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Heart Failure

Empagliflozin Administration Can Decrease the Dose of Loop
Diuretics and Prevent the Exacerbation of Renal Tubular
Injury in Patients With Compensated Heart
Failure Complicated by Diabetes

Akihiro Shirakabe, MD, PhD; Masato Matsushita, MD, PhD; Kazutaka Kiuchi, MD;
Hirotake Okazaki, MD, PhD; Toru Inami, MD, PhD; Tsutomu Takayasu, MD;
Miwako Asano, MD; Akiko Nomura, MD; Nobuaki Kobayashi, MD, PhD;
Fumitaka Okajima, MD, PhD; Yasushi Miyauchi, MD, PhD;

Kuniya Asai, MD, PhD; Wataru Shimizu, MD, PhD

Background: Whether the dose of loop diuretics can be decreased by administration of a sodium-glucose cotransporter 2 (SGLT2)
inhibitor in diabetic outpatients with compensated heart failure (HF) is unclear.

Methods and Results: This study prospectively enrolled 60 diabetic outpatients with compensated HF. Patients were randomly
divided into 2 groups: those administered the SGLT2 inhibitor empagliflozin (n=28) and those not (n=30). Changes in the daily dose
of loop diuretics, blood sampling data, and urinary renal tubular biomarkers were evaluated 6 months after the intervention. The
median (interquartile range) furosemide dose decreased significantly over the 6-month follow-up period in the empagliflozin group
(from 40 [20—40] to 20 [10-20] mg), but not in the non-empagliflozin group (from 23 [20—-40] to 40 [20—40] mg). Hemoglobin levels
increased significantly in the empagliflozin group (from 13.2 [11.9-14.6] to 14.0 [12.7-15.0] g/dL). In addition, excretion of acetyl-S-
D-glucosaminidase decreased significantly over the 6-month follow-up in the empagliflozin group (from 4.8 [2.6—11.7] to 3.3 [2.1-5.4]
IU/L), especially in the group in which the dose of loop diuretics decreased (from 4.7 [2.5-14.8] to 3.3 [2.1-4.5] IU/L).

Conclusions: Empagliflozin administration decreased the dose of loop diuretics and increased the production of erythropoietin,
which may help prevent renal tubular injury in diabetic outpatients with HF.
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rapidly increasing worldwide in what is being called

an “HF pandemic”.! Although the number of HF
patients is increasing in aging societies,? few medical
approaches for managing HF were established in Japan in
the 2010s.> However, sodium-glucose cotransporter 2
(SGLT?2) inhibitors were proposed as a new medical ther-
apy for treating diabetes in the 2010s. SGLT2 inhibitors
are glucose-lowering drugs that increase urinary glucose
excretion by inhibiting the reabsorption of blood glucose.
Given their mechanism of action, SGLT?2 inhibitors were
expected not only to be a novel treatment for diabetes, but

T he number of heart failure (HF) patients has been

also for HF.

Two major multivariate studies, namely the BI 10773
(Empaglifiozin) Cardiovascular Outcome Event Trial in Type
2 Diabetes Mellitus Patients (EMPA-REG OUTCOME)
and the CANagliflozin cardioVascular Assessment Study
(CANVADYS), suggested that the administration of SGLT2
inhibitors may reduce HF hospitalization in patients with
diabetes.*5 Although the efficacy of SGLT?2 inhibitors was
suggested in an experimental model of HF,® and an ongo-
ing prospective randomized study protocol has been pro-
posed,”® few clinical trials of SGLT2 inhibitors have
targeted HF patients. The clinical benefit of SGLT?2 inhib-
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Table 1. Patient Characteristics at the Study Start Date
All patients (n=58) Empagliflozin (n=28)

Status and vital signs
Age (years)
Male sex
LVEF (%)
SBP (mmHg)
HR (beats/min)

History of admission due to HF

Etiology (ischemia)
Atrial fibrillation
Medical history
Hypertension
Dyslipidemia
Hyperuricemia
CKD
Laboratory data
Uric acid (mg/dL)
Total bilirubin (mg/dL)
BUN (mmol/L)
Creatinine (g/dL)
eGFR (mL/min/1.73m?)
Sodium (mmol/L)
Potassium (mmol/L)
Hemoglobin (g/dL)
CRP (mg/dL)
BG (mg/dL)
HbA1c (%)
Diabetes medications
Insulin
Sulfonylureas
Biguanides
a-Glucosidase inhibitor
Thiazolidinediones
Glinides
DPP-4 inhibitor
GLP-1 receptor agonist
Medication for HF
Loop diuretics
Tolvaptan
Thiazide diuretics
MRA
ACEI/ARB
B-blockers
Statins
Antithrombotic agents
Antiplatelet agents
Cardiac biomarkers
HFABP (ng/mL)
BNP (pg/mL)

Renal urinary biomarkers

NGAL (ng/mg)
LFABP (ng/mg)
NAG (U/mg)

74 [70-79]
48 (82.8)
55 [39-64]
125 [112-144]
77 [66-83]
31 (53.4)
25 (43.1)
23 (39.7)

69.0

77.

58.
6.

