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Abstract

Background: Sodium glucose cotransporter 2 (SGLT2) inhibitors 
achieve good glycemic control in patients with type 2 diabetes, as 
well as reducing body weight and blood pressure. However, no large-
scale clinical studies of SGLT2 inhibitors have been performed in 
Japan. The ASSIGN-K study investigated the efficacy and safety of 
ipragliflozin, a selective SGLT2 inhibitor, in routine clinical practice.

Methods: ASSIGN-K was an investigator-initiated, multicenter, pro-
spective observational study of ipragliflozin that enrolled Japanese 
patients with type 2 diabetes who showed inadequate glycemic con-
trol despite diet and exercise with/without medication. Patients re-
ceived ipragliflozin (50 mg/day) as monotherapy or combined with 
other antidiabetic agents for up to 104 weeks.

Results: In 301 patients who completed104 weeks of ipragliflozin 
treatment, hemoglobin A1c was significantly reduced from 8.07% at 
baseline to 7.24% (P < 0.001), while fasting blood glucose (n = 86) 
and postprandial blood glucose (n = 75) were decreased significantly 
by 19.8 mg/dL (P < 0.001) and 29.6 mg/dL (P < 0.05), respectively. 
Body weight (n = 217) also showed a significant decrease from 79.1 
kg to 76.2 kg (P < 0.001). In addition, body fat (n = 217) and fat-free 
mass (n = 217) were significantly reduced by 1.87 kg and 1.02 kg, 
respectively (both P < 0.001), while total body water displayed a sig-
nificant decrease of 0.74 kg (P < 0.001). Similar results were obtained 
when 30 patients aged ≥ 65 years were compared with 187 patients 

aged < 65 years. Multiple regression analysis revealed greater im-
provement of hemoglobin A1c when the baseline value was higher, 
while improvement became less marked as the duration of diabetes 
became longer and as the baseline body mass index increased. In pa-
tients achieving hemoglobin A1c < 7.0%, baseline hemoglobin A1c 
was significantly lower than in patients not achieving hemoglobin 
A1c < 7.0%, (7.45% vs. 8.54%, P < 0.001) and the duration of diabe-
tes was significantly shorter (8.66 vs. 10.69 years, P = 0.002). Ketoac-
idosis was only reported in patients who continued ipragliflozin treat-
ment during intercurrent illness.

Conclusions: In patients with type 2 diabetes and inadequate gly-
cemic control, ipragliflozin significantly improved hemoglobin A1c 
regardless of baseline characteristics, including age, sex, hemoglobin 
A1c, and body mass index. However, it is important to suspend treat-
ment with ipragliflozin during intercurrent illness.

Keywords: Hemoglobin A1c; Ipragliflozin; Type 2 diabetes mellitus; 
Body mass index; Body weight; Waist circumference; Estimated glo-
merular filtration rate

Introduction

After glucose is filtered by the renal glomeruli, sodium glucose 
co-transporter 2 (SGLT2) plays a major role in its reabsorption 
from the proximal tubules [1, 2]. SGLT2 inhibitors improve 
hyperglycemia by blocking tubular glucose reabsorption. Jap-
anese clinical studies have demonstrated that good glycemic 
control can be achieved with various SGLT2 inhibitors [3-9], 
and these drugs also reduce body weight and blood pressure 
[10]. Due to their unique mechanism of action, SGLT2 inhibi-
tors can be combined with other antidiabetic agents, and are 
listed as an option for combination therapy in the 2015 update 
from the American Diabetes Association and the European As-
sociation for the Study of Diabetes [11]. Characteristic adverse 
reactions caused by SGLT2 inhibitors in clinical studies were 
reported to be urinary tract or genital infections, while serious 
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reactions such as severe hypoglycemia, ketoacidosis, or gen-
eralized rash have occurred when these drugs were combined 
with insulin or sulfonylureas in the routine clinical setting. 
Dehydration due to osmotic diuresis associated with increased 
urinary glucose excretion has also been reported. Accordingly, 
the Japan Diabetes Society established recommendations for 
SGLT2 inhibitors in 2014 and 2016, including cautions about 
combined use with insulin or sulfonylureas, dehydration, uri-
nary/genital tract infection in elderly patients, and suspension 
of use during intercurrent illness. Because SGLT2 inhibitors 
reduce body weight, these drugs are often used to treat patients 
with type 2 diabetes (T2D) who have insulin resistance and 
obesity. Large-scale clinical studies, including EMPA-REG 
and CANVAS, have demonstrated multiple actions of SGLT2 
inhibitors in addition to lowering blood glucose, including car-
dioprotective and renoprotective effects, and the 2018 US Food 
and Drug Administration Guidelines state that these drugs re-
duce the risk of major atherosclerotic cardiovascular events, 
cardiovascular mortality, and progression of nephropathy. 
However, no large-scale clinical studies of SGLT2 inhibitors 
have been performed in Japanese patients. A phase II dose-
finding study showed that ipragliflozin, a selective SGLT2 in-
hibitor, reduced hemoglobin A1c (HbA1c) and body weight 
in Japanese T2D patients [3]. In that study, the decrease of 
HbA1c was significantly larger in patients with lower baseline 
HbA1c levels, while other investigations of ipragliflozin have 
demonstrated a larger decrease of HbA1c in patients with high 
baseline HbA1c levels [4, 12-14].

