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ABSTRACT

Objective This study aimed to investigate the preferences
regarding risks, benefits and other treatment attributes

of patients with type 2 diabetes mellitus (T2DM) in

China when selecting a second-line anti-hyperglycaemic
medicine.

Methods A discrete choice experiment with
hypothetical anti-hyperglycaemic medication

profiles was performed using a face-to-face survey
administered to patients with T2DM. The medication
profile was described using seven attributes: treatment
efficacy, hypoglycaemia risk, cardiovascular benefits,
gastrointestinal (Gl) adverse events, weight change,
mode of administration and out-of-pocket cost.
Participants chose between medication profiles by
comparing attributes. Data were analysed using

a mixed logit model with marginal willingness to

pay (mWTP) and maximum acceptable risk (MAR)
calculated. The preference heterogeneity within the
sample was explored using a latent class model (LCM).
Results A total of 3327 respondents from five major
geographical regions completed the survey. Treatment
efficacy, hypoglycaemia risk, cardiovascular benefits
and Gl adverse events were major concerns among
the seven attributes measured. Weight change and
mode of administration were of lesser concern.
Regarding mWTP, respondents would pay ¥236.1
(US$36.6) for an anti-hyperglycaemic medication with
an efficacy of 2.5% points reduction in HbA1c, while
they were willing to accept a weight gain of 3 kg only
if they received a compensation of ¥56.7 (US$8.8).
Respondents were willing to accept a relatively large
increase in hypoglycaemia risk (MAR=15.9%) to
improve treatment efficacy from intermediate (1.0%
points) to high (1.5% points). LCM identified the
following four unobserved subgroups: trypanophobia,
cardiovascular-benefits-focused, safety-focused and
efficacy-focused and cost-sensitive.

Conclusion Patients with T2DM prioritised free out-
of-pocket costs, highest efficacy, no hypoglycaemia
risk and cardiovascular benefits over weight change
and mode of administration. There exists great
preference heterogeneity among patients, which
should be taken into account in healthcare decision-
making processes.

,*® Xiong Ke,® Liu Liu,"? Yanfeng Ren, 2

1,2

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The clinical decision to choose one anti-
hyperglycaemic medication over another is complex
and should be guided by a patient-centred approach,
in which patient preferences should be included.

= The preferences for anti-hyperglycaemic medica-
tions of Chinese patients with type 2 diabetes melli-
tus are still unknown.

WHAT THIS STUDY ADDS

= Out-of-pocket cost, treatment efficacy, hypoglycae-
mia risk, cardiovascular benefits and gastrointes-
tinal adverse events were major concerns among
the seven attributes measured. Weight change and
mode of administration were of lesser concern.

= We identified the following four unobserved pref-
erences heterogeneity subgroups: trypanophobia,
cardiovascular-benefits-focused,  safety-focused
and efficacy-focused and cost-sensitive.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study provides information on which anti-
hyperglycaemic medication characteristics are most
important from a patient perspective and shows that
patients demonstrate heterogeneity in their medica-
tion preferences.

= Recognising that patients will make different trade-
offs when choosing one treatment over another can
improve the healthcare decision-making processes
and promote a patient-centred diabetes care.

INTRODUCTION

The prevalence rate of diabetes in China
increased from less than 1% in the 1980s to
more than 12% in 2018.' 2 In 2021, China
was reported to have the largest number
of patients with diabetes and the second
highest healthcare spending on diabetes
and its complications worldwide.”™ Previous
research showed lower rates of awareness,
treatment and control of diabetes in China
compared with the USA.>°7 Type 2 diabetes
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mellitus (T2DM) is a complex chronic illness requiring
continuous medical care including multifactorial risk-
reduction strategies beyond glycaemic control.

Established guidelines recommend that once initiated,
metformin should be continued as long as it is tolerated
and not contraindicated.® However, given the progressive
nature of the disease, within 3 years of receiving mono-
therapy, 50% of patients with T2DM are inadequately
controlled and require add-on therapies.” The American
Diabetes Association highlights that the choice of medi-
cation added to metformin should be based on the clin-
ical characteristics of the patients and their preferences.®
For patients with established atherosclerotic cardiovas-
cular disease (ASCVD) or indicators of high ASCVD risk,
heart failure (HF) or chronic kidney disease (CKD), a
sodium-glucose cotransporter-2 inhibitor (SGLTZ2i) or
glucagon-like peptide-1 receptor agonist (GLP-1 RA)
with demonstrated cardiovascular disease (CVD) benefits
is recommended. For patients without the above indica-
tors, the choice of a second agent to add to metformin is
not yet guided by empirical evidence comparing across
multiple classes.® Rather, drug choice is based on effi-
cacy, avoidance of side effects (hypoglycaemia or weight
change), cost and patient preferences. For example, if
the main driver of the treatment choice is out-of-pocket
cost, a sulphonylurea or thiazolidinedione (TZD) might
be considered because these drugs are currently reim-
bursed in China; if the main concern is to avoid hypo-
glycaemia, GLP-1 RAs, SGLT2i, dipeptidyl peptidase IV
inhibitor (DPP-4i) or TZD might be preferred.'’

