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Abstract

Aims

The safety and efficacy, particularly, the factors associated with the renal prognosis, were

assessed over 12 months after the initiation of luseogliflozin therapy in Japanese patients

with type 2 diabetes and renal impairment.

Methods

In total, 238 patients treated with luseogliflozin (2.5 mg, once daily) were studied as the

safety analysis set. Two hundred and two subjects whose medication was continued over

12 months were investigated as the full analysis set. The subjects were divided into 3 groups

based on the estimated glomerular filtration rate (eGFR): high eGFR (n = 49), normal eGFR

(n = 116) and low eGFR (n = 37) groups.

Results

The body weight, systolic blood pressure, HbA1c and urinary protein excretion gradually

decreased from baseline in all eGFR groups. While the eGFR was significantly reduced

from baseline in the high and normal eGFR groups, the eGFR did not significantly differ over

time in the low eGFR group. There was no marked difference in the frequency of adverse

events that were specific for SGLT2 inhibitors among the 3 groups in the safety analysis set.

Conclusions

Luseogliflozin can preserve the renal function in the medium term in patients with type 2 dia-

betes and renal impairment without an increase in specific adverse events.
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Introduction

Sodium-glucose cotransporter 2 (SGLT2) inhibitors was not previously recommended for use

in patients with type 2 diabetes and renal impairment because their blood glucose lowering

effect was insufficient [1]. However, several clinical studies performed in patients with type 2

diabetes have shown that SGLT2 inhibitors suppress the development of diabetic macroangio-

pathies and heart failure and also act as renal protectors [2–7], including in Asian subjects,

whose body mass index (BMI) and estimated glomerular filtration rate (eGFR) are generally

lower than in Western populations [8, 9].

When SGLT2 inhibitors were introduced to Japan, where elderly patients with type 2 diabe-

tes account for much of the population [10, 11], there were concerns about drug-related

adverse events (AEs), such as fluid depletion and cerebral infarction. Therefore, the prescrip-

tion rate of SGLT2 inhibitors had not been high [12], with dipeptidyl peptidase-4 (DPP-4)

inhibitors most commonly used in real-world clinical practice for the treatment of Japanese

patients with type 2 diabetes [13, 14] because of their safety and reliability in glycemic control

among elderly patients and subjects with renal impairment [15, 16]. However, there has been

no clear evidence to support the inhibition of cardiovascular events or diabetic nephropathy

by DPP-4 inhibitors [17–20], although the glucose-lowering efficacy of DPP-4 inhibitors in

patients with type 2 diabetes is better in Asians than in other ethnic groups [21].

Recently, it was reported that ipragliflozin therapy was well tolerated and reduced surrogate

endpoints of diabetic vascular complications, such as HbA1c, body weight and blood pressure,

in elderly Japanese patients with type 2 diabetes based on a post-marketing surveillance study

[22, 23]. Furthermore, we reported the safety and efficacy of empagliflozin through the

improvement of the blood glucose level, body weight, liver function, hemoglobin value and

serum high-density lipoprotein (HDL)-cholesterol concentration in elderly Japanese patients

with type 2 diabetes whose renal function was lower than that in non-elderly patients [24].

Cardiovascular events and end-stage kidney disease occur more frequently in patients with

type 2 diabetes and renal impairment than in those with a normal kidney function [25],

including in Japanese populations [26–30]. Therefore, the safety and efficacy of SGLT2 inhibi-

tors should be determined in Japanese patients with type 2 diabetes and renal impairment. It

was previously reported that the blood glucose-lowering effect of the SGLT2 inhibitor luseogli-

flozin is worse in type 2 diabetic patients with renal impairment than in those with a normal

renal function [31–33]. Although the initial reduction in the eGFR after luseogliflozin adminis-

tration seems smaller in patients with type 2 diabetes and renal impairment (eGFR 30 to<60

mL/min/1.73 m2) than in those with a high eGFR (eGFR�90 mL/min/1.73 m2) based on

phase III studies [31], its renoprotective effect has not been determined in real-world clinical

settings.

In the present study, we retrospectively examined the safety and efficacy of luseogliflozin

while paying particular attention to the factors associated with the renal prognosis over 12

months after the initiation of luseogliflozin therapy in Japanese patients with type 2 diabetes

and renal impairment.

Materials and methods

Study design and patients

A flow chart of the patient selection process is shown in Fig 1. Three hundred and thirty-seven

Japanese patients with type 2 diabetes who received 2.5 mg of luseogliflozin once daily

(Lusefi1 tablets; Taisho Pharmaceutical Co., Ltd., Tokyo, Japan) at our department from

December 2014 to September 2018 were eligible for inclusion in this study. Subjects who had
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already been prescribed luseogliflozin at the initial consultation (n = 7), subjects in whom

luseogliflozin treatment started with the replacement of another SGLT2 inhibitor (n = 21) or a

glucagon-like peptide-1 (GLP-1) receptor agonist (n = 11), subjects who discontinued treat-

ment or who were transferred to other hospitals during the observation period (n = 45), sub-

jects whose antihypertensive agents were changed during the observation period (n = 10), and

subjects in whom GLP-1 receptor agonist treatment started during the observation period

(n = 5) were excluded from the analysis.

In total, 238 patients with type 2 diabetes (males: 71%, 59±12 years old) were studied as the

safety analysis set (SAS) in order to analyze the safety of luseogliflozin. The SAS included 60

subjects with a high eGFR (�90 mL/min/1.73 m2), 131 with a normal eGFR (60 to<90 mL/

Fig 1. Flowchart of patient selection. The safety of luseogliflozin was analyzed in the safety analysis set (n = 238) and the effectiveness was investigated in the full

analysis set (n = 202). The analysis sets were divided to high (�90 mL/min/1.73 m2), normal (60 to<90 mL/min/1.73 m2) and low (<60 mL/min/1.73 m2) eGFR groups.

SGLT2, Sodium-glucose cotransporter 2; GLP-1, glucagon-like peptide-1; eGFR, estimated glomerular filtration rate.

https://doi.org/10.1371/journal.pone.0248577.g001
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min/1.73 m2) and 47 subjects with a low eGFR (<60 mL/min/1.73 m2). After excluding sub-

jects who discontinued luseogliflozin treatment due to any AEs (n = 24), a judgement of ineffi-

cacy by physicians (n = 11) or complaints of high drug price by the patient (n = 1), 202

subjects were investigated as the full analysis set (FAS) in order to assess the effectiveness of

luseogliflozin. Finally, the study subjects were divided into 3 groups based on the eGFR: high

eGFR (n = 49), normal eGFR (n = 116) and low eGFR (n = 37) groups. Furthermore, the

changes in the eGFR were determined in 145 subjects who had been treated in our department

over 12 months before the initiation of luseogliflozin.

Measurements

The eGFR was calculated using the formula recommended by the Japanese Society of Nephrol-

ogy [34]. Diabetic nephropathy was defined as a urinary albumin-to-creatinine ratio (uACR)

of�30 mg/g/creatinine in a random spot urine test. The urinary protein excretion (uPE) was

evaluated by the pyrogallol red method using urine test-strips (Uriflet S; ARKRAY, Inc.,

Kyoto, Japan) and an automatic analyzer (Austin MAX AX 4280; ARKRAY, Inc.). Proteinuria

was graded as (±), (1+), (2+) and (3+) corresponding to 15 mg/dL, 50 mg/dL, 150 mg/dL and

325 mg/dL, respectively, according to the median value of the measurement range in the semi-

quantitative results [24, 35, 36]. Urinary liver-type fatty-acid binding protein (L-FABP), a bio-

marker of tubulointerstitial injury of the kidneys that predicts renal dysfunction associated

with diabetic nephropathy [37–39], was measured using a chemiluminescent enzyme immu-

noassay at an external laboratory (SRL Co., Tokyo, Japan).

Obese individuals were defined as those with a BMI of�25.0 kg/m2. Hypertension was

defined as a systolic blood pressure of�140 mmHg and/or a diastolic blood pressure of�90

mmHg. Participants currently using antihypertensive medications were also classified as being

positive for hypertension. Hyper-low-density lipoprotein (LDL)-cholesterolemia was defined

as a serum LDL-cholesterol concentration of� 3.62 mmol/L (140 mg/dL) or the current use of

statins or ezetimibe. Hypo-HDL-cholesterolemia was defined as a serum HDL-cholesterol

concentration of<1.03 mmol/L (40 mg/dL). Hyperuricemia was defined by serum uric acid

levels >327 μmol/L (7.0 mg/dL) or as patients using benzbromarone, allopurinol, febuxostat,

or topiroxostat. A current drinker was defined as a person consuming >20 g ethanol equiva-

lent/day. Diabetic retinopathy was graded as simple, preproliferative, or proliferative retinopa-

thy based on the results of a funduscopic examination performed by expert ophthalmologists.

