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ABSTRACT

Introduction: Treatment-related quality of life
(QOL) is an important aspect of diabetes man-
agement. We evaluated the influence of a
sodium-glucose cotransporter 2 (SGLT2) inhi-
bitor, tofogliflozin, on treatment-related QOL in

Japanese patients with type 2 diabetes mellitus
(T2DM).
Methods: This is the prespecified subanalysis
study of the ‘‘Using TOfogliflozin for Possible
better Intervention against Atherosclerosis for
type 2 diabetes patients (UTOPIA)’’ trial. Treat-
ment-related QOL was evaluated at baseline,
week 26, week 52, and week 104 after the initi-
ation of the study using the Diabetes Therapy-
Related QOL questionnaire (DTR-QOL). Among
the 340 patients in the original UTOPIA study, a
total of 252 patients (127, tofogliflozin group;
125, conventional treatment group) who com-
pleted the DTR-QOL questionnaire at baseline
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were the study subjects of the current
subanalysis.
Results: The tofogliflozin and conventional
treatment groups exhibited almost comparable
baseline clinical characteristics, while the use of
antihypertensive drugs and lipid-lowering
agents was significantly lower in the tofogli-
flozin treatment group than in the conven-
tional treatment group. Tofogliflozin treatment
increased the total score of DTR-QOL7 from
baseline (P\0.001), while conventional treat-
ment did not change it. There were statistically
significant differences in delta change in the
total DTR-QOL7 score and DTR-QOL7 Q4, Q5,
Q6, and Q7 scores from the baseline to
week 104 between the treatment groups. Delta
changes in HbA1c (Spearman’s correlation

coefficient, q = - 0.30, P\0.001), fasting
blood glucose (q = - 0.16, P = 0.031), BMI
(q = - 0.19, P = 0.008), and waist circumfer-
ence (q = - 0.17, P = 0.024) at week 104 were
negatively associated with delta change in the
total QOL7 score.
Conclusions: Our data indicated that tofogli-
flozin treatment improved treatment-related
QOL compared to conventional treatment in
Japanese patients with T2DM, in accordance
with the improvement of major cardiovascular
risk factors.Trial registration: UMIN000017607
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Key Summary Points

Treatment-related quality of life (QOL) is
an important aspect of diabetes
management.

Several studies have indicated that
sodium-glucose cotransporter 2 (SGLT2)
inhibitors improved treatment-related
QOL in patients with type 2 diabetes.

This study aimed to evaluate the influence
of an SGLT2 inhibitor, tofogliflozin, on
treatment-related QOL in Japanese
patients with type 2 diabetes mellitus.

Tofogliflozin treatment improved
treatment-related QOL scores compared
to conventional treatment in Japanese
patients with type 2 diabetes mellitus, in
accordance with the improvement in
major cardiovascular risk factors.

Our study indicated that tofogliflozin
treatment exhibited more favorable
benefits than conventional treatment for
QOL in Japanese patients with type 2
diabetes mellitus; this finding was
fundamentally consistent with the results
of previous studies, which indicated the
beneficial effect of SGLT2 inhibitors on
QOL.

INTRODUCTION

Treatment-related quality of life (QOL), which
is closely associated with the motivation and
adherence of patients [1], is an important factor
in treating diabetes, since poor treatment
adherence was associated with poor glycemic
control and increase in risk of mortality in
patients with type 2 diabetes mellitus (T2DM)
[2].

Sodium-glucose cotransporter 2 (SGLT2)
inhibitors, a class of antidiabetic agents, exhibit
a pleiotropic effect; thus, they diminish various
cardiovascular risk factors. Indeed, SGLT2

inhibitors significantly reduced major cardio-
vascular (CV) adverse events and/or hospital-
ization for heart failure in patients with T2DM
[3–5]. Previous studies have also indicated that
SGLT2 inhibitors are a more cost-effective
option compared to other antidiabetes agents in
the treatment of individuals with T2DM [6, 7].
However, as with other classes of antidiabetic
agents, this class of agents is not free from side
effects, which can affect treatment-related QOL.

Several studies have evaluated effect of
SGLT2 inhibitors on treatment-related QOL in
patients with T2DM [8–14]. Some of them
indicated that SGLT2 inhibitors such as cana-
gliflozin [9, 12], empagliflozin [10], and dapa-
gliflozin [11, 14] were related to the
improvement of treatment-related QOL in
patients with type 2 diabetes, while a few of
them did not clearly show the beneficial effect
of the SGLT2 inhibitor on the QOL of patients
[8, 13].