ASSIGN-K was an investigator-initiated prospective mul-
ticenter study that examined the efficacy and safety of ipragli-
flozin in routine clinical practice. We have already reported 
data on glycemic control, safety, and the influence of patient 
characteristics on HbA1c after 12 and 24 weeks of treatment 
[15, 16]. This time, we examined the effects of ipragliflozin 
on HbA1c and body composition up to 104 weeks. Changes 
of HbA1c were assessed after stratification by various patient 
characteristics, and we also investigated differences between 
patients achieving/not achieving HbA1c < 7.0%.

Materials and Methods

Study outline

ASSIGN-K was an investigator-initiated multicenter prospec-
tive study that assessed the efficacy and safety of ipragliflo-
zin as monotherapy (for patients who were treatment-naive or 
switched therapy) or combined with other antidiabetic agents 
in Japanese outpatients with T2D [15]. The study commenced 
in June 2014 at 33 participating clinics in Kanagawa Prefec-
ture, Japan. After obtaining written informed consent, patients 
were registered by electronic data capture until November 31, 
2017. This study was conducted in accordance with the princi-
ples of the Declaration of Helsinki and the Ethical Guidelines 
for Clinical Research. The study protocol and the informed 
consent document were approved by the institutional review 
boards of the participating hospitals before initiation of the 
investigation. This study was registered with the University 

Hospital Medical Information Network Clinical Trials Regis-
try (no.: UMIN000014425).

Subjects

Japanese T2D patients aged at least 20 years at the time of 
giving informed consent were eligible if HbA1c (National 
Glycohemoglobin Standardization Program) was ≥ 6.0% and 
glycemic control was inadequate despite diet and exercise 
therapy with/without antidiabetic agents. Exclusion criteria 
were a history of hypersensitivity to ipragliflozin, a history of 
severe diabetic ketosis with coma or precoma, current severe 
infection, perioperative status, serious trauma, and severe renal 
dysfunction.

Study design

Subjects took ipragliflozin (50 mg/day) before or after break-
fast for 104 weeks. Other SGLT2 inhibitors were prohibited, 
and diet/exercise therapy could not be initiated, discontinued, 
or reduced. If possible, there was also no initiation, discontinu-
ation, or modification of antiplatelet agents, antihypertensive 
drugs, and lipid-lowering drugs.

Endpoints

The primary efficacy endpoint was the change of HbA1c from 
initiation of treatment (baseline) to week 104 of the study. 
Secondary efficacy endpoints were the changes of fasting 
blood glucose, postprandial blood glucose, body composition, 
weight, waist circumference, serum lipids, kidney function, 
and blood pressure from baseline to week 104, as well as the 
change of HbA1c stratified by baseline patient characteristics. 
These parameters were evaluated at baseline and in weeks 4, 
12, 24, 36, 52, 78, and 104. Safety endpoints were the change 
of blood ketone bodies from baseline, adverse events (AEs), 
and adverse reactions (ARs). We also examined changes of 
liver function and mineral mass at 104 weeks. Patients who 
had completed 104 weeks of treatment by March 2016 were 
analyzed in this study.