Diabetic peripheral neuropathy was diagnosed by the presence of two or more components

among clinical symptoms (bilateral spontaneous pain, hypoesthesia, or paraesthesia of the

legs), the absence of ankle tendon reflexes, and decreased vibration sensations using a C128

tuning fork. Cerebrovascular disease was diagnosed by the physicians as a history of an ische-

mic stroke using brain computed tomography or magnetic resonance imaging. Only the

patients with symptoms were classified as having cerebrovascular disease, and cases of silent

brain infarction, transient ischemic attack, and a brain hemorrhage were excluded from this

study. Coronary heart disease was diagnosed based on a previous history of myocardial infarc-

tion, angina pectoris, electrocardiogram abnormalities suggesting myocardial ischemia, or

interventions after a coronary angiographic examination. Peripheral arterial disease was diag-

nosed by the absence of a pulse in the legs, along with ischemic symptoms, obstructive findings

on an ultrasonographic or angiographic examination of the lower extremities, or an ankle bra-

chial pressure index <0.9.

The clinical parameters and AEs were retrospectively examined over 12 months after the

initiation of luseogliflozin based on the subjects’ medical records. When clinical data including

the body weight, blood pressure, uPE, HbA1c and serum creatinine concentration were
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missing, the appropriate value obtained on the previous visit was used according to the last

observational carried forward (LOCF) method.

Ethics conduct

The study was conducted in accordance with the principles expressed in the 2008 Declaration

of Helsinki. The Ethics Committee of Edogawa Hospital approved the study protocol and

waived the need for written informed consent because the data were analyzed anonymously

for this retrospective analysis based on information stored in the hospital (approved number:

2018–30, approval date: October 18, 2018). The trial is registered on UMIN-CTR, identifier

UMIN000041193.

Statistical analyses

All data are presented as the mean±standard deviation. The χ2 test was used for between-group

comparisons of categorical variables. None of the continuous variables (age, duration of diabetes,

body weight, BMI, blood pressure, uACR, uPE, urinary L-FABP, HbA1c, serum lipid concentra-

tions, aspartate transaminase [AST], alanine transaminase [ALT], γ-glutamyl transpeptidase [γ-

GTP], creatinine, uric acid, and eGFR) showed a normal distribution in the Shapiro-Wilk tests, so

the Kruskal-Wallis test and Wilcoxon’s signed rank test were used to assess the significance of dif-

ferences in the continuous variables. Wilcoxon’s rank sum test was used to assess the significance

of differences in the body weight, blood pressure, uPE, uACR, urinary L-FABP, HbA1c, and

eGFR during the observation period compared to baseline values. A least squares model was used

to evaluate the associations between the clinical background factors of the patients and the

changes at 12 months after the initiation of luseogliflozin therapy in the eGFR and uPE. Factors

that showed a significant association with changes in each dependent variable in a univariate anal-

ysis were included in a multivariate analysis. P values of<0.05 (two-tailed) were considered to

indicate statistical significance. The statistical software package JMP version 12.2.0 (SAS Institute,

Cary, NC) was used to perform all analyses. All data are present in S1 Dataset.

Results

Baseline characteristics and efficacy

The clinical characteristics of the FAS at the baseline are shown in Table 1. The patients were

significantly older and the duration of diabetes significantly longer in the low eGFR group

than in the high or normal eGFR group. The rates of diabetic nephropathy, peripheral neurop-

athy, hyper-LDL-cholesterolemia and hyperuricemia were significantly higher in the low

eGFR group than in the high or normal eGFR group. Although the use of antihypertensive

agents and the values of uACR, uPE and urinary L-FABP increased with the progression of

renal impairment, there were no significant differences among the three groups. The HbA1c

also did not differ among the three groups.

Table 2 shows the changes in clinical parameters of the FAS from baseline to 12 months

after the initiation of luseogliflozin. The body weight and systolic blood pressure gradually

decreased from the baseline value in all eGFR groups while the diastolic blood pressure did not

significantly differ among groups. The changes in body weight and blood pressure were similar

in the three groups. The HbA1c was also reduced in all eGFR groups after luseogliflozin

administration, and the change in HbA1c tended to be smaller in the group with progressive

renal impairment. The change in HbA1c from baseline was significantly smaller in the low

eGFR group than in the high eGFR group (P = 0.01). The uPE, uACR and urinary L-FABP val-

ues significantly decreased in all eGFR groups. The change in the uPE from baseline was
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Table 1. The clinical characteristics of the full analysis set at baseline.

N¶ All subjects Groups according to eGFR at baseline P
High eGFR Normal eGFR Low eGFR

(n = 49) (n = 116) (n = 37)

Male (%) 202 71 69 72 70 0.92

Age (years) 202 59±11 53±11 58±10�� 67±10��, ## <0.01

Duration of diabetes (years) 187 10±8 8±6 9±7 13±9� 0.04

Smoking history (%) 178 60 68 57 56 0.40

Current drinker (%) 192 26 40 23 17 0.04

Body weight (kg) 173 77.2±17.9 77.5±20.6 76.8±17.2 77.9±16.7 0.99

Body mass index (kg/m2) 173 28.5±5.6 28.5±5.6 28.1±5.4 29.7±6.3 0.44

Systolic blood pressure (mmHg) 193 134±15 137±16 134±15 132±14 0.64

Diastolic blood pressure (mmHg) 193 81±12 84±14 81±11 75±11��, ## <0.01

Diabetic retinopathy (%)† 175 47 42 48 52 0.69

Diabetic nephropathy (%) 196 50 50 44 69 0.03

Diabetic peripheral neuropathy (%) 117 45 38 39 45 0.02

Cerebrovascular disease (%) 202 6 4 5 11 0.37

Coronary heart disease (%) 202 14 6 14 24 0.05

Peripheral arterial disease (%) 202 2 0 2 5 0.20

Obesity (%) 173 76 70 74 91 0.10

Hypertension (%) 202 76 73 74 84 0.45

Hyper-LDL-cholesterolemia (%) 202 82 71 84 92 0.04

Hypo-HDL-cholesterolemia (%) 182 27 24 27 31 0.75

Hyperuricemia (%) 202 17 8 14 38 <0.01

RAAS inhibitors use (%)‡ 202 55 47 53 70 0.09

Calcium channel blockers use (%) 202 43 37 41 57 0.14

Cholesterol lowering agents use (%) 202 74 61 76 86 0.03

Urate lowering agents use (%) 202 13 8 9 35 <0.01

Anti-diabetic agents use (%) 202

Metformin 66 67 69 54 0.24

Sulfonylureas 19 20 20 16 0.87

Thiazolidinediones 12 16 12 8 0.51

α-glucosidase inhibitors 12 10 11 16 0.66

Glinides 5 4 5 5 0.95

DPP-4 inhibitors 66 61 68 68 0.68

GLP-1 receptor agonists 4 0 3 11 0.04

Insulin 27 20 26 38 0.19

Number of anti-diabetic agents 2.1±1.1 2.0±1.1 2.1±1.1 2.2±1.0 0.24

uPE (mg/dL) 196 22±47 13±19 23±50 33±58 0.10

uACR (mg/gCr) 157 117±274 91±162 112±249 178±449 0.34

Urinary L-FABP (μg/gCr) 50 5.2±6.9 3.6±2.0 3.6±3.1 9.2±11.7 0.11

HbA1c (%) 201 8.3±1.4 8.5±1.6 8.3±1.4 8.1±1.1 0.61

HbA1c (mmol/mol) 201 67±15 69±17 67±15 65±12 0.61

LDL-cholesterol (mmol/L) 183 2.79±0.85 2.99±0.86 2.77±0.81 2.60±0.91�� 0.04

HDL-cholesterol (mmol/L) 182 1.25±0.33 1.24±0.33 1.28±0.34 1.18±0.29 0.31

AST (IU/L) 199 30±21 31±24 29±16 32±29 0.83

ALT (IU/L) 199 35±31 39±35 35±30 32±27 0.49

γGTP (IU/L) 189 59±58 77±73 56±56 45±34��, # 0.02

Creatinine (μmol/L) 202 70.6±22.3 51.8±8.4 68.5±11.5�� 101.9±27.5��, ## <0.01

(Continued)
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significantly larger in the normal and low eGFR groups than in the high eGFR group.

