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Purpose: To evaluate preferences for medications among patients with type 2 diabetes mellitus (T2DM) from urban community
health stations or rural village clinics in Shandong province, China.

Methods: We use a discrete choice experiment (DCE) to measure the medication preferences. Each patient completed six DCE choice
sets. The attributes for the DCE questionnaire include mode of administration, out-of-pocket medication cost per month, fasting blood
glucose control effect and frequency of hypoglycemia events. The conditional logit model (Clogit) and mixed logit model (MXL) were
used to evaluate choice data.

Results: A total of 887 patients with T2DM completed the survey. The mean age of participants was 64 years, 36.42% experienced
complications, and the mean duration of diabetes was about 8 years. Overall, patients’ ideal medication would not have hypoglycemia
events, provide normal fasting glucose levels, have oral medication three times a day and lower monthly medication cost. Patients
prioritized the frequency of hypoglycemia events (f=15.055, P < 0.01) and were willing to spend CNY 393.10 per month to avoid
hypoglycemia events. For patients with higher educational levels and with longer diagnosis time, the effect of fasting blood glucose
was more relevant than all other outcomes.

Conclusion: This study provides information on T2DM patients’ preference for medications. Our results suggest that clinical doctors
should present patients with a variety of pharmaceutical characteristics and include their preference into medication decision, which
will improve patient adherence and health outcomes.
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Introduction

Diabetes mellitus is a chronic metabolic disorder characterized by a long disease course and being prone to a variety of
serious complications that significantly impact patients’ quality of life." According to the International Diabetes
Federation (IDF), the prevalence of diabetes is 10.5% among adults aged 20—79 years globally in 2021. While China
has the largest number of people at risk of diabetes, it is estimated the adults with diabetes will reach to 164 million by
2030.% However, the rate of treatment and control remained at a consistently low level from 2013 to 2018, patients
generally have poor medication adherence.’

Type 2 diabetes mellitus (T2DM) accounts for more than 90% of diabetes cases in China.> Almost all patients with
T2DM should take medications for the rest of their lives, as they are critical in lowering glycaemic levels, postponing
complications and improving patients’ survival conditions.* Typically, patients with T2DM are treated with metformin
hydrochloride or some injectable drugs such as insulin.>® There are multiple medications available to keep their blood
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glucose levels under control, which vary in efficacy and side effect. Along with the doctor’s guidance, it is necessary to
understand the patients’ preferences for medications, since this will involve patients in shared decision-making.

Evidence of patients’ preference for medications offers the potential for shared decision-making in clinical practice,
where physicians and patients make decisions together based on individual patient factors and multiple options for
T2DM treatment. This will help patients fully understand their condition, reduce concerns about treatment options and
improve medication adherence.” Meanwhile, it will facilitate the transformation of medical decision-making from the
traditional “physician-led” to “patient-physician shared decision-making” and better realize “patient-centered” health
care services.®’

So far, there are Stated Preference (SP) and Revealed Preference (RP) methods to measure preferences.'® SP is used
to analyze the results of respondents’ choices under the hypothetical scenarios. RP utilizes the observed real-world
behavior data.'' Due to the fact that health is not a “typical” market with established pricing mechanisms,'? the discrete
choice experiment (DCE) is an SP approach that is more commonly used in healthcare preference studies.'” In recent
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years, DCE has been conducted in the study of T2DM in a number of developed countries,
adequately represent the general situation in China. To date, there are comparatively few empirical studies in China.
Only one study examined the treatment preferences of patients with T2DM in hospitals, with an emphasis on overall
diabetes health management,”® whereas the objective of our study is to assess patient preferences in urban community
health stations or rural village clinics, focusing on medications. Therefore, this study will assist doctors in understanding
the actual and daily preferences of patients following discharge from hospitals and in developing tailored medication
plans.

Methods

DCE is based on the random utility theory, where respondents will choose the option with the greatest utility in given
scenarios.”’ In DCE, participants are generally expected to trade off in a serious of scenarios, which combine different
attributes and levels.'*? These scenarios refer to medication options consisting of different efficacy and side effects in
this study. Patient preferences depend on the level values of these attributes. In addition, researchers can use DCE to
estimate respondents’ willingness to pay (WTP) and relative importance for attributes.”® In this study, the DCE was
designed and analyzed according to the checklists and good research practices that were conducted by the International
Society for Pharmacoeconomics and Outcomes Research (ISPOR)."!