Statistical analysis

Summary statistics or frequencies were calculated from actual 
data for patient characteristics, efficacy endpoints, and changes 
from baseline. Analysis of variance (ANOVA) was employed 
for stratified analysis of the change in each endpoint versus the 
change of HbA1c from baseline to week 104. Patient charac-
teristics influencing the change of HbA1c were investigated by 
stepwise multiple regression analysis. For all analyses, signifi-
cance was accepted at P < 0.05. To assess safety, the frequency 
and incidence of AEs were calculated. Preferred terms from 
MedDRA/J version 18.0 (Japanese Maintenance Organization, 
Tokyo, Japan) were used to list AEs and the system organ class 
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was used to designate affected organs. AEs were classified as 
ARs if a causal relationship with ipragliflozin could not be ex-
cluded.

Results

Baseline characteristics of the patients

A total of 301 patients were eligible for efficacy analysis and 
451 patients were enrolled in the safety analysis (Table 1). Most 
of the dropouts refused consent to participation in the second 
year of the study, with the main reason being considered to be 
a burdensome questionnaire. Baseline characteristics of the pa-
tients included in efficacy analysis are shown in Table 1. Their 
mean age was 55.5 ± 11.6 years, the male: female ratio was 
approximately 1:1, mean body mass index (BMI) was 29.4 ± 
5.3 kg/m2, mean HbA1c was 8.01±1.43%, and average dura-
tion of diabetes was 9.7 ± 7.4 years. Concomitant conditions 
were dyslipidemia in 65.2%, hypertension in 57.4%, fatty liver 
in 48.3%, diabetic nephropathy in 29.0%, diabetic retinopathy 
in 13.7%, diabetic neuropathy in 13.3%, and macroangiopathy 
in 12.4%. At initiation of study treatment, 12.9% of patients 
received ipragliflozin monotherapy, while ipragliflozin was 
prescribed with one concomitant antidiabetic agent in 17.3% 
and with two or more concomitant antidiabetic agents in ap-
proximately 70%. Ipragliflozin was the first antidiabetic agent 

for 12.9% of the patients, while 8.6% were switched from 
other agents and ipragliflozin was added to current treatment 
in 78.5%. Concomitant drugs included dipeptidyl peptidase 4 
inhibitors in 72.9% of the patients, biguanides in 66.1%, sul-
fonylureas in 36.2%, insulin in 22.3%, and thiazolidinediones 
in 14.7%.

HbA1c, blood glucose, and weight

From baseline to week 104, fasting blood glucose (n = 86) 
showed a significant decrease by 19.8 mg/dL (from 153.5 to 
133.7 mg/dL) and postprandial blood glucose (n = 75) was re-
duced by 29.6 mg/dL (from 188.9 to 159.3 mg/dL) (P < 0.001 
and P < 0.05), respectively (Fig. 1). In addition, HbA1c (n = 
301) was significantly decreased by 0.83% (from 8.07% to 
7.24%, P < 0.001). Body weight (n = 217), BMI (n = 217), 
and waist circumference (n = 268) were significantly reduced 
by 2.9 kg (from 79.1 to 76.2 kg), 1.2 kg/m2 (from 29.4 to 28.2 
kg/m2), and 2.9 cm (from 99.2 to 96.3 cm), respectively (all P 
< 0.001) (Fig. 2).

Changes of body composition

From baseline to week 104, body fat (n = 217) and fat-free 
mass (n = 217) showed a significant decrease by 1.87 kg and 
1.02 kg, respectively (both P < 0.001) (Fig. 3). With regard to 
the fat-free mass components, muscle mass (n = 217) and min-
eral mass (n = 217) declined significantly by 0.87 kg and 0.15 
kg (both P < 0.001). Total body water (n = 217) and protein (n 
= 217), which are the components of muscle mass, decreased 
by 0.74 kg (P < 0.001) and 0.13 kg (P < 0.05), respectively. Ac-
cordingly, weight loss was mainly due to reduction of body fat 
and total body water. Comparison between patients aged ≥ 65 
years (n = 30) and patients aged < 65 years (n = 187) revealed 
body fat loss of 1.72 kg vs. 1.89 kg (P < 0.05 and P < 0.001, 
respectively), while the decrease of fat-free mass was 1.02 kg 
vs. 1.02 kg (n.s. and P < 0.001, respectively).