Although the changes in uACR and urinary L-FABP were larger in the low eGFR group than

in the normal and high eGFR groups, there were no significant differences. In the all subjects,

the changes in the uPE, uACR and urinary L-FABP showed significantly negative correlations

with the corresponding values at baseline (S1 Fig). While the eGFR was significantly reduced

from baseline at 1 to 12 months in both the high and normal eGFR groups after the initiation

of luseogliflozin, the eGFR did not significantly differ in the low eGFR group. The change in

the eGFR from baseline was significantly larger in the high eGFR group than in the normal

and low eGFR group. In the all of the subjects, the change in the eGFR showed significantly

negative correlations with the baseline eGFR (S2 Fig).

Fig 2A shows the changes in the eGFR in 145 subjects who continued visiting over 12

months before luseogliflozin administration. In the low eGFR group (n = 29), the eGFR did

not change significantly after luseogliflozin administration, although the eGFR gradually

decreased before the initiation of luseogliflozin. The change in the eGFR (2±6 mL/min/1.73

m2) was significantly (P<0.01) improved after luseogliflozin administration compared to

before administration (-5±7 mL/min/1.73 m2). The eGFR significantly decreased after the ini-

tiation of luseogliflozin in the high (n = 35) eGFR group. The change in the eGFR was -0±12

mL/min/1.73 m2 and -5±10 mL/min/1.73 m2 before and after the initiation of luseogliflozin,

respectively, in the high eGFR group. The change in the eGFR was -1±8 mL/min/1.73 m2 and

-0±10 mL/min/1.73 m2 before and after the initiation of luseogliflozin, respectively, in the nor-

mal eGFR group (S1 Table and Fig 2B).

Table 3 shows the relationships between the changes in the eGFR and uPE and the baseline

clinical parameters in the FAS. The change in the eGFR showed a significant negative correla-

tion with the systolic blood pressure, uACR and eGFR at baseline according to a multiple

regression analysis with smoking history, diastolic blood pressure, hypo-HDL-cholesterolemia

and HbA1c included as independent variables. The change in uPE was significantly associated

with the uPE and uACR and at baseline according to a multiple regression analysis with gen-

der, current drinker, diabetic retinopathy, cerebrovascular disease, HbA1c and serum creati-

nine concentration included as independent variables.

Table 1. (Continued)

N¶ All subjects Groups according to eGFR at baseline P
High eGFR Normal eGFR Low eGFR

(n = 49) (n = 116) (n = 37)

Uric acid (μmol/L) 137 322±68 288±63 324±70� 353±49��, # <0.01

eGFR (mL/min/1.73 m2) 202 77±20 104±10 75±8�� 48±9��, ## <0.01

Minimum-maximum 25–132 91–132 60–90 25–60

25th percentile, median, 75th percentile 64, 76, 90 96, 103, 107 69, 76, 83 44, 50, 54

eGFR, estimated glomerular filtration rate; LDL, low-density lipoprotein; HDL, high-density lipoprotein; RAAS, renin-angiotensin-aldosterone system; DPP-4,

dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; uPE, urinary protein excretion; uACR, urinary albumin-to-creatinine ratio; L-FABP, liver-type fatty acid-

binding protein.

¶ N: number estimated.

† Diabetic retinopathy includes simple, preproliferative and proliferative retinopathy.

‡ RAAS inhibitors include angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers and aldosterone receptor antagonists.

� P<0.05

�� P<0.01 vs. corresponding value in the high eGFR group

# P<0.05

## P<0.01 vs. corresponding value in normal eGFR group.

https://doi.org/10.1371/journal.pone.0248577.t001
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Table 2. Changes in clinical parameters of the full analysis set.

Baseline 1 month 3 months 6 months 9 months 12 months Change from baseline

Body weight (kg)

All subjects (n = 173) 77.2±17.9 76.3±17.7�� 76.0±17.7�� 75.3±17.4�� 75.2±17.4�� 75.3±17.3�� -2.0±3.2

High eGFR (n = 44) 77.5±20.6 76.5±20.2�� 75.6±19.9�� 75.4±19.8�� 75.4±19.5�� 75.5±19.3�� -2.0±3.5

Normal eGFR (n = 97) 76.8±17.2 76.1±17.0�� 76.0±17.1�� 75.1±16.6�� 75.0±16.9�� 74.8±17.0���� -1.9±3.3

Low eGFR (n = 32) 77.9±16.7 76.8±16.3�� 76.4±16.8�� 75.8±16.7�� 75.6±16.3�� 75.9±16.0�� -2.0±2.3

Systolic blood pressure (mmHg)

All subjects (n = 193) 134±15 131±15�� 130±13�� 129±13�� 130±13�� 133±14�� -5±16

High eGFR (n = 47) 137±16 133±16 132±12 131±12� 130±14� 131±13� -4±16

Normal eGFR (n = 111) 134±15 131±15� 130±13�� 129±13�� 130±13� 129±14� -5±16

Low eGFR (n = 35) 132±14 128±15� 127±14�� 127±14� 127±14� 127±14� -4±14

Diastolic blood pressure (mmHg)

All subjects (n = 193) 81±12 79±12�� 79±11�� 78±12�� 79±11� 78±12� -2±10

High eGFR (n = 47) 84±14 81±13 83±12 81±12 79±13� 81±14 -2±13

Normal eGFR (n = 111) 81±11 79±10 79±10�� 79±11� 80±11 79±10 -2±10

Low eGFR (n = 35) 75±11##, $ $ 73±12 73±13 73±12 74±11 72±12 -3±9

HbA1c (%)

All subjects (n = 201) 8.3±1.4 7.9±1.2�� 7.7±1.1�� 7.5±1.0�� 7.4±0.9�� 7.5±1.0�� -0.8±1.2

High eGFR (n = 49) 8.5±1.6 8.0±1.4�� 7.6±1.1�� 7.4±1.0�� 7.4±1.1�� 7.4±1.0�� -1.1±1.4

Normal eGFR (n = 116) 8.3±1.4 7.9±1.2�� 7.7±1.1�� 7.5±0.9�� 7.4±0.9�� 7.5±1.1�� -0.8±1.1

Low eGFR (n = 36) 8.1±1.1 8.0±1.1 7.8±1.0 7.8±1.0 7.7±0.9�� 7.7±0.9�� -0.4±0.8#

uPE (mg/dL)

All subjects (n = 196) 22±47 14±31�� 14±38�� 11±29�� 9±16�� 9±17�� -13±41

High eGFR (n = 48) 13±19 11±19� 10±17�� 7±13�� 8±16�� 8±16�� -5±16

Normal eGFR (n = 112) 23±50 14±37�� 15±47�� 14±37�� 8±15�� 9±17�� -14±42#

Low eGFR (n = 36) 33±58 17±20�� 16±27�� 10±16�� 13±17�� 11±19�� -22±55#

uACR (mg/gCr)

Allsubjects (n = 157) 117±274 77±183�� 73±175�� -45±143

High eGFR (n = 43) 91±162 51±86�� 56±99� -35±105

Normal eGFR (n = 88) 112±249 83±201�� 77±193�� -35±100

Low eGFR (n = 26) 178±449 99±234�� 84±210�� -94±266

Urinary L-FABP (μg/gCr)

All subjects (n = 50) 5.2±6.9 3.7±6.6�� 3.2±3.9�� -2.0±4.2

High eGFR (n = 14) 3.6±2.0 2.3±1.4�� 2.2±1.3�� -1.4±1.9

Normal eGFR (n = 22) 3.6±3.1 2.2±1.9� 2.3±1.6� -1.4±2.5

Low eGFR (n = 14) 9.2±11.7 7.5±11.6 5.7±6.4� -3.5±7.0

eGFR (mL/min/1.73 m2)

All subjects (n = 202) 77±20 75±20�� 75±20�� 75±20�� 75±20�� 75±20�� -2±10

High eGFR (n = 49) 104±10 99±13�� 99±12�� 98±13�� 100±14� 99±12�� -5±10

Normal eGFR (n = 116) 75±8## 74±11� 73±11�� 73±11�� 73±12�� 74±13� -1±10#

Low eGFR (n = 37) 48±9##, $ $ 48±10 48±11 48±11 50±10 49±12 1±7##, $

eGFR, estimated glomerular filtration rate; uPE, urinary protein excretion; uACR, urinary albumin-to-creatinine ratio; L-FABP, liver-type fatty acid-binding protein.

