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ABSTRACT
Aims/Introduction: We compared treatment satisfaction in type 2 diabetes patients
taking daily and weekly glucagon-like peptide-1 receptor agonists.
Materials and Methods: The study was a 12-week, multicenter, open-label, prospec-
tive, randomized, parallel-group comparison trial. The participants were Japanese patients
with type 2 diabetes being administered with the glucagon-like peptide-1 receptor ago-
nist, liraglutide, daily for >3 months. Patients were randomly assigned to either continue
taking liraglutide once daily (Lira group) or switch to dulaglutide once weekly (Dula
group). The primary outcome was the change in the Diabetes Treatment Satisfaction
Questionnaire score from baseline to week 12 in the two groups. The secondary out-
comes comprised changes in the Diabetes Therapy-Related Quality of Life score, body
mass and glycemic control.
Results: A total of 33 participants were initially enrolled in the trial, and 31 participants
completed the protocol. The change in the Diabetes Treatment Satisfaction Questionnaire
score in the Dula group was significantly greater than that in the Lira group (+0.1 – 4.7 in
the Lira group vs +4.9 – 5.2 in the Dula group; P = 0.013). The change in Diabetes Ther-
apy-Related Quality of Life score in the Dula group was significantly greater than that in
the Lira group (-3.7 – 6.9 vs +8.9 – 15.1; P = 0.007). There were no significant differences
between groups in the changes in body mass, plasma glucose or glycated hemoglobin.
Conclusions: Weekly administration of dulaglutide was superior to liraglutide with
regard to treatment satisfaction in patients with type 2 diabetes, in the absence of any
negative effect on glycemic control.

INTRODUCTION
The primary goal of diabetes treatment is to prolong the lifes-
pan of patients and to maintain their quality of life (QOL) by
preventing diabetes-related complications. To achieve this goal,
patients need to maintain good glycemic and metabolic control,
while also being satisfied with the treatment. Patients who are
dissatisfied with their treatment are less likely to maintain their

treatment1, and non-compliance with treatments for type 2 dia-
betes can result in poor glycemic control2.
Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) are

administered by injection, and improve glycemic control, blood
pressure and lipid profile, while reducing body mass in type 2
diabetes patients3. Several previous studies have shown that
patients who are receiving GLP-1 RAs show better compliance
with therapy than those receiving insulin glargine4,5.
Dulaglutide is a long-acting GLP-1 RA that is administered

once weekly, and a dose of 0.75 mg was recently approved forReceived 16 February 2018; revised 16 July 2018; accepted 1 August 2018
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the treatment of type 2 diabetes in Japan6. When its efficacy
was tested at this dose in Japan, 0.9 mg liraglutide was equiva-
lent for the reduction of glycated hemoglobin (HbA1c) over
26 weeks, with acceptable safety and tolerance7. Although
dulaglutide is administered by injection, its use in injection-
na€ıve patients in clinical practice is likely to be better accepted
than GLP-1 RAs that are administered daily, because the
required frequency of injection is less (once a week)8. Further-
more, the needle is pre-attached by the manufacturer, for the
convenience of the patients. Thus, the use of dulaglutide makes
the induction of injection therapy easier for patients with type
2 diabetes, and the number of users is rapidly growing in
Japan. However, it has not been established whether patient sat-
isfaction and QOL are improved by switching to dulaglutide
from daily GLP-1 RA administration if the patients are already
used to daily injections.
To address this issue, we initiated a multicenter randomized

control trial to compare satisfaction and QOL in patients who
had been treated with liraglutide daily for >3 months and were
then either switched to weekly dulaglutide therapy or remained
on daily liraglutide therapy. To evaluate treatment satisfaction,
we used two methods: the Diabetes Treatment Satisfaction
Questionnaire (DTSQ), which is one of the most common
questionnaires used worldwide, and the Diabetes Therapy-
Related Quality of Life (DTR-QOL) questionnaire, which has
been recently developed and its reliability and validity con-
firmed in the previous studies9–11.

