microalbuminuria to normoalbu-
minuria, at the end of trial (32.6% versus 8.6%, and
27.5% versus 21.4%, respectively).

Empagliflozin compared to placebo in the
EMPA-REG OUTCOME suggested reductions
in incident or worsening nephropathy by -39%
(p<0.001)3. Moreover, the RR of development of
macroalbuminuria, doubling of the serum cre-
atinine, and start of renal-replacement treatment
for empagliflozin versus placebo had statistically
significant reductions of -38%, -44%, and -55%,
respectively. However, the rate of incident albumin-
uria between the treatment groups demonstrated no
statistically significant difference. Moreover, a post-
hoc analysis from the EMPA-REG OUTCOME
suggested that empagliflozin versus placebo signif-
icantly reduced incident or worsening nephropathy
by -35% in patients with history of coronary artery
bypass graft (CABG) at baseline>*. Furthermore,
similar result was also observed in patients without
a history of CABG.

Another exploratory analysis from the EMPA-
REG OUTCOME has been described>. After treat-
ment of 12 weeks, the mean placebo-adjusted ratio
of UACR change from baseline with empagliflozin
suggested significantly reduction in albuminuria

(normoalbuminuria -7% (p=0.013), microalbu-
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minuria -25% (p<0.0001), and macroalbuminuria
-32% (p<0.0001)). After treatment of 164 weeks,
sustained reductions in UACR were observed with
empagliflozin versus placebo. The empagliflozin
group experienced a sustained more regression form
microalbuminuria to normoalbuminuria (HR 1.43;
p<0.0001) or from macroalbuminuria to microalbu-
minuria or normoalbuminuria (HR 1.82; p<0.0001),
and experienced a sustained less progression from
normoalbuminuria to microalbuminuria or macro-
albuminuria (HR 0.84; p=0.0077).

A pooling data from T2D patients with prev-
alent microalbuminuria or macroalbuminuria who
participated in one of five randomized controlled
trials (RCTs) from baseline to week 24 investigated
the effect of empagliflozin on UACR>®. Empa-
gliflozin versus placebo significantly reduced
UACR levels in patients with albuminuria (microal-
buminuria -32% (p<0.001), macroalbuminuria -41%
(p<0.001)), which was not largely associated with
the known metabolic or systemic hemodynamic

effects of this drug class.
Dapagliflozin

A pooled analysis of 11 RCTs evaluated
the effects of dapagliflozin over 102 weeks in
T2D patients with eGFR between 12 and 45 ml/
min/1.73m?>7. Dapagliflozin (5mg and 10mg) versus
placebo suggested significant reduction in UACR by
-47.1% and -38.4%, respectively. A post-hoc pooled
analysis from two clinical trials in T2D hyper-
tensive patients on stable ARB or ACEi therapy
suggested that dapagliflozin versus placebo was
associated with greater 12-week reductions in albu-
minuria by -33.2% 38. Moreover, albuminuria reduc-
tion by -23.5% was also observed after multivariate
adjustment.

A clinical trial assessed dapagliflozin versus
placebo in T2D patients with stage 3A CKD?.
Dapagliflozin than placebo had greater decreases
from baseline in eGFR at Week 24 (-2.49 mL/

min/l. 73m?). However, eGFR recovery to base-
line was observed at Week 27. The overall popula-
tion on dapagliflozin didn’t have reductions in mean
percent changes from baseline in UACR at Week
24. However, dapagliflozin compared to placebo
in patients with baseline UACR >30 mg/g had sig-
nificantly reductions in mean percent changes from
baseline at Week 4 by -30.7% (p =0.009) and at Week
12 by - 21% (p <0.001). Although dapagliflozin from
Week 12 to Week 24 maintained reductions from
baseline in UACR, a decrease in UACR from Week
12 to Week 24 in the placebo group made the differ-
ence versus placebo at Week 24 not significant.

In addition to albuminuria, a clinical trial
further investigated changes in N-acetyl-f-
glucosaminidase (uUNAG) which is a marker of renal
tubular damage in uncontrolled T2D patients with
dapagliflozin®. Dapagliflozin rather than non-
SGLT2i had significantly reductions in UACR and
uNAG. Dapagliflozin rather than non- SGLT2i
significantly increased kidney length. By multi-
variate analysis, dapagliflozin versus non-SGLT2i
had significantly reductions in UACR. A post
hoc analysis investigated the long-term effects of
dapagliflozin on UACR in patients with UACR
>30 mg/g at baseline®!. After adjusting for multivar-
iate, placebo-corrected reductions were observed
in the dapagliflozin (10mg and 5mg) groups by
-53.6% and -47.4%, respectively. The dapagliflozin
groups (Smg and 10mg) versus placebo group had
more regression to a lower UACR category (39.6%,
33.9%, and 15.8%, respectively) and had fewer pro-
gression to a higher UACR category (4.3%, 14.7%,
and 27.3%, respectively). Overall, the dapagliflozin
groups (Smg, 10mg) versus placebo group had more
regression to normoalbuminuria status (18.9%,
17.8%, and 7.0%, respectively).

The renal outcomes data from DECLARE-
TIMI 58 has been described®?. Overall, the dapa-
gliflozin group versus the placebo group had

24% reduction in incidence of the renal compos-
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ite outcome (4.3% versus 5.6%, respectively). This
result suggested that in T2D patients with or were
at risk for atherosclerotic CVD, dapagliflozin pos-
sibly reduces the likelihood of progression of renal
disease. Thus, dapagliflozin-induced improvements
in glycemic control combined with other potential
effects of renal benefits, may result in long-term risk
reduction of kidney.