� P<0.05

�� P<0.01 vs. corresponding value at baseline

# P<0.05

## P<0.01 vs. corresponding value in the high eGFR group

$ P<0.05

$ $ P<0.01 vs. corresponding value in the normal eGFR group.

https://doi.org/10.1371/journal.pone.0248577.t002
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Safety

In the SAS, luseogliflozin was discontinued in 24 patients (11%) at the onset of AEs (Fig 1).

AEs considered to be associated with luseogliflozin administration, including urogenital infec-

tion, increased urine volume, volume depletion, skin eruption and gastrointestinal symptoms,

were observed within 100 days after the initiation of luseogliflozin administration (S2 Table).

Fig 2. Changes in the eGFR in the groups according to the eGFR at baseline (0 month) before and after the

initiation of luseogliflozin (n = 145). (A) The closed triangles, squares and circles indicate subjects in the high (�90

mL/min/1.73 m2, n = 35), normal (60 to<90 mL/min/1.73 m2, n = 81) and low (60 mL/min/1.73 m2, n = 29) eGFR

groups, respectively. �P<0.05 and ��P<0.01 vs. baseline (0 months) value. (B) Open and closed bars indicate the

differences in the eGFR during 12 months before and after the initiation of luseogliflozin, respectively. #P<0.05 and

##P<0.01 vs. corresponding value in the high eGFR group, $ $P<0.01 vs. corresponding value before the initiation.

eGFR, estimated glomerular filtration rate.

https://doi.org/10.1371/journal.pone.0248577.g002

PLOS ONE Different renoprotective effects of luseogliflozin depend on renal function in patients with T2DM

PLOS ONE | https://doi.org/10.1371/journal.pone.0248577 March 15, 2021 9 / 17

https://doi.org/10.1371/journal.pone.0248577.g002
https://doi.org/10.1371/journal.pone.0248577


Table 3. Relationship between the changes in the eGFR and uPE and the clinical parameters at baseline in the full analysis set.

Changes in the eGFR Changes in the uPE

single regression Multiple regression single regression Multiple regression

Regression coefficient P β P Regression coefficient P β P
Male gender -1.442 0.06 -7.686 0.02 3.780 0.20

Age (/years) 0.057 0.36 0.122 0.65

Duration of diabetes (/years) 0.016 0.87 0.354 0.39

Smoking history -3.646 0.01 -2.342 0.14 -3.261 0.62

Current drinker -0.223 0.89 -14.425 0.04 -0.988 0.72

Body weight (/kg) -0.032 0.42 -0.203 0.27

Body mass index (/kg/m2) 0.022 0.86 -0.343 0.56

Systolic blood pressure (/mmHg) -0.141 <0.01 -0.119 0.04 -0.326 0.11

Diastolic blood pressure (/mmHg) -0.125 0.03 0.029 0.69 -0.176 0.48

Diabetic retinopathy† -1.145 0.43 -24.577 <0.01 3.690 0.68

Diabetic nephropathy -3.807 <0.01 -25.153 <0.01

Diabetic peripheral neuropathy 2.301 0.21 -3.480 0.88

Cerebrovascular disease -1.873 0.52 -46.259 <0.01 -2.393 0.68

Coronary heart disease -0.771 0.70 4.879 0.58

Peripheral arterial disease -0.585 0.91 -3.480 0.88

Obesity 0.706 0.67 -8.603 0.27

Hypertension 0.306 0.85 -10.714 0.11

Hyper-LDL-cholesterolemia 0.886 0.62 -11.115 0.14

Hypo-HDL-cholesterolemia -1.949 0.01 -2.365 0.16 -12.746 0.08

Hyperuricemia 1.940 0.29 -4.850 0.53

RAAS inhibitors use‡ 2.549 0.06 -7.634 0.19

Calcium channel blockers use -0.421 0.76 -3.680 0.53

Cholesterol lowering agents use -0.942 0.55 -11.608 0.08

Urate lowering agents use 0.381 0.85 -10.011 0.24

Anti-diabetic agents use

Metformin -1.278 0.37 2.058 0.74

Sulfonylureas 2.486 0.15 -7.260 0.33

Thiazolidinediones 2.413 0.24 7.381 0.40

α-glucosidase inhibitors -0.860 0.68 2.685 0.77

Glinides 4.038 0.20 3.414 0.80

DPP-4 inhibitors 2.413 0.09 1.598 0.80

GLP-1 receptor agonists -0.342 0.92 -24.641 0.09

Insulin -0.509 0.74 -7.031 0.28

Number of anti-diabetic agents 0.771 0.23 -1.239 0.65

uPE (/mg/dL) -0.024 0.10 -0.815 <0.01 -0.891 <0.01

uACR (/mg/gCr) -0.007 0.01 -0.006 0.02 -0.065 <0.01 -0.019 <0.01

L-FABP (/μg/gCr) 0.056 0.73 -0.486 0.18

HbA1c (/%) -1.042 0.04 -0.943 0.09 -4.413 0.04 -1.189 0.14

LDL-cholesterol (/mmol/L) 0.735 0.38 6.426 0.08

HDL-cholesterol (/mmol/L) 2.687 0.20 11.779 0.22

AST (/IU/L) -0.005 0.88 -0.072 0.61

ALT (/IU/L) 0.006 0.79 0.273 0.78

γGTP (/IU/L) 0.015 0.20 0.003 0.96

Creatinine (/μmol/L) 0.045 0.14 -0.267 0.04 -7.274 0.15

Uric acid (/μmol/L) 0.014 0.20 -0.072 0.17

(Continued)
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The frequencies of AEs recorded during the observation period among the eGFR groups in the

SAS are shown in S3 Table. Overall AEs were recorded in 86 cases among 238 patients (36%)

and were significantly more frequent in the low eGFR groups (66%) than in the high (30%)

and normal (28%) eGFR groups. Although the frequencies of volume depletion (11%) and

skin itching/eruption (9%) were higher in the low eGFR group than in the other groups, the

difference was not statistically significant among the three groups.

Discussion

The eGFR was preserved in the low eGFR group after luseogliflozin administration but gradu-

ally decreased before the administration in the present study. Several large-scale clinical trials

have demonstrated the renoprotective effects, including the improvement of proteinuria and

preservation of the eGFR, by SGLT2 inhibitors [2–9]. Although some had studies investigated

the efficacy of SGLT2 inhibitors, including luseogliflozin, in a small number of Japanese

patients with type 2 diabetes and renal impairment, none had compared the results between

subjects with a normal renal function and those with an impaired function [40–42]. The eGFR

showed a transient decline after the initiation of SGLT2 inhibitor treatment and subsequent

normalization over time in previous clinical studies [2, 9]. In the present study, the eGFR

showed similar fluctuations after the initiation of luseogliflozin in the high and normal eGFR

groups.

One highlight of the current study is that the renoprotective effect of luseogliflozin was

demonstrated in the patients with a low eGFR who had shown a declining eGFR before the

luseogliflozin therapy. Blood pressure control using antihypertensive agents, such as renin-

angiotensin-aldosterone system (RAAS) inhibitors, is widely known to be useful for preventing

the progression of renal impairment in patients with type 2 diabetes [43, 44]. Urate-lowering

agents also ameliorate the decline in the kidney function in patients with hyperuricemia and

chronic kidney disease, including diabetic kidney disease (DKD) [45]. The observation of a

renoprotective effect by luseogliflozin in patients with type 2 diabetes who were already being

frequently treated with RAAS inhibitors and/or urate-lowering agents in a real-world clinical

setting was considered valuable.

Albuminuria and a low eGFR are established risk factors for end-stage kidney disease and

cardiovascular events in patients with type 2 diabetes, and reducing the uACR and preserving

the eGFR are helpful for suppressing the development of renal and cardiovascular events [25–

30, 43, 44]. Although the blood glucose-lowering effect was inferior in the low eGFR group

compared to the effect in subjects with a preserved eGFR, the blood pressure and body weight

decreased similarly in all three eGFR groups, regardless of the degree of renal impairment, in

the present study as in previous reports [31]. The uPE, uACR and urinary L-FABP were all

Table 3. (Continued)

Changes in the eGFR Changes in the uPE

single regression Multiple regression single regression Multiple regression

Regression coefficient P β P Regression coefficient P β P
eGFR (/mL/min/1.73 m2) -0.115 <0.01 -0.076 0.04 0.185 0.20

eGFR, estimated glomerular filtration rate; uPE, urinary protein excretion; LDL, low-density lipoprotein; HDL, high-density lipoprotein; RAAS, renin-angiotensin-

aldosterone system; DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; uACR, urinary albumin-to-creatinine ratio; L-FABP, liver-type fatty acid-binding

protein.