Attributes and Levels
Determining attributes and levels is such a significant step in DCE research.”* First of all, we selected 6 attributes

through literatures,” 2

included mode of administration, frequency of medication, out-of-pocket medication cost per
month, fasting blood glucose control effect, frequency of hypoglycemia events and weight gain per year. Then, we
invited 2 experienced clinical doctors in diabetes treatment and 5 patients with T2DM to conduct in-depth interviews.
They were asked to rank those 6 possible attributes from the most to the least importance. According to ranking results,
the weight gain per year attribute was removed, because they all considered it not significant for medication choices. In
addition, we also consulted three experts in the field of DCE, they suggested that the frequency of medication could be
combined into the mode of administration. The levels for each of these attributes incorporated a range of possible T2DM
medication outcomes. These levels were mainly based on literature, current practice and expert reviews. After a few

modifications, the final 4 attributes and corresponding levels are shown in Table 1.

DCE Design

In this study, we used Ngene software (ChoiceMetrics, Sydney, Australia) to create an orthogonal design.** The design
generated 10 choice sets that further divided into 2 blocks to reduce the response burden of respondents. In addition to
using the Ngene software, we also manually added one choice task for each block. This additional choice task was
used to test internal consistency,'® in which 1 of 2 alternatives was strictly better than the other for all attributes
(but 1) with clear preference. For mode of administration, we used the same level in both medication options. Each
respondent was randomly assigned one of the 2 blocks that required 6 DCE questions. We chose to use forced-choice
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Table | Attributes and Levels for Discrete Choice Experiment (DCE) Choice
Questions

Attributes Levels

Mode of administration Insulin twice daily
Insulin once daily
Oral medication 3 times daily

Oral medication twice daily

Out-of-pocket medication cost per month 200 CNY
140 CNY
80 CNY
20 CNY

Fasting blood glucose control effect About 9mol/L
About 8mol/L
About 7mol/L
About 6mol/L

Frequency of hypoglycemia events About once a week
About once a month
About once a year

None

Table 2 An Example of a Discrete Choice Question (Translated Version)

Medication A Medication B
Mode of administration Oral medication twice daily Oral medication 3 times daily
Out-of-pocket medication cost per month 80 CNY 200 CNY
Fasting blood glucose control effect About 6mol/L About 8mol/L
Frequency of hypoglycemia events None About once a week
Which medication would you prefer? (pick one) o u]

tasks between 2 medication profiles in which respondents indicated which medication they would prefer to take. This
setup is usual and considered good research practice in health field.'"" An example of DCE question is shown in
Table 2.

Sampling

This study used multistage sampling method. First, we selected 3 prefectures to represent the east (Qingdao), middle
(Weifang) and western (Liaocheng) Shandong province according to the geographical location and economic develop-
ment level. Second, in each prefecture we selected 3 urban districts and 3 rural towns. Third, 3 communities from each
district and 3 villages from each town were randomly selected. Eventually, a total of 27 communities and 27 villages
were selected as the sample areas. Respondents were eligible if they were above 18 years old, had T2DM diagnosed by
physician and were incorporated into the management of basic public health services.

The sample size differed among the DCE studies due to the different number of attribute and level, subgroup analysis
and experimental design.**> The rules of thumb proposed by Orme B. suggested that we could use the formula
(N>500c/(t*a)) to dictate the sample size, where “c” is the number of analysis cells, “t” equals to the number of choice
tasks and “a” refers to the number of alternatives.*® When analyzing the main effects, “c” is the largest number of levels
of all attributes. Accordingly, our study should be more than 333 participants (500*4/(1*6)). To meet the requirements of
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the subgroup analysis and improve the credibility of the study results, we decided to appropriately increase the number of
samples based on the minimum sample size and the total sample size should be not less than 800. In practice, a total of
887 people participated in this study, of which 885 (99.8%) answered at least one DCE question.

