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Introduction and Objectives: We investigated the efficacy and safety of sodium-glucose
cotransporter-2 (SGLT-2) inhibitors as an add-on therapy in patients with advanced-stage
diabetic kidney disease taking renin-angiotensin system (RAS) blockers.

Materials and Methods: Changes in glycated hemoglobin (HbAlc), urine protein-to-
creatinine ratio (UACR), body weight, systolic blood pressure, and annual change in
estimated glomerular filtration rate (¢GFR) were retrospectively analyzed in 20 patients
after 12 months of SGLT-2 inhibitor administration (mean eGFR: 22.8 + 9.7 mL/min/
1.73 m?). All patients had advanced-stage diabetic kidney disease and were taking RAS
blockers. Twenty patients matched with similar propensity scores who were not taking
SGLT-2 inhibitors served as the control group.

Results: The annual change in eGFR improved significantly from —8.6 + 12.5 mL/min/
1.73 m*/year to —2.6 + 5.0 mL/min/1.73 m?/year after 12 months by SGLT-2 inhibitor
administration (p < 0.05), but did not change in the control group. Other clinical parameters,
such as HbAlc, UACR, body weight, blood pressure, serum lipids, and electrolytes did not
change in either group. No adverse effects were observed by taking SGLT-2 inhibitors.
Conclusion: Using SGLT-2 inhibitors as an add-on therapy may have beneficial effects on
renal function in patients with advanced-stage diabetic kidney disease taking RAS blockers
without any adverse effects.

Keywords: advanced-stage diabetic kidney disease, renin-angiotensin system blocker,
sodium-glucose cotransporter-2 inhibitor

Introduction

Diabetic kidney disease is a major complication of diabetes mellitus and is the
leading cause of end-stage renal disease worldwide.' Several studies have shown
that renin-angiotensin system (RAS) blockers have renoprotective and blood pres-
sure-lowering effects in patients with diabetic kidney disease;*" therefore, they are
recommended as first-line antihypertensive agents for use in this population.* Thus,
many patients with diabetic kidney disease take RAS blockers.

Recently, sodium-glucose cotransporter-2 (SGLT-2) inhibitors have been developed
as oral hypoglycemic agents.” SGLT-2 inhibitors promote glucose and sodium excretion
in urine by inhibiting renal glucose reabsorption, leading to pleiotropic effects, includ-
ing improved glycemic control, lower blood pressure, and lower body weight.®
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Furthermore, SGLT-2 inhibitors have been reported to have
renoprotective effects, such as a reduction in the rate of
decline in renal function and a reduction of proteinuria in
patients with early- and middle-stage diabetic kidney disease
taking RAS blockers.”® In addition, the combined use of
SGLT-2 inhibitors and RAS blockers has been reported to
be associated with synergistic renoprotective effects, includ-
ing reductions in hyperfiltration, proteinuria, glomerular
injury, and renal fibrosis in an animal model of diabetic
kidney disease.'” These findings suggest that the administra-
tion of SGLT-2 inhibitors with RAS blockers may be bene-
ficial for patients with early- and middle-stage diabetic
kidney disease. However, it has not been established whether
this combination therapy has similar effects in patients with
advanced-stage diabetic kidney disease. Therefore, we inves-
tigated the efficacy and safety of the use of SGLT-2 inhibitors
as an add-on therapy in advanced-stage diabetic kidney dis-
ease patients taking RAS blockers.

Materials and Methods
Ethical Approval

This study was approved by the Institutional Review Board
of Saitama Medical Center, Jichi Medical University (S18-
114), Japan, and was conducted per the ethical principles
contained in the Declaration of Helsinki. The requirement
to obtain informed consent was waived because of the

retrospective design. We displayed information regarding
this study on our institutional notice board in waiting rooms
and informed all patients of their right to opt-out.