40 (
45 (
34 (
27 (4

)
6)
6)
6)

5.8 [5.1-7.0]
0.7 [0.5-1.0]
20.3 [16.1-26.4]
1.03 [0.87-1.49]
51.2 [34.2-62.5]
141 [139-143]
4.3[4.0-4.7]
13.4 [12.1-14.7]
0.09 [0.03-0.20]
127 [106-154]
6.7 [6.2-7.6]

15)

5
8.6)
-2)
-5)
3.4)
13.8)
69. )

58 (100.0)
9 (15.5)
2 (3.5)

6.6 [4.4-10.0]
91 [52-194]

11.8 [10.0-25.5]
1.07 [0.50-3.55]
3.40 [1.80-8.60]

73 [66-77]
26 (92.9)
55 [39-64]
127 [118-146]

79 [65-86]
16 (57.1)
13 (46.4)

8 (28.6)

1 (75.0)
22 (78 6)
19 (67.9)
15 (53.6)
5.7 [5.0-7.1]
0.7 [0.4-0.8]
221 [15.7-29.6]
1.29 [0.92—1.85]
43.3[28.5-61.1]
140 [139-142]
4.2[4.0-4.6]
13.2[11.9-14.6]
0.10 [0.05-0.28]
126 [103-183]
7.2[6.3-7.8]

17 (60.7)
3(10.7)

28 (100.0)
6 (21.4)

7.8 [4.5-10.1]
68 [47—144]

13.8 [10.0-43.4]
1.23[0.74-11.88]
4.80 [2.60-11.70]

Control (n=30)

76 [71-79]
22 (73.3)
53 [39-61]
120 [104-139]
74 [69-80]
15 (50.0)
12 (40.0)
15 (50.0)

19 (63.3)
23 (76.7)
15 (50.0)
12 (40.0)
5.9 [5.1-6.6]
0.8 [0.5-1.0]
18.0 [16.2-25.0]
0.96 [0.85-1.15]
56.7 [43.6-64.6]
141 [140-143]
4.3[4.1-4.7]
13.4[12.3-14.8]
0.08 [0.00-0.18]
127 [110-145]
6.6 [6.2-6.8]

2 (6.7)
2 (6.7)
8 (26.7)
5 (16.7)
0 (0.0)
4(13.3)
23 (76.7)
1(3.3)
30 (100.0)
13.3)
7)
36.7)
60.0)
83.3)
56.7)
33.3)
53.3)

0
4
2
11

(
(
(6.
(
8 (
25 (
7(
0(
6 (

5.8 [4.4-9.8]
107 [66-288]

10.0 [10.0-20.4]
0.83 [0.50-1.76]
2.25 [1.45-7.20]

P value

0.167
0.051
0.825
0.411
0.689
0.389
0.410
0.081

0.250
0.557
0.133
0.220

0.791
0.323
0.606
0.086
0.192
0.622
0.676
0.738
0.425
0.773
0.193

0.058
0.467
0.098
0.546
0.229
0.607
0.152
0.280

0.320
0.263
0.579
0.518
0.143
0.373
0.342
0.504

0.722
0.169

0.379
0.156
0.136

Unless indicated otherwise, data are given as the median [interquartile range] or n (%). The significance of differ-
ences between the empagliflozin and control (non-empagliflozin) groups was determined using the Mann-Whitney
U-test or the Chi-squared test. ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker;
BG, blood glucose; BNP, B-type natriuretic peptide; BUN, blood urea nitrogen; CKD, chronic kidney disease; CRP,
C-reactive protein; DPP-4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; GLP-1, glucagon-like
peptide-1; HF, heart failure; HFABP, heart-type fatty acid-binding protein; HR, heart rate; LFABP, liver-type fatty acid
binding protein; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NAG, N-acetyl-3-
D-glucosaminidase; NGAL, neutrophil gelatinase-associated lipocalin; SBP, systolic blood pressure.
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Figure 1. Changes in cardiac bio-
2 1 2 1 markers in the empagliflozin and con-
0 T T 1 0 T T trol (non-empagliflozin) groups. (A)
Start Date 3 month 6 month Start Date 3 month 6 month There was no significant changes in
B serum heart-type fatty acid-binding
BNP 200 - BNP protein (HFABP) concentrations over
300 4 p=0.904 p=0.284 the 6-month follow-up period in either
_ ' _ 600 - the empagliflozin (from 7.6£3.7 to
g 250 + 2 7.7+4.0ng/mL) or control (from 7.8+4.8
f f 500 - to 8.0£6.0ng/mL) group. (B) There
Z 200 1 = were no significant differences in
2 ”é 400 4 changes in serum B-type natriuretic
3 150 4 2 300 | peptide (BNP) concentrations between
3 3 the empagliflozin (from 152.2+165.5 to
100 4 200 - 173.94351.3pg/mL) and control (from
106.7£89.2 to 107.2£119.0pg/mL)
50 1 100 groups. The boxes show the inter-
quartile range, with the median value
0 T T ' 0 - ‘ T indicated by the horizontal line;
Start Date 3 month 6 month Start Date 3 month 6 month whiskers show the range.

itors in patients with drug-refractory HF, particularly
those with right-side HF, was demonstrated in a Japanese
institution.® In addition, a Spanish study suggested
improved exercise capacity at 1 month in HF patients after
SGLT?2 inhibitor administration.!

