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ABSTRACT

Introduction: Luseogliflozin is a sodium-glu-
cose cotransporter 2 (SGLT2) inhibitor.
Unhealthy eating behavior is associated with
diabetes, hypertension, and obesity. However,
evidence regarding the effect of medications,
including SGLT2 inhibitors, on unhealthy eat-
ing behavior is limited. This study investigated
the association between unhealthy eating
behavior and the laboratory and physical find-
ings of Japanese patients with type 2 diabetes
given luseogliflozin once daily for 24 weeks.
Methods: Twenty-nine patients with type 2
diabetes mellitus were enrolled in a 24-week
prospective, open-label, single-arm pilot study.
The information regarding unhealthy eating

behaviors (eating fast, late dinner, nighttime
snack, skipping breakfast, and eating until full)
was obtained using self-reported questionnaires.
Results: The baseline rate of eating fast, late
dinner, nighttime snack, skipping breakfast,
and eating until full was 51.7%, 24.1%, 24.1%,
10.3% and 55.2%, respectively. After adminis-
tration of luseogliflozin, fasting plasma glucose,
HbA1c, aspartate aminotransferase (ALT),
weight, body mass index, and waist measure-
ment all decreased significantly. High-density
lipoprotein cholesterol and hematocrit
increased significantly. In the healthy eating
behavior group, the improvements of fasting
plasma glucose and ALT, but not other vari-
ables, were attenuated. HbA1c level was signif-
icantly improved in patients with eating fast,
while other unhealthy eating behaviors atten-
uated the effect of luseogliflozin for HbA1c. The
effect of leseogliflozin on the relationship
between eating behavior and weight reduction
was inconsistent after administration
luseogliflozin.
Conclusion: Luseogliflozin might be more
effective for controlling plasma glucose in
patients with type 2 diabetes who have a ten-
dency to eat fast, but it might have less effect on
those with other unhealthy eating habits.
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Key Summary Points

Why carry out this study?

Unhealthy eating behavior is associated
with insulin resistance, obesity, central
obesity, postprandial hyperglycemia, and
the onset of diabetes. However, evidence
regarding unhealthy eating behavior and
effect of antidiabetic drug was limited.

Unhealthy eating habits might attenuate
the effects of SGLT2 inhibitors, including
plasma glucose and weight loss.

What was learned from the study?

The effect of luseogliflozin on HbA1c
levels in the unhealthy eating behaviors
group might be attenuated.

Significant improvement for HbA1c was
observed in patients with eating fast,
while their other unhealthy behaviors
attenuated the effect of luseogliflozin.

The association between unhealthy eating
and weight reduction was inconsistent.

Fast-eating habits may increase the
efficacy of SGLT2 inhibitors in humans.

Interventions in eating habits (excluding
fast-eating habits) may enhance the
therapeutic effect of SGLT2 inhibitors.

More research on the relationship between
eating habits and diabetes drugs is needed.

INTRODUCTION

Eating behaviors are known to be changeable by
appropriate interventions. Eating behaviors are
thought to be involved in the onset of cardio-
vascular diseases, diabetes, and cancer [1]. The
association between unhealthy eating behaviors
and non-communicable diseases has been pre-
viously examined. Eating until full is associated
with obesity and central obesity [2, 3]. Skipping

breakfast is positively associated with obesity
[4], low-density lipoprotein cholesterol [5], and
the onset of diabetes [6]. Eating fast is associated
with obesity [7–10], blood pressure [7–9], post-
prandial hyperglycemia [9, 11], and insulin
resistance [12].

These findings suggest that unhealthy eating
habits may weaken the therapeutic effects of
oral anti-hypoglycemic agents in patients with
type 2 diabetes mellitus. The relapse of poor
blood glucose after sitagliptin use was more
common in patients with unhealthy eating
habits [13]. Regarding the relationship of
unhealthy eating habits and sodium-glucose
cotransporter 2 (SGLT2) inhibitors, an inverse
correlation between the amount of visceral fat
and the number of unhealthy eating habits has
been shown in patients with Japanese type 2
diabetes receiving SGLT2 inhibitors [14]. How-
ever, although eating habits are considered to
be changeable by appropriate interventions,
evidence on the relationship between eating
behaviors and the effects of anti-hypoglycemic
agents is limited. Many previous clinical studies
have focused on the hypoglycemic and weight-
loss effects of SGLT2 inhibitors. Unhealthy eat-
ing habits might attenuate the effects of SGLT2
inhibitors, including plasma glucose and weight
loss.

