
ORIGINAL RESEARCH

Preference for Type2 Diabetes Therapies in the United
States: A Discrete Choice Experiment

Jay H. Shubrook . Michael Radin . Sarah N. Ali . Barrie Chubb .

Kristina DiPietrantonio . Hannah Collings . Robin Wyn .

Martina Smith

Received: December 17, 2021 /Accepted: May 5, 2022 / Published online: July 7, 2022
� The Author(s) 2022

ABSTRACT

Introduction: Type 2 diabetes mellitus (T2DM)
is a chronic condition associated with substan-
tial clinical and economic burden. As multiple
therapeutic options are available, patient pref-
erences on treatment characteristics are key in
T2DM therapeutic decision-making. This study
aimed to determine the preferences of US
patients with T2DM for therapies recommended
for first pharmacologic intensification after
metformin.
Methods: As part of a discrete choice experi-
ment, an online survey was designed using lit-
erature review and qualitative interview
findings. Eligibility was met by US patients with

T2DM who were aged 18 years or older with an
HbA1c C 6.5%. Anonymized therapy profiles
were created from six antidiabetic therapies
including oral and injectable semaglutide,
dulaglutide, empagliflozin, sitagliptin, and
thiazolidinediones.
Results: Eligible patients (n = 500) had a mean
HbA1c of 7.4%, and a mean BMI of 32.0 kg/m2,
the majority of which (72.2%) were injectable-
naı̈ve. The treatment characteristic with great-
est importance was mode and frequency of
administration (35.5%), followed by body
weight change (29.2%), cardiovascular event
risk (19.1%), hypoglycemic event risk (9.9%),
and HbA1c change (6.5%). An oral semaglutide-
like profile was preferred by 91.9–70.1% of
respondents depending on the comparator
agent, and preference was significant in each
comparison (p\0.05); an injectable semaglu-
tide-like profile was preferred by 89.3–55.7% of
respondents in each comparison depending on
the comparator agent.
Conclusion: Patients with T2DM in the USA are
significantly more likely to prefer oral or
injectable semaglutide-like profiles over those of
key comparators from the glucagon-like pep-
tide 1 receptor agonist, sodium-glucose
cotransporter 2 inhibitor, dipeptidyl peptidase 4
inhibitor, and thiazolidinedione classes.
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Key Summary Points

Type 2 diabetes mellitus (T2DM) may be
treated with a range of oral and
injectable therapies.

All glucagon-like peptide 1 receptor
agonist (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 (across a variety
of therapy classes) among US patients
with T2DM.

An oral semaglutide-like profile was
preferred by 91.9–70.1% of respondents
when compared to key comparators;
mode and frequency of administration
was shown to have the highest relative
importance among attributes.

US patients with T2DM appear to prefer
oral or injectable semaglutide-like profiles
over those of key comparators.

The treatment attribute with highest
relative importance was mode and
frequency of administration, followed by
weight change.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a progressive
chronic complex metabolic condition charac-
terized by deficient secretion of insulin along
with insulin resistance, and consequent poor
glycemic control [1], and is associated with
cardiovascular, ophthalmic, and renal compli-
cations, which creates a substantial, and grow-
ing, clinical and economic burden on often
already overloaded healthcare systems [2].
Recently the Centers for Disease Control and

Prevention (CDC) reported that, in the USA,
34.2 million people of all ages (10.5% of the
population) had diabetes, with T2DM account-
ing for 90–95% of all cases [3].

The American Diabetes Association (ADA)
recommends metformin as the first-line phar-
macologic therapy for T2DM, except among
patients with compelling comorbid conditions.
In patients with established atherosclerotic
cardiovascular disease or indicators of high risk,
established kidney disease or heart failure, a
sodium-glucose cotransporter 2 inhibitor
(SGLT2i) or glucagon-like peptide 1 receptor
agonist (GLP-1 RA) with demonstrated cardio-
vascular disease benefit is recommended [4].
Further, if metformin alone cannot adequately
control glycemia, treatment should be reas-
sessed and intensified every 3–6 months. Met-
formin may be intensified with a further oral
therapy such as a GLP-1 RA, SGLT2i, dipeptidyl
peptidase 4 inhibitor (DPP4i), thiazolidinedione
(TZD), or sulfonylurea [4]. Intensification with
insulin therapy is also an option for patients
requiring additional glycemic control. For most
patients, GLP-1 RAs are recommended as the
preferred initial injectable therapy. While GLP-
1 RAs (a class which includes liraglutide,
dulaglutide, exenatide, lixisenatide, and
semaglutide) have conventionally been admin-
istered by subcutaneous injection, an oral for-
mulation of semaglutide is now approved for
use [5].

