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Introduction: Preferences for diabetes treatment-related attributes may be significant in diabetes management. However, there is a lack of evidence on patient preferences for diabetes in China.

Methods: A large-scale questionnaire survey was conducted in the hospitals of mainland China. Participants' preferences for six attributes were evaluated via a discrete choice experiment (DCE) using the conditional logit model. Patients' willingness to pay (WTP) for each attribute was calculated based on the cost attribute.

Results: The sample consisted of 709 patients (male 51.9%; female 48.1%). The results of the model indicated that patients' preference weight (PW) of days on which the blood glucose level is under control per week was the highest (1.41), and the PW of blood glucose monitoring frequency was the lowest (0.642). Patients were generally willing to pay for improvements in their type 2 diabetes mellitus (T2DM) treatment, and they had relatively higher WTP to avoid the blood glucose level within a normal value of 1 day/week (¥176.01) and also to avoid the frequency of hypoglycemic events within the range of 1–2/month (¥144.53).

Conclusion: The number of days on which the blood glucose level is under control per week is the most important attribute in the treatment choice for patients with T2DM in China, followed by the frequency of hypoglycemic events, medication regimen, weight change, and blood glucose monitoring.
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INTRODUCTION

Diabetes has become a major health problem worldwide due to multiple reasons, including the rapid growth of the world economy, changes in people's lifestyles, and the aging of the population. Globally, in 2017, there are 425 million adults (age 20–79 years) with diabetes, with an estimated prevalence of 8.8% (1). The situation of China is also severe. The number of adult patients with diabetes in China is as high as 114 million, which ranks the first in the world and will expectedly increase to 120 million by 2045 (1). In China, the prevalence of diabetes has increased from 2.51 in 1994 to 10.9% in 2013, while the prediabetes prevalence rate has increased from 3.20 to 35.7% (2, 3). Diabetes has become the eighth leading cause of death in 2017 in China (4). Diabetes and its associated chronic complications have become one of the most important health burdens for the Chinese public (5).

In China, type 2 diabetes mellitus (T2DM) is the dominant type of diabetes, which accounts for more than 90.0% of the overall diabetic population (6). In the past few decades, the effectiveness and safety of therapies for diabetes have been tremendously improved in China, and patient adherence to treatment may have become a major factor affecting the quality of long-term blood glucose control. Existing studies have shown that patient preferences toward factors other than the effectiveness of their diabetes treatment can also affect their compliance to a certain extent, which in turn can alter the treatment effectiveness (7). Figuring out what patients expect and value for the regiments of managing chronic diseases, like diabetes, is increasingly significant in the design and delivery of diabetes treatment (8). Therefore, the healthcare providers need to recognize and well-utilize the characteristics of the treatment that patients want to incorporate into their diabetes management (9). The optimal diabetes treatment for each individual patient should be both clinically effective and consistent with the patient's needs and preferences.

Existing studies focus on patient preferences for the treatment of diabetes in developed countries, and several studies have shown that a variation of socioeconomic and cultural backgrounds among populations may lead to differences in patient preferences (10, 11). However, there is a lack of evidence on patient preferences for diabetes in developing countries with low levels of economic development, and specifically, there is no such study in China, a developing country with a large diabetic patient population.

Based on the above-mentioned reasons, this study aims to assess the preferences for diabetes treatment among patients with T2DM in China, to deepen the understanding of the health preferences of Chinese patients with diabetes, and to help medical staff implementing the targeted disease management scheme. To improve the applicability of the results, this study introduced discrete choice experiments (DCEs) to measure the preferences for each of the important attributes of the treatment by asking respondents to choose one set of attributes from a number of presented sets of attributes that simulate real situations (12). When cost is included as an attribute in the DCE, the results can be used to calculate the willingness to pay (WTP) for the attributes being measured (13). The results of this study would allow health professionals to quantitatively compare patients' preference for specific treatments in China based on the evaluation of the attributes of each treatment.



METHODS


Discrete Choice Experiment

A discrete choice experiment draws upon Lancaster's economic theory of value (14) and the random utility theory (15, 16). This technique is used in market research to assess how consumers value the underlying attributes that comprise different kinds of products and make choice decisions. The last few decades have seen an increasing use of this technique in health economics (17, 18). The decision-making process within a DCE is seen as involving a comparison of indirect utility functions (19). In making a series of choices, in each case, the subject chooses the option that leads to a higher level of utility.