Tofogliflozin is an SGLT2 inhibitor with a
2900-fold greater selectivity for SGLT2 than
SGLT1 and the highest selectivity among all
clinically developed inhibitors [15]. This potent
selectivity also contributes to relatively fewer
adverse events. The efficacy and safety of tofo-
gliflozin were assessed in clinical trials: tofogli-
flozin significantly decreased glycated
hemoglobin (HbA1c), fasting blood glucose,
and body weight compared to placebo. The
incidence of hypoglycemia was low, and most
adverse events were classified as mild or mod-
erate [16, 17]. Interestingly, a randomized
crossover study comparing tofogliflozin and
ipragliflozin used together with insulin glargine
and continuous glucose monitoring revealed
that tofogliflozin administration in the morn-
ing reduced the risk of nocturnal hypoglycemia
because its effects almost disappeared by
nighttime [18]. Moreover, although it remains
unclear whether tofogliflozin reduces mortality,
tofogliflozin has been shown to significantly
inhibit increased brachial-ankle pulse wave
velocity in patients with T2DM [19]. However,
to date, no study has evaluated whether tofo-
gliflozin induces beneficial effects on treatment-
related QOL in patients with T2DM.

The diabetes treatment-related quality-of-life
(DTR-QOL) questionnaire, a multidomain
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patient-reported outcome instrument devel-
oped in Japan, can assess the influence of dia-
betes treatment on patient QOL with good
reliability and validity [20]. The DTR-QOL can
be used regardless of the treatment method
administered to patients; thus, it enables the
detection of differences in patient QOL before
and after a treatment switch [20].

The ‘‘Using TOfogliflozin for Possible better
Intervention against Atherosclerosis for type 2
diabetes patients (UTOPIA)’’ was a randomized
clinical trial that investigated the preventive
effects of tofogliflozin on the progression of
atherosclerosis in subjects with T2DM; its pri-
mary study outcome was the change in
intima–media thickness (CIMT) of the common
carotid artery [21, 22].

The aim of the present study is to investigate
the effect of tofogliflozin on treatment-related
QOL in patients with T2DM, which was a pre-
specified secondary outcome of the UTOPIA
trial [21].

METHODS

Study Design

The original UTOPIA trial was a multicenter,
prospective, randomized, open-label, blinded-
endpoint, multicenter, and parallel-group
comparative study with a follow-up period of
104 weeks [21]. Registration of at least 340
patients was required to obtain a 90% power
and detect a difference of 0.04 mm in CIMT
between the two groups, assuming a standard
deviation of 0.108, 10% dropout, and a signifi-
cance level of 0.05.

The current analysis is a subanalysis from the
UTOPIA to investigate the effect of tofogliflozin
on treatment-related QOL in patients with
T2DM. As one of the prespecified secondary
outcomes, changes in the treatment-related
QOL scores over the 104-week observation per-
iod were evaluated on a voluntary basis using
the diabetes therapy-related QOL questionnaire.
In addition, as a post hoc analysis, the associa-
tion between changes in the QOL scores and
changes in other clinical parameters including

HbA1c, fasting blood glucose, and body mass
index (BMI) were evaluated.

This study is registered in the University
Hospital Medical Information Network Clinical
Trials Registry (UMIN-CTR), a nonprofit orga-
nization in Japan. It meets the requirements of
the International Committee of Medical Journal
Editors (UMIN000017607).

Study Population

Although the eligibility criteria of the original
UTOPIA trial have been described in detail in
the previous report [21] and presented as Sup-
plementary Material in this article, the outline
is as follows. The inclusion criteria were (1)
Japanese patients with T2DM, inadequate gly-
cemic control (HbA1c C 6% but\ 9%), and the
inability to achieve the blood glucose level sta-
ted in the Japanese Diabetes Treatment Guide-
line despite being on medication, other than
SGLT2 inhibitors, with diet and physical ther-
apy or only being on diet and physical therapy
for at least 12 weeks; (2) no changes in antidia-
betic, antithrombotic, antihypertensive medi-
cation or a therapeutic agent for dyslipidemia
for at least 12 weeks before signing their con-
sent form; (3) 30–74 years old; (4) being able to
provide informed consent.

