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ABSTRACT
Aims/Introduction: We investigated the difference in efficacy and safety between dis-
continuation and maintaining of sulfonylurea when adding a sodium–glucose cotrans-
porter 2 inhibitor.
Materials and Methods: In the present multicenter, prospective observational study,
200 patients with type 2 diabetes treated with sulfonylurea and with a need to add ipra-
gliflozin were enrolled and divided into two groups: discontinued sulfonylurea (Discontinu-
ation group) or maintained sulfonylurea, but at the lowest dose (Low-dose group) when
adding ipragliflozin. We compared the two groups after 24 weeks using propensity score
matching to adjust for differences between the groups.
Results: In the matched cohort (58 patients in each group), baseline characteristics of
both groups were balanced. The primary outcome of the proportion of patients with
non-exacerbation in glycated hemoglobin after 24 weeks was 91.4% in the Low-dose
group and 75.9% in the Discontinuation group, a significant difference (P = 0.024). How-
ever, bodyweight was significantly decreased in the Discontinuation group compared with
the Low-dose group (-4.4 – 2.1 kg vs -2.9 – 1.9 kg, P < 0.01). Similarly, liver enzyme
improvement was more predominant in the Discontinuation group. A logistic regression
analysis showed that high-density lipoprotein cholesterol, age and sulfonylurea dose were
independent factors associated with non-exacerbation of glycated hemoglobin in the Dis-
continuation group.
Conclusions: The purpose of using ipragliflozin should be considered when making the
decision to discontinue or maintain sulfonylurea at the lowest dose. Furthermore, low high-
density lipoprotein cholesterol level, low dose of sulfonylurea and younger age were possible
markers to not show worsening of glycemic control by discontinuing sulfonylurea.

INTRODUCTION
The goal in treating patients with diabetes mellitus is to prevent
the development of complications by adequately controlling
blood glucose level.

Sodium–glucose cotransporter 2 inhibitors (SGLT2is) improve
glucose tolerance by suppressing renal glucose reabsorption with-
out direct pharmacological action on pancreatic b-cells1,2. Several
clinical trials have shown that SGLT2is improve not only glyce-
mic control, lowering the risk of hypoglycemia, but also features
of metabolic syndrome through the reduction of visceral fat3,4.Received 30 April 2018; revised 3 July 2018; accepted 9 August 2018
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Furthermore, it has recently been shown that SGLT2is reduce
secondary cardiovascular events and protect kidney damage in
patients with type 2 diabetes5,6. Thus, SGLT2i is an established
treatment for patients with type 2 diabetes and with established
atherosclerotic cardiovascular disease, and their use is recom-
mended in the American Diabetes Association “Standard of
Medical Care in Diabetes” due to their effect of reducing major
adverse cardiovascular events and of improving mortality7.
Historically, sulfonylureas have been extensively used for the

treatment of type 2 diabetes and are considered to exert the
strongest glucose-lowering effect among the oral antidiabetic
drugs8. Despite their low cost and effective glycemic control,
they might be associated with weight gain and hypoglycemia9.
In addition, the diminution of b-cell function during the course
of type 2 diabetes decreases the effectiveness of sulfonylureas10.
Thus, patients failing to achieve glycemic control with a sul-
fonylurea require combination treatment to maintain adequate
control of blood glucose levels or should switch to another
antidiabetic drug. Previous studies have shown that dapagliflo-
zin is an effective add-on combination treatment with glimepir-
ide, although hypoglycemic events occur more frequently than
glimepiride monotherapy11. Furthermore, a head-to-head trial
of SGLT2i and sulfonylurea showed that SGLT2i reduced
weight loss and hypoglycemia, and improved glycated hemoglo-
bin (HbA1c) to a greater extent than sulfonylurea did4,12.
When patients with type 2 diabetes need to improve not

only glycemic control, but also body mass, other metabolic
parameters, kidney function or cardiovascular risk, SGLT2i is
often considered as add-on treatment. However, no study to
date has investigated the effect on glycemic control and safety
of discontinuing sulfonylurea compared with maintaining low-
dose sulfonylurea when adding SGLT2i in patients with type 2
diabetes. Although switching from sulfonylurea to SGLT2i is
associated with less frequent hypoglycemia, some patients fail
to achieve adequate glycemic control following discontinuation
of sulfonylurea. It would therefore be beneficial to identify the
patient characteristics that determine the outcome of discontin-
uing sulfonylurea or adding SGLT2i.
We carried out a multicenter, prospective study among

patients with type 2 diabetes who had been treated with sul-
fonylurea and required SGLT2i to compare the efficacy and
safety of discontinuing sulfonylurea or maintaining it at the
lowest dose. Furthermore, we sought to determine the patient
characteristics associated with maintenance of glycemic control
when discontinuing sulfonylurea treatment and adding SGLT2i.