In accordance with the national guidelines for the
prevention and control of diabetes in primary care in
China, patient preference is an important consideration
in the formulation of individualised treatment plans."'
The US Food and Drug Administration released a guide
in 2016 that encourages the use of data on preferences
of patients and caregivers in medical product develop-
ment.'? Discrete-choice experiment (DCE) is an effective
approach used since before 1990 to quantify the prefer-
ences of patients regarding healthcare and a wide range
of related topics."”

Several DCEs have been conducted in the European
and American diabetes population."* However, nation-
ally representative Chinese patient preferences have not
been investigated. Conclusions from previous studies
conducted outside China may not be generalisable to
Chinese patients because of inconsistent results and
different cultural contexts between China and high-
income countries. Huang et al” investigated the treat-
ment preferences of patients with T2DM in China but
did not consider their medication preferences and only
enrolled participants in the hospital setting. However,
a large proportion of patients with T2DM are in the
primary healthcare setting, such as, those patients who
are living in rural areas.*'®

Therefore, the present study used the DCE as a patient
decision aid aiming to bridge research gaps by identi-
fying the preferences regarding risks, benefits and other

treatment attributes of patients with T2DM in China
when selecting a second-line anti-hyperglycaemic medi-
cine. Findings from this study may provide empirical
evidence for clinicians or policymakers on how to choose
an optimal therapy among multiple suitable alternative
medications for patients with T2DM, thus improving
medication adherence and promoting a patient-centred
diabetes care.

METHODS

Patient and public involvement

Patients were involved in the design, conduct, reporting
or dissemination plans of our research.

Study sample

In China, there are regional variations in the preva-
lence of diabetes,'® and different geographical regions
have different levels of economic development, which
may have an impact on a patient’s medication choices.
As such, we used a multistage stratified cluster-sampling
procedure that considers geographical region and
economic development status for data collection. In
stage one, we selected six provinces and municipalities
that represent the socioeconomic statuses and lifestyles
of five major geographical regions in China. In stage two,
we selected a provincial capital city (developed city) and
one or two non-provincial capital cities (underdeveloped
city) from each geographical region in China. In stage
three, we randomly selected one or two hospitals and two
or three primary care institutions from each city. Finally,
we selected 50 hospitals or primary care institutions from
13 cities in b provinces and 1 municipality. Participants
were eligible to complete the survey if they were Chinese,
=18 years of age and diagnosed with T2DM by a health-
care professional. Individuals were asked to participate
regardless of their medication history.

The guidelines proposed by Johnson and Orme
suggested that the sample size can be calculated using the
equation N>500x¢/(txa), where cindicates the number of
analysis cells, ¢ refers to the number of choice tasks and
a is the number of alternatives. In the main-effects only
design, ¢ is equal to the largest number of levels among
different attributes in the DCE.'” In the present study,
the corresponding values for ¢, { and a are 6, 6 (exclude
the duplicated choice set) and 2, respectively; therefore,
N can be estimated as (500x6)/(6x2)=250. To conduct
preference heterogeneity analyses, we set the sample size
for each geographical region as no less than 250, and the
total sample was no less than 1250.