† Diabetic retinopathy includes simple, preproliferative and proliferative retinopathy.

‡ RAAS inhibitors include angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers and aldosterone receptor antagonists.

https://doi.org/10.1371/journal.pone.0248577.t003
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inversely correlated with the corresponding values at baseline, and as a result, the eGFR

improved in the low eGFR group. These results do not contradict our findings report in non-

elderly and elderly patients with type 2 diabetes treated with empagliflozin, whose eGFR values

at the baseline were 84.5 mL/min/1.73 m2 and 67.2 mL/min/1.73 m2, respectively [24]. The

reductions in the body weight, blood pressure and HbA1c caused by SGLT2 inhibitors seem to

be associated with urinary glucose excretion. However, why the subjects in the low eGFR

group in the present study, whose improvement in HbA1c was inferior, showed similar

changes in the body weight and blood pressure to the normal and high eGFR groups is

unclear.

The urinary L-FABP as well as uPE and uACR values were reduced by luseogliflozin in the

present study, regardless of the eGFR at the baseline. While albuminuria reflects the glomeru-

lar injury in the kidneys, urinary L-FABP from proximal tubules is increased under conditions

in which fatty acids are loaded into the proximal tubules, such as conditions of ischemia and

exposure to nephrotoxic substances [37–39]. The interstitium, including the renal tubules but

not the glomeruli, anatomically occupies most of the kidney, and tubulointerstitial injury is

known to be more closely related to the renal prognosis than to glomerular lesions in patients

with chronic kidney disease [46]. Because urinary L-FABP is a predictive biomarker for the

renal prognosis and incidence of cardiovascular diseases in patients with type 2 diabetes, the

combination of measurements of uACR and urinary L-FABP is considered useful in the pre-

vention of diabetic angiopathies [37–39]. Although whether or not a reduction in urinary

L-FABP is commonly observed in patients with type 2 diabetes treated with SGLT2 inhibitors

is unclear, patients showing a reduction in both the uACR and urinary L-FABP may have a

better prognosis with regard to DKD than those without such reductions. The association of

the changes in L-FABP after luseogliflozin administration with the incidence of renal and car-

diovascular events should be investigated in a future study.

Although total AEs were significantly more common in the low eGFR group in the present

study than in the other groups, there were no significant differences in the frequency of AEs

that were specific for SGLT2 inhibitors. This result is likely due to the phenomenon wherein

non-specific AEs are generally observed more frequently in the elderly and/or patients with

renal impairment than in others [15, 24]. Samukawa et al. also reported that the frequency of

AEs specific to luseogliflozin did not increase in a small number of patients with type 2 diabe-

tes and a low eGFR [33]. Pharmacokinetic parameters, such as the area under the concentra-

tion-time curve (AUC) from 0 to infinity after the administration of luseogliflozin, are similar

regardless of the degree of renal impairment in patients with type 2 diabetes [31], although the

AUCs of other SGLT2 inhibitors are increased in patients with renal impairment [47, 48]. The

fact that an increased risk of AEs related to increased drug exposure in patients with renal

impairment is not an issue with luseogliflozin seems advantageous. However, it should be

emphasized that there were many adverse events in the low eGFR group, even if they were not

specific to luseogliflozin. Furthermore, adverse events related to the renal prognosis, such as

uremia and kidney injury were observed in the subjects of low eGFR group who were excluded

from the FAS. Thus, careful interpretation is required in relation to the renoprotective effect of

luseogliflozin in the low eGFR group.

The present study population showed a male predominance. In 2017, the prevalence of dia-

betes in men (18.1%) is greater than that in women (10.5%) in the Japanese adult population

[10]. However, the proportion of men in this study seems to be higher in comparison to our

other studies (58%), which were conducted around the same time [30, 39]. Although no previ-

ous reports have investigated sex difference in the prevalence of obesity in Japanese diabetic

patients, obesity is predominant in all generations of the Japanese general population [10].

Because it was likely that obese subjects were selected at a higher rate for treatment using
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SGLT2 inhibitors, the sex difference in the prevalence of obesity is considered to have caused

the sex bias in the subjects of the present study. Several limitations associated with the present

study warrant mention. First, the present study was unable to investigate the adherence to

non-pharmacological therapy, such as salt restriction, and pharmacological therapy. Because

medication adherence is poor in younger patients with type 2 diabetes [49], the patients’ age in

the eGFR groups may have affected the outcome of the present study. Second, the eGFR was

calculated by the formula recommended by the Japanese Society of Nephrology [34] and not

measured using inulin clearance, which is the gold standard for determining the GFR. Because

the eGFR was calculated using the serum creatinine concentration, it should be noted that the

kidney function may have been overestimated in elderly individuals with a reduced skeletal

muscle mass. Luseogliflozin administration, similarly to other SGLT2 inhibitors, reportedly

reduces the skeletal muscle mass in patients with type 2 diabetes, although the reduction is less

than the body fat reduction [50]. Because a decrease in a serum creatinine concentration

caused by a reduced skeletal muscle mass after the initiation of luseogliflozin may affect the

preservation of the eGFR in elderly patients with renal dysfunction, the body composition

should have been examined before and after the study.

However, even with these limitations, we believe that luseogliflozin is effective for protect-

ing the kidney function and is clinically safe to administer to patients with type 2 diabetes and

renal impairment. The observation of a renoprotective effect of luseogliflozin in patients with

type 2 diabetes without an increase in AEs specific to SGLT2 inhibitors is considered valuable

as real-world data.

Conclusion

Luseogliflozin works to the preserve renal function in the medium term in patients with type 2

diabetes and renal impairment without an increase in specific AEs.

Supporting information

S1 Dataset. Dataset in the present study.

(XLSB)

S1 Fig. Relationships between the changes in uPE, uACR and urinary L-FABP and the cor-

responding values at the baseline. uPE, urinary protein excretion; uACR, urinary albumin-

to-creatinine ratio; L-FABP, liver-type fatty acid-binding protein.

(TIF)

S2 Fig. Relationship between the change in the eGFR and the eGFR at the baseline. eGFR,

estimated glomerular filtration rate.

(TIF)

S1 Table. Changes in the eGFR in 145 patients who had been treated over 12 months before

the initiation of luseogliflozin administration.

(DOCX)

S2 Table. Adverse events that caused discontinuation of luseogliflozin in the safety analysis

set.

(DOCX)

S3 Table. Adverse events during the observation period in the safety analysis set.

(DOCX)

PLOS ONE Different renoprotective effects of luseogliflozin depend on renal function in patients with T2DM

PLOS ONE | https://doi.org/10.1371/journal.pone.0248577 March 15, 2021 13 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0248577.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0248577.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0248577.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0248577.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0248577.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0248577.s006
https://doi.org/10.1371/journal.pone.0248577


Acknowledgments

The authors thank Tomoko Koyanagi in the secretarial section of Edogawa Hospital for her

valuable help with data collection.

Author Contributions

Conceptualization: Hiroyuki Ito.

Data curation: Hiroyuki Ito.

Formal analysis: Hiroyuki Ito.

Funding acquisition: Hiroyuki Ito.

Investigation: Suzuko Matsumoto, Takuma Izutsu, Eiji Kusano, Jiro Kondo, Hideyuki Inoue,

Shinichi Antoku, Tomoko Yamasaki, Toshiko Mori, Michiko Togane.

Visualization: Hiroyuki Ito.

Writing – original draft: Hiroyuki Ito.

Writing – review & editing: Suzuko Matsumoto, Takuma Izutsu, Eiji Kusano, Jiro Kondo,

Hideyuki Inoue, Shinichi Antoku, Tomoko Yamasaki, Toshiko Mori, Michiko Togane.

References
1. Kashiwagi A, Takahashi H, Ishikawa H, Yoshida S, Kazuta K, Utsuno A, et al. A randomized, double-

blind, placebo-controlled study on long-term efficacy and safety of ipragliflozin treatment in patients with

type 2 diabetes mellitus and renal impairment: results of the long-term ASP1941 safety evaluation in

patients with type 2 diabetes with renal impairment (LANTERN) study. Diabetes Obes Metab. 2015;

17: 152–60. https://doi.org/10.1111/dom.12403 PMID: 25347938

2. Wanner C, Inzucchi SE, Lachin JM, Fitchett D, von Eynatten M, Mattheus M, et al. Empaglifozin and

progression of kidney disease in type 2 diabetes. N Engl J Med. 2016; 375: 323–34. https://doi.org/10.