Influence of patient characteristics

The change of HbA1c from baseline to week 104 was inves-
tigated in relation to age, sex, duration of diabetes, BMI, es-
timated glomerular filtration rate (eGFR), HbA1c, and ipra-
gliflozin prescribing pattern (classified as new, switching, or 
add-on). The mean decrease of HbA1c was 0.9% (from 8.2% 
to 7.3%) in patients aged < 65 years (n = 243) versus 0.4% 
(from 7.4% to 7.0%) in patients aged ≥ 65 years (n = 53) (P 
< 0.001 and P < 0.05, respectively), with significant improve-
ment occurring in both age groups (Fig. 4). The mean reduc-
tion of HbA1c was 0.9% (from 8.1% to 7.2%) in men (n = 166) 
and 0.7% (from 8.0% to 7.3%) in women (n = 135) (both P < 
0.001). HbA1c decreased by 1.2% (from 8.2% to 7.0%) in pa-
tients with a baseline BMI < 25 kg/m2 (n = 61), by 0.8% (from 
8.0% to 7.2%) in patients with a BMI from 25 to < 30 kg/m2 
(n = 127), and by 0.6% (from 8.0% to 7.4%) in patients with 

Table 1.  Baseline Characteristics of the Patients

Item N = 451
Sex
  Male, n (%) 234 (51.9)
  Female, n (%) 217 (48.1)
Age, years 55.5 ± 11.6a

Duration of diabetes, years 9.7 ± 7.4a

HbA1c (%) 8.01 ± 1.43a

Fasting blood glucose (mg/dL) 156.4 ± 48.1a

BMI (kg/ m2) 29.4 ± 5.3a

Weight (kg) 78.6 ± 16.8a

Waist circumference (cm) 99.8 ± 12.0a

Complications of diabetes
  Diabetic nephropathy, n (%) 131 (29.0)
  Cataract, n (%) 76 (16.9)
  Diabetic retinopathy, n (%) 62 (13.7)
  Diabetic neuropathy, n (%) 60 (13.3)
Lifestyle-related diseases
  Dyslipidemia, n (%) 294 (65.2)
  Hypertension, n (%) 259 (57.4)
  Fatty liver, n (%) 218 (48.3)

aMean ± standard deviation. BMI: body mass index; HbA1c: hemo-
globin A1c.
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Figure 1. Changes of glycemic control. ANOVA: analysis of variance; HbA1c: hemoglobin A1c.

Figure 2. Changes of weight, BMI, and waist circumference. ANOVA: analysis of variance; BMI: body mass index.
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Figure 3. Changes of body fat, total body water, protein, and mineral mass. ANOVA: analysis of variance.

Figure 4. Influence of patient characteristics on HbA1c. HbA1c showed a significant decrease regardless of sex, age, disease 
duration, or BMI. ANOVA: analysis of variance; BMI: body mass index; HbA1c: hemoglobin A1c.
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a BMI ≥ 30 kg/m2 (n = 113), showing significant improve-
ment regardless of BMI (all P<0.001). Moreover, HbA1c de-
creased by 0.8% (from 7.8% to 7.0%) in patients whose dura-
tion of diabetes was < 5 years (n = 81), by 1.2% (from 8.3% 
to 7.1%) in patients whose duration of diabetes was 5 years to 
< 10 years (n = 71), by 0.6% (from 8.1% to 7.5%) in patients 
whose duration of diabetes was 10 years to < 15 years (n = 62), 
and by 0.8% (from 8.2% to 7.4%) in patients whose duration 
of diabetes was ≥ 15 years (n = 70), showing significant im-
provement regardless of the duration of diabetes (all P < 0.001) 
[17]. HbA1c tended to increase again from week 52 onwards 
in patients whose duration of diabetes was ≥ 10 years. There 
was no significant decrease of HbA1c among newly treated 
patients with a relatively low baseline HbA1c (n = 33), pa-
tients with a baseline eGFR ≤ 60 mL/min/1.73 m2 (n = 35), and 
patients with a baseline HbA1c < 7% (n = 63), with the change 
of HbA1c in these subgroups being 0.4% (from 7.0% to 6.6%), 
0.4% (from 7.5% to 7.1%), and 0% (from 6.5% to 6.5%), re-
spectively (Fig. 5). However, HbA1c decreased significantly 