Attributes and levels development

A range of medications in oral and/or injectable
form are available to control blood glucose. This
variety of treatment options naturally provides a
diversity of clinical efficacy, administration mode and
adverse event profiles. An initial list of attributes was
obtained by conducting a review of the published liter-
ature.’ '’ "® Each initial attribute was then subjected
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to multiple rounds of prioritisation following three
principles: relevance to the research question, rele-
vance to the decision context and whether attributes
are related to one another. This procedure yielded 13
attributes. Subsequently, an expert stakeholder panel
consisting of five endocrinologists and three admin-
istrators in diabetes care was convened to refine the
attribute list and identify possible gaps. In this stage,
we combined the attributes ‘nausea’, ‘vomit’ and
‘diarrhea’ into ‘gastrointestinal (GI) adverse events’
and defined the cost as ‘monthly out-of-pocket cost’.
We then conducted a best-worst scaling (BWS) exper-
iment involving 362 patients with T2DM. This exper-
iment is an effective priority determination method
that can provide quantitatively robust evidence for
the DCE attribute selection and helped us to refine
the 11 attributes (online supplemental table 1)
generated from the literature review and the first-
stage expert consultation. The BWS results provided
a clear view of the priority of the 11 attributes. Details
of the BWS results can be found in the study by Liu
et al." These attributes were further refined through
focus-group discussions with six endocrinologists in
Shanghai, China.

Based on the literature review, expert consultation,
BWS results and focus-group interview, seven attributes
were included in the final survey. The levels of treat-
ment efficacy,”'"**! weight change,'’ ** hypoglycaemic
risk® 1 #* #* and GI adverse events® '” **" were mainly
determined by randomised controlled trials, system-
atic reviews and clinical guidelines focused on the effi-
cacy and safety of medication treatments for patients
with T2DM. We also reviewed the package inserts of
anti-hyperglycaemic medicines that were available to
Chinese patients. To reduce the cognitive burden of
participants, the levels of the ‘cardiovascular benefits’
attribute were qualitatively identified with ‘yes’ and ‘no’
to represent whether the anti-hyperglycaemic medica-
tions can provide cardiovascular benefits or not.* '’
The levels of the ‘monthly out-of-pocket cost’ attribute
were determined by analysing the health insurance
data obtained from one tertiary hospital and experts
interview. Considering the Chinese context, ¥0 repre-
sented the nearly free anti-hyperglycaemic medica-
tions, such as sulphonylureas and biguanides, whereas
¥600 represented the expensive anti-hyperglycaemic
medications, such as insulin therapy and some GLP-1
RA (table 1).

Experimental design

The final set of DCE questions included in the survey
was generated with a commonly used D-optimal
algorithm by SAS to construct a fractional factorial
experimental design. The resulting design included
48 unique DCE questions, which were assembled into
8 blocks of 6 DCE questions each. The final experi-
mental design was evaluated for level balance, minimal
overlap and orthogonality. The aim of this type of

experimental design is to strike a balance between
asking enough DCE questions of each respondent
to estimate the model parameters for each attribute
level while not overburdening the respondent with
too many questions. Each respondent was randomly
assigned to answer one of the blocks of six questions.
Each DCE question offered respondents a choice
between two hypothetical medication profiles, and
patients were asked which medication they would
prefer to choose. Within each block, a strictly domi-
nant option (alternative A is preferred over alterna-
tive B) was included to evaluate the internal validity
of the data. After the DCE questions, the surveys
contained additional questions about demographic
information, such as duration of diabetes and current
medication use. The design was developed following
good research practice guidelines published by the
International Society for Pharmacoeconomics and
Outcomes Research (ISPOR).*

Data collection
To ensure the quality of data collection, we collected
the data in a face-to-face manner. In the tertiary hospi-
tals, the questionnaire was administered to patients by
clinicians and the research team. In the primary care
institutions, the face-to-face survey was conducted in a
conference or waiting room by the research team. The
instructions of the DCE and the rationale of the survey
were explained in detail by one or two investigators
who received specific training from the research team.
Cognitive pre-tests were conducted to ensure the
face validity of the survey instrument and compre-
hensibility of the survey method. We conducted iter-
ative pre-tests on paper (n=b) and, after revisions,
conducted additional pre-tests in an online format
(n=7). Respondents were provided pre-test questions
and were given the option to verbally share comments
during the pre-test. The patients completed the ques-
tionnaire themselves anonymously after they provided
informed written consent. Respondents who had diffi-
culty filling in the questionnaire—for example, those
who had poor eyesight—were offered the opportunity
to complete the questionnaire verbally. The comple-
tion of the questionnaire took about 10-20min, and
each participant was reimbursed for their time. All
completed questionnaires were directly returned to
the investigators.