METHODS
Study population
The present study included Japanese patients with type 2 dia-
betes undergoing outpatient treatment at 14 medical institutions
from February 2015 to July 2017. All participants provided
written informed consent before study enrolment. The inclusion
criteria were as follows: type 2 diabetes and aged between 20
and 75 years, HbA1c level between 6.5% and 8.5%, and

receiving sulfonylurea therapy (glimepiride ≥1 mg/day, gli-
clazide ≥40 mg/day or glibenclamide ≥1.25 mg/day) for at least
12 weeks before enrolment. Further criteria included body mass
index (BMI) ≥22 kg/m2 and estimated glomerular filtration rate
≥45 mL/min/1.73 m2. We excluded individuals with unstable
diabetic retinopathy, serious liver dysfunction, renal failure and
heart complications, and those who were pregnant, lactating or
had insufficient endogenous insulin secretion (defined as fasting
C-peptide <0.5 ng/mL). The present study was registered with
the University Hospital Medical Information Network Center
(UMIN000016347) before enrolment, approved by the institu-
tional review board of Hokkaido Hospital and was carried out
based on the Declaration of Helsinki.

Protocol
This was a 24-week, multicenter, prospective, parallel-group,
observational study. After starting ipragliflozin (50 mg/day),
participants either remained on glimepiride or gliclazide, but
reduced to the lowest dose of 0.5 mg/day or 20 mg/day, respec-
tively (Low-dose group), or discontinued sulfonylurea treatment
(Discontinuation group) according to the physician’s decision.
Propensity score matching was used to reduce the bias that
might result from confounding factors before comparing the
groups. Sulfonylurea and any other antidiabetic drugs were
continued at a constant dose from enrolment to the end of the
treatment period. However, insulin could be reduced where
there was a risk of hypoglycemia.
The primary outcome of the present study was the propor-

tion of patients with non-exacerbation of HbA1c, defined as a
change in HbA1c ≤0.3% from baseline to week 24 after the
addition of ipragliflozin as described in the guidance of the
Food and Drug Administration, which specifies a non-inferior-
ity margin for HbA1c of 0.3% or 0.4%13. Secondary end-points
were changes in body mass, abdominal circumference, fasting
plasma glucose, HbA1c, homeostasis model assessment of insu-
lin resistance, homeostasis model assessment of b-cell function,
lipids, liver function and renal function. Data were collected
after an overnight fast at baseline and at 24 weeks of
observation.

Statistical analysis
The primary and secondary end-points were analyzed based on
the intention-to-treat principle. We calculated propensity scores
for the likelihood of discontinuing or maintaining sulfonylurea
at the lowest dose as add-on to ipragliflozin using baseline
covariates in a multivariate logistic regression model. Covariates
used in the propensity score included age, BMI, fasting plasma
glucose, HbA1c, aspartate aminotransferase, alanine amino-
transferase, high-density lipoprotein cholesterol (HDL-C) and
sulfonylurea dose (converted glimepiride dose). In calculating
the sulfonylurea dose, we considered 1 mg glimepiride to be
equivalent to 40 mg gliclazide or 1.25 mg glibenclamide, as
previously reported14,15. Patients were matched 1:1 within 0.05
caliper widths of the pooled standard deviation of the logit of

430 J Diabetes Investig Vol. 10 No. 2 March 2019 ª 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

O R I G I N A L A R T I C L E

Takahashi et al. http://onlinelibrary.wiley.com/journal/jdi



propensity scores. Results were expressed as mean – standard
deviation. Differences in baseline characteristics between the
groups were compared using a v2-test or an unpaired t-test.
We also used a paired t-test or a McNemar test for pre- and
post-treatment comparisons. A group comparison of the differ-
ences in mean changes was carried out using an unpaired t-test.
The relationship between change in HDL-C and BMI was
assessed using Pearson’s correlation coefficients. Multivariate
analyses were carried out using logistic regression to identify
factors independently associated with the outcomes. A receiver
operating characteristic (ROC) curve analysis was used to
define the cut-off values indicative of non-exacerbation of
HbA1c in the Discontinuation group. P-values <0.05 were con-
sidered to denote statistical significance. Statistical analysis was
carried out using JMP Pro version 13 (SAS Inc., Cary, NC,
USA).

RESULTS
Baseline characteristics of patients
A total of 200 patients (144 men and 56 women) were enrolled
in the study and assigned to either the Discontinuation group
or the Low-dose group. Two patients were subsequently found
not to meet the study criteria, and nine patients withdrew from
the study before completion. The reasons for non-completion
were withdrawal of consent (n = 5) and side-effects of test
medications, including pruritus, rash, genital infection, palpita-
tion or pollakiuria (n = 4; Figure 1). A total of 189 patients

completed the study (Discontinuation group, 99 patients; Low-
dose group, 90 patients). Baseline characteristics of the 200
patients in the Discontinuation and the Low-dose groups are
compared in Table 1. In the unmatched cohort, the Discontin-
uation group showed lower age, and higher estimated glomeru-
lar filtration rate and HDL-C compared with the Low-dose
group. After 1:1 propensity score matching, 55% and 62% of
patients in the Discontinuation and the Low-dose groups,
respectively, were retained in the matched cohort (58 patients
in each group). After matching, the Discontinuation and the
Low-dose groups were adequately balanced in all the clinical
characteristics (P-value >0.05 for all comparisons). The average
age, BMI, HbA1c and sulfonylurea dose of participants were
58.8 years, 27.7 kg/m2, 7.57% and 1.4 mg/day, respectively
(Table 1).