As T2DM acts via multiple pathophysiologic
routes, treatments should therefore attempt to
address these multiple pathways. This approach
can often lead to polypharmacy unless agents
that address multiple pathophysiologic path-
ways (such as GLP-1 RAs) are used. In addition,
therapeutic inertia, defined as the failure to
initiate or intensify therapy when therapeutic
goals are not reached, has been found to be
substantial in T2DM [6]. Possible reasons for
therapeutic inertia include time constraints,
lack of knowledge, differences in guideline rec-
ommendations, non-adherence, and concerns
about hypoglycemia and weight gain. This, in
turn, may result in delays in assessment and
care, and avoidable exposure to chronic hyper-
glycemia and the complications associated with
uncontrolled glycemic states [6]. Therefore,
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understanding patient perspective and prefer-
ences related to their treatment is vital to
improve adherence and reduce this clinical
inertia.

T2DM is largely self-managed. Working to
support patients with T2DM is important to
give them the tools and information needed to
optimally manage their condition. The ADA
recommends that a patient-centered approach
should be used to guide the choice of pharma-
cologic agents as well, where considerations
include efficacy, hypoglycemia risk, history of
atherosclerotic cardiovascular disease, impact
on body weight, potential side effects, renal
effects, delivery method (oral versus subcuta-
neous), cost, and patient preferences [4].
Therefore, patient preferences for characteristics
associated with potential treatments are key in
therapeutic decision-making.

The aim of this study was to assess prefer-
ences of patients with T2DM for treatment
choices based on treatment characteristics and
outcomes in the USA. Using a discrete choice
experiment (DCE), options were offered across
the therapies for the management of T2DM
typically recommended for first intensification
after metformin of T2DM treatment by the
ADA [4]. The quantitative DCE was conducted
as an online survey, following a qualitative
research phase, consisting of a targeted litera-
ture review (TLR) and qualitative interviews
with physicians who treat patients with T2DM
and patients with T2DM. The DCE is an
established methodology in research to assess
the trade-off patients are willing to make
between characteristics through a series of
alternative hypothetical scenarios to indirectly
determine patient preferences. A number of
similar studies have been conducted previ-
ously, focusing on injectable and oral GLP-
1 RA therapies [7–14]. To align with US treat-
ment patterns and provide insight on a
broader range of scenarios, in the current study
both injectable-experienced and injectable-
naı̈ve patients were surveyed, and the range of
tested therapies included DPP4is, SGLT2is, and
TZDs.

METHODS

Development of Survey

A TLR and qualitative interviews were con-
ducted to identify the most important attributes
for use in the DCE survey. The methodology
followed for the literature review and interviews
is provided in the supplementary materials. This
non-interventional study was conducted in
accordance with all applicable regulations in
the USA. Ethics approval for conducting
research with patients with T2D was sought
from Salus IRB (Austin, Texas), and the study
was deemed to be exempt from requiring ethics
review. This exempt status was granted on
30 January 2020. All participants provided
informed consent to participant in this study.

From the TLR and qualitative interviews, the
following five treatment attributes were deter-
mined to be the most important to patients:
mode, frequency, and requirements of admin-
istration; change in glycated hemoglobin
(HbA1c) level with proposed treatment over
6 months; change in body weight with pro-
posed treatment over 6 months; change in car-
diovascular event risk as a result of treatment;
risk of hypoglycemic events (defined as blood
sugar level falling below what is healthy and
causing symptoms such as shakiness, irritabil-
ity, confusion, rapid heartbeat, and/or hunger)
with proposed treatment over 6 months.

Therapy profiles were developed on the basis
of these characteristics for the following six
non-insulin antidiabetic therapies, which cover
representative examples of most of the options
recommended by the ADA for first intensifica-
tion after metformin of T2DM treatment [4]:
oral semaglutide (Rybelsus�, an oral GLP-1 RA);
injectable semaglutide (Ozempic�, an
injectable GLP-1 RA); dulaglutide (Trulicity�, an
injectable GLP-1 RA); empagliflozin (Jardiance�,
an SGLT2i); sitagliptin (Januvia�, a DPP4i);
TZDs (as a class).

Appropriate levels for the efficacy and toler-
ability outcomes of the treatment attributes of
interest were derived from clinical trial data for
the four relevant therapy classes, primarily via
published meta-analyses [15–22], and from US
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Table 1 Attribute levels for GLP-1 RAs and related therapy options, tested in hypothetical profiles

Mode and frequency of administration

Pill taken once per day, at any time of day, independently

of meals

Covers oral semaglutide and injectable semaglutide, and the

majority of comparator GLP-1 RAs, SGLT2is, DPP4is,

and TZDs

(As per FDA labels for albiglutide, alogliptin, canagliflozin,

dapagliflozin, dulaglutide, empagliflozin, ertugliflozin,

exenatide, linagliptin, liraglutide, lixisenatide, pioglitazone,

rosiglitazone, saxagliptin, semaglutide, and sitagliptin)

Pill taken once per day with up to 4 oz of water, at least

30 min before the first meal or drink of the day

and taking other oral medications

Injection taken once per day, from a pre-filled injection

pen; you may inject at any time of day, independently of

meals

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

pen; you may inject at any time of day, independently of

meals

Change in HbA1c

On average, patients’ HbA1c decreases by 1.7 percentage

points over 6 months of treatment (e.g., from 8.0 to 6.3%)

Greatest decrease in HbA1c reported in Nuhoho et al.
among GLP-1 RAs (injectable semaglutide 1.0 mg QW)