Statistical analysis

We fitted the DCE data to a conditional logit model
(CLM) and mixed logit model (MIXL) using dummy
coding. The optimal model was chosen by examining
the Bayesian information criterion (BIC) and Akaike
information criterion (AIC). The signs of coefficients
of the model indicated whether the corresponding
attributes had a positive or negative effect on utility,
and the sizes of the coefficients indicated the attrib-
utes’ relative importance based on total relative utility.
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Table 1 Attributes and levels in the discrete-choice experiment survey

Attributes Levels Description Some corresponding medications

Treatment efficacy/ Highest/2.5% Different diabetes drugs have different Insulin

reduction in HbA1c High/1.5% efficacies for reducing the HbA1c Insulin, GLP-1 RA, SGLT-2i
Intermediate/1.0% Sulfonylureas, nateglinide, biguanides
Poor/0.5% TZD, alpha-glucosidase inhibitor,

Hypoglycaemic risk 0%

The likelihood that patients will
5% experience mild or moderate

DPP-4i
TZD, alpha-glucosidase inhibitor
Nateglinide

hypoglycaemic events within the first 6

15% months of use Sulfonylureas
30% Insulin

Gastrointestinal adverse 0% The likelihood that the medication will DPP-4i, SGLT-2i

events 10% cause any mild or moderate QI adverse Meglitinide

events (which may include diarrhoea, i o

20% vomiting and/or nausea) within the first 6 alPha-glucosidase inhibitor
40% months of use. GLP-1 RA

Cardiovascular benefits Yes GLP-1 RA, SGLT-2i
No Others

Weight change —-2kg Medication-related weight changes that SGLT-2i, GLP-1 RA
Okg patients will experience within the first 6 DPP-4i, alpha-glucosidase inhibitor

months of use. -

+1.5kg Sulfonylureas, nateglinide, TZD
+3kg Insulin

Mode of administration Injection - Insulin, most GLP-1 RA
Pill Others

Out-of-pocket cost* ¥0 Patients’ monthly out-of-pocket cost. Sulfonylureas, glucosidase
¥50 TZD, nateglinide
¥100 alpha-glucosidase inhibitor
¥200 DPP-4i,SGLT-2i
¥400 Most insulin
¥600 Some insulin, GLP-1 RA

*Based on a currency exchange rate of ¥6.449 to US$1.00 in 2021.

.DPP-4i, dipeptidyl peptidase IV inhibitor; Gl, gastrointestinal; HbA1c, glycated haemoglobin Alc; GLP-1 RA, glucagon-like peptide-1
receptor agonist; SGLT-2i, sodium-glucose cotransporter two inhibitor; TZD, thiazolidinedione.

The cost attribute was assumed to be continuous. Thus,
the marginal willingness to pay (mWTP) was calcu-
lated by assessing the ratio of the preference for other
attributes to the preference for out-of-pocket cost.
There is a sensitive trade-off between glucose
control and hypoglycaemic risk in patients with T2DM
in medication.? Thus, in our study, in addition to
preference weights for attributes, the risk tolerance,
that is, the hypoglycaemic risk accepted by patients
with T2DM to achieve an incremental glucose control
benefit, was quantified using the maximum accept-
able risk (MAR) introduced by Johnson et al.** MAR
expresses the risk patients are willing to take to gain
a certain amount of benefit. The MAR is theoretically
higher if the benefits produced by the intervention
increase. Quantitative estimates of MAR can provide
useful information for several areas of product
development and marketing, such as development

strategies for new pharmaceuticals,
approval and risk management.

We conducted a latent class analysis (LCA) to assess
the presence of structural differences in the ranking
of preferences within the sample (ie, preference
heterogeneity). This method tests the presence of
unobserved (latent) classes within the sample based
on a set of variables that define each observation—in
this case, patient preferences for anti-hyperglycaemic
medication attributes. Within each class, preference
weights were estimated using a CLM.” A user-written
Stata rnodule,?’1 52 Iclogit, was used to conduct this
analysis. Demographics for each class were tabulated
using by class: tabulate in Stata after model estima-
tion. We fitted the data to one to six classes and used
the BIC and AIC to choose the model with the best
goodness-of-fit. All statistical analyses were conducted
using Stata statistical software.

regulatory
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RESULTS
A total of 3919 respondents met the eligibility criteria
and consented to participate. Of those who consented
to participate, 3533 completed the survey (90.2%).
Some respondents were excluded for failing the internal
validity test (n=206), leaving 3327 respondents for the
final analysis ; there were no statistically significant differ-
ences in demographic characteristics between those who
failed versus those who passed the validity test (online
supplemental table 2). Among the participants, 50.8%
were women, 63.9% lived in urban areas, 50.0% had a
body mass index (BMI) >24 and 55.8% were more than
60 years old, which is consistent with the estimated prev-
alence of diabetes among Chinese adults, making the
sample broadly nationally representative.2
Approximately 65.2% of respondents had been diag-
nosed with diabetes for at least 5years, and 65.1% took
at least two medications for diabetes. In addition, 18.0%,
11.8% and 8.6% of respondents were diagnosed with a

CVD, CKD and HF, respectively. Most of the respondents
indicated having a clear understanding of the harmful
effects of diabetes on their health. More than half of the
respondents (65.3%) considered that the six DCE tasks
were of average difficulty (neither easy nor difficulty) to
complete. The number of respondents in each block had
a good balance (11.6% to 13.4%).