Outcomes
In the matched cohort, the proportion of patients with non-
exacerbation in HbA1c was significantly higher in the Low-dose
group (91.4%) compared with the Discontinuation group
(75.9%, P = 0.024; Figure 2). HbA1c levels were significantly
decreased in the Low-dose group compared with the Discontin-
uation group(-0.33 – 0.51% vs 0.08 – 0.65%, P < 0.01, respec-
tively). However, blood pressure was significantly decreased
only in the Discontinuation group (Table 2). Bodyweight, BMI,
waist circumference, uric acid and liver function parameters sig-
nificantly decreased in both groups, although the magnitude of

Out of criteria (n = 1) 

Lost to follow-up (n = 6) 
•  Side effects (n = 3) 
•  Consent withdrawal (n = 3)  

Allocation Low-dose group
94 participants

Discontinuation group
106 participants

Ipragliflozin
200 participants

Follow-up 

Analysis

99 completed 24 week follow-up observation

106 were included in the intention-to-treat 
population 

Out of criteria (n = 1) 

Lost to follow-up (n = 3) 
•  Side effects (n = 1) 
•  Consent withdrawal (n = 2) 

90 completed 24 week follow-up observation

94 were included in the intention-to-treat 
population 

Figure 1 | Study protocol flow diagram. Participants were allocated to one of two groups according to the objective clinical judgment of clinician.
All patients added ipragliflozin and either decreased the dose of glimepiride (to 0.5 mg/day) or gliclazide (to 20 mg/day; Low-dose group) or
discontinued sulfonylurea (Discontinuation group).
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Table 1 | Differences in clinical characteristics between the group that discontinued sulfonylurea and the group that maintained sulfonylurea, but
at the lowest dose, before and after propensity matching

Before propensity matching P-value After propensity matching P-value

Discontinuation group
(n = 106)

Low-dose group
(n = 94)

Discontinuation group
(n = 58)

Low-dose group
(n = 58)

Age (years) 56.0 – 9.7 59.4 – 8.9 <0.05 58.7 – 8.5 59.0 – 8.7 0.84
Male/female (n) 76/30 68/26 0.92 41/17 40/18 0.84
Duration of diabetes (years)

0–4 (%) 11.4 12.2 0.49 10.5 16.4 0.46
5–9 (%) 31.4 23.3 38.6 25.5
10–14 (%) 25.7 34.4 19.3 20.0
15+ (%) 31.4 30.0 31.6 38.2

Duration of sulfonylurea (years)
0–4 (%) 33.0 26.3 0.38 30.9 30.4 0.98
5–9 (%) 27.8 36.8 34.6 34.8
10–14 (%) 22.7 26.3 21.8 19.6
≥15 (%) 16.5 10.5 12.7 15.2

Smoking status
Never smoked (%) 43.4 38.7 0.76 44.8 40.4 0.69
Former smoker (%) 24.5 24.7 25.9 22.8
Current smoker (%) 32.1 36.6 29.3 36.8

Alcohol drinking status
Non-current drinker (%) 70.8 64.9 0.38 52.9 47.1 0.45
Current drinker (%) 29.3 35.1 45.7 54.4

Bodyweight (kg) 79.6 – 16.4 76.0 – 14.6 0.10 75.2 – 12.0 75.5 – 14.3 0.91
BMI (kg/m2) 29.1 – 5.0 27.9 – 4.5 0.08 27.7 – 4.0 27.7 – 4.3 0.98
Waist circumference (cm) 97.6 – 11.0 95.1 – 10.3 0.09 94.5 – 8.0 94.5 – 10.4 0.97
SBP (mmHg) 132.6 – 14.5 134.9 – 15.9 0.30 132.5 – 12.9 135.1 – 17.8 0.38
DBP (mmHg) 80.5 – 11.6 79.0 – 10.7 0.37 80.1 – 9.2 79.9 – 11.7 0.91
FPG (mmol/L) 8.2 – 1.8 8.8 – 2.3 0.06 8.4 – 1.9 8.3 – 1.9 0.87
FPG (mg/dL) 148.4 – 33.2 158.1 – 41.0 0.06 151.1 – 35.0 150.0 – 35.0 0.87
HbA1c (%) 7.51 – 0.57 7.62 – 0.52 0.17 7.60 – 0.60 7.54 – 0.49 0.53
Insulin (lU/mL) 10.1 – 10.9 12.5 – 13.7 0.23 10.3 – 13.0 8.7 – 7.8 0.48
HOMA-IR 3.8 – 4.7 5.8 – 7.7 0.06 4.1 – 5.6 3.6 – 4.6 0.67
HOMA-b 48.1 – 49.6 45.7 – 47.3 0.77 45.7 – 53.3 38.7 – 36.3 0.47
UA (mg/dL) 5.6 – 1.3 5.4 – 1.2 0.23 5.6 – 1.3 5.3 – 1.2 0.15
AST (U/L) 30.5 – 14.7 30.9 – 18.9 0.89 29.6 – 13.5 26.8 – 11.7 0.25
ALT (U/L) 38.7 – 24.9 40.4 – 30.7 0.67 37.7 – 22.5 34.5 – 22.1 0.44
c-GTP (U/L) 60.7 – 64.9 46.6 – 37.0 0.07 55.9 – 58.6 49.8 – 43.4 0.52
Ht (%) 43.4 – 4.2 44.2 – 4.3 0.18 43.6 – 4.6 43.8 – 4.6 0.82
ACR (mg/g creatinine) 91.7 – 290.9 99.3 – 247.2 0.85 74.0 – 170.3 124.1 – 305.6 0.28
eGFR (mL/min/1.73 m2) 80.8 – 17.7 75.4 – 19.1 <0.05 79.0 – 16.4 74.4 – 17.6 0.14
TG (mg/dL) 139.8 – 85.8 152.3 – 90.6 0.32 138.5 – 86.1 136.0 – 80.8 0.87
T-Cho (mg/dL) 180.3 – 29.5 179.5 – 32.7 0.85 174.1 – 24.8 178.8 – 29.6 0.38
HDL-C (mg/dL) 52.4 – 14.9 48.5 – 11.1 <0.05 50.4 – 13.5 51.9 – 11.2 0.51
LDL (mg/dL) 100.1 – 28.0 101.1 – 31.0 0.82 96.2 – 21.0 100.4 – 26.0 0.36
Non-HDL-C (mg/dL) 128.0 – 29.8 131.2 – 31.6 0.47 123.4 – 24.9 127.0 – 27.2 0.48
Sulfonylurea dose (mg/day) 1.3 – 0.5 1.5 – 0.8 0.06 1.3 – 0.6 1.5 – 0.9 0.32

