
A new era of diabetic kidney disease treatment
with sodium–glucose cotransporter-2 inhibitors

Sodium–glucose cotransporter-2 (SGLT2)
inhibitors were developed as a new class
of antidiabetic agent that increase urinary
glucose excretion. This increased glucose
excretion is expected to lead to various
metabolic improvements such as weight
loss and reduction in blood glucose. Ini-
tially, there were several concerns about
its potential adverse effects such as
ketoacidosis, particularly in type 1 dia-
betes1, but their use has now become
widespread as a relatively safe drug2. This
is especially true among patients with
type 2 diabetes, because of the strong car-
dio- and renoprotection of these inhibi-
tors3,4. Growing evidence shows the
renoprotective effect of SGLT2 inhibitors
in diabetic kidney disease (DKD)3,4. In
particular, the Canagliflozin and Renal
Events in Diabetes with Established
Nephropathy Clinical Evaluation (CRE-
DENCE) trial4 showed significant reno-
protective effects of canagliflozin, an
SGLT2 inhibitor, in DKD. The result has
been published approximately 20 years
after the Reduction of Endpoints in Non-
insulin Dependent Diabetes (NIDDM)
with the Angiotensin II Antagonist Losar-
tan (RENAAL) study showed the signifi-
cant reduction of albuminuria by
losartan, a renin–angiotensin system
(RAS) inhibitor, in patients with type 2
diabetes5. Therefore, there are now great
expectations for SGLT2 inhibitors for
DKD.
It is difficult to make a direct compar-

ison between the RENAAL and CRE-
DENCE trials because of their different
eras, follow-up periods, and patient back-
grounds. However, the results of the esti-
mated glomerular filtration rate (eGFR)

30–45 mL/min/1.73 m2 group in the
CREDENCE trial4, which is similar to the
patient background of the RENAAL
trial5, may be used to evaluate the 20 year
evolution of renal prognosis in patients
with type 2 diabetes and macroalbumin-
uria. In the RENAAL trial, progression to
end-stage kidney disease or a doubling of
serum creatinine occurred in 34.5% of
patients in the placebo group, and it was
reduced to 30.1% with losartan treat-
ment5. In the CREDENCE trial, when
compared with the placebo group, cana-
gliflozin treatment reduced the incidence
of the same renal events from 17.5% to
12.9%, while almost all patients had been
treated with RAS inhibitors4. These
results suggest that we have reached a
new era in which the decline in renal
function in patients with type 2 diabetes
and macroalbuminuria can be halved
compared with 20 years ago, and that
SGLT2 inhibitors can be a new light in
the post-RAS inhibitor era.
In addition to these large-scale clinical

trials, similar results have been reported
in real-world clinical evidence. Based on
the results from the Comparative Effec-
tiveness of Cardiovascular Outcomes in
New Users of SGLT-2 Inhibitors 3
(CVD-REAL 3), the initiation of SGLT2
inhibitor improved the annual eGFR
decline rate by 1.53 mL/min/1.73 m2 per
year and reduced the incidence of com-
posite kidney outcomes by half com-
pared with initiation of other glucose-
lowering drugs6. Similarly, a large data-
base study conducted in Japan using the
Japan CKD Database (J-CKD-DB), a
nationwide multicenter CKD registry,
also revealed that initiation of SGLT2
inhibitors slowed the eGFR decline rate
by 0.75 mL/min/1.73 m2 per year in
Japanese patients with DKD7. Thus, the
benefits of SGLT2 inhibitors on DKD
seem to be largely generalized to clinical
practice.

Racial differences often affect drug effi-
cacy. CVD-REAL 3 suggests the efficacy
of SGLT2 inhibitors across racial groups
because this observational study included
populations in many countries6. The effi-
cacy of SGLT2 inhibitors on DKD in
Asia has been confirmed. A post hoc
analysis of the CREDENCE trial showed
that the effects of canagliflozin on renal
and safety outcomes in participants from
eastern and southeastern Asian (EA)
countries were generally similar to those
of the non-EA participants8. In addition,
in Japanese patients with diabetes, ipra-
gliflozin corrected hyperfiltration in the
patients with high eGFR (eGFR ≥60),
while it increased eGFR in patients with
a low eGFR (30≤eGFR<60 mL/min/
1.73 m2)9. Furthermore, an observational
study provided real-world evidence that
SGLT2 inhibitors slowed the eGFR
decline rate in Japanese patients with
DKD10. Collectively, in Asians as well as
other races, SGLT2 inhibitors show high
promise for renoprotection in DKD.
The typical clinical course of DKD is a

decline in renal function with increased
albuminuria, but it has been reported
that the number of cases with decreased
renal function without macroalbumin-
uria has been increasing gradually11. A
sub-analysis of the Canagliflozin Cardio-
vascular Assessment Study (CANVAS)
program showed interesting results. In
patients with type 2 diabetes, SGLT2
inhibitors not only halted the rapid
eGFR decline in patients with macroal-
buminuria, but they also significantly
slowed the mild eGFR decline, even in
patients without macroalbuminuria12

(Figure 1). A similar effect of SGLT2
inhibitors was confirmed by the real-
world evidence from the J-CKD-DB.7

Therefore, SGLT2 inhibitors may
improve the rate of eGFR decline regard-
less of the stage of albuminuria in DKD,
although there are no studies that have
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evaluated this effect as a primary end-
point so far. A study is currently under-
way, however, to determine the primary
endpoint of renal prognosis in patients
without macroalbuminuria with reduced
eGFR. It is hoped that the results of this
study will position SGLT2 inhibitors as
therapeutic agents that can suppress the
eGFR decline regardless of the stage of
albuminuria in DKD.
Although the benefits of SGLT2 inhi-

bitors have been increasingly demon-
strated, there are still issues to be
addressed. Overconfidence in SGLT2
inhibitors should be avoided; these are
not magic pills, and their efficacy has
been observed when added to conven-
tional multifactorial intervention in all
clinical trials and observational studies.
Actually, the importance of blood pres-
sure control in preventing the progres-
sion of DKD, even under SGLT2
inhibitor treatment, has been reported13.
Next, there is no evidence that SGLT2
inhibitors decrease the new onset of
microalbuminuria, and it is unclear
whether they will be positioned as pre-
ventive agents for DKD defined by the
appearance of albuminuria. Finally, it is
unclear whether these inhibitors can sig-
nificantly improve the renal prognosis of
type 1 diabetes as well as type 2 diabetes.

Over the 20 years since the introduc-
tion of RAS inhibitors, the prognosis of
DKD appears to have improved. Fur-
thermore, SGLT2 inhibitors are begin-
ning to show additional benefits on renal
prognosis in DKD. It is hoped that renal
prognosis in DKD over the next 20 years
will be further improved by SGLT2 inhi-
bitors, when used properly14,15. It is
expected that DKD will be overcome in
the future by practicing the improvement
of DKD care with SGLT2 inhibitors and
also by identifying issues for the post-
SGLT2 era.
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Figure 1 | Effect of canagliflozin on annual eGFR decline rate in diabetic kidney disease. Sub-
analysis of the Canagliflozin Cardiovascular Assessment Study (CANVAS) program showed a
significant improvement in the annual decline rate of estimated glomerular filtration rate (eGFR)
in the canagliflozin-treated group compared with the placebo group, regardless of stage of
albuminuria at entry (modified from Neuen et al.12).
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