Patients

We retrospectively analyzed the data of patients treated at
Saitama Medical Center, Jichi Medical University, between
2015 and 2019. Inclusion criteria were: 1) patients aged > 20
years; 2) diagnosed with type 2 diabetic kidney disease, with an
estimated glomerular filtration rate (eGFR) < 45 mL/min/
1.73 m?; 3) urine protein-to-creatinine ratio (UACR) > 0.5 g/g
Cr; taking an SGLT-2 inhibitor for > 12 months; and 4) taking
a RAS blocker for > 12 months before the initiation of the
SGLT-2 inhibitor. Exclusion criteria were: 1) a diagnosis of type
1 diabetes mellitus or secondary diabetes mellitus; 2) malig-
nancy; 3) severe infection; 4) steroid therapy; and 5) renal
replacement therapy, such as hemodialysis, peritoneal dialysis,
or renal transplantation. Patients without SGLT-2 inhibitor
administration who met inclusion and exclusion criteria noted
above except for SGLT-2 inhibitor administration were selected
by propensity score matching for use as a control group.

Study Design

This study was a single-center, retrospective comparative
study. A diagram of the study design is presented in
Figure 1. Twenty patients were included in the SGLT-2

SGLT-2 inhibitor group
(n=20)

Control group

-12 Baseline 1 3 6 9 12
[ L1 1 L L J months
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RAS blocker |
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Change in eGFR
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Figure | Study design diagram.
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Abbreviations: eGFR, estimated glomerular filtration rate; HbAlc, glycated hemoglobin; RAS, renin-angiotensin system; SGLT-2, sodium-glucose cotransporter-2.
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inhibitor group and were compared with a control group of
20 patients matched for baseline characteristics. The base-
lines of each patient in the SGLT-2 inhibitor group were
set up on the days on which an SGLT-2 inhibitor was
initiated. In the control group, baselines were also set up
during the study period. SGLT-2 inhibitors were adminis-
tered orally once daily in the morning. Changes in the
clinical data levels of glycosylated hemoglobin (HbAlc),
UACR, body weight, and systolic blood pressure at 1, 3, 6,
9, and 12 months were compared with those at baseline in
each group. The annual changes in eGFR (mL/min/
1.73 m?/year) were evaluated 12 months before and after

the baseline in each group.

Laboratory Methods

Blood and urinary parameters were determined by the
Department of Clinical Laboratory, Saitama Medical
Center. Serum HbAlc concentrations were presented as
National

Glycohemoglobin  Standardization Program

values. eGFR was calculated using a modified version of
the Modification of Diet in Renal Disease formula of the
Japanese Society of Nephrology as follows: eGFR (mL/
min/1.73 m?) = 194 x age %**7 x serum creatinine '
(multiplied by 0.739 for women).!' The annual change in
eGFR was determined by linear regression analysis as the
slope per month for each patient before and after baseline.
Blood pressure was measured at rest in a sitting position
using an automated arm cuff. Two measurements were
taken, with a 1- to 2 min interval between the measure-
ments. The mean of these two measurements was used for

the analyses.

Statistics

Statistical analysis was performed using JMP 11 (SAS
Institute Inc., Cary, NC, USA). Propensity score match-
ing analysis was used to select control patients with
similar baseline characteristics. Independent variables
that were included in the propensity model were: age,

Type 2 diabetic patients with
eGFR < 45 mL/min/1.73 m2 and
UACR =0.5g/g Cr
(n=175)

Taking SGLT-2 inhibitors

Not taking SGLT-2 inhibitors

(n=24) (n=151)
Not meeting inclusion criteria
Not meeting inclusion criteria *not taking a RAS blocker (n=32)
. insu_ffic_iept duration of SGLT-2 | . . —
inhibitors (n=2) Exclusion criteria
*not taking a RAS blocker (n=2) *malignancy (n=3)
—>| -steroid therapy (n=5)
*initiation of renal replacement
therapy (n=10)

| 1:1 propensity score matching |

SGLT-2 inhibitor group
(n=20)

Control group
(n=20)

Figure 2 Patient flow diagram.