[18]

On average, patients’ HbA1c decreases by 1.3 percentage

points over 6 months of treatment (e.g., from 8.0 to 6.7%)

Hypothetical value

On average, patients’ HbA1c decreases by 1.0 percentage

points over 6 months of treatment (e.g., from 8.0 to 7.0%)

Hypothetical value

On average, patients’ HbA1c decreases by 0.7 percentage

points over 6 months of treatment (e.g., from 8.0 to 7.3%)

Smallest decrease in HbA1c reported in

Nuhoho et al. on GLP-1 RAs (exenatide 5 lg BID) [18]

Kanters et al. on SGLT2is (dapagliflozin 5 mg) [20]

Decrease reported for DPP4is as a class by Scheen [15]

Change in weight

On average, patients’ weight decreases by 10� lb over

6 months of treatment (e.g., from 195 lb to 184� lb)

Greatest decrease in weight reported in Nuhoho et al. among

GLP-1 RAs (injectable semaglutide 1.0 mg QW) [18]

On average, patients’ weight decreases by 5� lb over

6 months of treatment (e.g., from 195 lb to 189� lb)

Hypothetical value

On average, patients’ weight does not change while taking

this treatment

Hypothetical value

On average, patients’ weight increases by 5� lb over

6 months of treatment (e.g., from 195 lb to 200� lb)

Class effect of TZDs reported in Qian et al. [16]

Cardiovascular event risk

On average, patients’ risk of heart attack or stroke decreases

by 26% while taking this treatment (e.g., a risk of 3.5% per

year would decrease to 2.6%)

Lowest hazard ratio for MACE reported in GLP-1 RA

cardiovascular outcomes trials (0.74 with semaglutide

QW; see Pearson et al.) [17]

Adv Ther (2022) 39:4114–4130 4117



FDA labels. Clinical data were used to generate
realistic minimum and maximum levels, and
hypothetical levels were placed in the middle of
each range (see Table 1). Attribute levels were
then combined into product profiles, which
were either presented alone or in choice sets of
two profiles where respondents were asked to
choose their preferred option, depending on the
type of data being collected.

Two types of therapy profiles were devel-
oped: ‘‘hypothetical’’ profiles were assembled
from the realistic attribute levels presented in
Table 1; ‘‘real’’ profiles were developed from the
efficacy and safety data for a given therapy from
clinical trials [15–22].

For the hypothetical profiles, the ‘‘sup-
port.CEs’’ package within R was used to generate
the optimal subset of choice sets. As the total
number of generated choice sets was too high to

Table 1 continued

On average, patients’ risk of heart attack or stroke decreases

by 17% while taking this treatment (e.g., a risk of 3.5% per

year would decrease to 2.9%)

Hypothetical value

On average, patients’ risk of heart attack or stroke decreases

by 9% while taking this treatment (e.g., a risk of 3.5% per

year would decrease to 3.2%)

Hypothetical value

On average, patients’ risk of heart attack or stroke does not

change while taking this treatment

Highest hazard ratio for MACE reported in GLP-1 RA

cardiovascular outcomes trials (1.02 with lixisenatide QD;

see Pearson et al.) [17]

Class effect of DPP4is on MACE (i.e., no effect) from Fei

et al. [22]

Hypoglycemic event risk

On average, 2 out of 100 patients experience a

hypoglycemic event over 6 months of treatment (each

patient has a 1.6% risk)

Risk of hypoglycemic events with DPP4is as a class from

Kamalinia et al. (0.95 of rate with placebo) [21]

(Rate with placebo assumed to be * 1.7%:

236 affected patients of 14,112 ‘‘treated’’) [21]

On average, 3 out of 100 patients experience a

hypoglycemic event over 6 months of treatment (each

patient has a 2.6% risk)

Hypothetical value

On average, 4 out of 100 patients experience a

hypoglycemic event over 6 months of treatment (each

patient has a 3.6% risk)

Hypothetical value

On average, 5 out of 100 patients experience a

hypoglycemic event over 6 months of treatment (each

patient has a 4.6% risk)

Calculated using highest risk among GLP-1 RAs reported by

Li et al. (2.71 versus placebo, exenatide) [19]

(GLP-1 RAs established as being the class with highest risk,

by Fei et al.) [22]

(Rate with placebo also taken from Fei et al., as above) [22]

DPP4i dipeptidyl peptidase 4, GLP-1 RA glucagon-like-peptide 1 receptor agonist, HbA1c hemoglobin A1c, MACE major
adverse cardiovascular event, QW once weekly, SGLT2i sodium-glucose cotransporter 2 inhibitor, TZD thiazolidinedione
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be completed by one respondent at one time,
sets were assigned to blocks. Specifically, eight
unique hypothetical choice sets were assigned
to each of two blocks (A and B) (see Supple-
mentary Material Table S1).

Although clinical trial data was used to
develop the real therapy profiles in this survey,
the respondents were not made aware of this
and were instead asked to consider ‘‘new treat-
ments’’. In cases where respondents were pre-
sented with choice sets (each containing two
profiles), they were required to select only one
profile from each choice set and could not skip
any choice sets.