1056/NEJMoa1515920 PMID: 27299675

3. Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G, Erondu N, et al. Canaglifozin and cardiovas-

cular and renal events in type 2 diabetes. N Engl J Med. 2017; 377: 644–57. https://doi.org/10.1056/

NEJMoa1611925 PMID: 28605608

4. Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, et al. Dapaglifozin and cardiovascular

outcomes in type 2 diabetes. N Engl J Med. 2019; 380, 347–57. https://doi.org/10.1056/

NEJMoa1812389 PMID: 30415602

5. Xu Lubin, Li Yang, Lang Jiaxin, Xia Peng, Zhao Xinyu, Wang Li, et al. Effects of sodium-glucose co-

transporter 2 (SGLT2) inhibition on renal function and albuminuria in patients with type 2 diabetes: a

systematic review and meta-analysis. PeerJ. 2017; 5: e3405. https://doi.org/10.7717/peerj.3405 PMID:

28663934

6. Bae JH, Park EG, Kim S, Kim SG, Hahn S, Kim NH. Effects of sodium-glucose cotransporter 2 inhibitors

on renal outcomes in patients with type 2 diabetes: a systematic review and meta-analysis of random-

ized controlled trials. Sci Rep. 2019; 9: 13009. https://doi.org/10.1038/s41598-019-49525-y PMID:

31506585

7. Pasternak B, Wintzell V, Melbye M, Eliasson B, Svensson AM, Franzén S, et al. Use of sodium-glucose

co-transporter 2 inhibitors and risk of serious renal events: Scandinavian cohort study. BMJ. 2020; 369:

m1186. https://doi.org/10.1136/bmj.m1186 PMID: 32349963

8. Kaku K, Lee J, Mattheus M, Kaspers S, George J, Woerle HJ; EMPA-REG OUTCOME® Investigators.

Empagliflozin and cardiovascular outcomes in Asian patients with type 2 diabetes and established car-

diovascular disease—results from EMPA-REG OUTCOME®. Circ J. 2017; 81: 227–34. https://doi.org/

10.1253/circj.CJ-16-1148 PMID: 28025462

9. Kadowaki T, Nangaku M, Hantel S, Okamura T, von Eynatten M, Wanner C, et al. Empagliflozin and

kidney outcomes in Asian patients with type 2 diabetes and established cardiovascular disease: results

from the EMPA-REG OUTCOME® trial. J Diabetes Investig 2019; 10: 760–70. https://doi.org/10.1111/

jdi.12971 PMID: 30412655

PLOS ONE Different renoprotective effects of luseogliflozin depend on renal function in patients with T2DM

PLOS ONE | https://doi.org/10.1371/journal.pone.0248577 March 15, 2021 14 / 17

https://doi.org/10.1111/dom.12403
http://www.ncbi.nlm.nih.gov/pubmed/25347938
https://doi.org/10.1056/NEJMoa1515920
https://doi.org/10.1056/NEJMoa1515920
http://www.ncbi.nlm.nih.gov/pubmed/27299675
https://doi.org/10.1056/NEJMoa1611925
https://doi.org/10.1056/NEJMoa1611925
http://www.ncbi.nlm.nih.gov/pubmed/28605608
https://doi.org/10.1056/NEJMoa1812389
https://doi.org/10.1056/NEJMoa1812389
http://www.ncbi.nlm.nih.gov/pubmed/30415602
https://doi.org/10.7717/peerj.3405
http://www.ncbi.nlm.nih.gov/pubmed/28663934
https://doi.org/10.1038/s41598-019-49525-y
http://www.ncbi.nlm.nih.gov/pubmed/31506585
https://doi.org/10.1136/bmj.m1186
http://www.ncbi.nlm.nih.gov/pubmed/32349963
https://doi.org/10.1253/circj.CJ-16-1148
https://doi.org/10.1253/circj.CJ-16-1148
http://www.ncbi.nlm.nih.gov/pubmed/28025462
https://doi.org/10.1111/jdi.12971
https://doi.org/10.1111/jdi.12971
http://www.ncbi.nlm.nih.gov/pubmed/30412655
https://doi.org/10.1371/journal.pone.0248577


10. Ministry of Health, Labor and Welfare. In: The National Health and Nutrition Survey in Japan, 2017.

2018. https://www.mhlw.go.jp/content/000681194.pdf, Accessed 4 January 2021.

11. Japan Diabetes Clinical Data Management Study Group. http://jddm.jp/data/index-2018/. Accessed 4

January, 2021.

12. Ito H, Shinozaki M, Nishio S, Abe M. SGLT2 inhibitors in the pipeline for the treatment of diabetes melli-

tus in Japan. Expert Opin Pharmacother. 2016; 17: 2073–84. https://doi.org/10.1080/14656566.2016.

1232395 PMID: 27592508

13. Kohro T, Yamazaki T, Sato H, Harada K, Ohe K, Komuro I, et al. Trends in antidiabetic prescription pat-

terns in Japan from 2005 to 2011. Int Heart J. 2013; 54: 93–7. https://doi.org/10.1536/ihj.54.93 PMID:

23676369

14. Nishio S, Abe M, Ito H. Anagliptin in the treatment of type 2 diabetes: safety, efficacy, and patient

acceptability. Diabetes Metab Syndr Obes. 2015; 8: 163–71. https://doi.org/10.2147/DMSO.S54679

PMID: 25834461

15. Ito H, Abe M, Antoku S, Omoto T, Shinozaki M, Nishio S, et al. Comparison of the antidiabetic effects of

linagliptin among groups with a normal renal function and a mild or severe renal impairment—retrospec-

tive observation study of Japanese patients with type 2 diabetes mellitus. Expert Opin Pharmacother.

2015; 16: 289–296. https://doi.org/10.1517/14656566.2015.995091 PMID: 25529857

16. Ito H, Ando S, Tsugami E, Araki R, Kusano E, Matsumoto S, et al. Changes in medication adherence

and unused drugs after switching from daily dipeptidyl peptidase-4 inhibitors to once-weekly trelagliptin

in patients with type 2 diabetes. Diabetes Res Clin Pract. 2019; 153: 41–8. https://doi.org/10.1016/j.

diabres.2019.05.025 PMID: 31150724

17. Green JB, Bethel MA, Armstrong PW, Buse JB, Engel SS, Garg J, et al. Effect of sitagliptin on cardio-

vascular outcomes in type 2 diabetes. N Engl J Med. 2015; 373: 232–42. https://doi.org/10.1056/

NEJMoa1501352 PMID: 26052984

18. White WB, Cannon CP, Heller SR, Nissen SE, Bergenstal RM, Bakris GL, et al. Alogliptin after acute

coronary syndrome in patients with type 2 diabetes. N Engl J Med. 2013; 369: 1327–35. https://doi.org/

10.1056/NEJMoa1305889 PMID: 23992602

19. Scirica BM, Bhatt DL, Braunwald E, Steg PG, Davidson J, Hirshberg B, et al. Saxagliptin and cardiovas-

cular outcomes in patients with type 2 diabetes mellitus. N Engl J Med. 2013; 369: 1317–26. https://doi.

org/10.1056/NEJMoa1307684 PMID: 23992601

20. Rosenstock J, Perkovic V, Johansen OE, Cooper ME, Kahn SE, Marx N, et al. Effect of linagliptin vs pla-

cebo on major cardiovascular events in adults with type 2 diabetes and high cardiovascular and renal

risk: the CARMELINA randomized clinical trial. JAMA. 2019; 321: 69–79. https://doi.org/10.1001/jama.

2018.18269 PMID: 30418475

21. Kim YG, Hahn S, Oh TJ, Kwak SH, Park KS, Cho YM. Differences in the glucose-lowering efficacy of

dipeptidyl peptidase-4 inhibitors between Asians and non-Asians: a systematic review and meta-analy-

sis. Diabetologia. 2013; 56: 696–708. https://doi.org/10.1007/s00125-012-2827-3 PMID: 23344728

22. Terauchi Y, Yokote K, Nakamura I, Sugamori H. Safety of ipragliflozin in elderly Japanese patients with

type 2 diabetes mellitus (STELLA-ELDER): Interim results of a post-marketing surveillance study.