Abbreviations: eGFR, estimated glomerular filtration rate; RAS, renin-angiotensin system; SGLT-2, sodium-glucose cotransporter-2; UACR, urine protein-to-creatinine

ratio.
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Table | Baseline Patient Characteristics Table | (Continued).
SGLT-2 Control p-value
. SGLT-2 Control p-value
Inhibitor Group Inhibit G
Group (n=20) Gn ottor ':::)P
(n=20) roup (n=20)
(n=20)
Age (years) 65.6%11.7 67.12160 | 0.50 R s 50 o o7
Sex (male/female) I5/5 1713 0.70 "“Pbate f/t agent (25.0%) (35.0%) :
Body weight (kg) 71.8£16.3 7594225 | 0.60 5:“1 e °). w 7 85.0% s rson | oo
Body mass index (kg/m?) | 26.65.1 28.648.5 0.74 nd Zper;”cem'c e (85.0%) (75.0%) | 0.
Systolic blood pressure 1382+142 | 131.7£13.7 | 021 (number, %)
(mmHg) Abbreviations: CKD, chronic kidney disease; DPP4, dipeptidyl peptidase-4;
Diastolic blood pressure 72.3+11.0 69.2+13.5 0.24 eGFR, estimated glomerular filtration rate; GLP-1, glucagon-like peptide-1;
P DA R ’ HbAlc, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density
(mmHg) lipoprotein; RAS, renin-angiotensin system; SGLT-2, sodium-glucose cotranspor-
Serum creatinine (mg/dL) 2.5+0.8 2.5%1.1 0.88 ter-2.
eGFR (mL/min/1.73 m2) 22.8+9.7 24.4+10.0 0.49
CKD stage (number, %) Table 2 Dose of Each SGLT-2 Inhibitor Administered
G3b 5 (25.0%) 6 (30.0%) 1.00
G4 Il (55.0%) Il (55.0%) SGLT-2 Inhibitor | Dose (mg/day) | Number of Patients (%)
G3 4(200%) ] 3(150%) Empagliflozin 10 | (5%)
Urinary protein excretion | 3.2+3.1 2.0+2.4 0.06 Canagliflozin 50 4 (20%)
(g/g Cr) 100 4 (20%)
HbAlc (%) 6.9+0.7 7.0£0.9 0.97
LDL-~cholesterol (mg/dL) 94.5£53.5 79.8£19.8 0.51 Tofogliflozin 10 9 (45%)
HDL-cholesterol (mg/dL) | 46.6%14.1 437488 0.60 20 2 (10%)
Triglyceride (mg/dL) 210.0£171.4 | 174.5+136.9 | 0.88 Abbreviation: SGLT-2, sodium-glucose cotransporter-2.
Uric acid (mg/dL) 6.1%1.4 6.7+1.1 0.05
Albumin (g/dL) 3.7+0.6 4.0+0.5 0.10
Hemoglobin (g/dI) 12.1£2.1 l.8x1.7 0.94 sex, body mass index, blood pressure, HbAlc, eGFR,
DPP-4inhibitor (number, %) | 9 (45.0%) 3 (65.0%) | 034 UACR, dipeptidyl peptidase-4 inhibitor use, and gluca-
GLP-I receptor agonist | 6 (30.0%) 4 (20.0%) 0.72 . i . .
(number, %) gon-like peptide-1 agonist use. One-to-one matching was
Sulfonylurea (number, %) | 2 (10.0%) | (5.0%) 1.00 performed by identifying a control patient with the near-
Glinide (number, %) 3 (15.0%) 4 (20.0%) 1.00 est logit-transformed propensity score with a 0.25 caliper
o-glucosidase inhibitor 2 (10.0%) 4 (20.0%) 0.66 width, and the resulting score-matched pairs were used in
(number, %) subsequent analyses. Data are expressed as means =
Insulin (number, %) 9 (45.0%) 6 (30.0%) 051 . ) .
standard deviations. Comparisons of component ratios
RAS blocker (number, %) | 20 (100%) 20 (100%) | — between the two groups were performed using Fisher’s
Angiotensin converting | 3 (15.0%) H(5.0%) 06l exact test. Comparisons of clinical parameters between
enzyme inhibitor the t f d usine the M Whit
e two groups were performed using the Mann—Whitne
Angiotensin |l receptor | 17 (85.0%) 19 (95.0%) 0.6l group ) p o & o y
blocker U-test. Comparisons of clinical parameters within each
group at baseline, and at 1, 3, 6, 9, and 12 months from
Diuretics (number, %) 12 (60.0%) | 12 (60.0%) | 1.00 baseli formed using Fried test and Steel
Loop diuretics 12 (60.0%) 10 (500%) | 075 aseline, were per o.rme using Friedman tes ar.1 eel-
Thiazide diuretics 3 (15.0%) 5 (25.0%) 0.69 Dwass test. Comparisons of the annual change in eGFR
before and after baseline in each group were performed
B-blocker (number, %) 5 (25.0%) 5 (25.0%) 1.00 . od rtests. Th Lch - clinical
Calcium channel blocker | 16 (80.0%) | 16 (80.0%) | 1.00 usIng paired F-iests. The anhual changes mn cinical para-
(number, %) meters were determined by linear regression analysis, and
Statin (number, %) 14 (70.0%) 16 (80.0%) | 0.72 calculated as the monthly slope for each patient.
Eicosapentaenoic acid 7 (35.0%) 7 (35.0%) 1.00 Correlations between two variables were examined by
(number, %) linear regression analysis. Differences with p < 0.05
(Continued) ~ were considered to be statistically significant.
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Results