Final Survey

Within the DCE survey, initial questions estab-
lished the eligibility of each respondent against
pre-defined inclusion criteria and collected
informed consent. Respondents’ preferences
were tested through choice sets of hypothetical
profiles, choice sets of real profiles for direct
preference comparisons, and willingness to ini-
tiate treatment of real profiles. Final questions
assessed health literacy and numeracy, collected
further demographic data, and collected infor-
mation on each respondent’s perceived health-
related quality of life (HRQoL) assessed using
EQ-5D-5L.

Respondents’ preferences were first collected
using choice sets including two hypothetical
therapy profiles (see Supplementary Material
Table S2). Each individual respondent was
assigned to one of two blocks of choice sets (A
and B). Each block contained eight different
unique hypothetical choice sets. Before the
main set of hypothetical therapy profiles were
presented, an example choice set was shown, in
which one profile was clearly inferior. Any
respondent who selected the clearly inferior
profile (treatment A) was prompted to retry.
Respondents could not progress past this choice
set without selecting the clearly superior profile
(treatment B). After the main series of hypo-
thetical therapy profiles were presented, a fur-
ther test choice set of hypothetical therapy
profiles was shown, with again one clearly
inferior profile. Respondents who selected the

clearly inferior profile (treatment B) were
marked as potentially giving unreliable answers.

Respondents’ preferences were then col-
lected using choice sets each including two
(anonymized) real therapy profiles. Choice sets
were generated using network meta-analysis or
clinical trial data for individual therapies
[16–18, 21, 23–26], or head-to-head trial data
where available [27, 28]. In cases where multiple
doses with differing outcomes are used in clin-
ical practice (e.g., 7 mg and 14 mg oral
semaglutide), simple arithmetic means were
calculated to illustrate the efficacy and tolera-
bility of an idealized dose. In cases where an
outcome could not be determined for an indi-
vidual named therapy, an estimated class effect
was instead used (e.g., the risk of hypoglycemic
events with GLP-1 RA therapy, and all outcomes
for TZDs, which were examined as a class)
[21, 25].

Respondents were then asked on their will-
ingness to initiate six (anonymized) real ther-
apy profiles, presented in Table 2. For each
profile, respondents were required to describe
their willingness to initiate treatment, by
selecting one of the following options, with no
option to skip: ‘‘very unwilling’’, ‘‘unwilling’’,
‘‘neutral’’, ‘‘willing’’, ‘‘very willing’’.

Survey Respondents

Potential respondents were contacted by e-mail
to participate in the survey. As respondents
could decline to participate, or be excluded
during participation in the survey, respondents
were continually recruited until 500 sets of
results were captured. Eligible respondents ful-
filled each of the following criteria: age of
18 years or older; current residence in the USA;
ability to read and understand the English lan-
guage; diagnosis of T2DM (and no other type of
diabetes); currently receiving medication to
control blood glucose level, which began at
least 6 months prior to the survey;1 never

1 Quotas were initially applied to seek a suitable mix of
respondents for analysis: 33% injectable-naı̈ve, * 33%
with past injectable use, and 33% with current
injectable use. However, this was later relaxed to
improve feasibility.
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Table 2 (Anonymized) real therapy profiles to test willingness to initiate treatment, using clinical data

Question #16: Oral semaglutide [17, 18, 21] [answered by all respondents as per block design]

Pill taken once per day, at least 30 min before the first meal or drink of the day and taking other oral medications

On average, patients’ HbA1c decreases by 1.5 percentage points over 6 months of treatment (e.g., from 8.0% to 6.5%)

On average, patients’ weight decreases by 9� lb over 6 months of treatment (e.g., from 195 lb to 185� lb)

On average, patients’ risk of heart attack or stroke decreases by 21% while taking this treatment (e.g., a risk of 3.5% per

year would decrease to 2.8%)

On average, 3 out of 100 patients experience a hypoglycemic event over 6 months of treatment (each patient has a 3.0%

risk)

Question #17: Injectable semaglutide [17, 18, 21] [answered by all respondents as per block design]

Injection taken once per week, from a pre-filled injection pen; you may inject at any time of day, independently of meals

On average, patients’ HbA1c decreases by 1.6 percentage points over 6 months of treatment (e.g., from 8.0% to 6.4%)

On average, patients’ weight decreases by 9 lb over 6 months of treatment (e.g., from 195 to 186 lb)

On average, patients’ risk of heart attack or stroke decreases by 26% while taking this treatment (e.g., a risk of 3.5% per

year would decrease to 2.6%)

On average, 3 out of 100 patients experience a hypoglycemic event over 6 months of treatment (each patient has a 3.0%

risk)

Question #18a: Dulaglutide [17, 18, 21] [answered by * 25% of respondents as per block design]

Injection taken once per week, from a pre-filled injection pen; you may inject at any time of day, independently of meals

On average, patients’ HbA1c decreases by 1.2 percentage points over 6 months of treatment (e.g., from 8.0% to 6.8%)