Subgroup analysis of the EMPA-REG OUTCOME
trial suggested that the SGLT2 inhibitor empagliflozin is
associated with a decreased rate of post-acute HF re-hos-
pitalization and improved mortality.!! Therefore, the
Empaglifiozin Outcome Trial in Patients With Chronic
Heart Failure (EMPEROR-Reduced), which is expected
to lead to better long-term outcomes through treatment
with SGLT2 inhibitors, is now ongoing.” However, the
mechanisms underlying the beneficial effects of SGLT2
inhibitors in HF remain controversial and unclear.!?
SGLT?2 inhibitors have also been reported to reduce the
risk of adverse renal outcomes and to increase hematocrit
levels.!314 These effects may help clarify the mechanisms
through which SGLT?2 inhibitors improve outcomes in
patients with HF.

One of the effects of SGLT?2 inhibitors is a diuretic effect,
induced by increases in urinary glucose and sodium con-
tent. Therefore, we posed the clinical question of whether
the dose of loop diuretics could be reduced in HF patients
being treated with an SGLT2 inhibitor. We hypothesized
that an SGLT2 inhibitor would help prevent renal dys-
function, particularly renal tubular injury, by enabling a
reduction in the dosage of loop diuretics in HF patients.

To test this hypothesis, we conducted a multicenter cen-

ter prospective study in diabetic patients with compensated
HF who were already being treated with loop diuretics.

Methods

Subjects
This study prospectively enrolled 60 diabetic patients with
compensated HF who visited the outpatient clinics of Nippon
Medical School Chiba Hokusoh Hospital, Hasegawa
Hospital, and Tohokamagaya Hospital Knamachidaiichi
Hospital between August 2018 and October 2019. All
patients had been diagnosed with type 2 diabetes. HF was
diagnosed by the treating physician at the outpatient clinic
according to the European Society of Cardiology (ESC)
and Japanese guidelines for the diagnosis of HF.1516 Physi-
cians first considered HF based on the patient’s symptoms,
medical history, physical findings, electrocardiogram, and
chest X-ray findings and then definitively diagnosed HF
based on N-terminal pro B-type natriuretic peptide (NT-
proBNP) and B-type natriuretic peptide (BNP) concentra-
tions, echocardiogram findings, and a cardiac catheter test.
Patients enrolled in the study were diagnosed as having
chronic HF or a history of acute HF at the date of enrol-
ment and were assessed as having compensated HF. All
patients were receiving loop diuretics (furosemide and/or
trasemide and/or azosemide) at the study start date.
Patients with a history of hypersensitivity to SGLT2 inhib-
itors, diabetic coma, or severe infectious disease, those in
whom SGLT2 inhibitor administration was deemed

Circulation Reports Vol.2, October 2020



568

SHIRAKABE A et al.

Table 2. Differences in Patient Characteristics Between the Start Date and the 6-Month Time Point
Empagliflozin (n=28)

Control (n=30)

Start Date 3 months 6 months
Laboratory data
Uric acid (mg/dL) 5.7 5.1 5.0
[5.0-7.1] [4.0-5.8] [4.4-5.7]
Total bilirubin (mg/dL) 0.7 0.5 0.6
[0.4-0.8] [0.4-0.7] [0.5-0.8]
BUN (mmol/L) 22.1 20.5 21.0
[156.7-29.6] [16.9-28.7] [16.0-28.1]
Creatinine (g/dL) 1.29 1.32 1.37
[0.92-1.85] [0.96-1.72] [1.05-1.67]
eGFR (mL/min/1.73m?2) 43.3 39.8 38.2
[28.5-61.1] [31.5-55.8] [32.1-56.4]
Sodium (mmol/L) 140 140 140
[139-142] [139-140] [138-142]
Potassium (mmol/L) 4.2 4.5 4.4
[4.0-4.6] [4.2-4.7] [4.1-4.8]
Hemoglobin (g/dL) 13.2 141 14.0
[11.9-14.6] [12.6-15.0] [12.7-15.0]
CRP (mg/dL) 0.10 0.14 0.14
[0.05-0.28] [0.10-0.28] [0.05-0.40]
G (mg/dL) 126 148 133
[103-183] [115-193] [110-186]
HbA1c (%) 7.2 7.2 6.9
[6.3-7.8] [6.6-7.7] [6.6-7.4]
Diabetes medications
Insulin 7 (25.0) - 8 (28.6)
Sulfonylureas 3(10.7) - 2(7.1)
Biguanides 13 (46.4) - 13 (46.4)
a-Glucosidase inhibitor 4(14.3) - 1(3.6)
Thiazolidinediones 2(7.1) = 2(7.1)
Glinides 4(14.3) - 4 (14.3)
DPP-4 inhibitor 17 (60.7) - 17 (60.7)
GLP-1 receptor agonist 3(10.7) - 3(10.7)
HF medications
Loop diuretics 28 (100.0) - 25 (89.3)
Tolvaptan 6 (21.4) - 4 (14.3)
Thiazide diuretics 0(0.0) - 0 (0.0)
MRA 10 (35.7) - 9 (32.1)
ACEI/ARB 16 (57.1) - 16 (57.1)
B-blockers 19 (67.9) - 19 (67.9)
Statins 18 (64.3) - 18 (64.3)