by 0.9% (from 8.2% to 7.3%, P < 0.001) in patients receiving 
ipragliflozin as add-on therapy (n = 241), by 1.1% (from 8.6% 
to 7.5%, P < 0.001) in patients switching to ipragliflozin (n = 
27), by 0.9% (from 8.2% to 7.3%, P < 0.001) in patients with 
an eGFR ≥ 60 mL/min/1.73 m2 (n = 263), and by 0.3% (from 
7.4% to 7.1%, P < 0.01) and 1.6% (from 9.4% to 7.8%, P < 
0.001) in patients with a baseline HbA1c of 7% to < 8% (n = 
112) and ≥ 8% (n = 126), respectively.

Analysis of HbA1c

Multiple regression analysis was conducted using the change 
of HbA1c from baseline to week 104 as the dependent variable 
and the age, sex, duration of diabetes, HbA1c, and ipragliflo-
zin prescribing pattern as independent variables (Table 2). The 
standardized beta coefficient (β) for the change of HbA1c was 
-0.646, and a higher baseline HbA1c was associated with a 
larger change (P < 0.0001). Because β was 0.124 for the du-

Figure 5. Influence of additional patient characteristics on HbA1c. In patients newly prescribed ipragliflozin, HbA1c showed a 
significant decrease until week 52. In patients with a baseline eGFR < 60, a significant decrease of HbA1c was observed until 
week 78, with no significant difference in week 104. In patients with a baseline HbA1c < 7%, no significant decrease of HbA1c 
was observed, and the change of HbA1c was smaller in patients with relatively low baseline values. ANOVA: analysis of variance; 
eGFR: estimated glomerular filtration rate; HbA1c: hemoglobin A1c.

Table 2.  Multiple Regression Analysis of the Change of HbA1c in Week 104 (N = 271)

Order Independent variable Standardized beta coefficient Partial regression coefficient P value
Fixed number 0 2.835 < 0.0001

1 Baseline HbA1c -0.646 -0.583 < 0.0001
2 Baseline BMI 0.13 0.033 < 0.0088
3 Duration of diabetes 0.124 0.021 0.0118
4 Sex (0: male, 1: female) 0.08 0.21 0.0874
5 Age -0.034 -0.004 0.5197

Adjusted R2 = 0.425. Dependent variable: change of HbA1c (week 104 - baseline). Independent variables: sex (0: male, 1: female), age, duration of 
diabetes, baseline HbA1c, and baseline BMI. BMI: body mass index; HbA1c: hemoglobin A1c.
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ration of diabetes and 0.130 for baseline BMI, the change of 
HbA1c was smaller as the disease duration became longer and 
as BMI increased (P = 0.0118 and P < 0.0088, respectively). 
However, sex and age did not influence the change of HbA1c 
in week 104 (P = 0.0874 and P = 0.5197, respectively).

Kidney function and microalbuminuria

From baseline to week 104, there was a significant decrease 
of eGFR (n = 295) by 4.5 mL/min/1.73 m2 (from 85.3 to 80.8 
mL/min/1.73 m2, P < 0.001). While the overall decrease of mi-
croalbuminuria (n = 109) was not significant (from 134.1 to 
136.7 mg/gCr), microalbuminuria decreased significantly by 
49.5 mg/gCr (from 124.7 to 75.2 mg/gCr, P = 0.05) in patients 
with a baseline eGFR ≥ 60 mL/min/1.73 m2 (n = 97) (Fig. 6). 
In patients with baseline microalbuminuria ≤ 30 mg/gCr (n = 
64), there was a nonsignificant increase of 4.3 mg/gCr (from 
11.8 to 16.1 mg/gCr), while a significant decrease of 13.6 mg/
gCr (from 94.0 to 80.4 mg/gCr, P < 0.001) occurred in patients 
with baseline microalbuminuria of 30 to < 300 mg/gCr (n = 
34). In patients with baseline macroalbuminuria ≥ 300 mg/gCr 
(n = 11), albuminuria increased significantly by 43.0 mg/gCr 
(from 969.6 to 1,012.6 mg/gCr, P < 0.05).