In this study, we explored the relationship
between eating habits and the effects of luseo-
gliflozin (an SGLT2 inhibitor) on plasma glu-
cose and weight loss in patients with type 2
diabetes mellitus.

METHODS

Subjects

We screened the patients with type 2 diabetes
mellitus aged 20–80 years old. Patients were
given a detailed description of the present study
and were informed of possible risks and benefits
of participation prior to providing their written
informed consent and study enrollment. The
inclusion criteria were BMI above 23 kg/m2 and
estimated glomerular filtration rate (eGFR)
above 30 mL/min/1.73 m2. Exclusion criteria
were severe hypoglycemia, pregnancy,
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treatment for skin disease within the last
2 months, repeated urinary and genital infec-
tions, cancer, type 1 diabetes, ketoacidosis,
severe liver injury, otorhinolaryngology,
hypothyroidism, neurological disorders, acro-
megaly, hepatitis, lactating, cerebral infarction
with paralysis, history of ischemic heart dis-
eases, stroke within the last 2 months, heart
failure, and previous treatment with another
SGLT2 inhibitor. We also excluded patients who
were considered ineligible for the study by their
attending physician. This study protocol was
approved by the ethics committee of Ehime
University of Medical School (approval no.
1604004, UMIN 000023649) and developed in
accordance with the ethical guidelines of the
Declaration of Helsinki.

Study Design

This was a 24-week prospective, open-label,
single-arm multicenter trial. Luseogliflozin was
initially administered orally in doses of 2.5 mg
once daily for 24 weeks. The physician in charge
could change the luseogliflozin dosage from 2.5
to 5 mg if a patient’s plasma glucose control was
insufficient.

Study Endpoints

The primary endpoint was improvement of
HbA1c and to investigate the association
between eating behavior and the change of
HbA1c from baseline to 24 weeks. Secondary
endpoints in this study were weight loss and to
investigate to association between eating
behavior and weight change from baseline to
24 weeks.

Definition of Eating Habits

Information regarding eating behaviors were
determined from a self-administered
questionnaire.

Subjects were considered to have skipped
breakfast, engaged in bedtime snacking, eaten a
late-night dinner, and eating until full if they
answered ‘‘Yes’’ to the questions ‘‘Do you skip
breakfast at least three times per week?’’, ‘‘Do

you eat snacks after dinner at least three times
per week?’’, ‘‘Do you eat dinner within 2 h
before bedtime at least three times per week?’’,
and ‘‘Do you tend to eat too much?’’, respec-
tively. Fast eating was identified if they
answered ‘‘fast’’ to the question ‘‘Do you think
your meal-eating speed is usually rapid com-
pared with other people’s?’’ (from among three
response options [slow, normal, and fast]). Self-
reported eating speed showed a high level of
agreement with eating speed reported by
friends: the percentages of exact and adjoining
answers (e.g., ‘‘very fast’’ and ‘‘fast’’ were regar-
ded as agreeing) were 46% and 47%, respec-
tively [15].

Measurements

Height was measured to the nearest millimeter
using a stadiometer with the subject standing
completely erect. Weight was measured with
the subject wearing light clothing. Body mass
index (BMI) was calculated as weight in kilo-
grams divided by height in meters squared.

Statistical Analysis

We divided the two groups based on number of
unhealthy eating behaviors: unhealthy eating
behavior group (at least two unhealthy eating
behaviors, n = 16) and healthy eating behavior
group (at most one unhealthy eating behavior,
n = 13). The primary and secondary endpoints
were analyzed using Wilcoxon signed-rank test.
All analyses were performed with JMP 9.4 (SAS
Institute, Cary, NC, USA). The significance level
(two tail) for each test was at most 0.05.

RESULTS

Subject Characteristics

Table 1 shows the characteristics of the 29 study
patients. The mean age, weight, BMI, and
duration of diabetes were 65.2 years, 72.9 kg,
27.2 kg/m2, and 14.0 years, respectively. The
mean HbA1c and fasting plasma glucose were
7.73% and 158.0 mg/dl, respectively. The
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frequency of eating fast, late dinner, nighttime
snack, skipping breakfast, and eating full was
51.7%, 24.1%, 24.1%, 10.3%, and 55.2%,
respectively. About half of the patients had two
or more unhealthy eating behaviors in this
study.

Changes of Laboratory and Physical
Findings After Administration
of Luseogliflozin

After administration, fasting plasma glucose,
HbA1c, and ALT level decreased significantly,
and hematocrit and HDL-cholesterol increased
significantly. Weight, BMI, and waist measure-
ment also significantly decreased (Table 2).