Glimepiride (n) 102 79 55 49
Gliclazide (n) 4 15 3 9
Glibenclamide (n) 0 0 0 0

Antidiabetic medicine
Biguanide (n) 88 77 49 46
DPP-4 inhibitor (n) 84 77 32 47
Thiazolidinedione (n) 24 14 9 9
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the effect for bodyweight, BMI and aspartate aminotransferase
was significantly greater in the Discontinuation group com-
pared with the Low-dose group (-4.4 – 2.1 kg vs -
2.9 – 1.9 kg, P < 0.01; -1.6 – 0.8 kg/m2 vs -1.1 – 0.7 kg/m2,
P < 0.01; and -7.3 – 11.7 U/L vs -3.2 – 6.6 U/L, P < 0.05,
respectively; Table 2).
As shown in Table 3, logistic regression analysis identified

that low HDL-C, low dose of sulfonylurea and younger age
were independent factors associated with the non-exacerbation
of HbA1c in the Discontinuation group, after adjustments for
age, BMI, HbA1c, HDL-C and sulfonylurea dose. Also, we car-
ried out logistic regression analysis using bodyweight instead of
BMI and obtained similar results (data not shown). Using a
ROC analysis, the cut-off values for non-exacerbation of HbA1c
in the Discontinuation group were 48 mg/dL for HDL-C,
1.0 mg/day for sulfonylurea dose and 62 years-of-age (Table 4).
The area under the ROC curve for HDL-C, sulfonylurea dose
and age were 0.78, 0.64 and 0.70, respectively (Figures 3a, S1).
The cut-off value for HDL-C showed the largest area under the
ROC curve among the non-exacerbation factors for change in
HbA1c (Figure 3a), and the specificity of the HDL-C cut-off
for predicting non-exacerbation of HbA1c in the Discontinua-
tion group was 85.7% (Table 4).

Adverse events
In the safety analysis set, 22 events in the Discontinuation
group and 20 events in the Low-dose group reported adverse
events. No severe adverse events were reported in either group
during the present study. The most common adverse event
within both groups was hypoglycemia (7 patients [6.6%] in the
Discontinuation group and 10 patients [10.6%] in the Low-dose
group, respectively; Table 5). The majority of patients who
experienced hypoglycemia in both groups had been treated
with insulin (three patients [42.9%] in the Discontinuation
group and four patients [40.0%] in the Low-dose group,

respectively). Furthermore, the incidence of hypoglycemic epi-
sodes did not increase in either group during the study period
(Figure S2). Other adverse events in both groups included pru-
ritus, pollakiuria, worsening diabetes, rash, hunger sensation,
fracture or genital infection (Table 5).

DISCUSSION
A distinctive feature of the present study was a lower dropout
rate attributed to adverse events (n = 4, 2% of all enrolled
patients) compared with previous studies (approximately
12%)16, likely because the participating physicians were familiar
with the use of SGLT2i, although minor adverse events
occurred at a rate of almost 20% in the present study
(Table 5).
In the present study, we showed that the proportion of

patients with non-exacerbation in HbA1c level was >90% in
the Low-dose group and approximately 75% in the Discontin-
uation group. This indicates that glycemic control did not
worsen for almost all patients who remained on the lowest
dose of sulfonylurea, but that approximately 25% of patients
who discontinued sulfonylurea when adding ipragliflozin failed
to achieve glycemic control. As the frequency of hypoglycemia
did not increase in either group (Figure S2), adding or switch-
ing from sulfonylurea to ipragliflozin can be considered
acceptable and effective for the treatment of type 2 diabetes,
especially among patients for whom body weight gain and
metabolic disorders are factors influencing the choice of treat-
ment. Maintaining sulfonylurea treatment at the lowest dose
has been considered more beneficial than discontinuing it for
ensuring glycemic control without increasing hypoglycemia
when adding a SGLT2i. In previous studies on the addition of
various types of glucose-lowing agents to high-dose sulfony-
lurea, the combination therapy had a beneficial effect on gly-
cemic control with increasing hypoglycemia (~30%)12,17,18. As
the present study differs from previous reports in the