Preference weight

The AIC and BIC values suggested that the MIXL outper-
formed the CLM (online supplemental table 3), and
the preferences results were not substantially different
between the two models. Table 2 shows the MIXL results
of the participants who passed the internal validity test
(39924 observations from 3327 patients). A sensitivity
analysis involving the 206 participants who failed the
internal validity test was conducted (online supple-
mental table 4), although these changes did not substan-
tially affect the findings. Except for a weight change of

Table 2 Mixed logit model for respondent preferences

Attributes/levels Estimate SE P value SD SE P value
Efficacy/reduction in HbA1c: 0.5% (ref.)
1.0% 0.583 0.062 <0.001 0.066 0.255 0.795
1.5% 1.256 0.081 <0.001 0.431 0.185 0.020
2.5% 1.378 0.082 <0.001 0.912 0.123 <0.001
Hypoglycaemia events risk: 30% (ref.)
15% 0.810 0.068 <0.001 0.030 0.125 0.809
5% 1.175 0.073 <0.001 0.321 0.243 0.187
0% 1.271 0.078 <0.001 0.779 0.134 <0.001
Gastrointestinal adverse events: 40% (ref.)
20% 0.417 0.060 <0.001 0.029 0.266 0.914
10% 0.608 0.066 <0.001 0.344 0.200 0.086
0% 1.138 0.078 <0.001 1.270 0.112 <0.001
Weight change: no change (ref.)
-2kg 0.098 0.067 0.142 0.108 0.244 0.657
+1.5kg -0.197 0.059 0.001 0.314 0.228 0.170
+3kg —-0.331 0.069 <0.001 0.987 0.113 <0.001
Cardiovascular benefits: no
Yes 1.172 0.060 <0.001 1.243 0.075 <0.001
Mode of administration: injection (ref.)
Pill 0.913 0.056 <0.001 1.451 0.080 <0.001
Cost -0.0058 0.000 <0.001 0.006 0.000 <0.001
Constant -0.101 0.036 0.006 — — —
n 3327
Observation 39924
Log-likelihood -10277.503
AIC 20617.010
BIC 20883.440
.AlIC, Akaike information criterion; BIC, Bayesian information criterion; HbA1c, glycated haemoglobin Alc.
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-2kg, all levels within each attribute were statistically
different from one another at the 1%o level, suggesting
that the selected attributes were all significant predictors
of patient medication choice. The participants particu-
larly cared about treatment efficacy, strongly favouring
a 2.5% point reduction in glycated haemoglobin Alc
(HbAlc) (p=1.378; p<0.001). They also exhibited strong
preferences for a medication without hypoglycaemia
risk over one with a 30% risk ($=1.271; p<0.001), and
for a medication with cardiovascular benefit over one
without ($=1.172; p<0.001). The attribute GI side effects
(p=1.138; p<0.001) was in the middle rank and had signif-
icant impact.

Other attributes had less influence on respondent
choice than did the four described above. The respon-
dent choice was not greatly influenced by administration
mode or weight change, although certain levels of each
of the two attributes had positive or negative effects on
respondent choice. For example, weight gain had a nega-
tive effect on the medication preferences of patients with
T2DM, but to a lesser extent. The relative preference
weight for a weight change of +3kg was only less than
one-third of the 2.5% point reduction in HbAlc. The
‘out-of-pocket cost’ attribute, treated as continuous, was
-0.0058. Thus, every 100 additional yuan spent on the
anti-hyperglycaemic medication decreased the patient’s
utility by 0.58.