P value P value
Start date 3 months 6 months
0.018 5.9 6.3 6.0 0.316
[5.1-6.6] [5.2-6.9] [5.2-7.0]
0.732 0.8 0.8 0.9 0.165
[0.5-1.0] [0.6-1.1] [0.7-1.0]
0.622 18.0 19.1 20.5 0.785
[16.2-25.0] [14.6-22.0] [17.0-27.8]
0.269 0.96 0.93 1.00 0.703
[0.85-1.15] [0.85—-1.21] [0.83-1.19]
0.143 56.7 51.0 51.3 0.688
[43.6-64.6] [44.3-65.9] [40.6-61.2]
0.433 141 142 141 0.256
[140-143] [140-143] [138-143]
0.242 4.3 4.2 4.5 0.753
[4.1-4.7] [3.8-4.5] [4.0-4.7]
0.003 13.4 13.4 13.6 0.574
[12.3-14.8] [12.2-15.0] [12.1-14.7]
0.449 0.08 0.10 0.09 0.475
[0.00-0.18] [0.09-0.20] [0.02-0.21]
0.568 127 126 127 0.178
[110-145] [110-156] [114-160]
0.991 6.6 6.4 6.6 0.888
[6.2—6.8] [6.3-6.8] [6.2-7.1]
1.000 2 (6.7) - 2 (6.7) 1.000
1.000 2(6.7) - 2 (6.7) 1.000
1.000 8 (26.7) - 11 (36.7) 0.580
0.352 5(16.7) - 4 (13.3) 1.000
1.000 0 (0.0) - 0 (0.0) -
1.000 4(13.3) - 3(10.0) 1.000
1.000 23 (76.7) - 23 (76.7) 1.000
1.000 1(3.3) - 1(3.3) 1.000
0.236 30 (100.0) - 30 (100.0) -
0.729 4(13.3) - 4 (13.3)

- 2(6.7) - 2(6.7) 1.000
1.000 11 (36.7) - 11 (36.7) 1.000
1.000 8 (60.0) - 8 (60.0) 1.000
1.000 5 (83.3) - 6 (86.7) 1.000
1.000 17 (56.7) - 18 (60.0) 1.000

Unless indicated otherwise, data are given as the median [interquartile range] or n (%). The significance of differences between the start date

and the 6-month time point was determined using the Wilcoxon test or the Chi-squared test. Abbreviations as in Table 1.

impossible by the physician, and those who did not pro-
vide informed consent were excluded from the study.

The present is a prospectively randomized clinical trial,
and patients were divided into 2 groups: those adminis-
tered empagliflozin and those not. Patients were randomly
allocated to one of the 2 groups using the envelope method.
Empagliflozin was started at a dose of 10mg/day and
increased to 25mg/day after the first evaluation of tolera-
bility. All patients were titrated to a dose of 25mg/day
empagliflozin during the study period. There were no limi-
tations on HF therapy except for empagliflozin use, and
the treatment strategy for individual patients was deter-
mined by each patient’s doctor. Two patients in the empa-
gliflozin group dropped out during the 6-month follow-up;
thus, 58 patients (28 in the empaglifiozin group and 30 in
the non-empagliflozin [control] group) were analyzed.

Laboratory and urinary data (including cardiac and
urinary biomarkers) were obtained at the start date, and 3
and 6 months after the intervention. Time-dependent
changes in laboratory and urinary data (including cardiac
and urinary biomarkers), as well as medications for diabe-
tes and HF (including the dose of loop diuretics), were
evaluated between the start date and the 6-month time
point in both the empagliflozin and control groups. For
statistical analyses, the doses of azosemide and trasemide
were converted as follows: azosemide 60 mg=furosemide
40mg; and trasemide 8 mg = furosemide 40 mg.

A subgroup analysis was performed in the empagliflozin-
treated group. The patients in the empagliflozin-treated
group were further divided into 2 groups according to the
presence or absence of chronic kidney disease (CKD) and
a decrease in the dose of loop diuretics.

Circulation Reports Vol.2, October 2020
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DM (n=58)
Empagliflozin (n=28) Non-empagliflozin (n=30)
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Start Date 6 month
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Figure 2. Changes in the dose of diuretics in the
empagliflozin and control (non-empagliflozin) groups
over the 6-month follow-up period. The furosemide
dose decreased significantly (P<0.001) in the empa-
gliflozin group (from a median [interquartile range] of
40 [20-40] to 20 [10-20] mg), but not in the control
group (from 23 [20-40] to 40 [20-40] mg). The boxes
show the interquartile range, with the median value
indicated by the horizontal line; whiskers show the
range. *Azosemide 60mg=Furosemide 40mg; Trase-
mide 8mg=Furosemide 40mg.

Urinary Biomarker Excretion and Measurement of Serum
Biomarkers

Urine and blood samples were collected on the day when
consent was obtained (start date) and at the follow-up
examination after 6 months. Samples were centrifuged
within Smin of collection (2,000g, 7min, 4°C), and the
supernatant was collected immediately frozen at —80°C
until analysis. Serum concentrations of the cardiac bio-
markers heart-type fatty acid-binding protein (HFABP)
and BNP were measured. In addition, neutrophil gelatinase-
associated lipocalin (NGAL), urine liver fatty acid-binding
protein (LFABP), and acetyl-$-D-glucosaminidase (NAG)
excretion were measured as markers of urinary renal tubu-
lar function. These urine and serum biomarkers were mea-
sured by the Special Reference Laboratory (SRL; Tokyo,
Japan). Urinary concentrations of LFABP were measured
using a chemiluminescent enzyme immunoassay (Lumipulse
Presto L-FABP; FujiRebio, Tokyo, Japan), urinary NGAL
concentrations were measured using a chemiluminescent
immunoassay (U-NGAL; Abbott Laboratories, Abbott
Park, IL, USA), and urinary NAG was measured using a
colorimetric assay (L-Type NAG; FUJIFILM Wako Pure
Chemical, Tokyo, Japan). The lower and upper limits of
detection were 10 and 1,000 ng/mL, respectively, for urinary
NGAL; 0.2 and 400ng/mL, respectively, for urinary LFABP;
and 0.4 and 1,000 IU/L, respectively, for urinary NAG.