METHODS
Protocol
The study was a 12-week, multicenter, open-label, prospective,
randomized, parallel-group comparison trial that was carried
out at six medical institutions (Hokkaido University Hospital,
Tomakomai City Hospital, Kushiro Red Cross Hospital, Manda
Memorial Hospital, Kurihara Clinic and Aoki Clinic). Partici-
pants were Japanese patients with type 2 diabetes being treated
at these centers. After obtaining informed consent from the
patients, they were randomly assigned to either continue taking
liraglutide (Victoza�; Novo Nordisk Pharma, Copenhagen,
Denmark) once daily before breakfast (Lira group) or switch to
weekly administration of dulaglutide (Trulicity�; Eli Lilly, Indi-
anapolis, IN, USA and Sumitomo Dainippon Pharma Co., Ltd,
Osaka, Japan; Dula group). Randomization of patients and allo-
cation to each treatment group were carried out using a central
computer-based randomization system. Patients were stratified
by screening age (<65 or ≥65 years), HbA1c (<7.5 or ≥7.5%)
and body mass index (<25 or ≥25 kg/m2).

Study population
Japanese patients with type 2 diabetes were recruited into the
trial between December 2016 and April 2017. Signed informed
consent was obtained from all the participants. The inclusion
criteria were as follows: patients with type 2 diabetes receiving
0.9 mg liraglutide for >3 months, in addition to diet and

exercise therapy; age ≥20 years; and HbA1c ≥6.0 and <9.0%.
The exclusion criteria were as follows: type 1 diabetes, diabetic
ketosis or coma, pregnancy or lactation, current steroid therapy,
severe liver or renal dysfunction, hypersensitivity to dulaglutide,
current weekly GLP-1 RA therapy, serious infection or trauma
and scheduled surgery during the study.
Patients in the Lira group continued 0.9 mg liraglutide

throughout the study, whereas those in the Dula group discon-
tinued liraglutide and started 0.75 mg dulaglutide. For patients
who were also receiving insulin injection therapy, insulin doses
were adjusted at every clinic visit by the attending physician,
based on self-measured fasting blood glucose (target 100–
120 mg/dL). During the study period, diet and exercise therapy
were continued. Adverse effects, such as hypoglycemia or gas-
trointestinal symptoms, were monitored during the trial. Hypo-
glycemia was defined as blood glucose <70 mg/dL or the
presence of symptoms of hypoglycemia.
The primary outcome was the change in the DTSQ score

from baseline to week 12, which was compared between the
two groups. The DTSQ is a self-administered questionnaire that
assesses patient-reported outcomes9. The DTSQ includes eight
items, and responses are scored on a 7-point scale, from +6 to
0. The scores of six items of the DTSQ (current treatment, con-
venience, flexibility, understanding, recommend and continue)
were added together to give the overall treatment satisfaction
score (range +36–0), with higher scores denoting greater treat-
ment satisfaction. In addition, the perceived frequencies of
hyperglycemia and hypoglycemia are assessed in the DTSQ,
rated on a scale of +6 (“Most of the time”) to 0 (“Never”).
Patients completed a Japanese version of the DTSQ at baseline
and in week 1210.
The secondary outcomes comprised changes in DTR-QOL

score, body mass, plasma glucose and HbA1c, from baseline to
week 12 as well. The DTR-QOL was established by Ishii et al.11

to evaluate patient QOL in 1995. The DTR-QOL includes 29
items, and the responses are scored on a 7-point scale, from +7
to +1. The assessment contains four domains: domain 1, bur-
den on social activities and daily activities; domain 2, anxiety
and dissatisfaction with treatment; domain 3, hypoglycemia;
and domain 4, satisfaction with treatment. Total DTR-QOL
score and subscale scores were calculated using the following
equation and were converted to a score of 0 (representing the
poorest QOL) to 100 (representing perfect QOL), as described
previously11.

Statistical analysis
Based on a previous study, which investigated the improvement
in DTSQ score after a reduction in the injection frequency12,
power calculations determined that a sample size of 14 individ-
uals per group was required to have at least 80% power to
detect a difference between treatments. P < 0.05 was considered
statistically significant. All tests were two-sided. Assuming a
dropout rate of 10%, the sample size was set at 16 patients per
group. The results are expressed as mean – standard deviation.
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Differences between the two groups were analyzed for statistical
significance using the unpaired t-test or Mann–Whitney U-test.
As the primary outcome of DTSQ total score was shown to be
normally distributed in the Shapiro–Wilk test, an unpaired
t-test was used to compare changes in DTSQ total score. Corre-
lation coefficients were calculated using Spearman’s rank-order
correlation. We analyzed using JMP 13 (SAS Institute Inc.,
Cary, NC, USA).