Sampling

In this study, the inclusion criteria were: (1) patients have a self-reported physician's diagnosis of T2DM for 2 years or longer; (2) patients used antidiabetic medications in the past 2 weeks; (3) patients aged 18 years or older; and (4) patients be able to and willing to participate in this study, and willing to sign the informed consent.

The minimum sample size was calculated using the formula for estimating the sample size requirement for DCE (20):
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In this formula, “c” is the largest number of levels for any of the attributes, “t” is the number of choice sets, and “a” is the number of alternatives in each choice set. And, for this study, the minimum sample size was 500 × 4/(8 × 2)=125.

A stratified sampling strategy was used in this study: (1) all 31 provincial administrative regions (including provinces, autonomous regions, and municipalities directly under the central government) in mainland China were covered in the sampling; (2) cities in each province/autonomous region or districts in each municipality were evenly divided into three groups according to their 2017 per capita gross domestic product, thereby generating 93 groups; (3) within each group, one city or district was selected using the random number method, thus 93 cities or districts were selected; (4) in each selected city or district, 1–2 secondary hospitals and 1–2 tertiary hospitals (primary healthcare facilities were excluded because, under the current hierarchical healthcare system of China, only patients with light symptoms or health problems are encouraged to visit primary facilities, but all the patients are accessible in secondary and tertiary facilities) were surveyed based on the hospital administrators' permission to conduct the survey, and the hospital level was verified by consulting the hospital information tool by National Health Commission of China (http://61.49.18.120:9090/unit/index). This ensured that 186–372 hospitals would be selected. In each surveyed hospital, two participants who met the inclusion criteria mentioned above were surveyed. Overall, 744 questionnaires were distributed.



Survey Design

In accordance with the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) good practices for a conjoint analysis in health, the survey instrument in this study was developed using the following steps: (1) the identification of medication attributes and levels; (2) medication attribute and level selection; and (3) experimental design (21). The questionnaire used in this survey consisted of the following parts: (1) the introduction of this survey; (2) questions of the patient's current conditions about the disease, like the type of disease, course of the disease, and disease complications; (3) a preference survey section; and (4) other sociodemographic information questions, like gender, age, education level, monthly income, and exercise frequency.

For the identification of attributes and levels, a comprehensive literature review was performed with an aim to identify, select, and summarize existing research until March 2018 that assessed patient preferences for T2DM for the attributes of antidiabetic treatments and/or their WTP using DCE. Keywords (“Diabetes Mellitus,” “Type 2 Diabetes Mellitus,” “Disease management,” “Willingness to Pay,” “DCE,” “Discrete Choice Experiment,” “Patient Preference,” “Conjoint,” and “Conjoint Analysis”) in English and Chinese were used. The search was carried out in a pool of databases (Medline, Web of Science, SpringerLink, Elsevier ScienceDirect, Wiley Online Library, CNKI, CSPD, and VIP).

After excluding the duplicate papers, 34 studies were collected. Then, by manually excluding the studies that were not in accordance with the description of the abovementioned literature, 15 studies were collected. (22–36) Among the studies using the DCE, the most frequently studied attributes were as follows: the control of glycated hemoglobin (HbA1c) level/days on which the blood glucose level is under control per week (n = 14; 93.33%), (22–35) the frequency of hypoglycemic events (n = 14; 93.33%), (22–35) weight change (n = 13; 86.67%), (22–24, 26–34, 36) medication regimen (n = 10; 66.67%), (22, 23, 25–27, 31–33, 35, 36) cost (n = 9; 60.00%), (22–24, 26, 27, 29, 31, 33, 35) blood pressure/heart function (n = 8;53.33%), (22, 23, 27, 28, 30, 31, 33, 34) and blood glucose monitoring (n = 4; 26.67%). (22, 23, 30, 31) An online consultation with a group of six clinical physicians who devoted more than 10 years to diabetes treatment was made to select the attributes and levels throughout a group discussion. The result of such consultations was reached until all clinical physicians' consensus on the selection or exclusion of each attribute and each level. Totally, six attributes and 24 levels were identified.

Six attributes were eventually selected, and each of them had four levels. Theoretically, there were 46 = 4,096 possible scenarios. An orthogonal experimental design was carried out to generate the DCE design that was in compliance with the desirable design properties, like orthogonality, level balance, utility balance, and minimum overlap (37). After the design, 16 choice sets containing 32 scenarios were produced. Each respondent would answer these choice set questions (shown in Supplementary Materials), and their answers were used to analyze the preference and WTP for each attribute and level.