Exclusion criteria were (1) type 1 or sec-
ondary diabetes; (2) being within the perioper-
ative period or experiencing a serious infection
or injury; (3) a history of myocardial infarction,
angina, stroke, or cerebral infarction; (4) severe
renal dysfunction; (5) serious liver functional
impairment; (6) moderate-to-severe heart fail-
ure; (7) urinary tract or genital infection; (8)
pregnant, possibly pregnant, nursing, or plan-
ning to conceive a child; (9) history of hyper-
sensitivity to the study drug; (10) present or past
history of a malignant tumor (exceptions:
patients who were not on medication for
malignant tumor and those who exhibited no
recurrence of the disease without recurrence
risks during this study were allowed to partici-
pate); (11) patients prohibited from using tofo-
gliflozin; (12) other ineligibility, as determined
by an investigator. (Detailed criteria are pre-
sented in the Supplementary Material)
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A total of 340 participants with T2DM, free
of apparent cardiovascular disease (CVD), were
randomly and equally assigned to the tofogli-
flozin treatment group (20 mg of tofogliflozin
once daily, n = 169) or the conventional treat-
ment group that received drugs other than
SGLT2 inhibitors (n = 171). Randomization was
performed using a dynamic allocation method
based on insulin use/non-use, age, and sex. In
all patients, treatment was continued for
achievement of the target values specified in the
Treatment Guide for Diabetes edited by The
Japan Diabetes Society (detailed information
provided in the Supplementary Material) [23].
In the conventional treatment group, use of
antidiabetic agents other than SGLT2 inhibitors
was permitted: the dosage of current agents
could be increased, and the addition of an
alternative antidiabetic agent other than SGLT2
inhibitors was allowed 12 weeks after random-
ization. In the tofogliflozin group, 20 mg of
tofogliflozin once daily was initiated in addition
to ongoing therapy. However, the addition of
an alternative antidiabetic agent (excluding
another SGLT2 inhibitor) was permitted
12 weeks after randomization. The use of anti-
hyperlipidemic and antihypertensive drugs was
allowed during the study.

Among the 340 patients in the original
UTOPIA study, a total of 252 patients (127 of
the tofogliflozin and 125 of the conventional
treatment group, respectively) completed the
DTR-QOL questionnaire at baseline, and they
were the study subjects of the current subanal-
ysis. There were significant differences in cer-
tain variables, such as total and HDL-cholesterol
and use of metformin, glucagon-like peptide 1
receptor (GLP-1R) agonists, and lipid-lowering
agents, between the patients who completed
the DTR-QOL at baseline (n = 252) and those
who did not (n = 88) (Supplementary Material
Table S1).

Compliance with Ethics Guidelines

The protocol was approved by the Osaka
University Clinical Research Review Committee
(IRB15000038, approval number 14386, date of
approval 23 April 2015) and the institutional

review board of each participating institution
according to the Ethical Guidelines for Medical
and Health Research Involving Human Subjects
issued by the Ministry of Health, Labour and
Welfare in Japan. (List of IRBs is presented in
the Supplementary Material.) Following
enforcement of the Clinical Trials Act in April
2018, this study and its protocols were again
inspected and approved by the Osaka University
Clinical Research Review Committee (approval
number N18007, date of approval 7 August
2019), which had obtained certification from
the Minister of Health, Labour and Welfare in
Japan (CRB5180007). The study was conducted
in accordance with the Declaration of Helsinki,
Ethical Guidelines for Medical and Health
Research Involving Human Subject, the Clinical
Trials Act, and other current legal regulations in
Japan. Written informed consent was obtained
from all participants after a full explanation of
the study.

Diabetes Therapy-Related QOL
Questionnaire (DTR-QOL)7

The DTR-QOL developed by Ishii is a reliable
and valid questionnaire, which is a 29-item,
self-administered assessment with four primary
factors, presented in Japanese [20]. In the cur-
rent study, we used the DTR-QOL7, a short
version of the original DTR-QOL, which con-
sisted of seven questions selected from original
29 items [24]. The items included are shown in
Table 1. The response to each question consists
of a 7-point Likert-type scale that ranges from 1
(strongly agree) to 7 (strongly disagree). The
scales of Q5, Q6, and Q7 were reversed so that 7
represented the highest QOL score. The DTR-
QOL7 was developed because of practical con-
straints, using data obtained from subjects with
T2DM but without apparent history of CVD
[24]. Although the method of selecting seven
questions from the original 29 items was not
based on a technical or statistical rationale, we
previously confirmed that all six items other
than Q2 appeared to be included in the same
domain, which suggested that the structure of
the DTR-QOL7 was relatively consistent [24].
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The total score, after simple addition of the
item scores except the Q2 score, was converted
to 0–100 (best-case response = 100; worst-case
response = 0). This total score had a high
internal consistency based on Cronbach’s alpha
coefficients, and they were highly associated
with the total scores of the original 29 items
[24]. The Q2 score, which reflected weight gain
with treatment, was separately evaluated. Each
subject filled out the questionnaire and directly
mailed it to the data center so that the
researchers were blind to the answers. We trea-
ted the missing values according to the original
DTR-QOL [20].

The DTR-QOL7 was evaluated at baseline,
week 26, week 52, and week 104.

Biochemical Tests and Safety Evaluation

Blood samples were collected after overnight
fasting. HbA1c, glucose, insulin, serum lipids,
and creatinine were measured using standard
techniques. Urinary albumin excretion was
measured using the improved bromocresol
purple method using a spot urine sample. The
estimated glomerular filtration rate (eGFR) was
calculated using the following formula: eGFR
(mL/min per 1.73 m2) = 194 9 age - 0.287 9

serum creatinine - 0.1094 (9 0.739 for

women) [25]. All adverse events (AEs) were
recorded during the study. AEs were defined as
any untoward medical occurrence in a clinical
trial subject administered a medicinal product
that was not necessarily related to this treat-
ment. The details and incidence of all AEs were
periodically ascertained. On the basis of
the intention to treat the entire population,
the safety was evaluated through recording the
AEs.

