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ABSTRACT

Introduction: Glucagon-like peptide 1 (GLP-1)
receptor agonists (RAs) approved to date are
administered by injection; therefore, patient
perceptions of an oral GLP-1 RA are unknown.
This discrete choice experiment explored pref-
erences for (unbranded) oral and
injectable GLP-1 RA profiles among Japanese
patients with type 2 diabetes (T2D).
Methods: An online survey was designed using
literature reviewandqualitative interviewfindings,
and administered to Japanese patients with T2D

and HbA1c C 7.0% receiving oral antiglycaemic
medication (with no experience of
injectable antiglycaemic medication). Therapy
profiles were created using Japanese head-to-head
trialdata fororallyadministered semaglutide (7 mg
and 14mg), injectable dulaglutide (0.75 mg), and
injectable liraglutide (0.9 mg). Profiles were not
labelled. Choice tasks tested preference between
hypothetical profiles, preference between profiles
with actual trial data, and willingness to initiate
treatment. Relative importance of attributes was
determined using conditional logit regression.
Results: A total of 500 respondents were anal-
ysed: mean age 61.2 years; 93.8% male; mean
HbA1c 7.6%; 78.2% with HbA1c C 7.0 to\8%;
89% with HbA1c above personal target. Mean
BMI was 25.4 kg/m2; 49% had obesity (C 25 kg/
m2). The treatment attribute with greatest
importance was mode and frequency of admin-
istration (49.1%), followed by nausea risk
(30.8%), weight change (11.3%), and HbA1c

change (8.8%). Oral semaglutide 7 and 14 mg-
like profiles were both preferred: the 7 mg-like
profile was preferred over dulaglutide (by 91.0%
of respondents) and liraglutide (by 89.4%); the
14 mg-like profile was preferred over dulaglutide
(by 88.2%) and liraglutide (by 94.4%). Willing-
ness to initiate treatment was also higher for
orally administered semaglutide-like profiles:
62.4% with 7 mg and 64.0% with 14 mg, versus
13.6% and 11.0% with injectable GLP-1 RA-like
profiles. Subgroup results were generally consis-
tent with the overall sample.
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Conclusion: Japanese patients with T2D appear
to prefer oral GLP-1 RA profiles over
injectable GLP-1 RA profiles, and administra-
tion appears to be the most important factor in
this decision. This highlights the unmet need
for an effective and orally administered GLP-1
RA for the treatment of T2D in Japan.

Keywords: Discrete choice experiment; GLP-1
receptor agonist; Patient preference; Type 2
diabetes (T2D)

Key Summary Points

Why carry out this study?

Type 2 diabetes mellitus (T2DM) may be
treated with GLP-1 receptor agonist (RA)
therapies.

All GLP-1 RA therapies marketed to date
are administered by injection; therefore, it
is unknown how an oral formulation of a
GLP-1 RA would be perceived by patients.

This discrete choice experiment explored
preferences for (unbranded) oral and
injectable therapy profiles (based on GLP-
1 RAs) among Japanese patients with
type 2 diabetes mellitus.

What was learned from the study?

Orally administered semaglutide-like
profiles were preferred by 89.4–91.0% and
88.2–94.4% of respondents when
compared to injectable dulaglutide- or
liraglutide-like profiles, and respondents
were more often willing to initiate
treatment with an orally administered
semaglutide-like profile (62.4–64.0%
versus 13.6% and 11.0%); mode and
frequency of administration was shown to
have the highest relative importance
among attributes.

Japanese patients with T2DM appear to
prefer oral GLP-1 RA profiles over
injectable GLP-1 RA profiles, highlighting
the possible value of a new GLP-1 RA
therapy with this characteristic to
patients.

In comparisons of these oral and
injectable GLP-1 RAs, the treatment
attribute with highest relative importance
was mode and frequency of
administration, followed by risk of
nausea.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13187582.

INTRODUCTION

Type 2 diabetes (T2D) is a chronic metabolic
condition characterised by deficient secretion of
insulin along with insulin resistance, and sub-
sequent poor glycaemic control [1]. As a result
of the chronic nature and high prevalence of
T2D, this condition is associated with a high
burden on healthcare systems [2]. This burden
may become more severe in countries such as
Japan, where population aging is likely to lead
to an increase in the country-wide prevalence of
diabetes towards 10% over the next decades
[3, 4].

In Japan, patients with T2D are typically
treated with dipeptidyl peptidase 4 inhibitors,
either as monotherapy or in combination with
other oral drug classes such as biguanides or
sulfonylureas [5, 6]. However, approximately
half of Japanese patients on one or multiple oral
antidiabetic drugs (OADs) do not achieve the
standard glycated haemoglobin (HbA1c) target
of\ 7.0% [7–9].