Data Collection

In addition to DCE questions, participants’ socio-demographic characteristics and clinical history were also collected.
Prior to data collection from August to September 2019, we conducted a pilot with patients with T2DM in the
community (N = 30) to assess the comprehensibility and validity of the experiments. This was deemed appropriate on
the basis of pilot results. Considering the age of the participants and the quality of answering, the survey was collected by
means of paper-based and one-to-one interviews in community health service centers or village clinics. A gift worth 10 to
20 CNY was used to encourage each respondent to pay attention to the choice tasks.

Data Analysis

The data were double-entered using EpiData version 3.1 and all statistical analyses were operated with STATA 15.1
(StataCorp LP, College Station, TX, USA). All attributes were set as dummy-coded categorical variable in the beginning,
but in the mixed logit model (MXL) and the calculation of WTP, cost was specified as a continuous variable. The socio-
demographic and clinical data were used for a descriptive analysis, such as Chi-square tests and Student’s t-tests. The
conditional logit model (Clogit) and the MXL were used to analyze the data of discrete choice experiment to derive the
influence of the medication attributes on the medication selection and the relative importance for patients with T2DM. The
coefficients of models indicated relative importance basing on reference levels. The higher the coefficient is, the more
attention participants attach to it. Finally, we also conducted the subgroup analyses to understand different population
preference heterogeneity, respondents were grouped by age (<60 or >60 years), education level (illiteracy, primary school,
middle school or high school and above), duration of diabetes (<5, 5-10 or >10 years) and complications (yes or no). In later
analysis, results were also analyzed by respondent region (rural or city) and gender (male or female).

Results
Participants

Of the participants who answered at least one DCE question, 829 (93.50%) respondents were included in the final main
effect analysis due to passing the internal consistency test, indicating most of the participants seriously participated in the
survey. There were no significant differences in socio-demographic characteristics between those who failed the test and
those who passed, excluding the region and the education levels. For more information, see Table 3. The mean age of the
remaining 829 respondents was 64 years old. Most of the respondents were married (89.85%) and had an education level
of Middle school or below (83.82%). More than half were female (66.74%) and came from urban (55.37%). In addition,
the mean duration of diabetes was about § years, and 36.42% of patients had complications.

DCE Main Effect results

Clogit was used for sensitivity analysis. There were also no significant differences in preferences between the full sample
and the respondents who passed the consistency test (More details please see Supplemental Tables 1 and 2). However,

considering adequate sample size, the DCE results were based on the parents who passed the consistency test. According
to the log likelihood, Akaike information criterion (AIC) and Bayesian information (BIC) value,**’ the MXL model was
more appropriate than Clogit and the MXL estimates are reported in Table 4.

MXL results show that all attributes we selected were statistically significant. Patients with T2DM strongly prefered
not to have hypoglycemia events compared with having hypoglycemia events about once a week (p=15.055, P<0.01).
Patients also expressed a preference to control fasting blood glucose effect to about 6 mol/L compared with to about
9mol/L (B=6.776, P<0.01), as well as oral medication 3 times daily over insulin twice daily (=6.233, P<0.01). The
negative coefficient of the medication costs per month attribute indicated that a cheaper medication option would be
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Table 3 Self-Reported Sociodemographic Characteristics and Clinical Characteristics

Characteristics All (N = 885) Parents Who Passed the Parents Who Failed the
Consistency Test (N = 829) | Consistency Test (N = 56)
Mean/N | SD/% | Mean/N SD/% Mean/N SD/%
Age (years) * 63.78 8.46 64.00 8.45 61.37 9.07
Duration of diabetes * 7.66 6.20 7.67 6.25 7.54 543
Region °
Rural 395 44.63* | 36l 43.55% 34 60.71*
Urban 490 55.37% | 468 56.45% 22 39.29%
Gender ®
Male 294 3326 | 277 3345 17 30.36
Female 590 66.74 | 551 66.55 39 69.64
Marital status ®
Unmarried 89 10.15 | 84 10.22 5 9.09
Married 788 89.85 | 738 89.78 50 90.91
Education Level °
llliteracy 226 25.57* | 209 25.24% 17 30.36*
Primary school 283 32.01* | 274 33.09* 9 16.07*
Middle school 232 26.24* | 222 26.81* 10 17.86*
High school and above 143 16.18% | 123 14.86* 20 35.71%
Do you have any complications b
Yes 315 36.00 | 299 36.42 16 29.63
No 560 64.00 | 522 63.58 38 70.37

Notes: ® Student’s t-test. ® y® test. * p < 0.05. The sum of some variables did not equal the total, because there was missing data.
Abbreviation: SD, standard deviation.

preferred. As presented in Table 4, the statistically significant SD of some attributes indicated that there was preference
heterogeneity among patients with T2DM.