Table 1 (Continued)

Before propensity matching P-value After propensity matching P-value

Discontinuation group
(n = 106)

Low-dose group
(n = 94)

Discontinuation group
(n = 58)

Low-dose group
(n = 58)

Alpha-glucosidase inhibitor (n) 18 11 11 6
Glinide (n) 0 0 0 0
Insulin (n) 15 11 8 7
GLP-1 receptor agonist (n) 3 3 3 1

Values are shown as mean – standard deviation, n or %. c-GTP, c-glutamyl transpeptidase; ACR, albumin/creatinine ratio; ALT, alanine aminotrans-
ferase; AST, aspartate aminotransferase; BMI, body mass index; DBP, diastolic blood pressure; Discontinuation group, the group that discontinued sul-
fonylurea; DPP-4 inhibitor, dipeptidyl peptidase-4 inhibitor; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; GLP-1 receptor
agonist, glucagon-like peptide-1 receptor agonist; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; HOMA-b, homeostasis
model assessment of b-cell function; HOMA-IR, homeostasis model assessment of insulin resistance; Ht, hematocrit; LDL, low-density lipoprotein
cholesterol; Low-dose, the group that maintained sulfonylurea, but at the lowest dose; SBP, systolic blood pressure; T-Cho, total cholesterol; TG,
triglyceride; UA, uric acid.
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frequency of hypoglycemia, despite maintaining sulfonylurea
treatment in the Low-dose group, our findings show that dose
reduction of sulfonylurea is important to avoid hypoglycemia,
and that the lowest dose of sulfonylurea is sufficient to avoid
worsening of glycemic control when adding SGLT2i to sul-
fonylurea treatment. Thus, our observations suggest that low-
dose sulfonylurea plus ipragliflozin is effective for ensuring
glycemic control without increasing adverse events, including
hypoglycemia.
Decreased visceral fat and improvement in metabolic disor-

der factors, such as dyslipidemia, hypertension, hyperuricemia
and fatty liver associated with the administration of SGLT2i,
have been widely recognized in clinical practice3,19. In contrast,
sulfonylurea treatment frequently causes weight gain related to
mild hypoglycemic symptoms, such as the sensation of hun-
ger20,21. Although bodyweight, BMI and aspartate aminotrans-
ferase decreased in both groups in the present study, the
magnitude of the effects was significantly larger in the Discon-
tinuation group compared with the Low-dose group. An
approximately 1.7-fold reduction in bodyweight was observed
in the Discontinuation group compared with the Low-dose
group, likely because of the combined effects of ipragliflozin ini-
tiation and sulfonylurea discontinuation.

We showed in a logistic regression analysis that lower HDL-
C was a key characteristic that could predict non-exacerbation
of HbA1c when sulfonylurea was discontinued (Table 3).
Although the relationship between HDL-C level and the glyce-
mic effect of ipragliflozin remains unclear, one possibility might
be the observation that HDL-C level is lower in obese patients
with type 2 diabetes22. In fact, HDL-C is one of the compo-
nents for classification of metabolic syndrome. In the present
study, HDL-C and BMI in the Discontinuation group were sig-
nificantly negatively correlated (r = -0.27, P < 0.05; Figure 3b).
Similarly, beneficial effects on glycemic control have been
observed with higher BMI compared with lower BMI in
Japanese phase III trials of SGLT2is23,24. An additional glucose-
lowering effect due to the improvement in insulin resistance
or sensitivity is expected to be larger when SGLT2
inhibitors are administered in patients with higher BMI. Taken
together, patients with type 2 diabetes who had lower HDL-C
(≤48 mg/dL), lower dose of sulfonylurea (≤1.0 mg/day) and
younger age (≤62 years) were more likely not to show worsen-
ing of glycemic control, and to have reduced bodyweight and
improvements in metabolic disorder by switching from sulfony-
lurea to ipragliflozin, although further studies are required to
verify this observation.
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Figure 2 | Proportion of patients with non-exacerbation of glycated hemoglobin (HbA1c) in the group that discontinued sulfonylurea
(Discontinuation group) compared with the group that maintained sulfonylurea, but at the lowest dose (Low-dose group).