MWTP

The mWTP analysis quantified the monetary equivalence
that the respondents were willing to sacrifice for the desired
level of an anti-hyperglycaemic medication attribute
compared with the reference level. mWTP estimates are

depicted in figure 1. Respondents were willing to pay
¥215.2 (US$33.4) for an anti-hyperglycaemic medication
with an efficacy of 1.5% point reduction in HbAlc over
one with an efficacy of 0.5% point reduction in HbAlc.
However, respondents were willing to pay only another
¥20.9 (US$ 3.2) to obtain an additional 1.05% point
reduction in HbAlc. They were also willing to pay ¥217.7
(US$33.8) for a medication with 0% hypoglycaemia risk
over one with a 30% risk, ¥200.7 (US$31.1) for a medi-
cation with cardiovascular benefits over one without such
benefits and ¥194.9 (US$30.2) for a medication without
GI risk over one with GI risk. Respondents were willing to
pay ¥-56.7 (US$-8.8) for a weight change of +3kg over
their current weight. In other words, they were willing to
accept a weight gain of 3kg when compensated with ¥56.7.

MAR

The MAR results are illustrated in figure 2. For a speci-
fied improvement in treatment efficacy (Aefficacy), MAR
is the highest level of hypoglycaemia risk patients would
tolerate in return for a reduction in HbAlc offered by the
anti-hyperglycaemic medication. Patients were willing to
accept a relatively large increase in hypoglycaemia risk
(MAR=15.9%) to improve treatment efficacy from inter-
mediate (1.0% point) to high reduction (1.5% point),
closely followed (MAR=13.8%) by an improvement from
poor (0.5% point) to intermediate reduction (1.0%
point); however, they would only accept a small increase
in risk (MAR=2.8%) from high (1.5% point) to highest
reduction (2.5% point).

Preference heterogeneity

The LCA results showed that four classes were the best
fit for these data (table 3 and online supplemental table
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5). The first class ‘trypanophobia’, which included 359
respondents (10.8%), strongly preferred oral administra-
tion. Those 1065 respondents (32.0%) in the second class
‘cost sensitive’ were most sensitive to out-of-pocket costs.
The third class ‘cardiovascular-benefits-focused’, which
was composed of 739 respondents (22.2%), was most
concerned with cardiovascular benefits. The fourth class
‘safety-and efficacy-focused’ was the largest, composed of
1164 respondents (35.0%) who were primarily concerned
with treatment efficacy, hypoglycaemia risk and GI
adverse events. When assessing demographic character-
istics, those without injection therapy experience were
more likely to be grouped in class 1 than those with
such experience. Respondents from urban areas or with
higher education levels were less likely to belong to class
2. Class 3 was more likely to include urban respondents
and those with a BMI 224. Older inpatients with higher
education levels had a higher probability to be classified
into class 4 than their counterparts.

DISCUSSION

To the best of our knowledge, this study is the first to
investigate the preferences of patients with T2DM
regarding second-line anti-hyperglycaemic medications
by performing a DCE with a nationally representative
sample in China. For the clinician or decision-maker,
our study provides robust evidence on the relative impor-
tance to patients of factors that likely influence their treat-
ment decision-making related to medications for T2DM.
T2DM is a particularly preference-sensitive condition
because of the multitude of available treatments, which
have varied benefits, risks and burdens.® In this study, we
estimated the relative importance of preference weight,
associated mWTP, MAR and preference heterogeneity.

The results showed that out-of-pocket cost, treatment
efficacy, hypoglycaemia risk, cardiovascular benefits and
GI adverse events were the most important attributes in
patient decision-making, whereas administration mode
and weight change were the least important. These pref-
erences except for weight gain differed largely by key
demographic characteristics.

Our study revealed the importance of out-of-pocket
costs in patient preferences. Other studies from coun-
tries with universal health coverage, such as Canada and
America, also found similar results.*** Financial barriers
remain a major source of health disparities, and costs
should be a focus of treatment goals.”® According to a
National Health Interview Survey, one-half of adults with
diabetes reported financial stress; among them, most of
those who reported not taking medications as prescribed
due to costrelated barriers to medication use never
shared this with their physician.37 % Findings from the
present study suggest that, in order to reduce the risk of
cost-related non-adherence, the costs of care should be
strongly considered by physicians in China when devel-
oping treatment plans.