During April and May 2018, a pretest of the questionnaire was conducted in Nanjing, Changzhou, and Yangzhou, and 43 valid questionnaires were collected. The results showed that the questionnaire had acceptable understandability and readability.

Table 1 presents the abbreviated names, definitions, and levels selected in this study.


Table 1. Attributes and levels for the questionnaire.
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Data Collection

About 279 undergraduate students majoring in pharmacy-related disciplines were recruited as data collectors. Then, they were trained with the backgrounds, purposes, and goals of this study, as well as the procedures, the etiquette, and the techniques of performing the survey. Every three of the data collectors worked as a group for the data collection in one sampled city or district.

One group of data collectors randomly visited one of the secondary or tertiary hospitals in this city or district, and if the verbal permission of the dean/deputy director of this hospital was obtained, the data collector would conduct the survey, and if the verbal permission was not obtained, they would randomly visit another hospital, until the expected number of hospitals was surveyed. To conduct the survey, the data collectors randomly accessed a patient and orally introduced the background, content, purpose, and inclusion criteria of the survey to patients with diabetes who were leaving the endocrinology department. Patients who met the inclusion criteria and signed the informed consent were asked to complete a self-administered questionnaire. If the accessed patient did not meet the inclusion criteria and refused to participate or sign the informed consent, the data collector would randomly access another potential participant until the expected number of participants was surveyed.

Using an online survey system on mobile phones or tablet computers, the data collectors orally interviewed participants with each item of the questionnaire and recorded their responses, and then the survey system converted the data into electronic documents. The data collectors were not only allowed to provide any view on the questionnaire, but also the requirements or instructions of questionnaire filling. The survey system allowed the users to set restrictions on the format of responses and ensured the quality of data. About 15 postgraduates were recruited and trained to review the uploaded documents and immediately return those with data entry errors or data damages, which were corrected through return visits by data collectors whenever possible. The survey was carried out between July and August 2018.



Statistical Analysis

The conditional logit model was used to analyze the results of choice sets. Each choice set had two alternatives, and the alternatives were assigned 0 if the respondent did not choose this alternative and 1 if he or she chose the alternative in the choice set. Within the model calculation, an effects coding system [instead of a dummy coding, the reference categories were estimated as the negative sum of the included categories (38, 39)] was used for five attributes other than cost attribute, which was defined as a numeric continuous variable based on the presence of a linear relationship between the levels for it. Similar to some other studies using the DCE, (22, 23) this study divided the attributes into two groups for analysis because the attributes related to the type of treatment are theoretically correlated with the attributes related to the outcomes of the treatment and this may lead to an inaccuracy in the estimation. The two groups are: (1) medication regimen, blood glucose monitoring frequency, and cost and (2) weight change, hypoglycemic event frequency, blood glucose controlled days, and cost. The cost was included in both groups for estimating the WTP for all attributes.

Coefficients estimated from the model can be interpreted as the relative strength of preference for each attribute level (21, 23). The difference between the coefficients for the best and worst levels of an attribute could be interpreted as the relative preference weight (PW) for that attribute. (24, 28) The relative importance (RI) of an attribute was obtained from the quotient between its PW and the sum of PWs of the five attributes other than cost (34). Based on the economic theory of demand, Willingness to pay for the attribute levels was calculated using the estimated coefficients divided by the coefficient of cost. (22, 26, 31) For the first level in each attribute, WTP should be interpreted as the “maximum amount of money a patient was willing to pay to experience this level.” For other levels, if WTP was positive, WTP should be interpreted as “maximum additional amount of money a patient was willing to pay to experience this level instead of the first level,” and if WTP is negative, its absolute value is presented in (Table 4) and should be interpreted as “maximum additional amount of money a patient was willing to pay to avoid experiencing this level instead of the first level.” Just to be clear, in the cases that x was negative, the descriptions of the levels were reversed (avoid …) to make them understandable.

Stata/MP statistical software version 13.0 was used to conduct all statistical analyses.



Ethics Approval and Funding

All participants in this study signed the informed consent. The study protocol was reviewed and approved by the Ethics Committee of China Pharmaceutical University to ensure that the study was in accordance with the ethical guidelines of clinical investigation in China (as shown in Supplementary Materials). The study was funded by The Project of “Double First-Class” Construction of Discipline Innovation Team, China Pharmaceutical University (CPU2018GY39).