Expert Opin Pharmacother. 2016; 17: 463–71. https://doi.org/10.1517/14656566.2016.1145668 PMID:

26800061

23. Yokote K, Terauchi Y, Nakamura I, Sugamori H. Real-world evidence for the safety of ipragliflozin in

elderly Japanese patients with type 2 diabetes mellitus (STELLA-ELDER): final results of a post-market-

ing surveillance study. Expert Opin Pharmacother. 2016; 17: 1995–2003. https://doi.org/10.1080/

14656566.2016.1219341 PMID: 27477242

24. Ito H, Matsumoto S, Izutsu T, Kusano E, Nishio S, Antoku S, et al. Comparison of the changes in the

factors associated with the renal prognosis of non-elderly and elderly subjects treated with empagliflo-

zin- a retrospective observation study in Japanese patients with type 2 diabetes. Diabetes Metab Syndr

Obes. 2019; 12: 1783–94. https://doi.org/10.2147/DMSO.S221655 PMID: 31571954

25. Adler AI, Stevens RJ, Manley SE, Bilous RW, Cull CA, Holman RR, UKPDS GROUP. Development

and progression of nephropathy in type 2 diabetes: the United Kingdom Prospective Diabetes Study

(UKPDS 64). Kidney Int. 2003; 63:225–32. https://doi.org/10.1046/j.1523-1755.2003.00712.x PMID:

12472787

26. Wada T, Haneda M, Furuichi K, Babazono T, Yokoyama H, Iseki K, et al. Clinical impact of albuminuria

and glomerular filtration rate on renal and cardiovascular events, and all-cause mortality in Japanese

patients with type 2 diabetes. Clin Exp Nephrol. 2014; 18: 613–20. https://doi.org/10.1007/s10157-013-

0879-4 PMID: 24132561

27. Shimizu M, Furuichi K, Toyama T, Kitajima S, Hara A, Kitagawa K, et al. Long-term outcomes of Japa-

nese type 2 diabetic patients with biopsy-proven diabetic nephropathy. Diabetes Care. 2013; 36: 3655–

62. https://doi.org/10.2337/dc13-0298 PMID: 24089538

PLOS ONE Different renoprotective effects of luseogliflozin depend on renal function in patients with T2DM

PLOS ONE | https://doi.org/10.1371/journal.pone.0248577 March 15, 2021 15 / 17

https://www.mhlw.go.jp/content/000681194.pdf
http://jddm.jp/data/index-2018/
https://doi.org/10.1080/14656566.2016.1232395
https://doi.org/10.1080/14656566.2016.1232395
http://www.ncbi.nlm.nih.gov/pubmed/27592508
https://doi.org/10.1536/ihj.54.93
http://www.ncbi.nlm.nih.gov/pubmed/23676369
https://doi.org/10.2147/DMSO.S54679
http://www.ncbi.nlm.nih.gov/pubmed/25834461
https://doi.org/10.1517/14656566.2015.995091
http://www.ncbi.nlm.nih.gov/pubmed/25529857
https://doi.org/10.1016/j.diabres.2019.05.025
https://doi.org/10.1016/j.diabres.2019.05.025
http://www.ncbi.nlm.nih.gov/pubmed/31150724
https://doi.org/10.1056/NEJMoa1501352
https://doi.org/10.1056/NEJMoa1501352
http://www.ncbi.nlm.nih.gov/pubmed/26052984
https://doi.org/10.1056/NEJMoa1305889
https://doi.org/10.1056/NEJMoa1305889
http://www.ncbi.nlm.nih.gov/pubmed/23992602
https://doi.org/10.1056/NEJMoa1307684
https://doi.org/10.1056/NEJMoa1307684
http://www.ncbi.nlm.nih.gov/pubmed/23992601
https://doi.org/10.1001/jama.2018.18269
https://doi.org/10.1001/jama.2018.18269
http://www.ncbi.nlm.nih.gov/pubmed/30418475
https://doi.org/10.1007/s00125-012-2827-3
http://www.ncbi.nlm.nih.gov/pubmed/23344728
https://doi.org/10.1517/14656566.2016.1145668
http://www.ncbi.nlm.nih.gov/pubmed/26800061
https://doi.org/10.1080/14656566.2016.1219341
https://doi.org/10.1080/14656566.2016.1219341
http://www.ncbi.nlm.nih.gov/pubmed/27477242
https://doi.org/10.2147/DMSO.S221655
http://www.ncbi.nlm.nih.gov/pubmed/31571954
https://doi.org/10.1046/j.1523-1755.2003.00712.x
http://www.ncbi.nlm.nih.gov/pubmed/12472787
https://doi.org/10.1007/s10157-013-0879-4
https://doi.org/10.1007/s10157-013-0879-4
http://www.ncbi.nlm.nih.gov/pubmed/24132561
https://doi.org/10.2337/dc13-0298
http://www.ncbi.nlm.nih.gov/pubmed/24089538
https://doi.org/10.1371/journal.pone.0248577


28. Yamanouchi M, Furuichi K, Hoshino J, Toyama T, Hara A, Shimizu M, et al. Nonproteinuric versus pro-

teinuric phenotypes in diabetic kidney disease: a propensity score-matched analysis of a nationwide,

biopsy-based cohort study. Diabetes Care. 2019; 42: 891–902. https://doi.org/10.2337/dc18-1320

PMID: 30833372

29. Ito H, Takeuchi Y, Ishida H, Antoku S, Abe M, Mifune M, et al. High frequencies of diabetic micro- and

macroangiopathies in patients with type 2 diabetes mellitus with decreased estimated glomerular filtra-

tion rate and normoalbuminuria. Nephrol Dial Transplant. 2010; 25: 1161–7. https://doi.org/10.1093/

ndt/gfp579 PMID: 19892756

30. Ito H, Antoku S, Izutsu T, Kusano E, Matsumoto S, Yamasaki T, et al. The prognosis of subjects show-

ing a reduced estimated glomerular filtration rate without albuminuria in Japanese patients with type 2

diabetes: a cohort study for diabetic kidney disease. Clin Exp Neprol. 2020; 24: 1033–43. https://doi.

org/10.1007/s10157-020-01935-3 PMID: 32734506

31. Haneda M, Seino Y, Inagaki N, Kaku K, Sasaki T, Fukatsu A, et al. Influence of Renal function on the

52-week efficacy and safety of the sodium glucose cotransporter 2 inhibitor luseogliflozin in Japanese

patients with type 2 diabetes mellitus. Clin Ther. 2016; 38: 66–88. https://doi.org/10.1016/j.clinthera.

2015.10.025 PMID: 26718606

32. Jinnouchi H, Nozaki K, Watase H, Omiya H, Sakai S, Samukawa Y. Impact of reduced renal function on

the glucose-lowering effects of luseogliflozin, a selective SGLT2 inhibitor, assessed by continuous glu-

cose monitoring in Japanese patients with type 2 diabetes mellitus. Adv Ther. 2016; 33: 460–79.

https://doi.org/10.1007/s12325-016-0291-z PMID: 26846284

33. Samukawa Y, Haneda M, Seino Y, Sasaki T, Fukatsu A, Kubo Y, et al. Pharmacokinetics and pharma-

codynamics of luseogliflozin, a selective SGLT2 inhibitor, in Japanese patients with type 2 diabetes with

mild to severe renal impairment. Clin Pharmacol Drug Dev. 2018; 7: 820–8. https://doi.org/10.1002/

cpdd.456 PMID: 29693800

34. Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, et al. Revised equations for estimated GFR

from serum creatinine in Japan. Am J Kidney Dis. 2009; 53: 982–92. https://doi.org/10.1053/j.ajkd.

2008.12.034 PMID: 19339088

35. Zaman Z, Roggeman S, Cappelletti P, Ferrai G, Buxeda M, Barba N. Evaluation of Aution Max AX-

4280 automated urine test-strip analyser. Clin Chem Lab Med. 2001; 39: 649–57. https://doi.org/10.

1515/CCLM.2001.106 PMID: 11522115

36. Ito H, Antoku S, Mori T, Nakagawa Y, Mizoguchi K, Matsumoto S, et al. Association between chronic

kidney disease and the cognitive function in subjects without overt dementia. Clin Nephrol. 2018; 89:

330–5. https://doi.org/10.5414/CN109188 PMID: 29057735

37. Kamijo-Ikemori A, Sugaya T, Ichikawa D, Hoshino S, Matsui K, Yokoyama T, et al. Urinary liver type

fatty acid binding protein in diabetic nephropathy. Clin Chim Acta. 2013; 424:104–8. https://doi.org/10.