Statistical Analyses

Data were analyzed using SPSS 22.0 J (SPSS Japan Insti-
tute, Tokyo, Japan). All numerical data are expressed as
median values with the interquartile range (IQR). Median
values were compared between the empaglifiozin-treated
and control groups using the Mann-Whitney U-test.
Wilcoxon’s test was used to evaluate the significance of
differences in parameters between the start date and 6
months later. Comparisons of all proportions were made
using Chi-squared tests. Two-sided P<0.05 was considered
significant.

Ethical Considerations
The Institutional Review Board of the Nippon Medical
School Chiba Hokusoh Hospital approved the study

protocol. Written informed consent was obtained from
all participants before they started in the study. This study
is registered with the UMIN Clinical Trials Registry
(UMINID 000040347). All procedures were performed in
accordance with the Declaration of Helsinki.

Results

Patient Characteristics

The median age of the HF patient cohort was 74 years, and
48 patients (82.8%) were male. The median LVEF upon
registration was 55.0%, and 27 patients (46.6%) had CKD
(Table 1). Twenty-five patients (43.1%) had an ischemic
etiology, 23 (39.7%) had atrial fibrillation (persistent or
paroxysmal), and 31 (51.4%) had a history of hospitalization
due to HF. There were no significant differences patient
characteristics between the empaglifiozin-treated and con-
trol groups (Table 1).

Differences in Time-Dependent Changes in the
Empaglifiozin-Treated and Control Groups

For most laboratory findings, including HFABP and BNP,
there were no significant differences between the start date
and the 6-month time point (Figure 1; Table 2). Hemoglobin
levels increased significantly from the start date to the
6-month time point in the empagliflozin group (from 13.2
[11.9-14.6] to 14.0 [12.7-15.0] g/dL, respectively), but not
in the control group (Table 2).

With regard to medications, the dose of furosemide
decreased significantly (P<0.001) from the start date to the
6-month time point in the empaglifiozin group (from 40
[20-40] to 20 [10-20] mg), but not in the control group
(from 23 [20-40] to 40 [20-40] mg; Figure 2). There were no
significant differences in the rate of administration of other
diabetes and HF medications between the start date and
the 6-month time point in the empaglifiozin-treated or
control groups (Table 2). In the empagliflozin group, the
dosage of loop diuretics decreased over the 6-month period
in 15 patients. Information regarding the timing and rea-
sons for the reduction are given in Table 3. Almost all 15
patients (80.0%) had the dose of loop diuretics decreased
within 3 months, with reasons for the reduction including
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Table 3. Changes in Loop Diuretics and Reasons for Changes in Patients Administrated Empagliflozin
Furosemide dose (m imi
Patlent Age Sex At start At 6 e T(I:?:;z%: ' Reason for change
no- (years) date months  Change (month)

1 68 Male 10 10 0 - -

2 79 Female 10 20 10 - -

8 60 Male 40 20 -20 5 Decrease in serum BNP

4 73 Male 10 10 0 - -

5 75 Male 40 10 -30 3 Increase in urinary volume

6 93 Male 40 40 0 - -

7 66 Male 10 10 0 - -

8 71 Male 80 80 0 - -

9 73 Male 40 20 -20 1 Increase in urinary volume
10 72 Male 40 20 -20 3 Decrease in serum BNP and increase in Scr
11 65 Male 40 0 -40 1 Increase in urinary volume
12 84 Male 20 0 -20 1 Increase in urinary volume
13 74 Male 20 20 0 -
14 71 Male 40 10 -30 2 Increase in urinary volume
15 51 Male 60 10 -50 1 Increase in urinary volume
16 67 Male 20 20 0 - -
17 62 Male 40 20 -20 2 Decrease in serum BNP and increase in Scr
18 73 Male 40 10 -30 3 Decrease in serum BNP and increase in Scr
19 78 Male 20 40 20 - -
20 78 Male 40 20 -20 3 Increase in Scr
21 71 Male 40 20 -20 1 Increase in urinary volume
22 75 Male 20 10 -10 5 Decrease in serum BNP and increase in Scr
23 37 Male 20 20 0 - =
24 76 Female 20 20 0 - -
25 92 Male 80 60 -20 4 Decrease in serum BNP
26 64 Male 20 10 -10 3 Increase in Scr
27 83 Male 40 40 - -
28 47 Male 10 10 - -

BNP, B-type natriuretic peptide; Scr, serum creatinine.

an increase in urine volume, decreased serum BNP concen-
trations, and increases in serum creatinine concentrations.
Decisions regarding the dose of loop diuretics were made
by each patient’s physician.