Ethics statement
This research protocol was approved by the institutional review
board of Hokkaido University Hospital Clinical Research and
Medical Innovation Center (701-7636), and conformed to the
provisions of the Declaration of Helsinki (as revised in For-
taleza, Brazil, in October 2013). The research was registered at
the University Hospital Medical Information Network Center
under the identifier UMIN 000024552.

RESULTS
Patient enrollment and baseline characteristics
A total of 33 participants (15 men and 18 women) were ran-
domly assigned to the Lira group or the Dula group, and 31
participants completed the protocol (Lira group: 15 partici-
pants; Dula group: 16 participants). Treatment was

discontinued in two participants (one per group) because they
were lost to follow up (Figure 1). There were no statistically
significant differences between the baseline characteristics of
the participants in both groups (Table 1). Baseline DTSQ and
DTR-QOL scores were also comparable between the two
groups.

Changes in DTSQ and DTR-QOL scores
Patient-reported outcome measures were assessed in all 31 par-
ticipants (15 men and 16 women). As shown in Table 2, the
change in the overall DTSQ score in the Dula group was signif-
icantly greater than the change in the Lira group at week 12
(+0.1 – 4.7 in the Lira group vs +4.9 – 5.2 in the Dula group;
P = 0.013). Among the subscale scores, changes in scores for
‘Convenience’ and ‘Flexibility’ were significantly greater in the
Dula group than in the Lira group (P = 0.001 and P = 0.014,
respectively). Changes in the score for ‘Understanding’ tended
to be greater in the Dula group than in the Lira group, but this
did not reach significance (Table 2). Interestingly, changes in
scores for No. 2 ‘Frequency of hyperglycemia’ tended to be
lower in the Dula group than in the Lira group (+0.5 – 1.8 in
the Lira group vs -0.6 – 1.4 in the Dula group; P = 0.069)
(Table 2), although HbA1c was not improved (Table 3). This
implies that patients in the Dula group tended to feel that they

33 participants
assessed for eligibility

0 participant excluded

1 participant excluded
- Lost to follow-up

1 participant excluded
- Lost to follow-up

33 participants randomized

15 participants completed
12-week follow-up observation

16 participants completed
12-week follow-up observation

Weekly GLP-1 receptor agonist group
17 participants

Daily GLP-1 receptor agonist group
16 participants

Figure 1 | Study protocol. Patients were allocated to one of two groups and either continued taking daily the glucagon-like peptide-1 (GLP-1)
receptor agonist, liraglutide, or switched from taking liraglutide daily to taking the GLP-1 receptor agonist, dulaglutide, weekly.
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had better glycemic control, because lower scores are preferable
for question No. 2.
The change in overall DTR-QOL score was significantly

greater than the change in the Lira group at week 12
(-3.7 – 6.9 in the Lira group vs +8.9 – 15.1 in the Dula group;
P = 0.007). Among the subscale scores, changes in scores for
domain 1 (burden of social activities/personal activities) and
domain 2 (anxiety and dissatisfaction with treatment) were sig-
nificantly better in the Dula group than in the Lira group
(P = 0.024 and P = 0.036, respectively). There was no signifi-
cant difference in the changes in domain 3 (hypoglycemia)
scores between the groups. Changes in domain 4 (satisfaction
with treatment) scores tended to be greater in the Dula group
than in the Lira group (P = 0.16; Table 2).

Treatment satisfaction and the clinical characteristics
Relationships between the treatment satisfaction and the clinical
characteristics were investigated in order to show the factors
influencing patient satisfaction (Table 4). However, no correla-
tions were found between the changes in DTSQ total score and

the baseline characteristics or the variables in the Dula group.
In the present study, half of the participants were using insulin
injection therapy concomitantly, and these individuals were
allocated equally to each group. For patients who were injecting
insulin daily, we speculated that QOL might not be improved
significantly by switching their GLP-1 RA injection to a weekly
regimen. To test this possibility, we compared the DTSQ and
DTR-QOL scores for patients who were or were not injecting
insulin in the Dula group. There were no differences in these
scores between patients receiving insulin injections and those
who were not, although the number of patients receiving insu-
lin in the present study might have been insufficient for com-
parison.