RESULTS


Respondent Characteristics

A total of 709 patients with T2DM were surveyed. In Table 2, the demographics of the sample are summarized. The results showed that gender and most of the other characteristics of samples were evenly distributed.


Table 2. Respondent characteristics.
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Results of PWs for China

Analysis results from the model are provided in (Table 3). The chi-squared value of the model likelihood ratio test was statistically significant (p < 0.05). In addition, the estimated coefficients were all statistically significant (p < 0.05) except for the “remain the same/6 months” and “lose 3 kg/6 months,” indicating that patient preferences for these levels compared to the first level of their attributes were unclear. Cost was statistically significant (p < 0.05) in both models, indicating that cost significantly influenced patients' choice of treatment.


Table 3. Model analysis results.
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The PW and RI of each attribute other than cost were calculated. The PW and corresponding RI values were the highest for three attributes: blood glucose controlled days (PW = 1.41; RI = 29.1%), the frequency of hypoglycemic events (PW = 1.18; RI = 24.4%), and medication regimen (PW = 0.926; RI = 19.1%), indicating that these attributes were relatively more concerned when patients with T2DM were choosing their treatment.



Results of WTP

The calculated monthly WTP results are provided in (Table 4). The WTP analysis demonstrated that medication regimens without injection, the avoidance of blood glucose monitoring, the avoidance of hypoglycemic events, and the time at which the blood glucose level is under control were the more valued attributes of the treatment, and participants were willing to pay for these experiences or outcomes.


Table 4. Willingness to pay (WTP) for diabetes treatment.

[image: Table 4]




DISCUSSION

This study aimed to examine patient preferences for the treatment of T2DM and their WTP for the treatment with different characteristics. Participants in our sample were patients with a self-reported physician's diagnosis of T2DM for more than 2 years. Their trade-offs for convenience of medication (medication regimen and blood glucose monitoring frequency), clinical outcomes of medication (weight change, hypoglycemic event frequency, and blood glucose controlled days), and the cost of medication were analyzed. As the results indicated, the most valued treatment attribute was blood glucose controlled days, followed by the frequency of hypoglycemic events, medication regimen, weight change, blood glucose monitoring, which means Chinese patients with T2DM believed that a steady, normal blood glucose level was more important than other treatment factors. Also, in this study, some interesting phenomena were identified.

Weight gain is a common symptom of T2DM, and as a well-known and sometimes severe side-effect of the treatment for diabetes, (40) a hypoglycemic event, such as weight loss, is a major concern for many patients, which may contribute to optimal treatment (41, 42). Mohamed et al. performed an analysis of preferences for oral antidiabetics (OAD) in Sweden and Germany and demonstrated that weight gain was the most important attribute, followed by glucose control (24). BØgelund et al. showed that, for Danish patients, weight change was the most important attribute (22). Similarly, Morillas et al. found that weight gain was the most important factor affecting patients' and physicians' medication choices in Spain and Portugal (23). In the UK, Gelhorn et al. proved that weight change was of primary importance to patients in their OAD preferences in T2DM. (34) One possible explanation for patients' concerns of weight change is that patients usually believe that weight gain will hamper blood glucose control and lead to an increasing risk in other diabetes-related complications in the long term, such as cardiovascular risk, and weight loss will lead to weakening and dysfunction of the body. However, the results of this study showed that the weight gain and a slight weight loss were not specifically concerned by patients with T2DM in China. A few studies showed that preferences were related to the cultural background of the study samples (43). Similar to our study's results, Brooks et al. in a recent preference study about two kinds of OAD in Japan found that according to patients' thought, the weight loss effect was the least important attribute (44). It is possible that, due to the regional and cultural differences in people's concepts and thoughts, (45) a mild or moderate weight change was of less importance to the East Asian population than to the European population.

Specific to the levels of each attribute, most of their estimated coefficients were in a monotone ascending or descending order as expected, but some of the levels did not comply with this order, such as comparisons of adjacent levels for the frequency of hypoglycemic events (occasionally vs. nearly not) and blood glucose controlled days (3 vs. 5 days/week). This phenomenon could be due to that patients would value the specific levels based on realistic factors rather than their hypothetical preference. Many possible realistic factors may influence patient preferences, such as whether the primary healthcare institutions in China were capable of providing management regiments with such levels of attributes and their quality, or whether the higher level of an attribute contained significantly added value compared to the lower level of the same attribute in the real world.