With regard to urinary biomarkers, there was no sig-
nificant difference in urinary NGAL excretion between the
start date and the 6-month time point in either the empa-
gliflozin group (from 13.8 [10.0-43.4] to 10.0 [10.0-24.8]
ng/mL) or the control group (from 10.0 [10.0-20.4] to 11.9
[10.0-31.0] ng/mL). Urinary LFABP excretion did not dif-
fer significantly between the start date and the 6-month
time point in the empagliflozin group (from 1.23 [0.74—
11.88] to 2.16 [0.72-10.95] ng/mL), but was significantly
higher in the control group (from 0.83 [0.50-1.76] to 1.45
[0.61-4.51] ng/mL). Urinary NAG excretion decreased sig-
nificantly from the start date to the 6-month time point in
the empaglifiozin group (from 4.8 [2.6-11.7] to 3.3 [2.1-5.4]
IU/L), but did not change significantly in the control group
(from 2.3 [1.5-7.2] to 4.3 [2.0-7.2]; Figure 3).

In the subgroup analysis of the empaglifiozin-treated
group, urinary NAG excretion decreased significantly
from the start date to the 6-month time point in the group
of patients in which the dose of loop diuretics was reduced
(n=14; from 4.7 [2.5-14.8] to 3.3 [2.1-4.5] IU/L), as well as
in patients without CKD (n=13; from 4.1 [2.4-9.8] to 1.9
[1.3-3.4] IU/L; Figure 4; Table 4).

Discussion

The dose of loop diuretics was significantly decreased by
the addition of SGLT2 inhibitor therapy in diabetic
patients with compensated HF. Renal tubular injury
markers, such as NAG, and hemoglobin levels showed
time-dependent differences between the empagliflozin and
control (non-empagliflozin) groups. Renal tubular injury
may have been alleviated by the reduction in the dose of
loop diuretics and the production of erythropoietin follow-
ing administration of the SGLT2 inhibitor. These mecha-
nisms may be associated with HF prognosis (e.g., mortality
and HF rehospitalization). More studies are needed to
investigate this further.

Diuretics and SGLT2 Inhibitor Treatment in HF Patients

Loop diuretics (e.g., furosemide, trasemide, and azosemide)
are the mainstay HF treatment at present. Certain kinds of
loop diuretics are administered as fundamental therapy in
most large-scale clinical trials of acute and/or chronic HF.
However, the volume reduction caused by loop diuretics
can sometimes lead to a decrease in renal blood flow,
thereby activating the renin-angiotensin-aldosterone sys-
tem (RAAS) and the sympathetic nervous system. This
may be associated with exacerbation of renal function and
may induce adverse effects in patients with HF.!7 There-
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Figure 3. Changes in urinary bio-
markers in the empagliflozin and con-
trol (non-empagliflozin) group. (A)

B
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between the start date and the
p=0.040 6-month time point in either the

There were no significant changes in
the median (interquartile range [IQR])
urinary excretion of neutrophil gelati-

empagliflozin (from 13.8 [10.0-43.4]
to 10.0 [10.0-24.8] ng/mL) or control
(from 10.0 [10.0-20.4] to 11.9 [10.0-
31.0] ng/mL) group. (B) Similarly,
there were no significant changes in

the median (IQR) urinary excretion of

liver fatty acid-binding protein
ﬁ (LFABP) over the 6-month period in
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NAG increased significantly in the control
group (from 0.83 [0.50-1.76] to 1.45
p=0.439 [0.61-4.51] ng/mL). (C) Median (IQR)

the empagliflozin group (from 1.23
[0.74-11.88] to 2.16 [0.72-10.95]
ng/mL), although LFABP excretion

urinary acetyl-g-D-glucosaminidase
(NAG) excretion decreased signifi-
cantly over the 6-month period in the
empagliflozin group (from 4.8 [2.6—
11.7] to 3.3 [2.1-5.4] IU/L), but did
not change significantly in the control
group (from 2.3 [1.5-7.2] to 4.3 [2.0-
7.2]). The boxes show the interquar-
tile range, with the median value
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fore, a clinical approach to reducing the dose of diuretics
while preventing worsening of renal function is required.
Tolvaptan may be a candidate agent for achieving such
effects in Japan.?

Although SGLT2 inhibitors are primarily considered
glucose-lowering drugs due to their inhibition of the reab-
sorption of blood glucose and sodium, they also sometimes
act as diuretics. Indeed, it was reported that urine volume
increased by an average of 300mL/day in the first several
weeks after the administration of SGLT?2 inhibitors.!” The
mechanism underlying the diuretic effect of SGLT2 inhib-
itors differs completely from that of conventional diuretics,
such as loop diuretics and/or thiazides, because, unlike
conventional diuretics, SGLT?2 inhibitors reduce the intra-
vascular volume. It was therefore suggested that SGLT2
inhibitors may be able to prevent the neurohormonal and
sympathetic activation that leads to HF exacerbation,
improve abnormal electrolyte levels, and decrease activa-
tion of the RAAS.18 A previous small-cohort Japanese

study previously reported a reduction in the original dose
of diuretics following the administration of SGLT2 inhib-
itors in patients with advanced HF.? The diuretic effect of
SGLT?2 inhibitors is limited, because this is merely a sec-
ondary effect of the drugs. Because SGLT2 inhibitors
would not markedly increase urine volume,!” it may be
appropriate to prescribe them to outpatients with compen-
sated HF who are not in the acute phase.