Statistical Analysis

Results were presented as the mean ± SD,
median and interquartile range (quantile 1 and
quantile 3), or number (proportion) of patients.
Baseline and follow-up group comparisons were
assessed with the Student’s t test or Wilcoxon’s
rank sum test for continuous variables and
Fisher’s exact test for categorical variables.
Changes from the baseline to treatment visits
were assessed using the one-sample t test or
Wilcoxon signed-rank test within the group.
Differences in delta change in the QOL scores
from baseline to weeks 52 and 104 between the
groups at each visit (treatment effect) were
analyzed using Wilcoxon’s rank sum test. The
correlation between delta changes in the total
scores of DTR-QOL7, and delta changes in cer-
tain parameters from baseline to week 104 were
evaluated by Spearman’s rank correlation coef-
ficient. All statistical tests were two-sided with
5% significance level. All analyses were per-
formed using the SAS software version 9.4 (SAS
Institute, Cary, NC).

RESULTS

Baseline Characteristics

The tofogliflozin (n = 127) and conventional
treatment groups (n = 125) exhibited almost
comparable baseline clinical characteristics,
while the use of antihypertensive drugs and
lipid-lowering agents were significantly lower in
the tofogliflozin treatment group than in the
conventional treatment group (Table 2).

Table 1 DTQ-QOL7 questionnaire

Q1. I am constantly concerned about time to manage

my current diabetes treatment

Q2. I am bothered by weight gain with my current

diabetes treatment

Q3. I am sometimes bothered by low blood glucose

Q4. I am worried about high blood glucose

Q5. Overall, I am satisfied with my current blood sugar

control

Q6. With my current diabetes treatment, I am

confident that I can maintain good blood glucose

control

Q7. With regard to diabetes treatment, I am satisfied

with current treatment methods

2504 Diabetes Ther (2021) 12:2499–2515



Table 2 Baseline clinical characteristics of patients in both treatment groups

Parameters Tofogliflozin group (n = 127) Conventional group (n = 125) P value

Sex (male) (%) 79 (62.2) 73 (58.4) 0.54

Age (years) 61.4 ± 9.8 62.0 ± 9.3 0.63

Current smoking 28 (22.0) 21 (16.8) 0.29

Body mass index (kg/m2) 26.9 ± 6.2 26.8 ± 4.6 0.89

Waist circumference (cm) 93.0 ± 13.5 (n = 119) 93.3 ± 11.6 (n = 117) 0.86

Duration of diabetes (years) 12.1 ± 8.3 13.0 ± 8.8 0.39

HbA1c (%) 7.4 ± 0.7 7.3 ± 0.7 0.45

Fasting blood glucose (mmol/L) 7.8 ± 1.7 7.9 ± 1.8 0.55

C-peptide (ng/mL) 1.91 ± 1.24 1.95 ± 1.04 0.82

Hypertension 63 (49.6) 77 (61.6) 0.09

Systolic blood pressure (mmHg) 133.2 ± 14.4 (n = 125) 134.3 ± 17.9 (n = 122) 0.62

Diastolic blood pressure (mmHg) 77.3 ± 10.5 (n = 125) 78.8 ± 11.2 (n = 122) 0.28

Dyslipidemia 76 (59.8) 85 (68.0) 0.18

Total cholesterol (mmol/L) 5.03 ± 0.77 (n = 125) 4.98 ± 0.77 (n = 123) 0.65

LDL cholesterol (mmol/L) 114.3 ± 27.4 (n = 126) 114.2 ± 24.8 (n = 124) 0.96

HDL cholesterol (mmol/L) 1.41 ± 0.37 1.37 ± 0.32 0.35

Triglyceride (mmol/L) 1.24 (0.93, 1.96) 1.46 [1.04, 1.87] 0.10

Diabetic retinopathy 22 (17.5) 25 (20.2) 0.58

eGFR (mL/min/1.73 m2) 81.8 ± 22.1 (n = 126) 82.1 ± 25.9 (n = 124) 0.92

Urinary albumin excretion (mg/g/cre) 14.9 [6.3, 38.7] (n = 122) 17.7 [5.3, 69.4] (n = 123) 0.74

Diabetic nephropathy 38 (29.9)

(n = 126)

41 (32.8)

(n = 124)