There was another unusual phenomenon in our study. For the attribute of medication regimen, the coefficients of injection once a day in relation to meals and injection once a day irrespective of meals were reversed totally (0.166 and −0.199, respectively). It was demonstrated that patients preferred injections in relation to meals and did not prefer injections irrespective of meals, and the possible reason was that patients' belief of injections in relation to meals could bring better blood glucose control.

The results of WTP calculation presented in this article generally demonstrated that patients were willing to pay for improved T2DM treatment, to gain additional benefits, like Jendle et al. stated in their study (31). Regarding the medication regimen, OAD was preferred to injections, and the WTP for OAD without injection was almost the same as WTP for avoiding injection two times a day in relation to meals, and three times as high as WTP for injection once a day in relation to meals. The results showed that patients preferred treatment with no need for the blood glucose monitoring test. Regarding a weight change in small range (a gain of 3 kg or a loss of 3 kg/6 months), Chinese patients were willing to avoid it. For a greater degree of weight loss (a loss of 6 kg/6 months), patients started to have WTP, which might be the influence of social and cultural backgrounds. The two highest WTP demonstrated that patients paid much attention to the frequency of hypoglycemic events and blood glucose control, and they were not desirable for frequent frequency of hypoglycemic events and the instability of blood glucose level.

As for the limitations of this study, it may have a bias in the sampling. The sampling procedure was not random because, when the data collectors were unable to survey in one of the randomly visited hospitals or survey one of the randomly visited potential participants, they would randomly access another. Additionally, only two participants were surveyed in each hospital because the research resources were limited, and covering the variance between the participants in different cities was usually important in surveys in China. Therefore, the final sample of this study may not represent Chinese patients with T2DM. Despite its wide use in health economics, DCE still has drawbacks. DCE is a technique for measuring the stated preferences and, even though it resembles the real situations as much as possible, it is still different from the decision process in real-world situations. Patients' choices for hypothetical treatment may not be the same as actual choices. The conditional logit model assumes that the measured utility is equal across all respondents and choice questions, (23) and therefore it does not consider variations in the preferences that arise from differences in individual characteristics, such as age, education, gender, and health status among respondents (preference heterogeneity) (21). In the DCE, the cognitive burden may increase with increases in the number of choice sets, (46) so that in our study respondents exposed to 16 choice sets may have a higher response variance that may influence the final results. In addition, the questionnaire just selected the attributes that were frequently used in previous studies and did not consider the other possible factors that might affect treatment preferences. Also, the attributes used in this study were generated based on the literature, and evidence from patients or residents were not considered because evidences collected in the design period of this study were of low quality and applicability, the suggested attributes were usually too general, too specific, or similar to the attributes from theliterature.

In this patient preference study, blood glucose controlled days are the most important attribute in the treatment choice for patients with T2DM in China, followed by the frequency of hypoglycemic events, medication regimen, weight change, and blood glucose monitoring. The results of this study can deepen the understanding of the preferences for patients with T2DM and to further assist in the development of diabetes treatment. Also, the results could be a boost of PRO use in clinical decisions for patients with T2DM in China, encouraging clinicians to take patient preferences for the treatment into consideration, which draws limited attention in China.

Preferences for different subgroups remain to be analyzed in future studies, and other attributes, such as heart function and gastrointestinal issues, may be taken into account as well.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Ethics Committee of China Pharmaceutical University. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

YH, QH, and XX contributed to study design, data analysis, interpretation, and manuscript drafting and review. AX and ML contributed to data collection and manuscript review. All authors approved the final version of the manuscript before its submission.



FUNDING

The study was funded by The Project of “Double First-Class” Construction of Discipline Innovation Team, China Pharmaceutical University (CPU2018GY39).