434 J Diabetes Investig Vol. 10 No. 2 March 2019 ª 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

O R I G I N A L A R T I C L E

Takahashi et al. http://onlinelibrary.wiley.com/journal/jdi



Ta
bl
e
2
|C

om
pa
ris
on

of
th
e
ef
fe
ct
s
on

ot
he
r
pa
ra
m
et
er
s
ev
al
ua
te
d
in

bo
th

gr
ou
ps

be
fo
re

an
d
af
te
r
pr
op

en
sit
y
m
at
ch
in
g

Be
fo
re

pr
op

en
sit
y
m
at
ch
in
g

P-
va
lu
e

Af
te
r
pr
op

en
sit
y
m
at
ch
in
g

P-
va
lu
e

D
isc
on

tin
ua
tio
n
gr
ou
p

(n
=
10
6)

Lo
w
-d
os
e
gr
ou
p
(n

=
94
)

D
isc
on

tin
ua
tio
n
gr
ou
p
(n

=
58
)

Lo
w
-d
os
e
gr
ou
p
(n

=
58
)

Ba
se
lin
e

En
d-
po

in
t

Ba
se
lin
e

En
d-
po

in
t

Ba
se
lin
e

En
d-
po

in
t

Ba
se
lin
e

En
d-
po

in
t

Bo
dy
w
ei
gh

t
(k
g)

79
.6
–
16
.4

75
.1
–
16
.4
**

76
.0
–
14
.6

73
.4
–
14
.2
**

<0
.0
1

75
.2
–
12
.0

70
.8
–
12
.2
**

75
.5
–
14
.3

72
.6
–
14
.0
**

<0
.0
1

BM
I(
kg
/m

2 )
29
.1
–
5.
0

27
.5
–
5.
1*
*

27
.9
–
4.
5

26
.9
–
4.
3*
*

<0
.0
1

27
.7
–
4.
0

26
.1
–
4.
0*
*

27
.7
–
4.
3

26
.6
–
4.
1*
*

<0
.0
1

W
ai
st
ci
rc
um

fe
re
nc
e
(c
m
)

97
.6
–
11
.0

93
.8
–
11
.1
**

95
.1
–
10
.3

91
.9
–
10
.0
**

0.
24

94
.5
–
8.
0

90
.1
–
7.
8*
*

94
.5
–
10
.4

91
.7
–
10
.1
**

0.
63

SB
P
(m

m
H
g)

13
2.
6
–
14
.5

12
6.
8
–
14
.3
**

13
4.
9
–
15
.9

13
0.
9
–
14
.7
*

0.
27

13
2.
5
–
12
.9

12
5.
9
–
15
.9
**

13
5.
1
–
17
.8

13
1.
8
–
14
.4

0.
25

D
BP

(m
m
H
g)

80
.5
–
11
.6

75
.8
–
9.
6*
*

79
.0
–
10
.7

78
.0
–
10
.4

<0
.0
5

80
.1
–
9.
2

75
.2
–
10
.1
**

79
.9
–
11
.7

77
.9
–
10
.6

0.
11

FP
G
(m

m
ol
/L
)

8.
2
–
1.
8

7.
7
–
1.
7 *
*

8.
8
–
2.
3

7.
6
–
1.
5*
*

0.
05

8.
4
–
1.
9

8.
0
–
1.
9

8.
3
–
1.
9

7.
6
–
1.
3*
*

0.
21

FP
G
(m

g/
dL
)

14
8.
4
–
33
.2

13
8.
8
–
31
.2
**

15
8.
1
–
41
.0

13
7.
5
–
26
.8
**

0.
05

15
1.
1
–
35
.0

14
3.
3
–
34
.5

15
0.
0
–
35
.0

13
5.
9
–
22
.8
**

0.
21

H
bA

1c
(%
)

7.
51

–
0.
57

7.
55

–
0.
62

7.
62

–
0.
52

7.
21

–
0.
59
**

<0
.0
1

7.
60

–
0.
60

7.
66

–
0.
65

7.
54

–
0.
49

7.
21

–
0.
51
**

<0
.0
1

In
su
lin

(l
U
/m

L)
10
.1
–
10
.9

6.
5
–
4.
9*
*

12
.5
–
13
.7

7.
4
–
5.
9*
*

<0
.0
5

10
.3
–
13
.0

5.
8
–
3.
6*

8.
7
–
7.
8

6.
5
–
6.
0*
*

0.
83

H
O
M
A
-IR

3.
8
–
4.
7

2.
3
–
2.
0*
*

5.
8
–
7.
7

2.
5
–
2.
3*
*

< 0
.0
1

4.
1
–
5.
6

2.
1
–
1.
9

3.
6
–
4.
6

2.
3
–
2.
3*

0.
31

H
O
M
A
-b

48
.1
–
49
.6

35
.2
–
32
.7
*

45
.7
–
47
.3

40
.0
–
32
.2

0.
63

45
.7
–
53
.3

28
.2
–
17
.2
*

38
.7
–
36
.3

32
.1
–
24
.9

0.
56

U
A
(m

g/
dL
)

5.
6
–
1.
3

5.
1
–
1.
2*
*

5.
4
–
1.
2

5.
1
–
1.
1*
*

0.
07

5.
6
–
1.
3

5.
2
–
1.
2*
*

5.
3
–
1.
2

5.
0
–
1.
2*
*

0.
16

AS
T
(U
/L
)

30
.5
–
14
.7

24
.0
–
13
.0
**

30
.9
–
18
.9

25
.8
–
12
.3
**

0.
29

29
.6
–
13
.5

22
.3
–
8.
9*
*

26
.8
–
11
.7

23
.7
–
10
.1
**

<0
.0
5

AL
T
(U
/L
)

38
.7
–
24
.9

27
.4
–
19
.3
**

40
.4
–
30
.7

31
.3
–
21
.4
**

0.
48

37
.7
–
22
.5

26
.0
–
16
.2
**

34
.5
–
22
.1

26
.8
–
16
.5
**

0.
16

c-
G
TP

(U
/L
)