Many injectable therapies of the glucagon-
like peptide 1 (GLP-1) receptor agonist (RA)
class (including semaglutide, dulaglutide, exe-
natide, liraglutide, and lixisenatide) have also
been developed and approved for use in Japan
[10–17]. In addition, a new oral formulation of
semaglutide has been investigated in Japanese
patients with T2D [18, 19]. However, it is
unknown how Japanese patients with T2D
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perceive differences in the characteristics and
outcomes of oral and injectable GLP-1 RA
therapies.

The discrete choice experiment (DCE, or
‘‘conjoint analysis’’) is an established method-
ology in patient preference research [20, 21].
Such studies have previously been used to assess
patient preferences among injectable GLP-1 RA
therapies, both in Japan [22, 23] and in other
regions [24–28]. However, to date, patient
preferences for oral GLP-1 RA therapies have not
been explored using this method, in any region.

In order to expand on the existing knowl-
edge in this area, the current study aimed to
determine the relative preference of Japanese
patients with T2D for oral and injectable GLP-1
RA therapies. To accomplish this, a DCE was
conducted, incorporating unbranded profiles
of three GLP-1 RA therapies (one oral; two
injectable) at clinically relevant doses, based
on head-to-head trial data in Japanese patients
with T2D.

METHODS

Development of Survey

A DCE survey was designed to fulfil the pre-de-
fined research aim, in line with findings from a
targeted literature review, findings from quali-
tative interviews with patients and physicians,
and information from sources such as clinical
trial results and product labels. Additionally,
statistical methods were used to determine the
optimal final design of the survey.

The targeted literature review (conducted in
August 2018) identified precedents for DCE
study design, examples of best practice for such
studies, and the most commonly reported
treatment attributes in published T2D DCE
studies. Treatment attributes that had com-
monly been tested in previous studies were
taken forward to create an initial list of pro-
posed attributes to be presented in the current
DCE survey.

The final treatment attributes for presenta-
tion in the DCE survey were then determined
through qualitative research in Japan: inter-
views with experienced healthcare professionals

(n = 10), and focus groups including patients
with T2D (n = 80 across four groups). Partici-
pants commented on whether proposed attri-
butes and levels were relevant and
understandable, and were able to suggest addi-
tional relevant attributes and presentation
methods, if these were missing; these interviews
confirmed the validity of proposed attributes,
and identified suitable methods of presenting
each one.

Before qualitative interviews with patients
were conducted, ethics approval for involving
Japanese patients with T2D in research was
granted by Clinical Research Promotion Net-
work Japan (http://www.sct-net.org/; approval
number 201812-02). This approval additionally
covered involvement of Japanese patients with
T2D in the later DCE survey.

In order to generate realistic attribute levels,
product characteristics and head-to-head clini-
cal trial data were used for a new oral GLP-1 RA
(orally administered semaglutide) currently
under review by the Japanese Pharmaceuticals
and Medical Devices Agency and the two most
widely used GLP-1 RAs in Japan (injectable du-
laglutide and injectable liraglutide).

Clinical outcomes data were obtained from
Japanese clinical trials: PIONEER 9 (which tes-
ted 3 mg, 7 mg, or 14 mg orally administered
semaglutide versus 0.9 mg liraglutide, both as
monotherapy), and PIONEER 10 (which tested
3 mg, 7 mg, and 14 mg orally administered
semaglutide versus 0.75 mg dulaglutide, both in
combination with one OAD) [18, 19].

Minimum and maximum data for relevant
treatment doses from PIONEER 9 and
PIONEER 10 were used to define realistic ranges
for efficacy and safety attribute levels, and
additional hypothetical values were added
within these ranges. Specifically, data for the
7 mg and 14 mg doses of orally administered
semaglutide were used, as 7 mg is expected to be
the maintenance dose in Japan, with possible
dose escalation to 14 mg for patients who may
require this. Comparably, dulaglutide 0.75 mg
and liraglutide 0.9 mg are current maintenance
doses in Japan, with no higher doses approved
for use at the time the current study was
conducted.
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Two forms of therapy profiles were generated
to test patient preference (Fig. 1): ‘‘hypotheti-
cal’’ profiles were assembled from the list of
realistic attribute levels developed for this
study; ‘‘actual’’ profiles were designed to directly
replicate the efficacy and safety of a given GLP-1
RA therapy as seen in the PIONEER 9 and 10
trials, or averaged between the two trials (in the
case of the oral semaglutide treatment profiles).
Specifically, choice sets comparing orally
administered semaglutide and liraglutide used
PIONEER 9 data only, and choice sets compar-
ing orally administered semaglutide and
dulaglutide used PIONEER 10 data only. How-
ever, when orally administered semaglutide
7 mg or 14 mg profiles were presented alone,
averaged results from PIONEER 9 and
PIONEER 10 were used, to provide a realistic
estimate of the efficacy and safety of these two
doses across a larger patient population of
broader background.