DISCUSSION
Patient satisfaction is an important outcome in drug treatment,
because it provides an indication of compliance with therapy1.
We compared the satisfaction with treatment in Japanese
patients with type 2 diabetes taking GLP-1 RAs daily or weekly
using the DTSQ and DTR-QOL. This is the first investigator-

Table 1 | Baseline characteristics of the participants

Total Lira group Dula group P-value

n 33 16 17
Age (years) 62.0 – 11.8 61.2 – 12.8 62.7 – 11.2 0.72
Sex (female/male) 18/15 8/8 10/7 0.73
Work on weekdays (yes/no) 17/16 8/8 9/8 1.00
Bodyweight (kg) 70.9 – 15.2 70.7 – 11.9 71.2 – 18.1 0.93
Duration of diabetes (years) 18.6 – 10.1 18.5 – 9.8 18.6 – 10.6 0.86
Plasma glucose (mg/dL) 164.8 – 58.4 156.3 – 54.0 172.8 – 62.9 0.40
HbA1c (%) 7.6 – 0.7 7.4 – 0.5 7.7 – 0.8 0.14
No. concomitant medicine 2.4 – 1.0 2.3 – 1.2 2.4 – 0.9 0.82
Oral hypoglycemic agents
Metformin (%) 78.8 68.8 88.2 0.22
Sulfonylurea (%) 33.3 18.8 47.1 0.14
Glinide (%) 15.2 18.8 11.8 0.66
Thiazolidinediones (%) 6.1 12.5 0.0 0.23
a-Glucosidase inhibitor (%) 21.2 25.0 17.6 0.69
SGLT2 inhibitor (%) 27.3 37.5 17.6 0.26

Insulin therapy (%) 54.5 50.0 58.8 0.73
ALT (U/L) 27.2 – 15.9 23.1 – 12.1 31.2 – 18.2 0.36
Cr (mg/dL) 0.88 – 0.28 0.95 – 0.34 0.82 – 0.21 0.18
Week 0 DTSQ score
Treatment satisfaction 24.7 – 6.8 26.0 – 7.9 23.5 – 5.6 0.29
Frequency of hyperglycemia and hypoglycemia 5.1 – 2.2 5.2 – 1.9 4.9 – 2.5 0.75

Week 0 DTR-QOL score
Total score 62.4 – 17.6 65.9 – 18.0 59.2 – 17.0 0.28

Subscale score
Domain 1 67.4 – 21.6 69.8 – 22.2 65.2 – 21.4 0.55
Domain 2 53.4 – 23.6 59.8 – 23.5 47.4 – 22.6 0.13
Domain 3 72.1 – 29.3 75.0 – 30.7 69.4 – 28.6 0.53
Domain 4 55.6 – 16.8 56.5 – 15.4 54.7 – 18.4 0.42

Data are mean – standard deviation. The P-value for the comparison of the liraglutide- and dulaglutide-treated groups is stated. ALT, alanine
aminotransferase; AST, aspartate aminotransferase; DTR-QOL, Diabetes Therapy-Related Quality of Life; DTSQ, Diabetes Treatment Satisfaction
Questionnaire; HbA1c, glycated hemoglobin; SGLT2, sodium glucose cotransporter 2.
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initiated randomized control study to primarily investigate
treatment satisfaction with weekly administration of the GLP-1
RA, dulaglutide, which was recently approved for clinical use in
Japan. The present study shows that the improvement in the
DTSQ score was significantly greater when patients were
switched from liraglutide to dulaglutide. Similar results were
reported for the use of exenatide using the DTSQ13. In the pre-
sent study, the administration of exenatide once a week resulted
in significantly greater satisfaction in terms of reduction in
hyperglycemia and continuing treatment, compared with the
use of exenatide twice a day. The phase III clinical trial of
dulaglutide, Assessment of Weekly Administration of Dulaglu-
tide in Diabetes (AWARD), showed a great improvement in