1016/j.cca.2013.05.020 PMID: 23727660

38. Araki S, Haneda M, Koya D, Sugaya T, Isshiki K, Kume S, et al. Predictive effects of urinary liver-type

fatty acid-binding protein for deteriorating renal function and incidence of cardiovascular disease in type

2 diabetic patients without advanced nephropathy. Diabetes Care. 2013; 36: 1248–53. https://doi.org/

10.2337/dc12-1298 PMID: 23223350

39. Ito H, Yamashita H, Nakashima M, Takaki A, Yukawa C, Matsumoto S, et al. Current metabolic status

affects urinary liver-type fatty-acid binding protein in normoalbuminuric patients with type 2 diabetes. J

Clin Med Res 2017; 9: 366–73. https://doi.org/10.14740/jocmr2934w PMID: 28270898

40. Miyoshi H, Kameda H, Yamashita K, Nakamura A, Kurihara Y. Protective effect of sodium-glucose

cotransporter 2 inhibitors in patients with rapid renal function decline, stage G3 or G4 chronic kidney dis-

ease and type 2 diabetes. J Diabetes Investig. 2019; 10: 1510–7. https://doi.org/10.1111/jdi.13064

PMID: 31026373

41. Sugiyama S, Jinnouchi H, Yoshida A, Hieshima K, Kurinami N, Jinnouchi K, et al. Renoprotective

Effects of additional SGLT2 inhibitor therapy in patients with type 2 diabetes mellitus and chronic kidney

disease stages 3b-4: a real world report from a Japanese specialized diabetes care center. J Clin Med

Res. 2019; 11: 267–74. https://doi.org/10.14740/jocmr3761 PMID: 30937117

42. Nakamura A, Miyoshi H, Kameda H, Yamashita K, Kurihara Y. Impact of sodium-glucose cotransporter

2 inhibitors on renal function in participants with type 2 diabetes and chronic kidney disease with nor-

moalbuminuria. Diabetol Metab Syndr. 2020; 12: 4 https://doi.org/10.1186/s13098-020-0516-9 PMID:

31938043

43. Heart Outcomes Prevention Evaluation Study Investigators. Effects of ramipril on cardiovascular and

microvascular outcomes in people with diabetes mellitus: results of the HOPE study and MICRO-HOPE

substudy. Lancet. 2000; 355: 253–9. PMID: 10675071

PLOS ONE Different renoprotective effects of luseogliflozin depend on renal function in patients with T2DM

PLOS ONE | https://doi.org/10.1371/journal.pone.0248577 March 15, 2021 16 / 17

https://doi.org/10.2337/dc18-1320
http://www.ncbi.nlm.nih.gov/pubmed/30833372
https://doi.org/10.1093/ndt/gfp579
https://doi.org/10.1093/ndt/gfp579
http://www.ncbi.nlm.nih.gov/pubmed/19892756
https://doi.org/10.1007/s10157-020-01935-3
https://doi.org/10.1007/s10157-020-01935-3
http://www.ncbi.nlm.nih.gov/pubmed/32734506
https://doi.org/10.1016/j.clinthera.2015.10.025
https://doi.org/10.1016/j.clinthera.2015.10.025
http://www.ncbi.nlm.nih.gov/pubmed/26718606
https://doi.org/10.1007/s12325-016-0291-z
http://www.ncbi.nlm.nih.gov/pubmed/26846284
https://doi.org/10.1002/cpdd.456
https://doi.org/10.1002/cpdd.456
http://www.ncbi.nlm.nih.gov/pubmed/29693800
https://doi.org/10.1053/j.ajkd.2008.12.034
https://doi.org/10.1053/j.ajkd.2008.12.034
http://www.ncbi.nlm.nih.gov/pubmed/19339088
https://doi.org/10.1515/CCLM.2001.106
https://doi.org/10.1515/CCLM.2001.106
http://www.ncbi.nlm.nih.gov/pubmed/11522115
https://doi.org/10.5414/CN109188
http://www.ncbi.nlm.nih.gov/pubmed/29057735
https://doi.org/10.1016/j.cca.2013.05.020
https://doi.org/10.1016/j.cca.2013.05.020
http://www.ncbi.nlm.nih.gov/pubmed/23727660
https://doi.org/10.2337/dc12-1298
https://doi.org/10.2337/dc12-1298
http://www.ncbi.nlm.nih.gov/pubmed/23223350
https://doi.org/10.14740/jocmr2934w
http://www.ncbi.nlm.nih.gov/pubmed/28270898
https://doi.org/10.1111/jdi.13064
http://www.ncbi.nlm.nih.gov/pubmed/31026373
https://doi.org/10.14740/jocmr3761
http://www.ncbi.nlm.nih.gov/pubmed/30937117
https://doi.org/10.1186/s13098-020-0516-9
http://www.ncbi.nlm.nih.gov/pubmed/31938043
http://www.ncbi.nlm.nih.gov/pubmed/10675071
https://doi.org/10.1371/journal.pone.0248577


44. Brenner BM, Cooper ME, de Zeeuw D, Keane WF, Mitch WE, Parving HH, et al. Effects of losartan on

renal and cardiovascular outcomes in patients with type 2 diabetes and nephropathy. N Engl J Med.

2001; 345: 861–9. https://doi.org/10.1056/NEJMoa011161 PMID: 11565518

45. Ito H, Antoku S, Abe M, Omoto T, Shinozaki M, Nishio S, et al. Comparison of the renoprotective effect

of febuxostat for the treatment of hyperuricemia between patients with and without type 2 diabetes melli-

tus: a retrospective observational study. Intern Med. 2016; 55: 3247–56. https://doi.org/10.2169/

internalmedicine.55.6791 PMID: 27853065

46. Risdon RA, Sloper JC, De Wardener HE. Relationship between renal function and histological changes

found in renal-biopsy specimens from patients with persistent glomerular nephritis. Lancet. 1968; 292:

363–6. https://doi.org/10.1016/s0140-6736(68)90589-8 PMID: 4173786

47. Kasichayanula S, Liu X, Pe Benito M, Yao M, Pfister M, LaCreta FP, et al. The influence of kidney func-

tion on dapagliflozin exposure, metabolism and pharmacodynamics in healthy subjects and in patients

with type 2 diabetes mellitus. Br J Clin Pharmacol. 2013; 76: 432–44. https://doi.org/10.1111/bcp.

12056 PMID: 23210765

48. Inagaki N, Kondo K, Yoshinari T, Ishii M, Sakai M, Kuki H, et al. Pharmacokinetic and pharmacody-

namic profiles of canagliflozin in Japanese patients with type 2 diabetes mellitus and moderate renal

impairment. Clin Drug Investig. 2014; 34: 731–42. https://doi.org/10.1007/s40261-014-0226-x PMID:

25200141

49. Kirkman MS, Rowan-Martin MT, Levin R, Fonseca VA, Schmittdiel JA, Herman WH, et al. Determinants

of adherence to diabetes medications: findings from a large pharmacy claims database. Diabetes Care.

2015; 38: 604–9. https://doi.org/10.2337/dc14-2098 PMID: 25573883

50. Sasaki T, Sugawara M, Fukuda M. Sodium-glucose cotransporter 2 inhibitor-induced changes in body

composition and simultaneous changes in metabolic profile: 52-week prospective LIGHT (Luseogliflo-

zin: the Components of Weight Loss in Japanese Patients with Type 2 Diabetes Mellitus) Study. J Dia-

betes Investig. 2019; 10: 108–17. https://doi.org/10.1111/jdi.12851 PMID: 29660782

PLOS ONE Different renoprotective effects of luseogliflozin depend on renal function in patients with T2DM

PLOS ONE | https://doi.org/10.1371/journal.pone.0248577 March 15, 2021 17 / 17

https://doi.org/10.1056/NEJMoa011161
http://www.ncbi.nlm.nih.gov/pubmed/11565518
https://doi.org/10.2169/internalmedicine.55.6791
https://doi.org/10.2169/internalmedicine.55.6791
http://www.ncbi.nlm.nih.gov/pubmed/27853065
https://doi.org/10.1016/s0140-6736%2868%2990589-8
http://www.ncbi.nlm.nih.gov/pubmed/4173786
https://doi.org/10.1111/bcp.12056
https://doi.org/10.1111/bcp.12056
http://www.ncbi.nlm.nih.gov/pubmed/23210765
https://doi.org/10.1007/s40261-014-0226-x
http://www.ncbi.nlm.nih.gov/pubmed/25200141
https://doi.org/10.2337/dc14-2098
http://www.ncbi.nlm.nih.gov/pubmed/25573883
https://doi.org/10.1111/jdi.12851
http://www.ncbi.nlm.nih.gov/pubmed/29660782
https://doi.org/10.1371/journal.pone.0248577