On average, patients’ weight decreases by 4 lb over 6 months of treatment (e.g., from 195 to 191 lb)

On average, patients’ risk of heart attack or stroke decreases by 12% while taking this treatment (e.g., a risk of 3.5% per

year would decrease to 3.1%)

On average, 3 out of 100 patients experience a hypoglycemic event over 6 months of treatment (each patient has a 3.0%

risk)

Question #18b: Empagliflozin [21, 24, 28] [answered by * 25% of respondents as per block design]

Pill taken once per day, in the morning, independently of meals

On average, patients’ HbA1c decreases by 0.9 percentage points over 6 months of treatment (e.g., from 8.0% to 7.1%)

On average, patients’ weight decreases by 8 lb over 6 months of treatment (e.g., from 195 to 187 lb)

On average, patients’ risk of heart attack or stroke decreases by 14% while taking this treatment (e.g., a risk of 3.5% per

year would decrease to 3.0%)

On average, 2 out of 100 patients experience a hypoglycemic event over 6 months of treatment (each patient has a 2.3%

risk)

Question #18c: Sitagliptin [21, 26, 27] [answered by * 25% of respondents as per block design]
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received insulin to control blood glucose level;
HbA1c level of C 6.5% at the latest time of
measuring (within the past year);2 no health
issues that make it difficult to participate in the
survey (e.g., issues with seeing or reading, or
issues with understanding or answering ques-
tions); not employed at a pharmaceutical com-
pany, or in a role with responsibility for directly
treating patients with diabetes; willing to par-
ticipate in the survey, and to provide informed
consent. All respondents of the survey con-
firmed their willingness to participate, and gave
explicit informed consent to participate, and for
their demographic data and preference data to
be captured and stored for research purposes
and reported in an anonymized manner.

Data Analysis

The analyses of hypothetical choice set results
used a conditional logit regression model to
regress stated preferences to determine 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. Larger positive coefficients indicated that
respondents preferred that attribute level to
levels that have smaller or negative coefficients.

For subgroup analyses, respondents were
grouped by injectable-naı̈ve or injectable-expe-
rienced status, by gender (male or female), by
age (\65 or C 65 years), by HbA1c level in
relation to median or subjective target
(HbA1c\7.2% or C 7.2%; HbA1c within or
above personal target), by obesity (BMI\30 kg/
m2 or C 30 kg/m2), by HRQoL (impairment or
no impairment by EQ-5D-5L), and by answer to
test choice set (correct or incorrect).

RESULTS

Characteristics of Survey Respondents

Of the 4345 patients screened for the DCE sur-
vey, 500 met the eligibility criteria. The clinical

Table 2 continued

Pill taken once per day, at any time of day, independently of meals

On average, patients’ HbA1c decreases by 0.8 percentage points over 6 months of treatment (e.g., from 8.0% to 7.2%)

On average, patients’ weight decreases by 1� lb over 6 months of treatment (e.g., from 195 lb to 193� lb)

On average, patients’ risk of heart attack or stroke does not change while taking this treatment

On average, 2 out of 100 patients experience a hypoglycemic event over 6 months of treatment (each patient has a 1.6%

risk)

Question #18d: Thiazolidinediones [16, 23, 25] [answered by * 25% of respondents as per block design]

Pill taken once per day, at any time of day, independently of meals

On average, patients’ HbA1c decreases by 0.8 percentage points over 6 months of treatment (e.g., from 8.0% to 7.2%)

On average, patients’ weight increases by 5� lb over 6 months of treatment (e.g., from 195 lb to 200� lb)

On average, patients’ risk of heart attack or stroke does not change while taking this treatment

On average, 2 out of 100 patients experience a hypoglycemic event over 6 months of treatment (each patient has a 1.7%

risk)

HbA1c hemoglobin A1c

2 To improve feasibility, a limited number of respon-
dents with unknown HbA1c were accepted (n = 51;
10.2%).
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and demographic characteristics of these
patients are presented in Table S1 of the sup-
plementary material. Within the eligible patient
group (n = 500), 42.6% were female. The mean
age of respondents was 65.5 years, and the
majority of respondents (69.6%) were aged
between 60 and 80. Most respondents had
attained at least a degree-level education
(56.8%). The majority of participants were
retired (57.8%). The mean BMI within the
sample was 32.0 kg/m2, with 56.0% of respon-
dents considered obese ([30 kg/m2), and 0.8%
considered underweight (\18.5 kg/m2) [29].
Respondents had been diagnosed with T2DM
for a mean of 11.4 years prior to the survey, and
had been receiving medication to control blood
glucose for a mean of 8.9 years. Respondents’
mean reported HbA1c was 7.4%; specifically,
23.0% had tightly controlled HbA1c by ADA
standards (defined as C 6.5% to B 6.9%), while
51.4% had loosely controlled HbA1c (C 7.0%
to B 7.9%) [30]; most respondents (62.4%)
reported that their current HbA1c was outside
the target set by their physician, and 18.8%
reported having experienced complications as a
result of T2DM.