Association Between Unhealthy Eating
Behaviors and Change of Laboratory
and Physical Findings After
Administration of Luseogliflozin

The change of fasting plasma glucose and ALT
was not significant in the healthy eating
behavior group, while fasting plasma glucose
and ALT were significantly improved in the
unhealthy eating behavior group. The changes
of HbA1c, hematocrit, weight, and waist mea-
surement were significantly improved in both
groups (Table 3).

Table 1 Patient characteristics at baseline

Variable N (%)

Age, years, mean ± SD 65.2 ± 9.4

Male gender, N (%) 17 (58.6)

Diabetes duration, years, mean ± SD 14.0 ± 8.5

Weight, kg, mean ± SD 72.2 ± 15.3

BMI, kg/m2, mean ± SD 27.20 ± 4.09

Waist, cm, mean ± SD 97.5 ± 11.8

Fasting plasma glucose, mg/dl, mean ± SD 158.0 ± 38.4

HbA1c, %, mean ± SD 7.73 ± 1.17

Unhealthy eating behavior

Eating fast (%) 15 (51.7)

Late dinner (%) 7 (24.1)

Nighttime snack (%) 7 (24.1)

Skipping breakfast (%) 3 (10.3)

Eating until full (%) 16 (55.2)

Number of unhealthy eating behaviors

0, n (%) 6 (20.7)

1, n (%) 7 (24.1)

2 or more, n (%) 16 (55.2)

SD standard deviation, BMI body mass index
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Association Between Each Unhealthy
Eating Behavior and Change of HbA1c

Table 4 shows the association between unheal-
thy behavior and change of HbA1c. In patients
with fast eating behavior, HbA1c was improved
significantly. In contrast, in patients with other
unhealthy eating behaviors, the change of
HbA1c was not significant.

Association Between Each Unhealthy
Eating Behavior and Weight Change

Significant weight reduction was found regard-
less of fast eating behavior, nighttime snack,
and eating until full. On the other hand, weight
reduction was observed in the patients without
late dinner and breakfast skipping behaviors
(Table 5).

Table 2 Laboratory and physical findings before and after administration of luseogliflozin for 24 weeks

Baseline 24 weeks p value

Laboratory findings

Fasting plasma glucose, mg/dl, mean ± SD 158.0 ± 38.4 139.1 ± 22.0 0.006

HbA1c, %, mean ± SD 7.73 ± 1.17 7.36 ± 1.06 0.004

ALT, IU/ml, mean ± SD 28.8 ± 13.6 22.5 ± 10.3 0.006

Uric acid, mg/dl, mean ± SD 5.57 ± 1.44 5.40 ± 2.47 0.66

Creatinine, mg/dl, mean ± SD 0.81 ± 0.22 0.84 ± 0.22 0.15

Hematocrit, mean ± SD 42.2 ± 3.2 44.3 ± 3.0 0.001

BNP, ng/ml, mean ± SD 26.3 ± 35.3 23.6 ± 25.0 0.54

T-chol, mg/dl, mean ± SD 185.9 ± 31.4 181.6 ± 45.8 0.52

TG, mg/dl, mean ± SD 116.6 ± 55.3 101.9 ± 49.1 0.052

LDL-cholesterol, mg/dl, mean ± SD 104.8 ± 23.3 97.7 ± 22.6 0.051

HDL-cholesterol, mg/dl, mean ± SD 55.0 ± 12.7 58.5 ± 14.8 0.027

UACR, mg/gCr, mean ± SD 48.2 ± 67.0 42.6 ± 67.0 0.70

Physical findings

Weight, kg, mean ± SD 72.2 ± 15.3 69.7 ± 15.1 0.001

BMI, kg/m2, mean ± SD 27.20 ± 4.09 26.30 ± 4.13 0.001

Waist, cm, mean ± SD 97.5 ± 11.8 94.7 ± 12.9 0.001

Systolic blood pressure, mmHg, mean ± SD 134.4 ± 16.2 132.2 ± 14.7 0.41

Diastolic blood pressure, mmHg, mean ± SD 80.2 ± 10.6 80.7 ± 11.2 0.80

Pulse, beats per minute, mean ± SD 77.5 ± 13.4 75.9 ± 12.1 0.32

SD standard deviation, ALT aspartate aminotransferase, TG triglyceride, LDL low-density lipoprotein, HDL high-density
lipoprotein, BNP B-type natriuretic peptide, UACR urine albumin creatinine ratio, T-chol total cholesterol, BMI body mass
index
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Relationship Between HbA1c Change
and Weight Reduction

In the healthy eating group, a significant posi-
tive relationship between HbA1c change and
weight reduction was found (r = 0.600,
p = 0.030) (Fig. 1). In the unhealthy eating
group, on the other hand, HbA1c change was
not related to weight reduction (r = 0.339,
p = 0.20). In sensitive analysis, a similar positive
relationship between HbA1c improvement and
weight reduction was shown in patients with
eating full (r = 0.504, p = 0.046), and without
nighttime snack (r = 0.430, p = 0.046) and late
dinner (r = 0.543, p = 0.009). No relationship
between HbA1c improvement and weight

reduction was found regardless of eating fast or
skipping breakfast.