Hypothetical therapy profiles (and choice
sets including these profiles) were generated
using a fractional factorial design in the ‘‘sup-
port.CEs’’ package within R, which also dis-
tributed the generated choice sets into six
appropriately sized blocks for use in the survey
[29].

Final Survey

Each tested profile included the four attributes
validated within qualitative research: mode,
frequency, and requirements of administration;
change in glycated haemoglobin (HbA1c) level

as a result of treatment, over 6 months; change
in weight as a result of treatment, over
6 months; risk of nausea when initiating
treatment.

Three approaches were taken to test respon-
dents’ preferences: choice sets of hypothetical
profiles, choice sets of actual profiles for direct
preference comparisons, and actual profiles
presented alone to test willingness to initiate
treatment.

Table 1 presents the list of attribute levels
used to generate hypothetical profiles, as
informed by the minimum and maximum effi-
cacy and safety values seen in actual profiles.

Although all included therapy profiles were
based on characteristics and clinical data of
available GLP-1 RA therapies, this fact was not
revealed to respondents, who were instead only
asked to consider ‘‘new treatments’’. When
profiles were presented in choice sets (each
containing two profiles), respondents were
required to select one (and only one) profile
from each choice set, and did not have an
option to skip choice sets.

The overall structure and block design of the
survey are presented in the supplementary
material.

Data on the relative importance of attributes
and attribute levels were first collected using
choice sets including two hypothetical GLP-1
RA-like profiles each.

Each individual respondent was assigned to
one of six blocks, each of which contained eight
unique hypothetical choice sets and one fixed
hypothetical choice set which was kept

Fig. 1 Summary of how Japanese trial data was used to create therapy profiles
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Table 1 Final attribute levels developed for presentation in hypothetical GLP-1 RA-like profiles

Level as presented to respondents Rationale

Mode and frequency of administration

Tablet taken once per day, at least 30 min before the first meal or

drink of the day and taking other oral medications

Oral administration of semaglutide

Injection taken once per week, from a single-use pre-filled injection

pen

Administration of dulaglutide

Injection taken once per day, from a multiple-use pre-filled

injection pen

Administration of liraglutide

Change in HbA1c

On average, patients achieve a 2.0%-point reduction in HbA1c

level over 6 months of treatment

Highest HbA1c reduction seen at 26 weeks in

PIONEER 9 or PIONEER 10 trial dataa

On average, patients achieve a 1.8%-point reduction in HbA1c

level over 6 months of treatment

Hypothetical value

On average, patients achieve a 1.6%-point reduction in HbA1c

level over 6 months of treatment

Hypothetical value

On average, patients achieve a 1.4%-point reduction in HbA1c

level over 6 months of treatment

Lowest HbA1c reduction seen at 26 weeks in

PIONEER 9 or PIONEER 10 trial dataa

Change in weight

On average, patients experience a weight loss of 2.4 kg over

6 months of treatment

‘‘Most favourable’’ weight change seen at 26 weeks in

PIONEER 9 or PIONEER 10 trial dataa

On average, patients experience a weight loss of 1.5 kg over

6 months of treatment

Hypothetical value

On average, patients experience a weight loss of 0.6 kg over

6 months of treatment

Hypothetical value

On average, patients experience a weight gain of 0.3 kg over

6 months of treatment

‘‘Least favourable’’ weight change seen at 26 weeks in

PIONEER 9 or PIONEER 10 trial dataa

Risk of nausea

When beginning to take this medicine, 9 out of 100 patients feel

transient nausea (without vomiting)

Highest nausea rate reported in PIONEER 9 or

PIONEER 10 trial data

When beginning to take this medicine, 6 out of 100 patients feel

transient nausea (without vomiting)

Hypothetical value

When beginning to take this medicine, 4 out of 100 patients feel

transient nausea (without vomiting)

Hypothetical value
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identical across blocks (to serve as a test of
consistency between respondents). Therefore, a
total of 49 of these sets were presented to collect
preference data.

Two further hypothetical choice sets were
presented to all respondents, but were not used
to measure preference results. Before all other
hypothetical choice sets, respondents com-
pleted an example choice set, where one profile
was clearly inferior. Any respondent who
selected the clearly inferior profile was promp-
ted to reconsider their decision, and was not
allowed to progress without selecting the alter-
native (clearly superior) profile. After complet-
ing all other hypothetical choice sets,
respondents completed a test choice set, where
one profile was again clearly inferior. In this
case, any respondent who selected the clearly
inferior profile was excluded from the final
analysis, as it was assumed that they misun-
derstood the scenario or outcomes data being
presented in each choice set, and therefore
provided invalid answers.