Most respondents (93.4%) answered the test
question correctly, selecting the clearly superior
choice. The remainder (6.6%) therefore poten-
tially provided unreliable results and were sub-
grouped for further analysis. The proportion of
respondents with at least an adequate level of
self-reported health literacy was 90.4%, and the
proportion with adequate numeracy was 95.0%.

Relative Importance of Attributes
and Levels in Hypothetical Profiles

In the full sample of the current study (n = 500),
35.5% of the total variance in respondents’
decision-making between profiles was predicted
by mode and frequency of administration,
while 29.2% was predicted by change in body
weight. Less important attributes were change
in cardiovascular event risk (19.1%), risk of
hypoglycemic events (9.9%), and change in
HbA1c (6.5%). Relative preference weights of
attribute levels (relative to the least-preferred
level in each attribute) are presented in Fig. 1.
All attributes showed a linear upwards trend as
expected, with the exception of risk of hypo-
glycemic events. This may be because the levels

Fig. 1 Relative preference weights for each attribute level presented in hypothetical choice sets, in full sample
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presented for this attribute were not sufficiently
different to be considered notable by patients.

In the injectable-naı̈ve subgroup (which
made up 72.2% of the sample; n = 361), the
ordering of attributes by importance matched
the full sample with mode and frequency of
administration rated as most important, fol-
lowed by change in body weight, change in
cardiovascular event risk, risk of hypoglycemic
events, and lastly change in HbA1c (Figs. 2, 3).
However, in the injectable-experienced sub-
group (n = 139), the ordering of administration
and body weight change attributes was
reversed, as was the ordering of hypoglycemia
risk and HbA1c change attributes.

In four of the five attributes, the relative
utility of levels increased linearly according to
the expected trend, from ‘‘worst’’ to ‘‘best’’ levels
(i.e., from daily injection, to weekly injection,
to daily tablet (with restriction) to daily tablet
(without restriction); from body weight
increase, to no body weight change, to body
weight loss (- 5.5 lb), to body weight loss
(- 10.5 lb); from no change in cardiovascular
risk to greatest improvement in cardiovascular
risk; from small HbA1c improvement to large
HbA1c improvement). However, the relative
utility of hypoglycemia risk levels did not
increase linearly from the ‘‘worst’’ to ‘‘best’’
levels (i.e., from greatest to lowest risk).

Attributes were not typically ranked in a
different order in subgroups. No subgroup pro-
vided attribute preferences that were

significantly different to its corresponding sub-
group (all comparisons p[ 0.05 by t testing).

Relative Preference for (Anonymized) Real
Therapy Profiles

Evaluable direct preference results were avail-
able from all 500 respondents, and choice sets
were answered by 248 to 166 respondents each,
as per the block design (see Supplementary
Material Table S2). In the full population, the
oral semaglutide-like profile was preferred by
91.9–70.1% of respondents in each comparison
(Fig. 4a), and preference was significant in each
comparison (p\0.05 by chi-squared testing);
the injectable semaglutide-like profile was pre-
ferred by 89.3–55.7% of respondents in each
comparison (Fig. 4b), and preference was sig-
nificant in each comparison except with the
empagliflozin-like profile (55.7%).

In injectable-experienced respondents, pref-
erence for the injectable semaglutide-like profile
was increased (94.3–84.6% of respondents
depending on comparison), while preference
for the oral semaglutide-like profile remained
high (92.8–71.8%), and semaglutide was signif-
icantly preferred in all comparisons. In inject-
able-naı̈ve respondents, preference for the
injectable semaglutide-like profile was
decreased (87.4–42.0%) and was not significant
in comparisons with the empagliflozin-like and
sitagliptin-like profiles; preference for the oral

Fig. 2 Estimated contribution of each attribute to treatment decision-making in the full population, and injectable-
experienced and injectable-naı̈ve subgroups
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semaglutide-like profile remained high
(91.6–69.5%) and was significant in all
comparisons.

Willingness to Initiate Treatment
with (Anonymized) Real Therapy Profiles

Evaluable results for willingness to initiate
treatment with (anonymized) real therapy pro-
files were available from all 500 respondents,
and questions were answered by 500 or 125
respondents each as per the block design. In the
full population, respondents were more often
willing (i.e., answered ‘‘willing’’ or ‘‘very will-
ing’’) to initiate treatment with semaglutide-like
profiles, relative to comparators—with the
exception of injectable semaglutide (59.2%)
versus empagliflozin (85.6%).

Injectable-experienced participants weremore
willing to initiate treatment with injectable ther-
apies (i.e., semaglutide and dulaglutide; 86.3%
and 84.9%, respectively; see Fig. 5); injectable-
naı̈ve participants were slightly less willing
(48.8% and 43.5%). Willingness to initiate oral

semaglutide or empagliflozin remained high in
the full population and both subgroups
(87.8–84.9%). Willingness to initiate
injectable and oral semaglutide, dulaglutide, and
empagliflozin was high in the injectable-experi-
enced group (87.8–84.9%).