treatment satisfaction using various types of questionnaires14.
The DTSQ was used as a secondary outcome in AWARD-1
and AWARD-3, in which twice-daily exenatide or metformin,
respectively, were compared with dulaglutide. Significantly
greater improvements were observed on the DTSQ (total score
and/or hyperglycemia subscale) in the dulaglutide arm
compared with both alternative therapies. However, the use of
1.5-mg dulaglutide was not associated with a significant
improvement on the questionnaires compared with the use of
1.8-mg liraglutide in AWARD-6. In the present study, the
impact of weight on self-perception, the ability to carry out
physical activities of daily living and EuroQol 5 dimensions
were used to evaluate patient satisfaction, instead of the DTSQ.

Table 2 | Changes in Diabetes Treatment Satisfaction Questionnaire and Diabetes Therapy-Related Quality of Life from baseline to week 12

Lira group (n = 15) Dula group (n = 16) P-value

Previous score Changes Previous score Changes

DTSQ score
Treatment satisfaction 25.7 – 8.1 0.1 – 4.7 23.1 – 5.6 4.9 – 5.2 0.013
Frequency of hyperglycemia and hypoglycemia 5.1 – 2.0 -0.5 – 1.8 4.9 – 2.6 -1.1 – 1.7 0.40
Subscale score
No. 1 Current treatment 4.7 – 1.3 -0.07 – 0.96 4.4 – 1.2 0.0 – 1.5 0.89
No. 2 Frequency of hyperglycemia 2.9 – 1.6 0.5 – 1.8 3.6 – 1.8 -0.6 – 1.4 0.069
No. 3 Frequency of hypoglycemia 2.3 – 2.1 -1.1 – 2.1 1.3 – 1.6 -0.5 – 1.5 0.66
No. 4 Convenience 4.1 – 1.5 0.2 – 1.1 3.4 – 1.5 1.8 – 1.3 0.001
No. 5 Flexibility 4.0 – 1.7 0.07 – 1.10 3.6 – 1.6 1.3 – 1.4 0.014
No. 6 Understanding 4.3 – 1.4 -0.3 – 1.1 4.0 – 1.1 0.6 – 1.2 0.079
No. 7 Recommend 4.1 – 1.8 0.2 – 1.3 3.9 – 1.7 0.6 – 1.3 0.38
No. 8 Continue 4.4 – 1.4 0.07 – 1.03 3.8 – 1.1 0.7 – 1.1 0.21

DTR-QOL score
Total score 63.5 – 18.0 -3.7 – 6.9 57.1 – 16.2 8.9 – 15.1 0.007
Subscale score
Domain 1 68.2 – 22.0 -1.5 – 9.6 63.7 – 21.3 9.3 – 20.0 0.024
Domain 2 61.4 – 23.4 -8.8 – 13.9 46.9 – 23.2 12.1 – 27.8 0.036
Domain 3 73.3 – 31.0 -1.4 – 16.2 67.4 – 28.4 5.2 – 19.0 0.29
Domain 4 57.2 – 15.6 -3.3 – 18.8 54.4 – 19.0 4.7 – 24.4 0.16

Data are mean – standard deviation. The P-value for the comparison of the liraglutide- and dulaglutide-treated groups is stated. DTR-QOL, Diabetes
Therapy-Related Quality of Life; DTSQ, Diabetes Treatment Satisfaction Questionnaire.

Table 3 | Changes in secondary outcomes between baseline and
week 12

Lira group Dula group P-value

DBodyweight (kg) -0.30 (-1.20, 0.80) 0.65 (-0.20, 1.08) 0.18
DPlasma glucose
(mg/dL)

3.0 (-7.0, 17.0) -25.5 (-64.3, 26.8) 0.57

DHbA1c (%) 0.05 – 0.41 0.00 – 0.68 0.82
DALT (U/L) -1.0 (-5.0, 1.0) -3.0 (-7.0, 1.0) 0.62

Data are mean – standard deviation or median (range). The P-values
given were generated using unpaired t-tests or Wilcoxon U tests. ALT,
alanine aminotransferase; Dula group; patients who switched to
dulaglutide once weekly; HbA1c, glycated hemoglobin; Lira group,
patients who continued taking liraglutide once daily.