DISCUSSION

In the present study, we found that adminis-
tration of luseogliflozin led to changes in labo-
ratory findings including HbA1c, as well as
clinical findings. The effect of luseogliflozin on
HbA1c levels in the unhealthy eating behaviors
group might be attenuated. Significant
improvement in HbA1c levels was observed in
subjects with fast eating behavior, while in
subjects with unhealthy behaviors the effect of
luseogliflozin was attenuated. On the other

Table 3 Influence of unhealthy eating behaviors on laboratory and physical findings before and after administration of
luseogliflozin for 24 weeks

Baseline 24 weeks p value

Fasting plasma glucose, mg/dl, mean ± SD

0 or 1 (n = 13) 142.5 ± 23.6 135.8 ± 20.8 0.30

2 or more (n = 16) 170.5 ± 43.9 141.8 ± 23.3 0.011

HbA1c, %, mean ± SD

0 or 1 (n = 13) 7.23 ± 0.66 7.02 ± 0.52 0.029

2 or more (n = 16) 8.14 ± 1.34 7.64 ± 1.30 0.040

ALT, IU/ml, mean ± SD

0 or 1 (n = 13) 22.2 ± 10.2 18.5 ± 5.4 0.11

2 or more (n = 16) 34.1 ± 13.8 25.8 ± 12.2 0.009

Hematocrit, mean ± SD

0 or 1 (n = 13) 40.00 ± 2.88 43.00 ± 2.42 0.001

2 or more (n = 16) 43.62 ± 2.67 45.28 ± 3.03 0.006

Weight, kg, mean ± SD

0 or 1 (n = 13) 70.1 ± 12.3 68.2 ± 12.2 0.001

2 or more (n = 16) 74.0 ± 17.6 71.0 ± 17.4 0.001

Waist, cm, mean ± SD

0 or 1 (n = 13) 95.7 ± 7.2 93.1 ± 8.2 0.001

2 or more (n = 16) 99.0 ± 14.6 96.0 ± 15.9 0.027

ALT aspartate aminotransferase, SD standard deviation
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hand, the association between unhealthy eating
and weight reduction was inconsistent.

This is the first study to explore the associa-
tion between eating behaviors and SGLT2
inhibitor effects in patients with type 2 diabetes
mellitus. Unhealthy eating behaviors might
affect the onset of several chronic diseases. In
particular, eating fast is closely associated with
obesity [7–10] and postprandial hyperglycemia
[9, 11]. In a systematic review and meta-analy-
sis, an association between eating rate and
obesity was found [10]. In a Korean cross-sec-
tional study of 8775 adults, the percentage of
high glucose and obesity in the fastest eating
group (taking less than 5 mins per meal) was
significantly higher than that in the slow eating
rate group (taking more than 15 mins) [7]. In a
US cross-sectional study of 56,865 subjects, a
very strong association between eating rate and
BMI was found [8]. In a Japanese cross-sectional

study of 7275 individuals, eating rate was asso-
ciated with obesity and waist circumference [9].

In two Japanese and one US longitudinal
study, fast eating rate was associated with
weight gain [9, 16, 17]. In another study, eating
rate was not correlated with fasting plasma
glucose level, while an inverse association
between eating rate and HbA1c was found [9].
On the other hand, in an interventional study
of healthy Japanese women, it was found that a
fast eating rate increased fasting plasma glucose
and postprandial glucose [11]. Thus, eating fast
might cause weight gain and postprandial
hyperglycemia. However, the effectiveness of
interventions on eating rate for controlling
glucose level and weight is still unclear.