Biomarkers Indicating Renal Tubular Injury

The mechanism underlying tubular injury in HF patients
is unclear. Renal tubular injury in such cases may be
caused by various conditions (e.g., activation of the RAAS,
increased sympathetic nervous system activity, renal vaso-
constriction, ischemic damage, chronic inflammation, and
activation of reactive oxygen species). Many urinary bio-
markers have been suggested as useful for evaluating renal
tubular injury in patients with HF. It may be important to
be used properly case-by-case.
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Figure 4. Changes in urinary biomarkers in
empagliflozin-treated patients according to
whether the dose of loop diuretics was
decreased over the follow-up period. (A)
There were no significant changes in the
median (interquartile range [IQR]) urinary
excretion of neutrophil gelatinase-associated
lipocalin (NGAL) between the start date and
the 6-month time point in either the group with
no change in loop diuretic dose (from 18.0
[11.2-44.1] to 12.7 [10.0-27.7] ng/mL) or the
group in which the dose of loop diuretics was
decreased (from 10.5 [10.0-37.3] to 10.0
[10.0-19.0] ng/mL). (B) Similarly, there were
no significant changes in the median (IQR)
urinary excretion of liver fatty acid-binding
protein (LFABP) over the 6-month period in
group with no change in loop diuretic dose
(from 1.22 [0.85-8.57] to 2.16 [0.91-5.38]
ng/mL) or the group in which the dose of loop
diuretics was decreased (from 2.80 [0.55—
15.10] to 1.98 [0.56-13.57] ng/mL). (C)
Median (IQR) urinary acetyl-3-D-glucosaminidase
(NAG) excretion decreased significantly over
the 6-month period in the group in which the
dose of loop diuretics was decreased (from
4.7 [2.5-14.8] to 3.3 [2.1-4.5] IU/L), but did
not change significantly in the group with no
change in loop diuretic dose (from 5.0 [3.3—
11.6] to 4.4 [2.0-8.5]). The boxes show the
interquartile range, with the median value indi-

Start Date 6 month

Start Date 6 month range.

cated by the horizontal line; whiskers show the

Urinary NGAL and LFABP have been reported to be
major urinary biomarkers for the detection of acute kidney
injury (AKI) in acute HF patients in European and Japanese
cohorts.’”? Urinary LFABP may help prevent free fatty
acid-induced tubulointerstitial damage and reflect various
kinds of stressors that cause such damage. This makes
LFABP a potentially useful clinical marker for the pro-
gression of kidney damage and monitoring renal tubuloin-
terstitial damage,”! with kidney injury assessed by direct
measurement of protein levels.22 Urinary LFABP concen-
trations may increase before the occurrence of tubular
structural damage; therefore, LFABP may be a real-time
indicator of tubulointerstitial damage and become a useful
biomarker for the early detection of AKI. Under AKI
conditions, various stressors increase NGAL concentra-
tions in the circulation, which induces neutrophil activa-
tion and increases the amount of NGAL filtered through
the glomeruli. Some NGAL molecules are reabsorbed by
the damaged proximal tubules, whereas others are excreted.

Therefore, increased urinary NGAL concentrations is pri-
marily attributed to impaired renal absorption. Urinary
NGAL is recognized as the gold-standard urinary bio-
marker for detecting AKI. Therefore, changes in urinary
NGAL and LFABP do not take longer to manifest than
other biomarkers after the development of tubular injury.

Urinary kidney injury molecule-1 (KIM-1) and NAG
can also indicate renal tubular injury in patients with stable
chronic HF.23-25 Both KIM-1 and NAG are secreted from
proximal tubular cells, and their superiority as markers of
renal tubular injury over NGAL in stable chronic HF has
been reported.?325 KIM-1 is thought to be excreted in the
urine when tubular dysfunction develops, and urinary
NAG is a deviant enzyme from the proximal tubule that
has been recognized as a traditional urinary marker useful
for detecting renal tubular injury. The response time of
NAG is much slower than that of other markers.26 Thus,
urinary KIM-1 and NAG better reflect the severity of
chronic tubular injury caused by chronic HF (cardiorenal
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Table 4. Time-Dependent Changes in Urinary Biomarkers in the Subgroup Analysis According to the Presence of CKD

No CKD (n=31)

Empagliflozin (n=13)

Control (n=18)

P value P value
Start date 6 months Start date 6 months
Urinary concentrations
NGAL (ng/mL) 10.0 [10.0—28.3] 10.0 [10.0-11.0] 0.046 10.0 [10.0-13.8] 10.0 [10.0-28.0] 0.721
LFABP (ng/mL) 1.07 [0.77-1.23] 0.82[0.50-1.71] 0.213 0.50[0.50-0.82]  0.74[0.51-2.89] 0.877
NAG (IU/L) 4.1[2.4-9.8] 1.9[1.3-3.4] 0.023 1.7 [0.9-3.1] 3.1[1.5-5.6] 0.795
CKD (n=27)
Empagliflozin (n=15) P value Control (n=12) P value
Start date 6 months Start date 6 months
Urinary concentrations
NGAL (ng/mL) 16.5[11.0-43.7] 19.8[10.0-51.7] 0.594 14.8[10.0-21.9] 21.0[10.8-34.5] 0.534
LFABP (ng/mL) 5.89[0.94-15.05] 5.28 [1.85-18.93] 0.173 1.57[0.98-3.96] 5.80[2.18-10.99] 0.508
NAG (IU/L) 5.6 [3.3-15.9] 4.4 [3.3-7.5] 0.081 5.0 [2.3-8.4] 8.1 [4.2-11.2] 0.374