Patient Characteristics

A total of 175 patients with type 2 diabetes and eGFR <45 mL/
min/1.73 m* and UACR > 0.5 g/g Cr were identified. Twenty-
four of these patients were taking SGLT-2 inhibitors, and 151
were not. Four of the patients taking SGLT-2 inhibitors did not
meet inclusion criteria, resulting in the inclusion of 20 patients
in the SGLT-2 inhibitor group. Twenty patients not undergoing
treatment with SGLT-2 inhibitors who were individually
matched to the patients in the SGLT-2 inhibitor group by
propensity score were assigned to the control group (Figure
2). In total, forty patients were analyzed (32 men and 8 women,
mean age 66.3 + 13.8 years). Their mean eGFR levels at base-
line was 23.6 + 9.8 mL/min/1.73 m?, and their chronic kidney
disease stages were: stage G3b, 11 (27.5%); stage G4, 22
(55.0%); and stage G5, 7 (17.5%). No patient was initiated
with renal replacement therapy during the study period. Next,
20 patients were categorized into the SGLT-2 inhibitor group,
and 20 patients were categorized into the control group.
Baseline characteristics of the patients and the medications in
the two groups are summarized in Table 1. There were no

significant differences in all clinical parameters between the
two groups. The doses of each SGLT-2 inhibitor administered
are summarized in Table 2.

Effects of SGLT-2 Inhibitors on Glycemic

Control

HbAlc levels in the SGLT-2 inhibitor group significantly
decreased from 6.9 = 0.7 at baseline to 6.5 + 0.6 at 9 months
(» < 0.05), but were not significantly different from baseline
after 1, 3, 6, and 12 months. HbAlc levels in the control
group at 1, 3, 6, 9, and 12 months did not change compared
with the baseline (Figure 3).