0.62

Use of glucose-lowering agents 112 (88.2) 112 (89.6) 0.84

Use of antihypertensive drugs 56 (44.1) 72 (57.6) 0.033

Use of lipid-lowering agents 53 (41.7) 69 (55.2) 0.043

Use of antithrombotic agents 14 (11.0) 13 (10.4) 1.00

Data are presented as the number (%) of patients, mean ± standard deviation (SD) values, or median (25th and 75th
percentiles) values
HbA1c glycated hemoglobin, SD standard deviation, LDL low-density lipoprotein, HDL high-density lipoprotein
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Changes in Major Clinical Parameters

Post hoc between-group comparison of changes
in clinical parameters during the treatment
period were performed in 252 individuals who
completed the DTR-QOL questionnaire at the
baseline. Within 104 weeks, compared with the
conventional group, the tofogliflozin group
exhibited significantly greater reductions (value
at study end - value at the baseline) in HbA1c
(- 0.3 ± 0.7% vs. 0.1 ± 0.7%, P\0.001), fast-
ing blood glucose (- 0.7 ± 1.8 mmol/L vs.
0.2 ± 1.8 mmol/L, P\ 0.001), BMI (- 1.0 ±

1.3 kg/m2 vs. - 0.3 ± 1.1 kg/m2, P\0.001),
waist circumference (- 1.0 ± 6.2 cm vs.
1.8 ± 4.3 cm, P\0.001), systolic blood pres-
sure (- 5.1 ± 16.1 mmHg vs. 0.7 ± 19.2
mmHg, P = 0.014), and serum uric acid levels
(- 0.42 ± 0.84 mg/dL vs. 0.00 ± 0.76 mg/dL,
P\ 0.001). There was no significant difference
in other clinical parameters between the groups
(Supplementary Material Table S2).

During the study, concomitantly used
antidiabetic agents except for biguanides and
dipeptidyl peptidase 4 (DPP4) inhibitors were
balanced between the conventional and tofo-
gliflozin groups (Supplementary Material
Table S3). However, antihypertensive drugs,
especially angiotensin II receptor blockers, were
used significantly more in the conventional
group than in the tofogliflozin group during the
study (Supplementary Material Table S4).

During the study, 124 patients, 57 in the
tofogliflozin group and 67 in the conventional
group, developed AEs (44.9% vs. 53.6%,
P = 0.21); 39 patients, 17 in the tofogliflozin
group and 22 in the conventional group,
developed serious AEs (13.4% vs. 17.6%,
P = 0.39) (Supplementary Material Table S5). In
the tofogliflozin and conventional groups, 14
and 15 patients, respectively, exhibited hypo-
glycemic events (11.0% vs. 12.0%, P = 0.85);
however, none of the affected patients experi-
enced severe hypoglycemia.

Change in DTR-QOL7 Scores

Table 3 depicts the scores of DTR-QOL7 at each
point and changes from the baseline to

weeks 52 and 104. At baseline, there were no
differences in the total DTR-QOL7 scores and
each score of DTR-QOL7 Q1 to Q6 between the
two groups.

The total score DTR-QOL7 and each score of
DTR-QOL7 Q1, Q2, Q4, Q5, Q6, and Q7 were
significantly increased with the tofogliflozin
treatment. In contrast, the total score and score
for each questionnaire except Q2 did not
change with the conventional treatment. There
were significant differences in delta change in
the total score of DTR-QOL7 and each score of
DTR-QOL7 for Q4, Q5, Q6, and Q7 from the
baseline to week 104 between the treatment
groups (P\ 0.001,\ 0.005,\ 0.001,\ 0.001,
and\ 0.001, respectively).

Spearman’s correlation coefficient revealed
that the delta changes in HbA1c (q = - 0.30,
P\ 0.001), fasting blood glucose (q = - 0.16,
P = 0.031), BMI (q = - 0.19, P = 0.008), and
waist circumference (q = - 0.17, P = 0.024) at
week 104 were negatively correlated with delta
change in the total score for QOL7. Delta
change in the total score for QOL7 was signifi-
cantly greater in patients whose HbA1c at
week 104 was less than 7% (n = 84) compared to
those with at least 7% (n = 115) (8.3 [0.0, 19.4]
vs. 2.8 [8.3, 13.9], P = 0.007) (Supplementary
Material Table S6).