60
.7
–
64
.9

44
.1
–
44
.9
**

46
.6
–
37
.0

39
.3
–
36
.0
**

<0
.0
5

55
.9
–
58
.6

38
.6
–
41
.2
**

49
.8
–
43
.4

41
.4
–
41
.9
**

0.
05

H
t
(%
)

43
.4
–
4.
2

44
.9
–
4.
9*
*

44
.2
–
4.
3

46
.5
–
3.
9*
*

0.
14

43
.6
–
4.
6

45
.5
–
5.
4*
*

43
.8
–
4.
6

46
.2
–
4.
1*
*

0.
25

A
CR

(m
g/
g
cr
ea
tin
in
e)

91
.7
–
29
0.
9

83
.0
–
33
0.
6

99
.3
–
24
7.
2

69
.7
–
13
2.
3*

0.
46

74
.0
–
17
0.
3

45
.0
–
80
.6

12
4.
1
–
30
5.
6

73
.8
–
14
8.
1*

0.
50

eG
FR

(m
L/
m
in
/1
.7
3
m

2 )
80
.8
–
17
.7

83
.1
–
17
.9
*

75
.4
–
19
.1

74
.7
–
19
.2

0.
10

79
.0
–
16
.4

81
.3
–
17
.7
*

74
.4
–
17
.6

75
.0
–
18
.0

0.
27

TG
(m

g/
dL
)

13
9.
8
–
85
.8

13
1.
3
–
69
.3

15
2.
3
–
90
.6

14
2.
5
–
95
.2

0.
83

13
8.
5
–
86
.1

13
3.
3
–
68
.2

13
6.
0
–
80
.8

13
1.
3
–
89
.5

0.
95

T-
Ch

o
(m

g/
dL
)

18
0.
3
–
29
.5

18
4.
4
–
30
.2

17
9.
5
–
32
.7

18
1.
4
–
34
.2

0.
74

17
4.
1
–
24
.8

18
2.
6
–
29
.3

17
8.
8
–
29
.6

18
2.
5
–
33
.3

0.
63

H
D
L-
C
(m

g/
dL
)

52
.4
–
14
.9

56
.0
–
15
.0
**

48
.5
–
11
.1

52
.9
–
13
.8
**

0.
26

50
.4
–
13
.5

54
.3
–
14
.2
**

51
.9
–
11
.2

56
.6
–
14
.4
**

0.
54

LD
L
(m

g/
dL
)

10
0.
1
–
28
.0

10
1.
9
–
26
.3

10
1.
1
–
31
.0

10
0.
2
–
29
.3

0.
45

96
.2
–
21
.0

10
1.
4
–
23
.8

10
0.
4
–
26
.0

10
0.
1
–
26
.6

0.
39

N
on

-H
D
L
(m

g/
dL
)

12
8.
0
–
29
.8

12
8.
1
–
30
.3

13
1.
2
–
31
.6

12
8.
9
–
33
.4

0.
37

12
3.
4
–
24
.9

12
7.
9
–
28
.6

12
7.
0
–
27
.2

12
6.
5
–
32
.5

0.
35

Va
lu
es

ar
e
m
ea
n
–
st
an
da
rd

de
vi
at
io
n.
P-
va
lu
es
:m

ea
n
ch
an
ge
s
fro
m

ba
se
lin
e
to

th
e
en
d
of

th
e
st
ud

y
be
tw
ee
n
th
e
di
sc
on

tin
ua
tio
n
gr
ou
p
an
d
th
e
lo
w
-d
os
e
gr
ou
p.

*P
<
0.
05

an
d

**
P
<
0.
01

be
tw
ee
n
ba
se
lin
e
an
d
th
e
en
d
of

th
e
st
ud

y.
c-
G
TP
,c
-g
lu
ta
m
yl
tra
ns
pe
pt
id
as
e;
AC

R,
al
bu

m
in
/c
re
at
in
in
e
ra
tio
;A

LT
,a
la
ni
ne

am
in
ot
ra
ns
fe
ra
se
;A

ST
,a
sp
ar
ta
te

am
in
ot
ra
ns
fe
ra
se
;

BM
I,
bo

dy
m
as
s
in
de
x;
D
BP
,d
ia
st
ol
ic
bl
oo

d
pr
es
su
re
;D

isc
on

tin
ua
tio
n
gr
ou
p,
th
e
gr
ou
p
th
at

di
sc
on

tin
ue
d
su
lfo
ny
lu
re
a;
eG

FR
,e
st
im
at
ed

gl
om

er
ul
ar

fil
tra
tio
n
TG

,t
rig
ly
ce
rid
e;
FP
G
,f
as
tin
g

pl
as
m
a
gl
uc
os
e;
H
bA

1c
,g
ly
ca
te
d
he
m
og

lo
bi
n;
H
D
L-
C,

hi
gh

-d
en
sit
y
lip
op

ro
te
in

ch
ol
es
te
ro
l;
H
O
M
A-
b,
ho

m
eo
st
as
is
m
od

el
as
se
ss
m
en
t
of

be
ta

ce
ll
fu
nc
tio
n;
H
O
M
A
-IR
,h
om

eo
st
as
is
m
od

el
as
se
ss
m
en
t
of

in
su
lin

re
sis
ta
nc
e;
H
t,
he
m
at
oc
rit
;L
D
L,
lo
w
-d
en
sit
y
lip
op

ro
te
in

ch
ol
es
te
ro
l;
Lo
w
-d
os
e,
th
e
gr
ou
p
th
at

m
ai
nt
ai
ne
d
su
lfo
ny
lu
re
a,
bu

t
at

th
e
lo
w
es
t
do

se
;S
BP
,s
ys
to
lic

bl
oo

d
pr
es
su
re
;T
-C
ho

,t
ot
al
ch
ol
es
te
ro
l;
U
A
,u
ric

ac
id
.