More recently, the DELIGHT study (clinical-
trials.gov NCT02547935) investigated albuminuria-
lowering effect of dapagliflozin alone and together
with saxagliptin in T2D patients with CKD%. Dapa-
gliflozin and dapagliflozin-saxagliptin compared
to placebo significantly demonstrated reductions in
UACR from baseline by -21% (p=0.011) and -48.2%
(p<0.0001), respectively. This beneficial profile
suggested that dapagliflozin with or without saxa-
gliptin, given ACEi or ARB additionally treatment,
is a potentially attractive therapeutic option to atten-

uate the progressive renal disease in these patients.

Ertugliflozin

The renal effects of ertugliflozin were assessed
in T2D patients with stage 3 CKD over 52 weeks®*.
In categorical analyses of the overall cohort, the
ertugliflozin groups (Smg and 15mg) versus the
placebo group had higher proportions of any occur-
rence of a decrease >30% from baseline in eGFR at
week 26 and 52 (week 26: 10.3%, 8.7%, and 2.6%,
respectively; week 52: 13.5%, 14.0%, and 7.3%,
respectively). No data were provided, however, the
authors reported that a similar proportion of patients
had shifted from normoalbuminuria to microal-
buminuria across the ertugliflozin groups; none
shifted from normoalbuminuria to macroalbumin-
uria over 52 weeks.

More recently, a pooled analysis of 2 RCTs eval-
uated the effects of ertugliflozin (Smg and 15mg)
versus non-ertugliflozin (glimepiride or placebo) on
e¢GFR and albuminuria in T2D patients®. At base-

line, overall mean eGFR was 88.2 ml/min/1.73m?

and mean UACR was 11.6 mg/g. Ertugliflozin
(5mg and 15mg) versus non-ertugliflozin had
greater decreases from baseline in eGFR at Week
6 (2.3, -2.7 and -0.7 ml/min/1.73m?, respectively).
However, changes in eGFR compared to non-ertug-
liflozin at Week 104 was 1.81 (p=0.04) and 2.10
ml/min/1.73m? (p=0.01) for ertugliflozin 5mg and
15mg, respectively. Moreover, ertugliflozin (Smg
and 15mg) compared to non-ertugliflozin had
greater reductions in UACR at Week 104 (-29%
(p=0.02) and -32.7% (p=0.01), respectively) in albu-
minuria patients (UACR > 30 mg/g) at baseline. The
initial dip in eGFR in ertugliflozin groups possibly
resulted from known hemodynamic effects. Over
104 weeks, ertugliflozin than non-ertugliflozin
preserved higher eGFR levels and reduced greater
UACR in albuminuria patients at baseline, suggest-

ing renal function protection.

Possible synergic effects

The temporal acute reduction in eGFR has
been observed on treatment initiation with SGLT2i
in several clinical studies . The initial dip in eGFR
of SGLT2i relates to the attenuation of SGLT2 to
primary renal proximal tubular hyperreabsorption
and in turn lowers glomerular hyperfiltration and
subsequently preserves eGFR in long term in T2D
patients 7. In contrast to the effect of SGLT2i, RAAS
blockade also has initial dip in eGFR and a signifi-
cantly slower decrease long-term decline of eGFR
thereafter 8. The exact mechanism of this hemody-
namic acute dip in eGFR is unclear. A physiological
explanation is that RAAS blockade causes efferent
arteriole vasodilation that in turn causes a reduction
in intraglomerular pressure, a reduction in filtra-
tion fraction, and an acute dip in eGFR 3. Although
the initial dip in eGFR has been observed via dif-
ferent pathways, both SGLT2i and RAAS blockade
present the potential to bring renoprotection, in part

through long-term preservation of eGFR.
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Future trials of renal endpoints

Based on the pleiotropic effects of SGLT2i on
renal function and renal outcomes captured in analy-
ses of this review, it is manifest that SGLT2i demon-
strate the potential benefits of renoprotective effects
in DKD patients. Several dedicated ongoing renal
outcomes trials will provide further illuminations of
the role of SGLT2i on renal endpoints in diabetic and
nondiabetic patients with CKD. The DAPA-CKD
(NCT03036150) will determine the effect of dapa-
gliflozin on the progressive renal disease in diabetic
or nondiabetic patients with CKD®. The DAPA-HF
(NCT03036124) will determine the effect of dapa-
gliflozin on time to the first occurrence of any of the
components of a renal composite in chronic heart
failure patients with reduced ejection fraction’.
The EMPA-KIDNEY (NCT03594110) will inves-
tigate the effect of empagliflozin on time to clini-
cally relevant kidney disease progression in diabetic
and nondiabetic patients with established CKD in
secondary outcome measures’!. Moreover, two
dedicated ongoing heart failure trials, EMPEROR-
Reduced (NCT03057977)’> and EMPEROR-Pre-
served (NCT03057951)73, are also being collected
to investigate cardiovascular outcome and hospi-
talization for heart failure. Both trials in second-
ary outcome measures will investigate change in
eGFR from baseline, and time to first occurrence
of chronic dialysis or renal transplant or sustained
reduction of eGFR. Those ongoing dedicated renal
outcomes trials will help shed further light on the

clinical landscape of SGLT2i on renal endpoints.

Conclusion

The pleiotropic effects of SGLT2i suggest
the potential renal benefits beyond blood glucose
control. Much has been learned over the past years
with the growing evidence in clinical trials of mean-
ingful renal protective effects of SGLT2i but much

more remains to be done. Experience from clini-

cal practice with SGLT2i in non-diabetic subjects
is currently limited. The results of future and on-
going clinical trials will help shed further light on
the role of SGLT2i on renal function in diabetic and

non-diabetic patients.
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