The occurrence or absence of AEs was not
associated with change in the total score of
QOL7 (q = - 0.07, P = 0.35). Additionally, the
occurrence of hypoglycemia was not associated
with a change in total score of QOL7 (q = 0.08,
P = 0.27). Changes in DTR-QOL during the
104-week study period were investigated
according to the treatment group among sub-
jects without AE during observation period,
those with AE but without SAE, and those with
SAEs. In the tofogliflozin group, the total score
of DTR-QOL7 was significantly increased in
subjects without AE (n = 55, 8.3 [0.0, 22.2]
(medians [range 25%, 75%]), P\0.001), those
with AE but without SAE (n = 35, 13.9 [0.0,
22.2], P\ 0.001), and those with SAEs (n = 12,
18.1 [0.0, 25.0], P = 0.016); and there was no
significant difference in the change in DTR-
QOL among these three subgroups. In contrast,
in the conventional treatment group, the total
score of DTR-QOL7 was significantly increased
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Table 3 Effect of each treatment on DTR-QOL7 scores

Variables Tofogliflozin group Conventional group P value
(intergroup)

Total

score

(except

Q2)

Baseline 58.3 [47.2, 69.4] (n = 127) 58.3 [47.2, 77.8] (n = 125) 0.34

Week 52 72.2 [58.3, 86.1] (n = 97) 61.1 [52.8, 75.0] (n = 102) 0.003

Week 104 70.8 [58.3, 86.1] (n = 102) 61.1 [52.8, 72.2] (n = 98) \ 0.001

Change from baseline

(week 52)

11.1 [2.8, 22.2] (n = 97)*** 2.8 [- 8.3, 11.1] (n = 102) \ 0.001

Change from baseline

(week 104)

9.7 [0.0, 22.2] (n = 102)*** 2.8 [- 8.3, 8.3] (n = 98) \ 0.001

Q1 score Baseline 5.0 [4.0, 7.0] (n = 127) 5.0 [4.0, 6.0] (n = 125) 0.92

Week 52 6.0 [4.0, 7.0] (n = 97) 6.0 [4.0, 6.0] (n = 101) 0.015

Week 104 6.0 [4.0, 7.0] (n = 102) 5.5 [4.0, 7.0] (n = 94) 0.039

Change from baseline

(week 52)

0.0 [0.0, 2.0] (n = 97)*** 0.0 [- 1.0, 1.0] (n = 101) 0.033

Change from baseline

(week 104)

0.0 [0.0, 1.0] (n = 102)** 0.0 [- 1.0, 1.0] (n = 94) 0.15

Q2 score Baseline 6.0 [4.0, 7.0] (n = 127) 5.0 [4.0, 7.0] (n = 125) 0.68

Week 52 6.0 [5.0, 7.0] (n = 97) 6.0 [4.0, 7.0] (n = 102) 0.011

Week 104 6.0 [5.0, 7.0] (n = 102) 6.0 [4.0, 7.0] (n = 94) 0.15

Change from baseline

(week 52)

0.0 [0.0, 2.0] (n = 97)*** 0.0 [0.0, 1.0] (n = 102) 0.10

Change from baseline

(week 104)

0.0 [0.0, 2.0] (n = 102)** 0.0 [0.0, 1.0] (n = 94)* 0.36

Q3 score Baseline 7.0 [6.0, 7.0] (n = 127) 7.0 [6.0, 7.0] (n = 125) 0.84

Week 52 7.0 [6.0, 7.0] (n = 97) 7.0 [5.0, 7.0] (n = 102) 0.89

Week 104 7.0 [6.0, 7.0] (n = 102) 7.0 [6.0, 7.0] (n = 94) 0.31

Change from baseline

(week 52)

0.0 [0.0, 1.0] (n = 97) 0.0 [0.0, 1.0] (n = 102) 0.29

Change from baseline

(week 104)

0.0 [- 1.0, 0.0] (n = 102) 0.0 [0.0, 0.0] (n = 94) 0.54
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Table 3 continued

Variables Tofogliflozin group Conventional group P value
(intergroup)

Q4 score Baseline 4.0 [2.0, 5.0] (n = 127) 4.0 [3.0, 5.0] (n = 125) 0.88

Week 52 5.0 [3.0, 6.0] (n = 97) 3.0 [3.0, 5.0] (n = 102) \ 0.001

Week 104 4.5 [3.0, 6.0] (n = 102) 4.0 [3.0, 5.0] (n = 98) 0.010

Change from baseline

(week 52)

1.0 [0.0, 3.0] (n = 97)*** 0.0 [- 1.0, 0.0] (n = 102) \ 0.001

Change from baseline

(week 104)

1.0 [- 1.0, 2.0] (n = 102)** 0.0 [- 1.0, 1.0] (n = 98) 0.005

Q5 score Baseline 4.0 [3.0, 5.0] (n = 127) 4.0 [3.0, 6.0] (n = 125) 0.50

Week 52 5.0 [3.0, 6.0] (n = 97) 4.0 [3.0, 6.0] (n = 102) 0.06

Week 104 5.0 [4.0, 6.0] (n = 101) 4.0 [3.0, 5.0] (n = 98) 0.024

Change from baseline

(week 52)

1.0 [0.0, 2.0] (n = 97)*** 0.0 [- 1.0, 1.0] (n = 102) 0.002

Change from baseline

(week 104)