Data on respondents’ direct preference for
actual therapy profiles were collected using four
choice sets based on head-to-head clinical trial
data from PIONEER 9 and 10. Two choice sets
compared profiles based on orally administered
semaglutide 7 mg or 14 mg with a profile based
on dulaglutide 0.75 mg (PIONEER 10), and two
choice sets compared profiles based on orally
administered semaglutide 7 mg or 14 mg with a
profile based on liraglutide 0.9 mg (PIONEER 9).
Each respondent completed all four choice sets.

Data on respondents’ willingness to initiate
treatment with actual therapy profiles were
then collected using four separately presented
profiles based on GLP-1 RAs: orally adminis-
tered semaglutide 7 mg, orally administered
semaglutide 14 mg, dulaglutide 0.75 mg, and
liraglutide 0.9 mg. For each profile, respondents
were required to describe their willingness to
initiate treatment, by selecting one of the fol-
lowing options, with no option to skip: ‘‘very
unwilling’’, ‘‘unwilling’’, ‘‘neutral’’, ‘‘willing’’,
‘‘very willing’’.

Further questions collected demographic
and disease-specific data, and assessed if
respondents had adequate health literacy and
numeracy (to validate findings, rather than to
inform inclusion or exclusion from the final
analysis sample) [22, 30, 31]. Adequate health
literacy was defined as achieving a total of at
least 12 on three questions regarding self-asses-
sed health literacy, each of which was scored
from 1 to 5. Adequate numeracy was defined as
answering at least three of five numeracy test
questions correctly.

Survey Respondents

Potential respondents from a large pre-existing
panel of individuals living with T2D were con-
tacted via email to participate in the survey. As
respondents could decline to participate, or be
excluded during their participation in the sur-
vey, respondents were continually recruited
until 500 evaluable sets of results were captured.

Table 1 continued

Level as presented to respondents Rationale

When beginning to take this medicine, 2 out of 100 patients feel

transient nausea (without vomiting)

Lowest nausea rate reported in PIONEER 9 or

PIONEER 10 trial data

GLP-1 RA glucagon-like peptide 1 receptor agonist, HbA1c glycated haemoglobin
a Efficacy outcome levels (for HbA1c change and weight change attributes) were based on the trial product estimand.
Data from treatment arms that were irrelevant for the survey (orally administered semaglutide 3 mg, and placebo) were
disregarded
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Eligible respondents were adults (age at least
20 years) who were permanently resident in
Japan, who were able to understand and
respond to survey questions presented in Japa-
nese, with no employment in the pharmaceu-
tical industry or employment in treatment of
diabetes, and who fulfilled the following dia-
betes-related criteria: diagnosis of T2D (and no
other type of diabetes); receiving oral medica-
tions to control blood glucose level (at the time
of the survey, and for at least 6 months prior);
never receiving injectable medications to con-
trol blood glucose level; HbA1c level of C 7.0%
at the latest time of measuring (within the past
year).

All eligible respondents also confirmed their
willingness to participate, and gave explicit
informed consent to participate in the survey,
and for their demographic data and preference
data to be captured and stored for research
purposes, and reported in an anonymized
manner. All respondents received ¥750 as
compensation for their participation in the
survey.

Data Analysis

A test of validity was applied before responses
were analysed. Any respondents who selected
treatment A in all choice sets or selected treat-
ment B in all choice sets were excluded from the
final analysis sample, as it was assumed that
these respondents selected profiles on the basis
of their physical position within choice sets,
rather than by considering attribute levels.

The analyses of hypothetical choice set
results used a conditional logit regression model
to regress stated preferences, in order to deter-
mine the crude relative preference for each
attribute. Only main effects were estimated, i.e.
no interaction terms were examined.

The coefficients on the independent vari-
ables from the regression were interpreted as
relative preference weights, indicating the rela-
tive strength of preference for each attribute
level. A larger positive coefficient indicated that
respondents preferred that attribute level to
levels that had smaller or negative coefficients.
The difference in preference weight between the

most preferred level of an attribute and the least
preferred level of the same attribute also pro-
vided an estimate of that attribute’s overall
importance.

For pre-specified subgroup analyses, respon-
dents were grouped by age (\ 60 or C 60 years),
by HbA1c level in relation to objective or sub-
jective targets (HbA1c\8% or C 8%; HbA1c

within or above personal target), by presence of
obesity (BMI\25 kg/m2 or C 25 kg/m2), and by
health-related quality of life (HRQoL) (impair-
ment or no impairment by EQ-5D-5L). In later
post hoc analysis, results were also analysed by
respondent gender (male or female), given the
skewed gender distribution in the final sample.
Respondents’ utility by EQ-5D-5L was calcu-
lated by applying the established Japanese EQ-
5D-5L value set.

RESULTS

Characteristics of Survey Respondents

Of the total of 4018 respondents who initiated
the survey, 3518 (87.6%) did not complete the
survey. The majority of these excluded respon-
dents did not meet the pre-defined inclusion/
exclusion criteria set out in the patient screener;
other reasons for exclusion included refusing to
participate, or providing invalid answers within
the survey (Table 2). Therefore, the final analy-
sis sample included 500 respondents.