ª 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 10 No. 2 March 2019 435

O R I G I N A L A R T I C L E

http://onlinelibrary.wiley.com/journal/jdi How to reduce SU when starting SGLT2i



There were several limitations to the current study. First,
the number of cases was small and the study duration was
relatively short. The purpose of the present study was to
explore the potential efficacy and safety of ipragliflozin with
decreased versus discontinuation of sulfonylurea. Further
studies in a larger sample size are required to confirm our
conclusions and extend our current findings. Second, the
present study was open-labeled and observational in design,
which might have contributed to patient selection bias.
Although we used a propensity matching approach to elimi-
nate confounding effects in the study design, a randomized
controlled study is required to the present findings. Third,
although patients were carefully evaluated to detect episodes
of hypoglycemia, some patients might have failed to notice
hypoglycemic symptoms, and some episodes of hypoglycemia
might have been missed in both groups. Continuous glucose
monitoring can be used in future studies to ensure that all
hypoglycemic episodes are recorded. Fourth, although sul-
fonylurea treatment frequently causes weight gain related to
mild hypoglycemic symptoms, such as the sensation of hun-
ger, we did not investigate food intake in the present study.
Therefore, other findings related to bodyweight or glycemic
change might have been affected by the level of food con-
sumption. Finally, the present study was carried out only in
Japanese patients. It is unclear whether the present results

can be generalized to non-Japanese patients because of differ-
ences in bodyweight25 and insulin secretory capacity26

between Japanese and Caucasian patients with type 2
diabetes.
In conclusion, when adding ipragliflozin to sulfonylurea in

patients with type 2 diabetes, approximately 75% of patients
can discontinue sulfonylurea without experiencing a worsen-
ing of glycemic control, and with extensive bodyweight

Table 3 | Logistic regression analysis to identify independent factors
associated with non-exacerbation of glycated hemoglobin in the group
that discontinued sulfonylurea

OR 95% CI P-value

HDL-C (mg/dL) 0.90 0.84-0.97 <0.01
Sulfonylurea dose (mg/day) 0.09 0.01-0.72 <0.01
Age (years) 0.83 0.70-0.99 <0.01
BMI (kg/m2) 1.06 0.80-1.34 0.69
HbA1c (%) 1.16 0.25-5.35 0.85

R2 = 0.3558. Logistic regression was adjusted for age, body mass index
(BMI), glycated hemoglobin (HbA1c), high-density lipoprotein choles-
terol (HDL-C) and sulfonylurea dose. 95% CI, 95% confidence interval;
OR, odds ratio.

Table 4 | Cut-off values of the independent factors associated with
non-exacerbation of glycated hemoglobin in the group that
discontinued sulfonylurea

Cut-off value AUC Sensitivity (%) Specificity (%)

HDL-C (mg/dL) 48.0 0.78 63.6 85.7
Sulfonylurea
dose (mg/day)

1.0 0.64 57.2 70.5

Age (years) 62.0 0.70 64.3 70.5

AUC, area under the receiver operating curve; HbA1c, glycated
hemoglobin; HDL-C, high-density lipoprotein cholesterol.
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Figure 3 | High-density lipoprotein cholesterol (HDL-C) as an
independent factor associated with non-exacerbation of glycated
hemoglobin in the group that discontinued sulfonylurea. (a) Receiver
operating characteristic (ROC) curves for the cut-off value of HDL-C to
identify non-exacerbation of glycated hemoglobin. (b) Relationship
between HDL-C and body mass index (BMI; r = -0.27, P < 0.05) in the
group that discontinued sulfonylurea.
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reduction and improvement in metabolic parameters. Main-
taining sulfonylurea treatment at the lowest dose, however,
can ensure better glycemic control without increasing hypo-
glycemia, although bodyweight reduction and improvement
in metabolic parameters are limited compared with discontin-
uation of sulfonylurea. Whether sulfonylurea should be dis-
continued or maintained at the lowest dose should depend
on the purpose of initiating SGLT2i therapy. In addition,
HDL-C level, sulfonylurea dose and patient age should be
considered.
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SUPPORTING INFORMATION
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Figure S1 | Receiver operating characteristic for the cut-off value of sulfonylurea dose and age to identify non-exacerbation of gly-
cated hemoglobin in the group that discontinued sulfonylurea.
Figure S2 | Incidence of hypoglycemic episodes in the group that discontinued sulfonylurea compared with the group that main-
tained sulfonylurea, but at the lowest dose, during the study period.
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