Effects of SGLT-2 Inhibitors on UACR and

the Annual Change in eGFR

UACR at 1, 3, 6, 9, and 12 months did not change compared
with baseline in either the SGLT-2 inhibitor or control groups
(Figure 4). The annual change in eGFR improved significantly
from —8.6 + 12.5 mL/min/1.73 m*/year before baseline to —2.6 +
5.0 mL/min/1.73 m?/year over the 12 months following the
baseline measurements in the SGLT-2 inhibitor group (p <

Changes in HbA1c

(%)
9 —_
—#—-SGLT-2 inhibitor group
(n=20)
g -4- Control group (n=20)
| NS (vs. baseline) . .
7 Al DT NS_(\LS'_biSE“Eel -------- N -Sgi Eaielnf)- ——————— _NS (vs. baseline) NS
............ (vs. baseline)
NS (vs. baseline) :l.
NS (vs. control group) | | NS (vs. baseline) NS (vs. baseline) NS
NS (vs. control group) NS (vs. control group) * -I- (vs. baseline)
NS
6 —+ L (vs. control
group)
5 1 1 I ]
Baseline 1 3 6 9 12
(months)
Figure 3 Changes in HbAlc in the SGLT-2 inhibitor and control groups. *p < 0.05 vs. baseline; Tp < 0.05 vs. the control group.
Abbreviations: HbAc, glycated hemoglobin; NS, not significant; SGLT-2, sodium-glucose cotransporter-2.
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Changes in UACR
(9/g Cr) —#—SGLT-2 inhibitor group (n=20)
-4- Control group (n=20)
7 4
6 £+
5 —+ NS
(vs. baseline)
NS
4 NS (vs. baseline) NS (vs. baseline) (vs. control
| NS (vs. baseline) Ne (vs: control group) NS (vs. control group) » group)
3 H mg gz :gritergrllz)roup) NS (vs. control group)
2 lp---Atm—en_ N-S (vs. baseline) NS (vs. baseline) == A \s
NS (vs. baseline) - NS (vs. baseline) (vs. baseline)
1 -
O s
1+
2 1 1 1 ]
Baseline 1 3 6 9 12
(months)

Figure 4 Changes in UACR in the SGLT-2 inhibitor and control groups.

Abbreviations: NS, not significant; SGLT-2, sodium-glucose cotransporter-2; UACR, urine protein-to-creatinine ratio.

0.05) (Figure 5 and 6). The annual change in eGFR did not differ
between the before and after baseline levels in the control group
[-5.7 + 6.5 mL/min/1.73 m*/year (from —12 months to baseline)
vs. —4.9 + 5.4 mL/min/1.73 m*/year (from baseline to +12
months), p = 0.57]. We also performed simple linear regression
analysis to examine the relationship between the annual change
in eGFR from baseline to +12 months and the annual changes in
age, body weight, systolic blood pressure, HbAlc, and UACR
from baseline to +12 months in each group. However, there was
no correlation between annual change in eGFR from baseline to
+12 months and any of these parameters in either group
(Supplemental Table 1). The decline in eGFR from baseline to
+1 month was significantly greater in the SGLT-2 inhibitor

group compared with the control group (2.5 + 4.0 mL/min/
1.73 m? vs —0.5 2.7 mL/min/1.73 m%, p<0.05). In contrast, the
decline in eGFR from +1 month to +12 months was significantly
smaller in the SGLT-2 inhibitor group compared with the control
group (—0.9 + 5.6 mL/min/1.73 m* vs —4.6 + 5.3 mL/min/
1.73 m?, p < 0.05).

Changes in Other Clinical Parameters

and Adverse Effects

Other clinical and laboratory parameters, including body
weight (Figure 7), systolic blood pressure (Figure 8), low-
density lipoprotein cholesterol, high-density lipoprotein
cholesterol, triglycerides, uric acid, albumin, hemoglobin,
sodium, potassium, chloride, calcium, and phosphate were
not significantly different from baseline after 1, 3, 6, 9, and
12 months in either the SGLT-2 inhibitor or control groups
(data not shown). No adverse events, including hypogly-
cemia, severe hyperglycemia, diabetic ketoacidosis, geni-
tal or urinary tract infection, urosepsis, or acute kidney
injury, were detected during the study period.