In the present study, after administration of
leseogliflozin, a significant improvement of
HbA1c in patients with fast eating behavior was
observed, while other unhealthy eating

Table 4 Influence of unhealthy eating behaviors on HbA1c before and after administration of luseogliflozin for 24 weeks

Unhealthy eating behavior HbA1c, %, mean – SD p value

Baseline 24 weeks

Eating fast

No (n = 14) 7.21 ± 0.75 7.13 ± 0.53 0.54

Yes (n = 15) 8.22 ± 1.30 7.58 ± 1.37 0.006

Late dinner

No (n = 22) 7.56 ± 1.10 7.25 ± 1.03 0.004

Yes (n = 7) 8.29 ± 1.30 7.71 ± 1.12 0.27

Nighttime snack

No (n = 22) 7.48 ± 0.83 7.04 ± 0.53 0.007

Yes (n = 7) 8.52 ± 17.3 8.39 ± 1.61 0.60

Skipping breakfast

No (n = 26) 7.70 ± 1.13 7.30 ± 1.02 0.010

Yes (n = 3) 8.03 ± 1.74 7.93 ± 1.47 0.58

Eating until full

No (n = 13) 8.12 ± 1.46 7.58 ± 1.47 0.024

Yes (n = 16) 7.42 ± 0.78 7.19 ± 0.53 0.17

SD standard deviation
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behaviors attenuated the effect of luseogliflozin
for HbA1c.

The underlying mechanism linking eating
fast and change of HbA1c remains unclear.
Eating fast has been found to be closely associ-
ated with postprandial hyperglycemia [11].
Luseogliflozin has been found to improve
mainly postprandial hyperglycemia via urinary
glucose excretion [18, 19]. After administration
of the SGLT2 inhibitor, glucagon-like peptide 1
to glucose response to eating was enhanced
[20–22]. Thus, in patients with fast eating
behavior, luseogliflozin might be effective for
controlling plasma glucose and weight via uri-
nary glucose excretion, improved hyper-
glycemia, and enhanced GLP-1 response.
However, further research regarding eating
behaviors and SGLT2 inhibitors is needed.

Our study has several limitations. First, this
was one-arm, open-label pilot study. Addition-
ally, the sample size was too small to make firm
conclusions regarding eating behavior and the
effects of SGLT2 inhibitors. Thus, further large-
scale studies regarding eating behavior and the
effects of SGLT2 inhibitors are warranted. Sec-
ond, the eating behaviors were elicited using a
self-administered questionnaire. However, self-
reported fast eating behavior has been validated
in other studies [15]. Self-reported eating speed
showed a high level of agreement with eating
speed reported by friends: the percentages of
exact and adjoining answers (e.g., ‘‘very fast’’
and ‘‘fast’’ were regarded as agreeing) were 46%
and 47%, respectively [15]. Third, the nutrition
data in this cohort were lacking. Finally, in the
present study, we assessed the effect of luseo-
gliflozin on eating behaviors and clinical
parameters. It is unclear whether other SGLT 2
inhibitors have similar effects.

Fig. 1 Relationship between HbA1c change and weight
reduction and unhealthy eating behaviors. Significant
positive relationship between HbA1c change and weight
reduction was found in only the healthy eating group
(r = 0.600, p = 0.030). In the unhealthy eating group, on
the other hand, no relationship between HbA1c change
and weight reduction was found (r = 0.339, p = 0.20). (x,
healthy eating group; black circle, unhealthy eating group)

Table 5 Influence of unhealthy eating behavior on weight
before and after administration of luseogliflozin for
24 weeks

Weight, kg, mean – SD p value

Baseline 24 weeks

Eating fast

No (n = 14) 69.3 ± 12.3 67.7 ± 12.1 0.001

Yes (n = 15) 75.0 ± 17.7 71.6 ± 17.7 0.012

Late dinner

No (n = 22) 72.0 ± 11.5 70.0 ± 12.0 0.001

Yes (n = 7) 72.7 ± 25.1 68.6 ± 23.6 0.12

Nighttime snack

No (n = 22) 71.0 ± 11.7 68.6 ± 12.2 0.007

Yes (n = 7) 76.0 ± 24.4 73.3 ± 22.8 0.015

Skipping breakfast

No (n = 26) 70.1 ± 11.7 67.7 ± 11.9 0.002

Yes (n = 3) 89.9 ± 32.4 87.3 ± 30.0 0.22

Eating until full

No (n = 13) 76.1 ± 17.7 72.1 ± 16.9 0.007

Yes (n = 16) 69.0 ± 12.9 67.7 ± 13.8 0.017

SD standard deviation
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CONCLUSIONS

In Japanese patients with type 2 diabetes,
luseogliflozin might be more effective among
patients who exhibit fast eating behavior, while
other unhealthy eating behaviors might weaken
the effect of luseogliflozin on plasma glucose
control.
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