DISCUSSION

Overall, the results of this DCE survey show that
US patients with T2DM prefer oral antidiabetic
treatments over injectable treatments. The
results also suggest that US patients with T2DM
are significantly more likely to prefer oral or
injectable semaglutide-like profiles over those of
the selected GLP-1 RA, SGLT2i, DPP4i, and TZD
comparators presented, with the oral semaglu-
tide-like profile being preferred over any other
oral antidiabetic therapy. In comparison to the
empaglifozin profile, 69.5% of oral antidiabetic
therapy users preferred the oral semaglutide
profile, suggesting that improvements in clini-
cal parameters, such as body weight change and
blood glucose level, outweigh any

Fig. 3 Relative preference weights for each attribute level presented in hypothetical choice sets, in injectable-experienced
and injectable-naı̈ve subgroups
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disadvantages in the dosing conditions. Addi-
tionally, patients are more willing to initiate
treatment with oral semaglutide-like profiles
compared to all other profiles, even in patients
who are injectable-experienced.

Analyses of hypothetical preference results
suggest that mode and frequency of adminis-
tration was the most important attribute con-
sidered in patients’ decision-making process
(35.5%), followed by change in body weight

Fig. 4 Preference for oral (a) and injectable (b) semaglutide (full population, injectable-experienced and injectable-naı̈ve
subgroups)

Fig. 5 Willingness to initiate treatment with (anonymized) real therapy profiles (injectable-experienced and injectable-naı̈ve
subgroups)
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(29.2%). Cardiovascular event risk was also
identified as an important treatment character-
istic for US patients with T2DM (19.1%). Risk of
hypoglycemic events (9.9%) and change in
HbA1c (6.5%) were substantially less important
in this context.

The relative importance of HbA1c change
within the survey results was low, and this was
estimated to be the least important of the five
tested attributes in this context. This may be
explained by the magnitude of change descri-
bed in all levels of this attribute, and the HbA1c

levels of respondents. For approximately half of
respondents (the 51.4% with loosely controlled
HbA1c of C 7.0% to B 7.9%), three of the four
presented reductions in HbA1c would be suffi-
cient to reach a level of tight control (B 6.9%).
In addition, many patients may assume that
any new therapy will improve HbA1c and that
most therapies provide equivalent HbA1c bene-
fit. In subgroup analyses, this attribute
remained the least important regardless of
HbA1c (above or below median, or within or
outside personal target). These findings suggest
that, in this patient population, the impact of
treatment on HbA1c is not a primary factor
when selecting between modern non-insulin
therapy options, which generally have high
efficacy. This is an area that needs further
exploration as further potency and durability of
treatment may need to be added to future trials.

In this context, body weight change was
estimated to be the second-most important
attribute in respondents’ decision-making, in a
population where 56.0% were obese according
to US criteria (BMI C 30 kg/m2) [29]. This dif-
ference may be explained by the inclusion, in
the current study, of a wider range of body
weight change attribute levels: ? 5� lb to -

10� lb (? 2.5 kg, to - 4.8 kg), versus
the ? 0.3 kg to - 2.4 kg range derived from oral
semaglutide clinical trial data for the 2019
Japan DCE [14, 31, 32].

When comparing the results of the current
study to those of previous DCEs (comparing
different GLP-1 RA-like profiles), it is apparent
that the relative importance of different treat-
ment attributes changes substantially depend-
ing on the presented levels. For example, in the
current study the administration attribute was

considered to be the most important, while in
another DCE study conducted in the USA by
Polster et al. (where administration levels
described daily or twice daily injectable ther-
apy), dose frequency was ranked last out of four
attributes [13]. In addition, the phrasing used to
describe levels may also have an effect on rela-
tive importance. For example, the administra-
tion level for oral semaglutide was described as
‘‘Pill taken once per day, at least 30 min before
the first meal or drink of the day and tak-
ing other oral medications’’ in our survey but
could equally be described as ‘‘Pill taken once
per day, requiring fasting for 6 h before and
30 min after dosing’’. The attribute levels pre-
sented in the current study were based on data
for the therapies of interest from network meta-
analyses or clinical trials. Estimates from net-
work meta-analyses were used as a default, but
direct head-to-head data were used in direct
comparison choice sets when available [27, 28].

The current study and four other previous
GLP-1 RA-focused DCE studies included ques-
tions on direct preference between real GLP-
1 RA therapy profiles [7, 11, 12, 14]. Other GLP-
1 RA-focused DCE studies did not include a
direct comparison of real GLP-1 RA therapy
profiles [8–10], or instead used a time trade-off
(TTO) method to determine direct preference
[13]. Across the five studies presenting direct
preference data, dulaglutide was consistently
preferred to liraglutide, and semaglutide was
consistently preferred to both dulaglutide and
liraglutide [7, 11, 12, 14]. In addition, oral
semaglutide appeared to be particularly highly
preferred. Similar results were seen for respon-
dents’ willingness to initiate treatment with real
GLP-1 RA therapy profiles, which were also
available from the same published studies
[7, 11, 12, 14]. Respondents were more willing
to initiate treatment with dulaglutide relative to
liraglutide, and were more willing to initiate
treatment with semaglutide relative to
dulaglutide [7, 11, 12, 14].