Discussion

In the present study, the use of SGLT-2 inhibitors as an
add-on therapy to RAS blockers ameliorated the decline in
renal function in patients with advanced-stage diabetic
kidney disease (eGFR: 23.6 + 9.8 mL/min/1.73 m?)
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Changes in eGFR

(ml/min/1.73 m2)

45 -

40 +

L 1 | 1 0O

—#—-SGLT-2 inhibitor group (n=20)
-4- Control group (n=20)

| 1 Il J

-12 -9 -6 -3

Figure 5 Changes in eGFR in the SGLT-2 inhibitor and control groups.

Baseline 1

12
(months)

Abbreviations: eGFR, estimated glomerular filtration rate; SGLT-2, sodium-glucose cotransporter-2.

without any adverse events. These results suggest that the
use of SGLT-2 inhibitors as an add-on therapy is safe, and
has beneficial effects on renal function in patients with
advanced-stage diabetic kidney disease.

Previous studies have shown that SGLT-2 inhibitors
reduce proteinuria as well as reduce the rate of decline in
renal function in patients with early- and mid-stage diabetic
kidney disease.”” In the present study, the addition of an
SGLT-2 inhibitor did not reduce proteinuria. However, the
patients in our study had much more proteinuria than patients
in the previous studies,” which might explain this disparity.
Another possibility is that SGLT-2 inhibitors may not have
anti-proteinuric effects in patients with advanced-stage dia-
betic kidney disease who are taking RAS blockers.
Additional clinical studies are needed to investigate the
effects of SGLT-2 inhibitors on proteinuria in this population.

Because SGLT-2 inhibitors require sufficient glomeru-
lar filtration and reabsorption of glucose and sodium by

the proximal tubule to lower blood glucose and reduce

body fluid volume,'?

their blood glucose-lowering effect
and diuretic effect are thought to be impaired or eliminated
in patients with poor renal function.'? In the present study,
SGLT-2 inhibition did not reduce HbAlc concentration,
body weight, or systolic blood pressure. These results
suggest that SGLT-2 inhibitors may not have a beneficial
effect on glycemic control and blood pressure control in
advanced-stage diabetic kidney disease patients taking
RAS blockers.

SGLT-2 inhibitors improve vasodilation of the afferent
arteriole through activation of tubuloglomerular feedback
by increasing the excretion of glucose in the urine.'*
SGLT-2 inhibitors have also reported to improve tubuloin-
terstitial hypoxia through suppression of oxygen consump-
inhibiting SGLT-2 tubules.'
Furthermore, SGLT-2 inhibitors prevent podocyte loss and

tion by in proximal

reduce mesangial expansion via inhibition of macrophage

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13
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Annual changes in eGFR before and after baseline

SGLT-2 inhibitor group

(ml/min/1.73 m?/year) (n=20)

10 ¢

~8.6+12.5
25 t | |

Before After

-2.6x5.0

Control group
(n=20)

-49+54
-5.7£6.5

NS

Before After

Figure 6 Annual change in eGFR before and after baseline in the SGLT-2 inhibitor and control groups. *p < 0.05.
Abbreviations: eGFR, estimated glomerular filtration rate; NS, not significant; SGLT-2, sodium-glucose cotransporter-2.

infiltration and proinflammatory cytokine expression.'®
Thus, SGLT-2 inhibitors may prevent the worsening of
renal function in patients with advanced-stage diabetic kid-
ney disease through these mechanisms, independent of their
blood glucose—lowering and diuretic effects. In our study,
renal function 12 months before baseline and 12 months
after baseline was similar between the two groups.
However, the annual decline in renal function was amelio-
rated after initiation of SGLT-2 inhibitors. In addition, the
decline in renal function from +1 month to +12 months was
smaller in the SGLT-2 inhibitor group compared with the
control group, which is consistent with the findings of
previous studies.”® More than half of the patients in the
present study were taking tofogliflozin, a potent and highly
selective SGLT-2 17
reported to reduce proteinuria and renal tubular damage

inhibitor.* Tofogliflozin has been

markers in patients with early-to-middle stage diabetic kid-
ney disease.'® The use of tofogliflozin by a large proportion

of the patients in the SGLT-2 inhibitor group could explain
the renoprotective effect that we observed for SGLT-2 inhi-
bitors. These results suggest that SGLT-2 inhibitors may
have beneficial effects on renal function in patients with
advanced-stage diabetic kidney disease who are taking RAS
blockers. Further large-scale, long-term studies are needed
to confirm the renoprotective effects of each SGLT-2 inhi-
bitor in this population.