ACKNOWLEDGMENTS

We acknowledge all patients participated in our survey. We are also very grateful for the undergraduate students recruited in this study for their help to conduct the survey and collect the data. Any remaining errors are those of the authors alone.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2021.782964/full#supplementary-material



REFERENCES

 1. International Diabetes Federation. IDF Diabetes Atlas. 8th ed. Belgium: International Diabetes Federation (2017). 

 2. Pan XR, Yang WY, Li GW, Liu J. Prevalence of diabetes and its risk factors in China, 1994. Diabetes Care. (1997) 20:1664–9. doi: 10.2337/diacare.20.11.1664

 3. Wang L, Gao P, Zhang M, Huang Z, Zhang D, Deng Q, et al. Prevalence and ethnic pattern of diabetes and prediabetes in China in 2013. JAMA. (2017) 317:2515–23. doi: 10.1001/jama.2017.7596

 4. Zhou M, Wang H, Zeng X, Yin P, Zhu J, Chen W, et al. Mortality, morbidity, and risk factors in China and its provinces, 1990–2017: a systematic analysis for the global burden of disease study 2017. Lancet. (2019) 394:114558. doi: 10.1016/S0140-6736(19)30427-1

 5. Weng JP, Bi Y. Epidemiological status of chronic diabetic complications in China. Chinese Med J-Peking. (2015) 128:3267–9. doi: 10.4103/0366-6999.171350

 6. Weng J, Ji L, Jia W, Lu J, Zhou Z, Zou D, et al. Standards of care for type 2 diabetes in China. Diabetes Metab Res Rev. (2016) 32:442–58. doi: 10.1002/dmrr.2827

 7. Veldwijk J, Lambooij MS, van Gils PF, Struijs JN, Smit HA, de Wit GA. Type 2 diabetes patients' preferences and willingness to pay for lifestyle programs: a discrete choice experiment. BMC Public Health. (2013) 13:1099. doi: 10.1186/1471-2458-13-1099

 8. Inzucchi SE, Bergenstal RM, Buse JB. Management of hyperglycemia in type 2 diabetes: a patient-centered approach: position statement of the American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD). Diabetes Care. (2012) 35:1364–79. doi: 10.2337/dc12-1184

 9. Hayes RP, Bowman L, Monahan PO, Marrero DG, McHorney CA. Understanding diabetes medications from the perspective of patients with type 2 diabetes: prerequisite to medication concordance. Diabetes Educ. (2006) 32:404–14. doi: 10.1177/0145721706288182

 10. Guimarães C, Marra CA, Colley L, Gill S, Simpson S, Meneilly G, et al. Socioeconomic differences in preferences and willingness-to-pay for insulin delivery systems in type 1 and type 2 diabetes. Diabetes Technol Ther. (2009) 11:567–73. doi: 10.1089/dia.2009.0034

 11. Brown AF, Ettner SL, Piette J, Weinberger M, Gregg E, Shapiro MF, et al. Socioeconomic position and health among persons with diabetes mellitus: a conceptual framework and review of the literature. Epidemiol Rev. (2004) 26:63–77. doi: 10.1093/epirev/mxh002

 12. Scott A. Identifying and analysing dominant preferences in discrete choice experiments: an application in health care. J Econ Psychol. (2002) 23:383–98. doi: 10.1016/S0167-4870(02)00082-X 

 13. Johnson FR, Mohamed AF, Özdemir S, Marshall DA, Phillips KA. How does cost matter in health-care discrete-choice experiments? Health Econ. (2011) 20:323–30. doi: 10.1002/hec.1591

 14. Lancaster Kelvin J. A new approach to consumer theory. J Polit Econ. (1966) 74:132–57. doi: 10.1086/259131 

 15. Thurstone LL. A law of comparative judgment. Psychol Rev. (1994) 34:273–86. doi: 10.1037/h0070288 

 16. McFadden D. Conditional Logit Analysis of Qualitative Choice Behavior. In: Frontiers in Econometrics. New York: Academic Press (1974). 

 17. Clark MD, Determann D, Petrou S, Moro D, Bekker-Grob EW. Discrete choice experiments in health economics: a review of the literature. Pharmacoeconomics. (2014) 32:883–902. doi: 10.1007/s40273-014-0170-x

 18. Soekhai V, Bekker-Grob EWD, Ellis AR, Vass CM. Discrete choice experiments in health economics: past, present and future. Pharmacoeconomics. (2019) 37:201–26. doi: 10.1007/s40273-018-0734-2

 19. Ryan M, Netten A, Skåtun D, Smith P. Using discrete choice experiments to estimate a preference-based measure of outcome—an application to social care for older people. J Health Econ. (2006) 25:927–44. doi: 10.1016/j.jhealeco.2006.01.001

 20. de Bekker-Grob EW, Donkers B, Jonker MF, Stolk EA. Sample size requirements for discrete-choice experiments in healthcare: a practical guide. The patient. (2015) 8:373–84. doi: 10.1007/s40271-015-0118-z