Demographic characteristics for the final
analysis sample of 500 respondents are reported
in Table 3.

The majority of respondents were male
(93.8%). The mean age of respondents was
61.2 years (± 9.3), and the majority of respon-
dents (67.2%) were aged between 50 and 69. All
respondents had completed junior high school,
and most respondents had attained at least a
degree-level education (62.2%). The majority of
respondents were currently in full time
employment (56.8%), or were retired (25.4%),
at the time of the survey. Most respondents
(72.6%) reported a household income between
¥2,000,000 and ¥10,000,000 (in USD, approxi-
mately $18,600 and $93,200).
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Table 2 Attrition of survey respondents

Original (and subsequent)
number of respondents

Number of respondents excluded at each stage, with reasons

4018

;

? 2 (0.1%) were aged 0–19 years

4016

;

? 1 (0.0%) was not a permanent resident of Japan

4015

;

? 0 (0.0%) were not able to read and understand the Japanese language

4015

;

? 206 (5.1%) had been diagnosed with type 1 diabetes or gestational diabetes

3809

;

? 1103 (29.0%) did not take oral medications to control blood glucose level, or

took a combination of oral and injectable medications

2706

;

? 20 (0.7%) had been taking oral medications for only 0–5 months

2686

;

? 424 (15.8%) had received injectable medications to control blood glucose level

2262

;

? 1409 (62.3%) had a most recent measured HbA1c level below 7.0%, or did not

know a measured HbA1c level from within the past year

853

;

? 34 (4.0%) had health issues that made it difficult to participate in the survey

819

;

? 11 (1.3%) worked for a pharmaceutical company, or were employed in

a position where they directly treated patients with diabetes

808

;

? 249 (30.8%) did not wish to participate in the survey

559

;

? 38 (6.8%) incorrectly answered the test choice set

521

;

? 21 (4.0%) selected treatment A in all choice sets, or treatment B in all choice

sets

500 respondents (final analysis

sample)

HbA1c glycated haemoglobin
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Clinical characteristics for the final analysis
sample of 500 respondents are reported in
Table 4.

Respondents’ mean reported HbA1c was 7.6%
(± 0.8). All respondents had HbA1c C 7% (as per
the survey inclusion criteria), and 78.2% of
respondents had HbA1c in the range C 7% to
\8%. Most respondents (89.0%) reported that
their current HbA1c was above the personal
target they had discussed with their physician.

Respondents’ mean BMI was 25.4 kg/m2

(± 4.0): approximately half of respondents
(49.0%) would have been considered obese
(BMI C 25), and very few (1.0%) would have
been considered underweight (BMI\18.5) [32].

A minority of respondents reported experi-
encing T2D-related complications (9.0%), and
the most common of these complications was
eye problems (5.8%). No respondents had
received injectable treatment for glycaemia in
T2D (as per the study inclusion criteria), and
only 0.8% of respondents had received self-ad-
ministered injectable therapies not related to
diabetes in the past.

Respondents’ mean utility by EQ-5D-5L was
0.90 (± 0.06); 66.6% of respondents reported
the best possible health state (i.e. a health state
of 11111, signifying no problems in the five
presented dimensions of HRQoL). These results
appear broadly consistent with previously
reported data on EQ-5D-5L norms in Japan:

Table 3 Demographic characteristics of final analysis
sample

Gender

Female 31 (6.2%)

Male 469 (93.8%)

Age, years

Mean (± SD) 61.2

(± 9.3)

Minimum 35

Maximum 81

Age category, years

20–29 0 (0.0%)

30–39 5 (1.0%)

40–49 54 (10.8%)

50–59 159 (31.8%)

60–69 177 (35.4%)

C 70 105 (21.0%)

Education level attained

Elementary school 0 (0.0%)

Junior high school 8 (1.6%)

Senior high school 125 (25.0%)

Vocational qualification/community

college

56 (11.2%)

Undergraduate degree 288 (57.6%)

Postgraduate degree 20 (4.0%)

Doctorate 3 (0.6%)

Employment status

Full-time employment 284 (56.8%)

Part-time employment 41 (8.2%)

Volunteer 4 (0.8%)

Student 0 (0.0%)

Unemployed 44 (8.8%)

Retired 127 (25.4%)

Household income, million yen

\ 1 6 (1.2%)

Table 3 continued

C 1,\ 2 20 (4.0%)

C 2,\ 4 112 (22.4%)

C 4,\ 6 110 (22.0%)

C 6,\ 8 72 (14.4%)

C 8,\ 10 69 (13.8%)

C 10, \ 12 25 (5.0%)

C 12,\ 14 9 (1.8%)

C 14,\ 16 12 (2.4%)

C 16 17 (3.4%)

Data are presented as n (%) unless otherwise stated
n sample size, SD standard deviation
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mean utility of 0.94, 0.94, 0.91, and 0.87 among
men aged 40–49, 50–59, 60–69, and C 70 years
respectively, with 63.5%, 63.4%, 54.4%, and
41.9% of men in those age groups reporting the
best possible health state [33].