In the present study, the decline in renal function
from baseline to +1 month was greater in the SGLT-2
inhibitor group compared with in the control group. This
initial drop in renal function after initiation of SGLT-2
inhibitors is thought to be due to reduced glomerular
filtration pressure via constriction of the afferent arter-
iole, and has been noted in large-scale clinical trials
involving patients with diabetic kidney disease taking
RAS blockers.” It has been reported that SGLT-2 inhi-
bitors may increase the risk of acute kidney injury when
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Changes in body weight

110
100 +
90
80 -H :ls-(is. baseline)

NS (vs. baseline)

—#—-SGLT-2 inhibitor group (n=20)
-4- Control group (n=20)

NS

NS (vs. baseline) (vs. baseline)

NS (vs. baseline)

70 _M

NS (vs. baseline) NS (vs. baseline) NS (vs. baseline) NS (vs. baseline) NS
NS (vs. control group) [ [ NS (vs. control group) NS (vs. control group) NS (vs. control group) (vs. baseline)
NS
60 —H (vs. control
group)
50 —+
40 I I 1 ]
Baseline 1 3 6 9 12
(months)

Figure 7 Changes in body weight in the SGLT-2 inhibitor and control groups.
Abbreviations: NS, not significant; SGLT-2, sodium-glucose cotransporter-2.

used concomitantly with RAS blockers'® because RAS
blockers also reduce glomerular filtration pressure via
dilation of the efferent arteriole. However, in our study,
no adverse events, including acute kidney injury, elec-
trolyte disorders, or urinary tract infections, were
observed. This suggests that SGLT-2 inhibitors may be
used safely in patients with advanced-stage diabetic
kidney disease who are taking RAS blockers. Further
large-scale, long-term studies are needed to assess the
safety of SGLT-2 inhibitors in this population.

This study had several limitations. First, it was
a single-center retrospective observational study, and
therefore, patient selection bias might have been present
although propensity score matching was performed to
reduce selection bias in the control group. Second, the
number of participants in the study was small, and the
study was performed at a single center, limiting the gen-
eralizability of the findings. Third, most patients were
taking antihypertensive drugs other than RAS blockers
and SGLT-2 inhibitors, such as diuretics, B-blockers, and

calcium channel blockers. However, it seems unlikely that
these drugs affected the study results, because there were
no differences in baseline characteristics, including the use
of antihypertensive drugs, between the two groups after
propensity score matching, and the patients’ use of anti-
hypertensive drugs did not change during the study period.
Therefore, large-scale, long-term, randomized clinical stu-
dies are required to confirm the efficacy of SGLT-2 inhi-
bitors for renoprotection in patients with advanced-stage
diabetic kidney disease. Ongoing large clinical trials
including the EMPA-KIDNEY study and the DAPA-
CKD trial*® could help clarify the efficacy and safety of
SGLT-2 inhibitor use in patients with moderate-to-severe
chronic kidney disease taking RAS blockers.

In conclusion, SGLT-2 inhibitors ameliorate the decline
in renal function in patients with advanced-stage diabetic
kidney disease who are taking RAS blockers. These findings
suggest that the use of SGLT-2 inhibitors as an add-on
therapy is safe and renoprotective in patients with advanced-
stage diabetic kidney disease taking RAS blockers.
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Figure 8 Changes in systolic blood pressure in the SGLT-2 inhibitor and control groups.

Abbreviations: NS, not significant; SGLT-2, sodium-glucose cotransporter-2.
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