Patients achieving or not achieving HbA1c < 7.0%

Excluding patients with a baseline HbA1c < 7.0% (n = 238), 

the proportion of patients achieving HbA1c < 7.0% peaked at 
44.7% in week 52 and decreased to 34.5% in week 104. There 
were no significant differences of age, sex, and BMI between 
patients who achieved HbA1c < 7.0% (n = 132) and patients 
who did not (n = 169). However, there were significant differ-
ences of baseline HbA1c and the duration of diabetes (7.45% 
vs. 8.54%, P < 0.001 and 8.66 vs. 10.69 years, P = 0.002; data 
not shown). HbA1c decreased significantly by 1.03% (from 
7.45% to 6.42%, P < 0.001) in patients achieving HbA1c < 
7.0%, while it also decreased significantly by 0.66% (from 
8.54% to 7.89%, P < 0.001) in patients not achieving HbA1c 
< 7.0% (Fig. 7). Patients achieving HbA1c < 7.0% did so by 
week 12 and their HbA1c decreased further by week 104. In 
contrast, HbA1c increased again without reaching < 7% in the 
patients not achieving this target. Patients achieving HbA1c < 
7.0% also showed a significant decrease of body weight (n = 
87) (by 4.1 kg from 79.5 to 75.4 kg), BMI (n = 87) (by 1.6 kg/
m2 from 29.2 to 27.6 kg/m2), waist circumference (n = 116) 
(by 4.1 cm from 98.8 to 94.7 cm), and body fat (n = 87) (by 2.7 
kg from 24.6 kg to 21.9 kg) (all P < 0.001) (Fig. 8). Likewise, 
patients not achieving HbA1c < 7% showed a significant de-
crease of body weight (n = 130) (by 2.0 kg from 78.8 to 76.8 
kg), BMI (n = 130) (by 0.7 kg/m2 from 29.4 to 28.7 kg/m2), 
waist circumference (n = 153) (by 2.0 cm from 99.5 cm to 97.5 
cm), and body fat (n = 130) (by 1.4 kg from 25.1 kg to 23.7 
kg) (all P < 0.001).

Aspartate aminotransferase decreased significantly in 
both groups (by 7.8 IU/L from 29.6 IU/L to 21.8 IU/L and 
by 5.0 IU/L from 34.1 IU/L to 29.0 IU/L, P < 0.001 and P < 

Figure 6. Changes of albuminuria. ANOVA: analysis of variance; eGFR: estimated glomerular filtration rate.
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0.01, respectively; data not shown). The decreases of these 
parameters in week 104 were significantly larger in patients 
achieving HbA1c < 7.0% than in those who did not (P < 

0.001, P < 0.001, P < 0.05, P < 0.05, and P < 0.05, respec-
tively). A higher percentage of patients achieving HbA1c < 
7% complied with dietary instructions compared to those 

Figure 7. Changes of HbA1c stratified by achievement/nonachievement of HbA1c ≤ 7% in week 104. ANOVA: analysis of vari-
ance; HbA1c: hemoglobin A1c.

Figure 8. Changes of various parameters stratified by achievement/nonachievement of HbA1c ≤ 7%. Weigh, BMI, waist circum-
ference, and body fat all decreased significantly in the patients who achieved HbA1c ≤ 7% compared with patients who did not. 
ANOVA: analysis of variance; BMI: body mass index.
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who did not.

Changes of mineral mass (data not shown)

In men (n = 108), the reduction of mineral mass was signifi-
cant until week 4 (1.33%, P < 0.05) and remained around 2.0% 
thereafter, while significant reduction was noted until week 24 
in women (n = 109). In week 104, the decrease of mineral mass 
was 2.16% in men and 4.26% in women (P < 0.001).