Unless indicated otherwise, data are given as the median [interquartile range]. The significance of differences between the start date and the
6-month time point were determined using the Wilcoxon test. LFABP, liver-type fatty acid-binding protein. Other abbreviations as in Table 1.

syndrome) than urinary NGAL and LABP.2 We were
unable to evaluate urinary KIM-1 concentrations in the
present study, so urinary NAG was deemed the most rea-
sonable biomarker for the evaluation of chronic tubular
injury in patients with compensated HF.

Effects of SGLT2 Inhibitors on Renal Tubular Injury

The renal benefits induced by SGLT?2 inhibitors have been
reported from various perspectives.1327-28 SGLT?2 inhibi-
tors slow the progression of kidney function decline,
thereby reducing the risk of dialysis, transplantation, and
death due to kidney disease.!® However, although SGLT2
inhibitors are known to inhibit AKI, the mechanisms
underlying their renal protective effects have not been com-
pletely elucidated, and they may be multifactorial.

We focused on a brief report describing the reduction in
renal tubular cell injury in patients with diabetes.”? We
hypothesized that the renal protection induced by this
mechanism may also be expected in patients with HF.
Because the effects of SGLT2 inhibitors have not been
demonstrated in a chronic or compensated HF cohort, we
conducted a detailed investigation in the present study.
Urinary NAG was significantly decreased at 6 months
after the administration of empagliflozin, especially in the
group in which the dose of loop diuretics was reduced. As
noted above, urinary NAG is an appropriate biomarker
for chronic tubular injury; therefore, the results of the pres-
ent study suggest that renal tubular injury was alleviated
by the administration of the SGLT2 inhibitor. Because
urinary LFABP can indicate acute tubular injury, the rea-
son for the increase in urinary LFABP in the non-empa-
gliflozin control group remains unclear.

SGLT?2 inhibitors reduce the reabsorption of filtered
sodium and glucose in the proximal tubule and decrease
the oxygen-consuming transport workload. Less oxygen
stress may lead to improved tubular cell integrity.® Although
we did not measure erythropoietin directly, another study
reported that the erythropoietin concentration was
increased after administration of an SGLT2 inhibitor,
peaking around 2-4 weeks later. Simultaneously, there is a

transient increase in reticulocyte count, followed by
increases in hemoglobin and hematocrit levels.3! Oxygen
consumption by the proximal tubules is higher in patients
with diabetes than in healthy people because of the
increased workload due to excessive glucose reabsorp-
tion.3? Sano et al hypothesized that the high oxygen
requirement of the proximal tubules due to excessive glu-
cose reabsorption induces tubulointerstitial hypoxia.3?
Transformation into dysfunctional fibroblasts, which fail
to produce sufficient erythropoietin, leads to injury of the
renal tubules. SGLT?2 inhibitors reduce the workload of
the proximal tubules, thereby allowing for restoration of
tubulointerstitial function and increasing the production
of erythropoietin by neural crest-derived fibroblasts.® In
the present study, hemoglobin levels were significantly
increased and urinary NAG excretion was significantly
decreased 6 months after SGLT2 inhibitor administration.
These results may be reasonable and consistent with the
previous hypothesis suggested by Sano et al.3

Furthermore, hyperglycemia exerts proinflammatory
effects on the renal tubules. Reducing hyperglycemia (e.g.,
through the appropriate treatment of diabetes) may reduce
the generation of proinflammatory cytokines.3* However,
even though the present study was a multicenter study, the
number of patients in each group was relatively small,
which may have decreased our ability to detect significant
effects. More large-scale, multicenter trials will be required
to confirm our results.

Study Limitations

The present study has several limitations. First, although
all the physicians involved in the outpatient clinic were
cardiologists, definitive criteria used by the physicians in
determining when to decrease the dose of diuretics were
not suggested in the present study. If the HF status
remained compensated based on certain evaluations (e.g.,
patient complaints, chest X-ray, general condition, labora-
tory findings [serum creatinine and BNP concentrations]),
the dose of diuretics was changed at the discretion of the
attending physician. Patient complaints and laboratory
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findings (serum creatinine and BNP concentrations) were
the most important factors in this decision, as indicated in
Table 3. Second, the present study was an open-label
study, which may have affected the clinical judgments
made by the investigators. Finally, data (cardiac and uri-
nary biomarker values) for 2 patients in the empagliflozin
group were not collected due to human error.

Conclusions

The dose of loop diuretics was decreased and hemoglobin
levels increased following the addition of SGLT?2 inhibitor
therapy in diabetic patients with compensated HF. Uri-
nary NAG excretion was decreased in the empaglifiozin-
treated group at the 6-month follow-up. Renal tubular
injury may be alleviated by the administration of SGLT2
inhibitors through a reduction in the dose of loop diuretics
administered and the production of erythropoietin.
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