The sample size of the current study
(n = 500) was comparable to those of two GLP-
1 RA-focused DCEs conducted in the USA by
Hauber et al. and Polster et al. (n = 643 and
n = 382, respectively) [10, 13].
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While the average age of respondents in the
current study (mean 65.5, median 67.0) was
higher than that typically seen in similar GLP-
1 RA-focused DCE studies [33], this does not
appear to have biased responses towards oral or
injectable semaglutide: preference for oral and
injectable semaglutide remains high among
participants younger than the median age
(90.4–66.2%, depending on comparison) or
aged below 60 (92.3–65.8%).

The average level of glycemic control of
survey respondents (mean HbA1c 7.4%; median
7.2%; 66.8% with loosely controlled or uncon-
trolled disease by ADA target [1]; 62.4% with
uncontrolled disease by their personal target),
along with their insulin-naı̈ve status, suggests
that results may be generalized to US patients
with T2DM who require first intensification of
treatment. However, caution is advised when
drawing conclusions from this study for
patients outside of the USA.

Limitations

A few limitations of this study have been noted.
Firstly, the reported rates of T2DM-related
complications were substantially lower than
those seen in other sources such as disease reg-
istries: peripheral neuropathy has previously
been observed in 42.2% of patients (versus
14.0% in the current study) [34]; vision dis-
ability in 11.7% (versus 7.4% in the current
study) [35]; kidney disease in 36.5% (versus
3.0% in the current study) [35]; and cardiovas-
cular disease in 32.2% (versus 2.2% in the cur-
rent study) [36]. This may be because
respondents considered these to be separate
comorbid diseases rather than T2DM-related
complications. Alternatively, the respondents
may not have been familiar with the terminol-
ogy used to describe these complications.

Secondly, findings related to cardiovascular
event risk in the current study should be inter-
preted with caution, as the 21% risk reduction
(versus placebo) displayed within oral
semaglutide-like profiles in this survey was not
statistically significant in the PIONEER 6 car-
diovascular outcome trial, possibly because of
the limited sample size of that trial [17]. Future

data may become available to confirm the true
magnitude and level of significance of this risk
reduction with oral semaglutide. In the mean-
time, these results could be considered in the
context of pooled data on oral and
injectable semaglutide from the PIONEER 6 and
SUSTAIN 6 trials, which show a significant risk
reduction of 24% versus placebo [37].

In the current study, five treatment attri-
butes were tested, after selection through sub-
stantial qualitative research. Guidance from
ISPOR suggests that 8–16 is the ideal number of
choice tasks in a DCE [38], and the results of the
TLR conducted prior to the survey found that
the majority of comparable DCE studies used
between five and eight attributes. In addition, a
recent systematic literature review by Thieu
et al. reported that (among six DCE studies in
T2DM) six was the median number of attributes
used, in testing up to two GLP-1 RA therapies
[33]. Therefore, it was extrapolated that
approximately five attributes per question
would be the ideal in the current study, to allow
the intended number of therapies and treat-
ment classes to be covered within the survey.
Other GLP-1 RA-focused DCE studies have tes-
ted six [11, 12], or even eight attributes [8, 9].
Therefore, the current study focused on
increased coverage of therapies and treatment
classes, rather than increased coverage of
attributes.

In addition, in the current study, respon-
dents completed the DCE survey remotely, with
no input from study researchers. Conversely, in
two previous GLP-1 RA-focused DCE studies
conducted by Gelhorn et al. (to support
dulaglutide), choice sets were administered in
person to respondents by a trained moderator
[11, 12]. However, online self-completion
appears to be common in other GLP-1 RA-fo-
cused DCE studies [7–10, 13, 14], and other
features were included in the current study to
ensure respondents’ understanding (such as
example and test choice sets).

Finally, the current study did not include a
pilot test survey phase. However, substantial
qualitative research was conducted with expert
physicians and persons with T2DM in the USA,
in order to determine the best presentation
methods for use within the final survey.
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Additionally, elements to allow testing of
response quality were incorporated into the
survey design.

CONCLUSION

Injectable-naı̈ve and injectable-experienced US
patients with T2DM are significantly more
likely to prefer oral or injectable semaglutide-
like profiles over those of key comparators from
the GLP-1 RA, SGLT2i, DPP4i, and TZD classes.
Patients are also more willing to initiate treat-
ment with oral semaglutide-like profiles than
with any of these comparator profiles. When
such patients compare these therapies, mode
and frequency of administration is likely to be
the greatest factor in their decision-making,
followed by body weight change. While the
following treatment attributes were not inves-
tigated in this study, research into the impor-
tance of treatment cost, side effects such as risk
of urinary tract or genital infection, risk of
adverse gastrointestinal events, and change in
blood pressure would also be useful to further
inform patient preference. Future research on
patient preference for oral semaglutide could
use alternative methods such as TTO or will-
ingness-to-pay analysis, which have occasion-
ally been used to assess preference for GLP-1 RA
therapy profiles [13, 39].
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