Patients weighted the efficacy for a reduction in
HbAlc as more important than other risks and bene-
fits measured. These results are in line with a recent
systematic review of DCE studies of patient preference
in diabetes, where control of blood glucose (reflected in
HbAlc) was identified as the most important attribute
relating to patient preference.39 In our study, patients
were willing to pay ¥215.2 (US$ 33.4) to decrease HbAlc
by 1.5% point compared with 0.5% point. However,
they were only willing to pay another ¥20.9 (US$ 3.4)
to decrease HbAlc from 2.5% point to 1.5% point. It
suggested that patients in our study had a clear awareness
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Table 3 Latent class model for preferences heterogeneity (n=3327)

Class 4
Class 3 (safety-focused
Class 1 Class 2 (cardiovascular- and efficacy-
(trypanophobia) (cost sensitive) benefits-focused) focused)

Attributes/levels Estimate P value Estimate P value Estimate P value Estimate P value
Efficacy/reduction in HbA1c: 0.5% (ref.)
1.0% 0.110 0.777 0.570 <0.001 0.331 0.003 0.707 <0.001
1.5% 0.515 0.125 0.524 <0.001 0.810 <0.001 1.173 <0.001
2.5% 0.499 0.202 0.896 <0.001 1.002 <0.001 1.197 <0.001
Hypoglycaemia events risk: 30% (ref.)
15% -0.278 0.498 0.348 0.024 0.099 0.304  0.947 <0.001
5% —-0.062 0.838 0.302 0.105 0.643 <0.001 1.417 <0.001
0% -0.258 0.496 0.156 0.234 0.178 0.085 1.938 <0.001
Gastrointestinal adverse events: 40%
(ref.)
20% -0.217 0.558 0.167 0.237 0.179 0.040 0.559 <0.001
10% 0.449 0.171 0.161 0.311 0.157 0.119  0.778 <0.001
0% -0.016 0.961 0.712 <0.001 0.264 0.002 1.431 <0.001
Weight change: no change (ref.)
-2kg -0.187 0.651 -0.159 0.330 0.095 0.360  0.099 0.298
+1.5kg -0.318 0.537 -0.567 <0.001 0.013 0.893 -0.262 0.005
+3kg -0.339 0.280 -0.618 <0.001 -0.344 <0.001 -0.358 <0.001
Cardiovascular benefits: no
Yes 0.201 0.469 0.486 <0.001 1.569 <0.001 -0.149 0.197
Mode of administration: injection (ref.)
Pill 3.196 <0.001 0.663 <0.001 0.172 0.008 0.302 <0.001
Cost —-0.002 0.002 —-0.011 <0.001 -0.001 <0.001 -0.000 0.807
Individual covariates
Age (year): >60 -0.320 0.050 -0.224 0.069 -0.013 0.927 - -
Inpatient -0.380 0.038 -0.206 0.114 0.196 0.165 - -
Region: urban 0.151 0.422 —-0.681 <0.001 0.458 0.004 - -
Education: high school or above —-0.031 0.865 -0.595 <0.001 -0.257 0.078 - -
Annual family income: >¥50000 0.502 0.002 0.188 0.117 0.428 0.001 - -
BMI: >24 -0.132 0.405 0.164 0.164 0.220 0.098 - -
Has no injection therapy experiences  1.794 <0.001 0472 <0.001 0.132 0.362 - -
Constant -2.177 <0.001 0.863 <0.001 -0.502 0.124 - -
Class share 0.108 0.320 0.222 0.350

BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; HbA1c, glycated haemoglobin Alc.

of the efficacy attribute, as they perceived that higher
efficacy was not necessarily better. In clinical practice,
when making medication recommendations for patients,
physicians must make a careful trade-off between various
medicines in terms of glucose control and avoiding
hypoglycaemia because when optimal glucose levels are
achieved, the risk of short-term complications, such as
hypoglycaemia, is expected to increase."” *' Our study
confirmed this again, as we found that treatment efficacy
and hypoglycaemia risk had a great impact on patient

medication preferences and patients made a sensitive
trade-off between the two attributes.

Other preference studies separated the hypoglycaemia
attribute into mild and severe, which may increase the
patient’s trade-off burden when making a choice.” **
By contrast, the present study used ‘risk of moderate or
mild hypoglycemia events within 6 months’ to define the
hypoglycaemia attribute because severe hypoglycaemia
did not seem to occur more often with any particular
monotherapy or combination therapy.” Older patients
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were more likely to be grouped in the safety-focused and
efficacy-focused class. The strength of the preference
for glucose control reflects the challenges (eg, multiple
coexisting chronic illnesses and poor treatment adher-
ence) faced by older patients to achieve such control.

Patients, particularly those with a BMI >24, had a
high preference for cardiovascular benefits in our study.
Although the use of anti-hyperglycaemic medications
is generally not associated with increased cardiovas-
cular risk, patients with diabetes, especially those with
comorbid obesity, inherently have an increased risk of
CVD.* Clinical trials showed that GLP-1 RAs have bene-
ficial effects on cardiovascular health, but high costs are
an important barrier to GLP-RA use. In the present study,
the respondents were willing to pay only ¥200.7 (US$
31.1) to take medication with cardiovascular benefits
over one without, which is far below the medical cost of
GLP-RA in China.** Thus, the government should take
steps to have more GLP-RA medicines covered by the
public health insurance.