Table 4 | Relationship between changes in the Diabetes Treatment
Satisfaction Questionnaire total score of the patients who switched to
dulaglutide once weekly and other variables

q P-value

Age (years) -0.30 0.26
Disease duration (years) -0.17 0.51
No. concomitant medicine (n) -0.21 0.44
Week 0 body mass index (kg/m2) 0.058 0.83
Mean changes in body mass index (kg/m2) 0.077 0.78
Week 0 HbA1c levels (%) 0.24 0.36
Mean changes in HbA1c levels (%) -0.16 0.54

The correlation coefficients were analyzed using Spearman’s rank-order
correlation. HbA1c, glycated hemoglobin.
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These studies were subanalyses of the dulaglutide phase III clin-
ical trial carried out by the company, which differ from the
present study with regard to the use of injection-na€ıve patients,
and the assessment of glycemic control, weight loss, drug dose
and QOL.
There have been several studies of the treatment satisfaction

associated with injectable therapies for patients with type 2 dia-
betes13,15–18. We recently reported that a combined injection of
basal insulin and a GLP-1 RA improved the DTSQ score to a
greater extent than multiple daily insulin injections in patients
with type 2 diabetes19. When taken together, these findings sug-
gest that for injectable therapies, a lower injection frequency,
lower HbA1c and lower body mass were closely associated with
better treatment satisfaction in patients19–22. The present results
show that switching from liraglutide to dulaglutide did not alter
HbA1c or body mass (Table 3). This is consistent with the results
of the Japanese phase III trial of dulaglutide, which showed that
it was less effective than liraglutide at improving HbA1c and
body mass in patients with type 2 diabetes7. Therefore, switching
from liraglutide to dulaglutide could improve treatment satisfac-
tion independent of glycemic control and body mass.
The DTR-QOL is a recently developed questionnaire that

quantitatively evaluates patient QOL with respect to their dia-
betes treatment, which represents an additional factor to those
assessed in the DTSQ23. The present study showed that the
change in overall DTR-QOL, domain 1 and domain 2 scores
in the Dula group was significantly higher than in the Lira
group (P = 0.007, P = 0.024 and P = 0.036, respectively), and
that domain 3 and 4 scores did not observe statistical signifi-
cance between the two groups (P = 0.29 and P = 0.16, respec-
tively). It has also been previously reported that DTR-QOL
domain 1, 2 and 4 scores are significantly associated with phys-
ical activity level24.
To establish which subgroups of patients experienced an

improved QOL on switching from daily to weekly GLP-1 RA
therapy, we evaluated the associations between the DTSQ score
and the baseline characteristics of the patients or changes that
occurred during the study. However, none of these factors
directly correlated with the change in DTSQ total score
(Table 4). Consequently, we would not speculate which patients
might be most satisfied by switching them to a weekly regimen.
It is therefore important for us to inform all patients of the
existence of GLP-1 RAs that can be administered weekly and
discuss their appropriate use.
The adverse events associated with the treatments, such as

hypoglycemia and gastrointestinal symptoms, were rarely expe-
rienced during the present study and did not affect treatment
satisfaction levels. The reason for this is probably that the inci-
dences of hypoglycemia and gastrointestinal symptoms are sim-
ilar for patients in each group22.
The limitations of the present study were the relatively small

number of participants, the short duration and the lack of double
blinding. To address these potential issues, the present findings
need to be replicated in a longitudinal observation with a larger

population. This study involved switching medications, but the
possibility exists that the process of switching in itself conferred a
psychological advantage. A randomized controlled study should
therefore be carried out to investigate the treatment satisfaction
associated with both drugs in GLP-1 RA-na€ıve patients.
In conclusion, switching from daily use of the GLP-1 recep-

tor agonist, liraglutide, to weekly use of dulaglutide improved
patient satisfaction with their treatment, especially with regard
to convenience and flexibility, and this occurred independent of
changes in glycemic control or body mass in Japanese patients
with type 2 diabetes.
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