Willingness to Pay

The willingness to pay estimates for the analysis sample (N = 829) are reported in Table 4. We found an obvious
preference among respondents regarding the frequency of hypoglycemia events, patients with T2DM are willing to,
respectively, pay CNY 393.10 and 258.80 (this is calculated by 393.10-134.30) per month for not having hypoglycemia
events rather than having hypoglycemia events about once a week and once a month. Compared to controlling fasting
blood glucose level to 9 mol/L, patients with T2DM were willing to pay CNY 176.90 to improve the normal level (about
6 mol/L). If the mode of administration was changed from insulin twice daily to oral medication 2 times daily, patients
were willing to pay CNY 113.60 per month.

Subgroup Analysis
In subgroup analyses (by gender, age, education, region, duration of diabetes and complications), variation in ranking of
attributes was observed, but frequency of hypoglycemia events was the most important factor in most subgroups.
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Table 4 Mixed Logit Model Results (N = 829)

Attributes B SE SD SE WTP 95% ClI

Out-of-pocket medication cost per month —0.038* 0.017 —0.095* 0.031 - - -

Mode of administration (ref. Insulin twice daily)

Insulin once daily 3.301%* 1.433 1.039* 0.740 86.2 39.0 1333
Oral medication 3 times daily 6.233%* 2.392 9.561%* 3416 162.7 —12.0 3374
Oral medication twice daily 4.353%* 1.497 5.875%* 1.957 113.6 32 224.1

Fasting blood glucose control effect (ref. 9mol/L)

About 8mol/L 0.979 0.867 —0.505 0.832 25.6 -27.6 787
About 7mol/L —0.424 1.530 —3.959* 1.538 -1l —84.4 61.3
About 6mol/L 6.776** 2.036 3.857+ 1.210 176.9 62.9 290.9

Frequency of hypoglycemia events (ref. About once a week)

About once a month 5.144% 1.827 0.793 1.077 1343 25.6 243.0
About once a year 7.676% 2.465 -2.116* 0917 200.4 43.1 357.7
None 15.055%* 4619 —5.360** 1.809 393.1 163.9 622.3
AIC 4360.496

BIC 4500.909

Log likelihood —2160.2481

Respondents, n 8272

Observations, n 829

Notes: —, none or not applicable. *P<0.05. **P<0.01.
Abbreviations: B, coefficient. SE, standard error. SD, standard deviation. WTP, willingness to pay. 95% Cl, 95% confidence interval. ref, reference level. AIC, Akaike
information criterion. BIC, Bayesian information criterion.

Complication subgroup results were not significantly different from the overall analysis sample. Young, rural and male
patients have consistent preferences and they pay more attention to the mode of administration. Patients with higher
educational levels and with longer diagnosis time consider fasting blood glucose control effect more important. For more
details, please see Supplemental Table 3.

Discussion

This study used DCE methodology to investigate four key factors in determining patients’ preferences for T2DM
medications in China. Among all attributes, the frequency of hypoglycemia events had the largest effect on medication
choice. We found that patients with T2DM focus on reducing the frequency of hypoglycemia events. This result was
consistent with a previous study conducted in the UK.'® What is more, the finding that patients were willing to pay more
on average for medications associated with a lower frequency of hypoglycemia events means that they trade costs and
benefits of medications. Hypoglycemia is a serious complication that can lead to physical discomfort such as dizziness,
convulsions and even life-threatening in severe cases.’® Risk factors for hypoglycemia include age, use of multiple
medications and associated comorbidity.' The patients in this survey are at high risk of hypoglycemia, most of them have
been educated about hypoglycemia during medications, especially those treated with insulin, they are aware of the
dangers of hypoglycemia. Therefore, we suggest that doctors should set individual blood glucose targets and avoid strict
glycaemic control to prevent hypoglycemia. At the same time, patients should be told not to fear excessively and improve
their self-management ability.
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Whether the blood glucose level can be effectively controlled is the main factor affecting the medication choice of
patients. A previous study conducted in the US indicated that participants valued reductions in Alc levels and were
willing to pay more for it.** Our study also found that fasting blood glucose control effect remains an important
factor for medication choice among patients with T2DM. There were two levels of this attribute (control fasting
blood glucose effect to about 8 mol/L and 7 mol/L) that were not statistically significant, and the possible reason was
that the patients have low awareness of blood sugar control, and they may not even know what a normal glycaemic
level is.*