Additionally, the proportion of respondents
with at least an adequate level of self-reported
health literacy was 100.0%, and the proportion
with adequate numeracy was 98.8%.

Relative Importance of Attributes
and Levels in Hypothetical Profiles

Examining the difference in preference weight
(i.e. contribution to profile utility) between the
most and least preferred levels of an attribute
allows estimation of the importance of that
attribute to patients, relative to the others [34].

According to analysis of 4500 responses to
hypothetical choice sets (nine per respondent
included in the final analysis), the attribute that
accounted for the largest proportion of the
variance in respondents’ decision-making was
mode and frequency of administration, with a
relative change in preference weight between
least and most preferred levels of 1.72; 49.1% as
a percentage of total. This attribute was fol-
lowed by risk of nausea (1.08; 30.8%),
change in weight (0.40; 11.3%), and lastly
change in HbA1c (0.31; 8.8%).

The estimated increase or decrease in relative
preference weight when moving from one
attribute level to another is presented in Fig. 2.

The three level changes associated with the
largest relative increase in preference
were ‘‘daily injection to daily tablet adminis-
tration’’ (? 1.72), ‘‘9/100 risk of nausea to 2/100
risk of nausea’’ (? 1.08), and ‘‘weekly injection
to daily tablet administration’’ (? 1.01). All
other level changes were associated with a rel-
ative preference change of 0.46 or less.

Of note, the relative preference weight of
levels increased linearly (and according to the
expected trend) in mode and frequency of
administration, HbA1c change, and risk of nau-
sea. However, in weight change, relative pref-
erence weights did not increase linearly across
all levels: the relative preference weight for
‘‘1.5 kg decrease’’ was lower than those of
‘‘0.6 kg decrease’’ or ‘‘2.4 kg decrease’’, and not
significantly different to that of ‘‘0.3 kg
decrease’’ (p = 0.023).

Further detail on estimated preference
increases or decreases between attribute levels,

Table 4 Clinical characteristics of final analysis sample

Height, cm 168.4 (± 6.7)

Weight, kg 72.2 (± 13.4)

BMI, kg/m2 25.4 (± 4.0)

Duration of T2D, years 12.5 (± 7.8)

Recent HbA1c level 7.6 (± 0.8)

Recent HbA1c level category

C 7.0%,\ 7.5% 287 (57.4%)

C 7.5%,\ 8.0% 104 (20.8%)

C 8.0%,\ 8.5% 56 (11.2%)

C 8.5%,\ 9.0% 16 (3.2%)

C 9.0% 37 (7.4%)

Recent HbA1c level below or above personal target

discussed with physician

Below target 42 (8.4%)

Above target 444 (88.8%)

Don’t know 14 (2.8%)

Current oral T2D treatment

One medication only 137 (27.4%)

Two medications only 175 (35.0%)

Three or more medications 188 (37.6%)

Complications related to diabetes

Any complications 45 (9.0%)

Kidney disease 0 (0.0%)

Tingling or loss of feeling 9 (1.8%)

Eye problems 29 (5.8%)

Heart disease 12 (2.4%)

Other complications 1 (0.2%)

Data are presented as n (%) or mean (± SD)
BMI body mass index, HbA1c glycated haemoglobin, n
sample size, SD standard deviation, T2D type 2 diabetes
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and their statistical significance, are presented
in Table 5.

In subgroup analyses (by age, HbA1c levels in
relation to guideline target and personal targets,
BMI, HRQoL, and gender), variation in ranking
of attributes was observed, but mode and
administration remained the most important
characteristic in all subgroups, while risk of
nausea was the second most important charac-
teristic in 11 of 12 subgroups. No subgroup
results were significantly different to those of
the overall analysis sample (see supplementary
material).

Relative Preference for Actual Therapy
Profiles

Analyses of responses for each choice set
including (unbranded) actual therapy profiles
showed that profiles based on orally adminis-
tered semaglutide were preferred by 88.2–94.4%
of respondents in all comparisons (Fig. 3).
Specifically, the oral semaglutide 7 mg-like
profile was preferred over profiles based on

dulaglutide 0.75 mg (by 91.0% of respondents)
and liraglutide 0.9 mg (by 89.4% of respon-
dents); the oral semaglutide 14 mg-like profile
was preferred over profiles based on dulaglutide
0.75 mg (by 88.2% of respondents) and
liraglutide 0.9 mg (by 94.4% of respondents).