Safety

Blood ketone bodies (n = 214) increased significantly from 
0.21 mmol/L to 0.31 mmol/L (P < 0.001), but suspected 
ketoacidosis only occurred in patients who did not suspend ip-
ragliflozin treatment during intercurrent illness. AEs occurred 
in 129 of the 451 patients analyzed (28.6%), including 27 of 
103 patients (26.2%) aged ≥ 65 years (Table 3). There were 
nine AEs in seven patients for which a causal relationship with 
ipragliflozin could not be excluded (Table 4). Except for one 
case each of “lung cancer” and “depression”, these events oc-
curred in patients who did not suspend treatment during inter-
current illness.

Discussion

This study investigated whether the results obtained with the 
SGLT2 inhibitor ipragliflozin in previous domestic clinical 
studies could be reproduced in the real-world clinical set-
ting.

Fasting blood glucose was reduced significantly by ap-
proximately 20 mg/dL from baseline to week 104 of ipragli-
flozin treatment. On the other hand, the maximum reduction of 
postprandial blood glucose occurred in week 36 and postpran-
dial glucose increased again by week 104, indicating a decline 
in the hypoglycemic effect of ipragliflozin over time. HbA1c 
showed a significant decrease in week 4 of treatment, with fur-
ther significant reduction by week 12. The maximum reduc-
tion of HbA1c was noted in week 52 (0.97%), and HbA1c was 
slightly higher in week 104 (0.82%). This slightly weakening 
of the hypoglycemic effect of ipragliflozin over time was pos-
sibly related to a smaller impact on postprandial blood glucose 
from week 36. In patients achieving HbA1c < 7.0%, this target 
was reached by week 12 and HbA1c continued to decrease 
thereafter. Among patients not achieving HbA1c < 7.0%, the 
maximum reduction of HbA1c was noted in week 36 and the 
hypoglycemic effect of ipragliflozin decreased subsequently, 
with the reduction of HbA1c in week 104 being significantly 
smaller than in patients achieving HbA1c < 7.0%. Achieving 
the HbA1c target was presumably related to alleviation of glu-
cose toxicity, improvement of insulin resistance, and recovery 
of pancreatic beta-cell function, while these effects of ipra-
gliflozin may have been insufficient when HbA1c < 7% was 
not achieved. Interestingly, food intake increased significant-
ly among patients not achieving the HbA1c target (data not 
shown), as has also been found in European research on SGLT2 
inhibitors. In patients with T2D, SGLT2 expression increases 
in the renal tubules to enhance glucose reabsorption. We found 
less reduction of HbA1c as the duration of diabetes increased, 
suggesting that chronic upregulation of SGLT2 expression was 
associated with insufficient improvement of glucose toxicity, 
insulin resistance, and beta cell function in patients with a 
longer disease duration who did not achieve HbA1c < 7%. We 

Table 3.  Summary of AEs and ARs

Number of patients Incidence (%)
AEs
  AEs in all patients (n = 451) 129 28.6
  AEs requiring hospitalization 10 2.2
ARs
  ARs in all patients (n = 451) 77 17.1
  ARs in patients < 65 years old (n = 348) 50 14.4
  ARs in patients ≥ 65 years old (n = 103) 27 26.2

Table 4.  Serious AEs for Which a Causal Relationship With Ipragliflozin Could Not Be Excluded

AE term Number of patients AE term Number of patients
Pyelitisa 1 Ketosisa 1
Urinary tract infectiona 1 Dehydrationa 1
Angina unstable 1 Ureterolithiasisa 1
Nauseaa 1 Depressive symptoms 1
Lung cancera 1 - -

aPatients aged ≥ 65 years. AE: adverse event; AR: adverse reaction.
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also found that body weight, BMI, waist circumference, body 
fat, and aspartate aminotransferase were all significantly lower 
in patients achieving HbA1c < 7% compared to patients not 
achieving this target [18, 19]. In the former patients, improve-
ment of insulin resistance associated with alleviation of glu-
cose toxicity and calorie loss due to increased urinary glucose 
excretion presumably reduced the insulin requirement, leading 
to loss of visceral fat. Although we did not examine changes of 
concomitant drugs after initiation of ipragliflozin, it is possible 
that the changes of food intake and the craving for sweetness 
among patients not achieving HbA1c < 7% were due to hy-
poglycemia. However, the two groups showed no significant 
differences of questionnaire items suggesting hypoglycemia. 
A correlation between weight loss and insulin sensitivity was 
identified in an overseas phase II study of ipragliflozin [20]. 
Thus, ipragliflozin may be more effective when patients follow 
dietary instructions.