0.0 [0.0, 2.0] (n = 101)*** 0.0 [- 1.0, 1.0] (n = 98) 0.025

Q6 score Baseline 4.0 [3.0, 5.0] (n = 127) 4.0 [4.0, 6.0] (n = 125) 0.09

Week 52 5.0 [4.0, 6.0] (n = 97) 4.0 [4.0, 6.0] (n = 102) 0.09

Week 104 5.0 [4.0, 6.0] (n = 102) 4.0 [4.0, 5.0] (n = 98) \ 0.001

Change from baseline

(week 52)

1.0 [0.0, 2.0] (n = 97)*** 0.0 [- 1.0, 1.0] (n = 102) 0.010

Change from baseline

(week 104)

1.0 [0.0, 2.0] (n = 102)*** 0.0 [- 1.0, 1.0] (n = 94) \ 0.001

Q7 score Baseline 4.0 [4.0, 6.0] (n = 127) 5.0 [4.0, 6.0] (n = 125) 0.011

Week 52 5.0 [4.0, 7.0] (n = 97) 5.0 [4.0, 7.0] (n = 102) 0.65

Week 104 6.0 [4.0, 7.0] (n = 102) 5.0 [4.0, 6.0] (n = 98) 0.046

Change from baseline

(week 52)

1.0 [0.0, 2.0] (n = 97)*** 0.0 [- 1.0, 1.0] (n = 102) 0.001

Change from baseline

(week 104)

1.0 [0.0, 2.0] (n = 102)*** 0.0 [1.0, 1.0] (n = 98) \ 0.001

Data are expressed as the medians [range 25%, 75%]
Change from baseline is shown as the change in actual value between the baseline and week 104
Changes from baseline to week 104 were assessed using Wilcoxon’s signed-rank test within the group. *P\ 0.05,
**P\ 0.01, ***P\ 0.001
Differences in delta change in QOL scores from baseline to weeks 52 and 104 between the groups at each point (treatment
effect) were analyzed using Wilcoxon’s rank sum test
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in subjects without SAE (n = 44, 5.6 [2.8, 11.1],
P = 0.038) but not in those with AE but without
SAE (n = 39, - 2.8 [13.9, 8.3], P = 0.48) and in
those with SAEs (n = 15, 0.0 [13.9, 5.6],
P = 0.75); there was no significant difference in
the change in the total DTR-QOL7 score among
these three subgroups (Supplementary Material
Table S7).

DISCUSSION

In this study, tofogliflozin treatment increased
the score of DTR-QOL7 from the baseline, while
conventional treatment did not change it.
Indeed, there were significant differences in
delta change in the score of total DTR-QOL7
and more than half of the DTR-QOL7 compo-
nents from the baseline to week 104 between
the treatment groups. These results indicated
that tofogliflozin treatment exhibited more
favorable benefits than conventional treatment
for QOL in Japanese patients with T2DM.

Our finding was fundamentally consistent
with previous studies, which indicated the
beneficial effect of SGLT2 inhibitors on QOL
[9–12, 14]. Dapagliflozin significantly improved
treatment satisfaction in an open-label, single-
arm observational study, which included 221
Japanese patients with T2DM [11]. In a ran-
domized controlled trial that enrolled 253 drug-
naive Japanese patients with T2DM, dapagli-
flozin treatment exhibited a comparable or
more favorable benefit on patient QOL com-
pared with DPP4 inhibitor treatment [14]. In
addition, a pooled analysis of patient-reported
outcomes data from four randomized con-
trolled trials of canagliflozin, which primarily
consisted of Caucasians, suggested that cana-
gliflozin-treated patients generally showed
improved health-related QOL [12]. Interest-
ingly, Yoshikawa et al. reported that even
intermittent empagliflozin supplementation for
24 weeks improved treatment-related QOL in 50
patients with inadequately controlled T2DM
[10]. Bolge et al. evaluated the effect of cana-
gliflozin on patient satisfaction using an inter-
net-based questionnaire completed by
healthcare providers and concluded that
healthcare providers reported favorable

experiences with canagliflozin and witnessed
improvements in clinical outcomes and QOL of
the patients [9].

However, there are also a few studies which
did not clearly show the beneficial effect of the
SGLT2 inhibitor on QOL [8, 13]. A 24-week,
double-blind, randomized, placebo-controlled
study with a 78-week extension period to eval-
uate the effect of dapagliflozin in combination
with metformin revealed that patients main-
tained high QOL scores from baseline through
week 102 in both the dapagliflozin ? met-
formin group and the placebo ? metformin
group; there were no significant differences in
the QOL scores between the two treatment
groups [8]. Al-Taie et al. performed a cross-sec-
tional study that included 170 patients with
T2DM and reported that there was no statisti-
cally significant difference in the World Health
Organization QOL scores between the group
treated with SGLT2 inhibitors and the group
that was not treated with SGLT2 inhibitors [13].