In subgroup analyses (by age, HbA1c levels in
relation to guideline target and personal targets,
BMI, HRQoL, and gender), the proportion of
respondents preferring profiles based on orally
administered semaglutide 7 mg did not vary
beyond 85.5% and 94.7%, and the proportion
of respondents preferring profiles based on
orally administered semaglutide 14 mg did not
vary beyond 82.8% and 98.0%. In six cases, a
direct preference result was significantly differ-
ent to that from the overall analysis sample; in
each case, the profile based on orally adminis-
tered semaglutide was preferred by a signifi-
cantly higher proportion of respondents (see
supplementary material).

Fig. 2 Relative preference weights for each attribute level presented in hypothetical choice sets
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Willingness to Initiate Treatment
with Actual Therapy Profiles

According to analyses of responses to actual
therapy profiles presented alone, respondents
were more often willing (i.e. answered ‘‘willing’’
or ‘‘very willing’’) to initiate treatment with
orally administered semaglutide-like profiles,
compared to profiles based on dulaglutide or
liraglutide.

Specifically, 62.4% and 64.0% of respondents
were willing to initiate treatment with profiles
based on orally administered semaglutide

7 mg and 14 mg, respectively; corresponding
results were 13.6% and 11.0% for profiles based
on dulaglutide 0.75 mg and liraglutide 0.9 mg,
respectively (Fig. 4).

In subgroup analyses (by age, HbA1c levels in
relation to guideline target and personal targets,
BMI, HRQoL, and gender), one significant dif-
ference was seen: respondents with HbA1c C 8%
were significantly more willing to initiate
treatment with a profile based on orally
administered semaglutide 14 mg, relative to the
overall analysis sample (see supplementary
material).

Table 5 Relative preference weights for each attribute level presented in hypothetical choice sets

Attribute level Coefficienta Lower and upper CI p value

Mode and frequency of administration

Daily tablet (Reference)

Weekly injection - 1.01 - 1.11 to - 0.90 \ 0.001

Daily injection - 1.72 - 1.84 to - 1.61 \ 0.001

Change in HbA1c

1.4% decrease in HbA1c level (Reference)

1.6% decrease in HbA1c level 0.04 - 0.10 to 0.18 0.559

1.8% decrease in HbA1c level 0.21 0.06 to 0.36 0.005

2.0% decrease in HbA1c level 0.31 0.18 to 0.44 \ 0.001

Change in weight

0.3 kg increase in weight (Reference)

0.6 kg decrease in weight 0.22 0.10 to 0.35 \ 0.001

1.5 kg decrease in weight 0.17 0.02 to 0.32 0.023

2.4 kg decrease in weight 0.40 0.27 to 0.52 \ 0.001

Risk of nausea

9/100 experience nausea (Reference)

6/100 experience nausea 0.36 0.24 to 0.48 \ 0.001

4/100 experience nausea 0.46 0.32 to 0.60 \ 0.001

2/100 experience nausea 1.08 0.95 to 1.22 \ 0.001

CI confidence interval, HbA1c glycated haemoglobin
a Coefficient represents the difference in preference weight between that level and the reference level; positive coefficients
represent increased preference for a level versus the reference, while negative coefficients represent decreased preference for a
level versus the reference
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DISCUSSION

In this survey, Japanese patients with T2D pre-
ferred therapy profiles reflecting orally admin-
istered semaglutide 7 mg or 14 mg, over those
of dulaglutide 0.75 mg or liraglutide 0.9 mg (the
two most widely used injectable GLP-1 RAs in
Japan). Analyses of hypothetical choice sets
showed that mode and frequency of

administration was the most important attri-
bute in this decision, alongside risk of nausea.
In addition, these patients were also substan-
tially more willing to initiate treatment with
therapy profiles based on orally administered
semaglutide, of either dose, compared to
dulaglutide and liraglutide.

Evaluable survey responses were provided by
a sample of 500 injectable-naı̈ve Japanese

Fig. 3 Respondents’ preferred profiles in comparisons of four profiles based on actual therapies

Fig. 4 Respondents’ willingness to initiate treatment with four profiles based on actual therapies
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patients with T2D, with uncontrolled HbA1c

(C 7%) [8, 9]. The diabetes-related characteris-
tics of this sample may allow the survey results
to be generalised to other Japanese patients
with T2D who are offered treatment with GLP-1
RA therapies. Approximately three-quarters of
respondents had HbA1c in the range of C 7% to
\8%, and no respondent had ever received
injectable GLP-1 therapy, or injectable insulin.
As insulin is indicated only when glycaemic
goals cannot be reached with oral antidiabetic
therapy or GLP-1 RA therapy [8], the respon-
dents to the current survey may therefore be
considered candidates for intensified treatment
with GLP-1 RA therapies, rather than insulin.