 21. Bridges JF, Hauber AB, Marshall D, Lloyd A, Prosser LA, Regier DA, et al. Conjoint analysis applications in health—a checklist: a report of the ISPOR good research practices for conjoint analysis task force. Value Health. (2011) 14:403–13. doi: 10.1016/j.jval.2010.11.013

 22. Bøgelund M, Vilsbøll T, Faber J, Henriksen JE, Gjesing RP, Lammert M. Patient preferences for diabetes management among people with type 2 diabetes in Denmark–a discrete choice experiment. Curr Med Res Opin. (2011) 27:2175–83. doi: 10.1185/03007995.2011.625404

 23. Morillas C, Feliciano R, Catalina PF, Ponte C, Botella M, Rodrigues J, et al. Patients' and physicians' preferences for type 2 diabetes mellitus treatments in Spain and Portugal: a discrete choice experiment. Patient Prefer Adher. (2015) 9:1443–58. doi: 10.2147/PPA.S88022

 24. Mohamed AF, Zhang J, Johnson FR, Johnson I, Duprat Lomon E, Malvolti R, et al. Avoidance of weight gain is important for oral type 2 diabetes treatments in Sweden and Germany: patient preferences. Diabetes Metab. (2013) 39:397–403. doi: 10.1016/j.diabet.2013.06.001

 25. Polster M, Zanutto E, Mcdonald S, Conner C, Hammer M. A comparison of preferences for two GLP-1 products–liraglutide and exenatide–for the treatment of type 2 diabetes. J Med Econ. (2010) 13:655–61. doi: 10.3111/13696998.2010.529377

 26. Guimarães C, Marra CA, Gill S, Simpson S, Meneilly G, Queiroz RH, et al. A discrete choice experiment evaluation of patients' preferences for different risk, benefit, and delivery attributes of insulin therapy for diabetes management. Patient Prefer Adher. (2010) 4:433–40. doi: 10.2147/PPA.S14217

 27. Hauber AB, Han S, Yang JC, Gantz I, Tunceli K, Gonzalez JM, et al. Effect of pill burden on dosing preferences, willingness to pay, and likely adherence among patients with type 2 diabetes. Patient Prefer Adher. (2013) 7:937–49. doi: 10.2147/PPA.S43465

 28. Hauber AB, Mohamed AF, Johnson FR, Falvey H. Treatment preferences and medication adherence of people with type 2 diabetes using oral glucose-lowering agents. Diabetic Med. (2009) 26:416–24. doi: 10.1111/j.1464-5491.2009.02696.x

 29. Mühlbacher A, Bethge S. What matters in type 2 diabetes mellitus oral treatment? a discrete choice experiment to evaluate patient preferences. Eur J Health Econ. (2016) 17:1125–40. doi: 10.1007/s10198-015-0750-5

 30. Jendle J, Torffvit O, Ridderstråle M, Ericsson Å, Nilsen B, Bøgelund M. Willingness to pay for diabetes drug therapy in type 2 diabetes patients: Based on LEAD clinical programme results. J Med Econ. (2012) 15:1–5. doi: 10.3111/13696998.2012.703633

 31. Jendle J, Torffvit O, Ridderstråle M, Lammert M, Ericsson A, Bøgelund M. Willingness to pay for health improvements associated with anti-diabetes treatments for people with type 2 diabetes. Cur Med Res Opin. (2010) 26:917–23. doi: 10.1185/03007991003657867

 32. Lloyd A, Nafees B, Barnett AH, Heller S, Ploug UJ, Lammert M, et al. Willingness to pay for improvements in chronic long-acting insulin therapy in individuals with type 1 or type 2 diabetes mellitus. Clin Ther. (2011) 33:1258–67. doi: 10.1016/j.clinthera.2011.07.017

 33. Mansfield C, Sikirica MV, Pugh A, Poulos CM, Unmuessig V, Morano R, et al. Patient preferences for attributes of type 2 diabetes mellitus medications in Germany and Spain: an online discrete-choice experiment survey. Diabetes Ther. (2017) 8:1365–78. doi: 10.1007/s13300-017-0326-8

 34. Gelhorn HL, Stringer SM, Brooks A, Thompson C, Monz BU, Boye KS, et al. Preferences for medication attributes among patients with type 2 diabetes mellitus in the UK. Diabetes Obes Metab. (2013) 15:802–9. doi: 10.1111/dom.12091