We detected a significant decrease of body weight from 
baseline to week 24 of the study. Both total body water and 
body fat decreased significantly until week 4, while body fat 
continued to decrease until week 24 with no further signifi-
cant change of total body water. Therefore, weight loss up to 
week 4 was largely due to fluid removal by osmotic diuresis 
associated with increased urinary glucose excretion, while 
subsequent weight loss reflected fat reduction. In a previous 
Japanese study of ipragliflozin, approximately 50% of weight 
loss was due to reduction of total body fat and approximately 
20% was due to loss of extracellular fluid [21]. While protein 
decreased significantly until week 12, there was no significant 
decrease subsequently and the major contributors to weight 
loss were reduction of total body water and body fat. In pa-
tients complying with dietary therapy, the decrease of body fat 
would be mainly due to visceral fat loss. Mineral mass (equiv-
alent to bone mass) showed a significant decrease in week 104, 
with the percent decrease being significant to week 4 in male 
patients and to week 24 in female patients. Blau et al suggested 
that canagliflozin triggers intermittent spikes of serum phos-
phorus from 12 h after administration, which promote bone 
resorption via intermittent elevation of fibroblast growth factor 
23 and parathyroid hormone levels [22]. We found a significant 
increase of serum phosphorus in week 104, but no significant 
increase of fasting phosphorous, suggesting that similar inter-
mittent elevation of phosphorus and parathyroid hormone may 
be caused by ipragliflozin. However, there was no significant 
change of mineral mass after week 24, so parathyroid hormone 
may have been suppressed with reduction of urinary glucose 
excretion. Considering the average age of our female patients, 
mineral mass could have been influenced by other factors such 
as menopause.

As observed in other large-scale clinical studies, eGFR 
decreased significantly soon after initiation of ipragliflozin 
treatment, but there was no significant change from week 12 
to week 104 [23]. SGLT2 inhibitors cause an early decline 
of eGFR by reducing glucose and sodium resorption in the 
proximal tubules to correct glomerular hypertension/hyperfil-
tration via normalization of tubuloglomerular feedback [24]. 
There was no significant improvement of microalbuminuria in 
patients with an eGFR < 60 mL/min/1.73 m2 or those with 
baseline macroalbuminuria ≥ 300 mg/gCr. Microalbuminu-

ria may have persisted in patients with a low baseline eGFR 
because glomerular fibrosis had already progressed to some 
extent. Also, albuminuria may not have improved in patients 
with baseline macroalbuminuria ≥ 300 mg/gCr because their 
systolic blood pressure was significantly higher than in the 
other patients and was not decreased in week 104.

The main AEs identified in this study were urinary tract/
genital infections, respiratory infections, gastrointestinal 
disorders, and skin disorders, which were similar to those 
noted in previous Japanese clinical studies of ipragliflozin 
and other SGLT2 inhibitors [3-9]. All serious AEs, except 
for lung cancer and depression, could have been avoided by 
suspending ipragliflozin treatment during intercurrent ill-
ness.

In conclusion, we investigated factors influencing the 
changes of HbA1c and body composition in 301 patients treat-
ed with ipragliflozin for 104 weeks. HbA1c showed a signifi-
cantly larger decrease in patients with higher baseline HbA1c 
values, while the decrease was significantly smaller in patients 
with a longer duration of diabetes and higher baseline BMI. 
Weight loss was mainly due to reduction of total body water 
and body fat, with no significant decrease of muscle mass. Our 
efficacy and safety data obtained in actual clinical practice 
were consistent with the results of previous Japanese clinical 
studies, and our findings suggested that ipragliflozin is more 
effective in patients with a higher baseline HbA1c and shorter 
duration of diabetes.
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