Change in HbA1c was considered the least
important attribute of treatment by respon-
dents. This may be explained by comparing the
magnitude of change described in the levels of
this attribute with the HbA1c levels of respon-
dents. For the three-quarters of respondents
who had HbA1c\8%, any of the presented
reductions in HbA1c would be sufficient to
reach\7%: the level recommended to prevent
comorbidities [8, 9]. In fact, for the majority of
respondents (the 57.4% who had HbA1c\
7.5%), three of the four presented HbA1c

change levels would be sufficient to reach
HbA1c\6%: the level considered to be near
normal glycaemia [8, 9]. Therefore, it appears
that relative effectiveness in reducing HbA1c

may not be a major differentiating factor
between the tested GLP-1 RA therapies, in this
population.

In addition, although higher weight loss was
assumed to be always preferred by patients with
T2D, this was not clearly reflected in the survey
results. Although obese respondents
(BMI C 25 kg/m2) placed a substantially higher
relative importance on weight loss relative to
non-obese respondents (19.92% versus 5.13%),
the ranking of this attribute did not increase
beyond third most important in this subgroup.

When comparing the results of this study to
those of previous GLP-1 RA-focused DCEs con-
ducted in Japan, it is clear that the choice of
therapies used to generate attribute levels has a
significant impact on the relative importance of
attributes. In the current study, and in a previ-
ous DCE conducted by Gelhorn et al. (both of

which compared daily and weekly GLP-1 RA
therapies), administration-related attributes
were considered most important [23]. However,
in a previous DCE by Brooks et al. which com-
pared therapies with similar administration
characteristics (two weekly injectable GLP-1 RA
therapies), the administration-related attribute
was considered least important [22].

Although the previous DCE by Gelhorn et al.
included an additional attribute type (hypogly-
caemia), the relative importance of shared
attributes appears similar to the current study:
administration-related attributes being most
important, followed by nausea, weight change,
and then HbA1c change [23].

This DCE survey was designed using insights
from published literature, qualitative research
(including interviews with patients and physi-
cians), and recent clinical trial data. The final
structure and content of the survey adhered to
recommendations of good practice made by the
International Society for Pharmacoeconomics
and Outcomes Research [35], and also included
multiple established tests of validity and con-
sistency [36].

As in the two previous GLP-1 RA-focused
DCE studies conducted in Japan [22, 23], attri-
bute levels presented in the current study were
based on Japanese clinical trial data for the
therapies of interest. In the current study, all
direct comparisons of profiles were based on
data from the relevant Japanese head-to-head
clinical trials, while also being unbranded when
presented to respondents.

The sample size of the current study
(n = 500) was also larger than those of two GLP-
1 RA-focused DCE studies conducted in Japan
(n = 161 and n = 182) [22, 23], although smaller
than some other studies conducted in the USA
or internationally (n = 510–1482) [25, 27, 28].

The four attributes presented within this
study were selected through substantial quali-
tative research, and included the two most
common process attributes and two most com-
mon outcome attributes among similar patient
preference studies: dosing frequency and type of
delivery device (in this case combined), and
HbA1c change and nausea [37]. Although most
other GLP-1 RA-focused DCE studies tested
more attributes simultaneously (five [22, 25], six
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[23, 24], or eight attributes [27, 28]), presenting
only the four most relevant and differentiating
attributes of treatment here may have aided
respondents’ understanding.

The qualitative research undertaken prior to
the survey also included in-depth questioning
to both patients and physicians on the most
relevant and understandable methods of pre-
senting attribute levels.

Respondents completed the DCE survey
remotely, with no input from study researchers.
However, although two previous GLP-1 RA-fo-
cused DCE studies used a trained moderator to
administer preference tasks in person, online
self-completion appears to be common in other
such studies [22, 25–28].

The current study included a very high pro-
portion of male respondents. However, the
presence of a majority-male sample appears to
be common in previous GLP-1 RA-focused DCE
studies [22–25, 27, 28], clinical trials of GLP-1
RA therapies in Japan [16, 17, 38–42], and
observational studies on T2D in Japan
[7, 43, 44]. This may be explained by a higher
prevalence of T2D amongst men, by men being
more likely to have uncontrolled disease (and
therefore being eligible to participate in such
studies), or by men being more willing to par-
ticipate in clinical trials or preference research
in this therapy area. Regardless, subgroup anal-
yses by gender within the current study showed
only minor significant differences relative to the
overall analysis sample.

CONCLUSIONS

When injectable-naı̈ve Japanese patients with
T2D compare profiles of GLP-1 RA therapies,
mode and frequency of administration, along-
side nausea risk, appears to be the most impor-
tant factor in their decision-making. These
patients appear substantially more likely to
prefer (and much more willing to initiate
treatment with) a treatment like orally admin-
istered semaglutide (whether 7 mg or 14 mg),
relative to dulaglutide 0.75 mg or liraglutide
0.9 mg. These findings highlight the unmet
need for an effective and orally administered
GLP-1 RA for the treatment of T2D in Japan.
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