Although GLP-RA has demonstrated various bene-
fits for patients, it has the highest GI adverse events risk
among anti-hyperglycaemic medications."" ** * In the
present study, older patients had relatively high concern
for GI adverse events. Thus, in clinical practice, when
recommending GLP-1 RA for older patients, a careful
trade-off should be made between the benefits and
potential GI adverse event risks to improve their medica-
tion adherence.

Overall, patients preferred the oral versus injection
mode of administration. Several previous studies also
found similar results.”” * The preference heterogeneity
results indicated that the patients who had never had an
injection preferred oral administration over injection
therapy. Thus, a lack of understanding of the character-
istics of injection therapy may be a potential barrier to
insulin use. Another study also suggested that diabetes
education can considerably influence the importance
assigned to administration mode among patients with
T2DM.*

Patient preferences were least influenced by weight
change. This is consistent with a recently published
double-blind, randomised three-way crossover trial study
examining patient preferences for therapy in T2DM.*
Although worry about weight gain is common among
patients with T2DM, the present study suggests that
Chinese patients were generally not willing to trade effi-
cacy or safety to avoid weight gain.

Limitations

This study has some limitations. First, the attributes
and their levels in the DCE survey must be formulated
in such a way that respondents clearly and concisely
understand their meaning. Although the levels of the
treatment efficacy attribute in terms of HbAlc reduc-
tion was presented to participants using both qualitative
(highest, high, intermediate and poor) and quantitative
(2.5%, 1.5%, 1.0% and 0.5%) descriptions in this study,

the understanding of HbAlc reduction may be problem-
atic for some patients. Future studies are encouraged to
include attributes that can be easily interpreted by the
patients, such as, loss of life years.

Second, considering that DCEs are not appropriate
when too many attributes are considered, we combined
nausea, vomit and diarrhoea into ‘GI adverse events’
to prevent participant fatigue. However, we could not
determine the specific preference weight between those
factors. In addition, given that the burden of GI adverse
events varies largely based on its severity, adopting the
risk of overall GI events rather than of severe events could
be another limitation of this study.

Third, we did not leave respondents an opt-out option.
A forced choice design may cause some biases, but this
design was consistent with our study setting. Because of
the progressive nature of T2DM, medication therapy is
necessary to maintain euglycaemia over time.

Fourth, an inherent limitation of the DCE design is that
it requires participants to make hypothetical rather than
observed choices. Stated preferences on hypothetical
choices may not be reflective of reality, where patients
make decisions with emotional, financial and clinical
consequences.”” Nevertheless, we attempted to minimise
differences between hypothetical and real-world decision-
making environments by choosing attributes and levels
that are consistent with real clinical decisions. In addi-
tion, to ensure the quality of the preferences evidence,
we followed recommended guidelines proposed by
ISPOR for DCE study design® and analysis.”” Cognitive
pre-tests were also conducted to ensure the face validity
of the survey instrument and comprehensibility of the
survey method.

Fifth, we only collected the number of medications
currently taken by the patients for diabetes. Collecting
further details of medications currently taken by patients
may provide deep insights regarding their medication
preferences, as current medications might impact the
patients’ preferences for the hypothetical medicines
presented in this DCE.

Finally, there may also be a limitation for the sampling
procedure as we did not adopt random sampling.
However, to make the preference results more repre-
sentative, our study used a multistage stratified cluster-
sampling procedure that considers geographical regions
and economic development status for data collection. In
addition, the key demographic characteristics are consis-
tent with the estimated prevalence of diabetes among
Chinese adults, making the sample broadly nationally
representative.

CONCLUSIONS

The decision to choose one medication over another
is complex and should be guided by a patient-centred
approach. Considerations include the medication effects
on cardiovascular and renal comorbidities, efficacy,
hypoglycaemia risk, impact on weight, out-of-pocket
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cost, risk for side effects and patient preferences. This
study suggests which attributes are most important from
a patient perspective and shows that patients demon-
strate heterogeneity regarding medication preferences,
the quantitative trade-offs further illustrate the relative
importance of these attributes. Hence, the results of
this study are informative and robust and can be used to
guide healthcare decision-making processes for patients
with T2DM.
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