Interestingly, tofogliflozin treatment signifi-
cantly improved HbA1c and fasting plasma
glucose levels (Supplementary Material
Table S2) and there was a significant association
between the decrease in HbA1c and fasting
plasma glucose and delta change in total DTR-
QOL7 scores during the treatment period. Thus,
it may be reasonable to conclude that tofogli-
flozin treatment led to beneficial effects on
patient QOL, at least partially, via improvement
of glycemic control. Such an idea is consistent
with previous reports that demonstrated the
association of glycemic control with higher
treatment-related QOL [11, 14, 20, 26, 27].

The present study showed that the Q2 score,
which reflects the extent to which the patient is
bothered by weight gain, was improved in the
tofogliflozin group (Table 3). Indeed, tofogli-
flozin treatment significantly decreased body
weight and waist circumference (Supplemen-
tary Material Table S2), and there was a signifi-
cant association between the decrease in BMI
and waist circumference and delta change in
total DTR-QOL7 scores. The favorable effects of
tofogliflozin on body weight may have con-
tributed to the improvement in patient QOL,
since it is generally believed that treatment-
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induced weight loss positively affects QOL
[11, 14, 28–32].

The association between occurrence of AEs
and change in QOL7 should be considered,
since AEs negatively affect patient QOL [33, 34].
Previous studies on tofogliflozin and other
SGLT2 inhibitors revealed that SGLT2 inhibitors
did not elevate the risk for hypoglycemia com-
pared with conventional treatment [3–5, 16].
The present study additionally showed that
tofogliflozin treatment did not alter the risk of
hypoglycemia compared with conventional
treatment. It is reasonable that tofogliflozin
treatment did not affect the score of Q3, which
reflects the extent to which the patient is
bothered by hypoglycemia.

A combined phase 2 and 3 randomized, pla-
cebo-controlled, double-blind, parallel-group
comparative study revealed that the main AEs
observed in subjects treated with tofogliflozin
were hyperketonemia, ketonuria, and pollaki-
uria; however, most adverse events were classi-
fied as mild or moderate in severity [16]. In the
present study, there was no significant differ-
ence in the occurrence of AEs between the
treatment groups. Interestingly, the total score
of DTR-QOL7 was significantly improved in the
tofogliflozin group irrespective of the occur-
rence or severity of AEs. In contrast, in the
conventional treatment group, the total score of
DTR-QOL7 was significantly increased in
patients who did not experience any AE but not
in those who experienced mild AEs and SAEs.
These results indicated that the QOL deteriora-
tion related to AE might have been masked by
the favorable effects produced by tofogliflozin
treatment.

Thus, findings from previous studies and
ours suggested that improvement in DTR-QOL
under tofogliflozin treatment could be depen-
dent, at least partially, on the improvement in
glycemic control and body weight loss.

The present study has certain limitations.
First, this study was not a double-blind, pla-
cebo-controlled trial but rather a prospective,
randomized study with open-label medications
and blinded endpoint. Although the endpoint
determination was blinded and conducted by

expert committees, the medications were open
label, which may induce unexpected bias. Fur-
thermore, it is possible that the administration
of additional antidiabetic, antilipidemic, and
antihypertensive agents, which was more fre-
quent in the control group at baseline and
during the treatment periods (Supplementary
Material Tables S3 and S4), may have affected
the outcomes. Second, the study was a sub-
analysis, where a relatively small number of
subjects were included from the original study,
because the questionnaire was completed on a
voluntary basis. There were significant differ-
ences in certain variables at baseline between
those who underwent DTR-QOL questionnaire
and those who did not (Supplementary Material
Table S1), which was not irrelevant to bias.
Therefore, results should be interpreted with
caution and further investigation in a large-
scale study that uses changes in treatment-re-
lated QOL over time as the primary outcome is
required. This may cause a selection bias. Third,
we evaluated treatment-related QOL only by
DTR-QOL7. The small number of questions is a
weakness in terms of evaluating a wide range of
influences of diabetes treatment on QOL.
Fourth, in this study, the association between
QOL and the occurrence of AEs as two cate-
gories (e.g., AE(?) or AE(-) during the 104-week
study period) was evaluated; however, the time
to onset of AEs was not considered. Therefore,
the correlation between AEs and QOL might be
overestimated or underestimated. Finally, mul-
tiple statistical analyses were performed on
these subjects, which would generate false pos-
itive results derived from multiple testing. Fur-
ther studies are required to confirm our
findings.

CONCLUSIONS

Our data indicated that tofogliflozin treatment
improved treatment-related QOL compared to
conventional treatment in Japanese patients
with type 2 diabetes, in association with body
weight loss and improvement of glycemic
control.
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explanation of the study.

Data Availability. The datasets generated
during and/or analyzed during the current
study are available from the corresponding
author on reasonable request.
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