Out-of-pocket costs were relatively less important than the frequency of hypoglycemia events and the blood glucose
level for patients in their medication choice. However, several previously published studies demonstrated that cost had
the greatest impact on choice.*' This may be because the cost offered in those studies was difficult to affordable to
patients ($25, $200). In addition, the attributes and levels set in the previous study are different from those in this study
and cannot be directly compared. According to the negative coefficient of the cost attribute, we can know that patients
preferred to accept cheaper drugs. This finding might be because that the mean age of respondents was 64 years old who
were beyond the working age, many of whom had no financial resources and lacked the ability to pay. Meanwhile,
Chinese government is trying to relieve the financial burden of patients’ medications. The 2019 government work report
clearly pointed out that outpatient drugs for diabetes can be included in the medical insurance reimbursement, which can
be reimbursed by more than 50%. We believe that patients’ needs for low prices will be gradually satisfied.

However, patients with T2DM in our study were less concerned about the mode of administration. That is probably
because the average duration of diabetes with T2DM was 8 years, patients had formed medication habits. For medication
frequency, patients prefered having oral medication 3 times daily over twice daily, this finding deserved our attention. But
this may have something to do with the local three-meal daily diet, which makes it easier for patients to remember when
they took their medication. Patients prefer to take oral medicine rather than insulin because they generally believe that
insulin injection is troublesome and prone to addiction.** This fear of insulin injection will lead to inadequate glycaemic
administration, progression of complications of diabetes and suboptimal clinical outcomes.*> In the medication of
diabetes, clinical physicians should strengthen communication with patients, timely detect patients’ wrong cognition of
insulin injection and give intervention to improve their medication adherence.

Patients’ preference for medications can directly reflect patient needs and subjective feelings. In the process of T2DM
diagnosis and treatment, clinical doctors could consider evidences on patients’ preference heterogeneity for medications
and make tailored treatment plans, which will improve medication adherence and doctor—patient relationship. Although
many clinical guidelines give recommendations on the selection of glucose-lowering drugs for different patients, there is
a lack of information on patients’ preference for medications. It is recommended that clinical guidelines should be
formulated with more integration of clinical efficacy and patient preferences, so as to better realize patient-centered
healthcare services and effectively improve the health outcomes of patients with T2DM.

There are some limitations in our study. First, the relative importance of attributes can only be explained in the
scope of attributes and levels used in this study, which is not promotional for other literatures even though the same
study theme. Second, the sample size calculation approach used in this study is relatively simple. The results may not
be strictly accurate or reliable. Future DCE research should use sophisticated methods to obtain a more accurate
sample size. Third, although our study provided some important conclusions on the stated behavior of patients with
T2DM, the sample of this study may not represent the patients with T2DM in other provinces of China and other
countries, which potentially limited the generalizability of the results. Finally, the external validity of the study could
not be tested. Stated preferences may not be consistent with actual choices. For example, patients usually consider the
opinions of family members when they make medication choices, rather than making their own trade-offs. However,
we are also trying to narrow the gap between the hypothetical scenario and the real world by double-checking
attributes and levels.

Conclusion
This DCE study provides evidence on patients’ preference for medications. The frequency of hypoglycemia events was
the most important attribute that affect patients’ medication choices. A medication with controlling fasting blood glucose
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to normal level would be more preferred, while out-of-pocket medication cost per month and mode of administration had
little impact on patients’ decisions. Doctors should understand patients’ thought and design individualized medication
plans, it will effectively improve patients’ adherence and clinical outcomes. In addition, patients should be encouraged to
participate in the process of diabetes prevention and control program.

Abbreviations

WTP, willingness to pay; T2DM, type 2 diabetes mellitus; DCE, discrete choice experiment; Clogit, conditional logit
model; MXL, mixed logit model; SP, Stated Preference; RP, Revealed Preference; ISPOR, International Society for
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