 35. Aristides M, Weston AR, FitzGerald P, Le Reun C, Maniadakis N. Patient preference and willingness-to-pay for Humalog Mix25 relative to Humulin 30/70: a multicountry application of a discrete choice experiment. Value Health. (2004) 7:442–54. doi: 10.1111/j.1524-4733.2004.74007.x

 36. Porzsolt F, Clouth J, Deutschmann M, Hippler HJ. Preferences of diabetes patients and physicians: a feasibility study to identify the key indicators for appraisal of health care values. Health Qual Life Out. (2010) 8:125. doi: 10.1186/1477-7525-8-125

 37. Viney R, Savage E, Louviere J. Empirical investigation of experimental design properties of discrete choice experiments in health care. Health Econ. (2005) 14:349–62. doi: 10.1002/hec.981

 38. Bech M, Gyrd-Hansen D. Effects coding in discrete choice experiments. Health Econ. (2005) 14:1079–83. doi: 10.1002/hec.984

 39. Louviere JJ, Hensher DA, Swait JD. Stated Choice Methods: Analysis and Applications. Cambridge: Cambridge University Press (2000). 

 40. Cryer PE. The barrier of hypoglycemia in diabetes. Diabetes. (2008) 57:3169–76. doi: 10.2337/db08-1084

 41. Marrett E, Radican L, Davies MJ, Zhang Q. Assessment of severity and frequency of self-reported hypoglycemia on quality of life in patients with type 2 diabetes treated with oral antihyperglycemic agents: a survey study. BMC Res Notes. (2011) 4:251. doi: 10.1186/1756-0500-4-251

 42. Leiter LA, Yale JF, Chiasson JL, Harris SB, Kleinstiver P. Assessment of the impact of fear of hypoglycemic episodes on glycemic and hypoglycemia management. Can J Diabetes. (2005) 29:186–92. 

 43. Blinman P, Alam M, Duric V, McLachlan SA, Stockler MR. Patients' preferences for chemotherapy in non-small-cell lung cancer: a systematic review. Lung Cancer. (2010) 69:141–47. doi: 10.1016/j.lungcan.2010.05.001

 44. Brooks A, Langer J, Tervonen T, Hemmingsen MP, Eguchi K, Bacci ED. Patient preferences for GLP-1 receptor agonist treatment of type 2 diabetes mellitus in Japan: a discrete choice experiment. Diabetes Ther. (2019) 10:735–49. doi: 10.1007/s13300-019-0591-9

 45. Lindberg NM, Stevens VJ, Halperin RO. Weight-loss interventions for Hispanic populations: the role of culture. J Obes. (2013) 2013:542736. doi: 10.1155/2013/542736

 46. Bech M, Kjaer T, Lauridsen J. Does the number of choice sets matter? results from a web survey applying a discrete choice experiment. Health Econ. (2011) 20:273–86. doi: 10.1002/hec.1587

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Huang, Huang, Xu, Lu and Xi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/math_1.gif





OPS/images/fpubh-09-782964-t003.jpg
Attribute

Medication regimen

Injection two times a day in refation to meals
Injection once  day in relation to meals
Injection once a day irrespective of meals
ORD up to three times a day without injection

Blood glucose monitoring frequency
Once aday
Three times per week
Once a week
No need for monitoring test
Cost
Weight change
Gain 3 kg/6 months
Remain the same/6 months
Lose 3 kg/6 months
Lose 6 kg/6 months
Hypoglycemic event frequency
Usually oceur (1-2/month)
Sometimes oceur (1-2/3 months)
Qccasionally oceur (1-2/6 months)
Nearly ot ocour
Blood glucose controlled days
1 day/week
3 days/wosk
5 days/week
7 days/week
Cost

SE, standard error; C, confidence interval.

Coefficient

~0.446
0.166"
~0.199"
0479

-0.236

—0.276"*
0.107*
0.405**

—0.00610""

—0.309

—0.0160

—0.0486
0.374**

-0.7563

—0.108"
0.420**
0.427**

-0917
0217
o0.212*
0.488**

—0.00521"**

Patients (n = 709)

SE

0.0319
0.0327
0.0332

0.0327

0.0328

0.0328
0.000512

0.0347
0.0338
0.0354

0.0332
0.0352
0.0347

0.0334

0.0335

0.0355
0.000536

0.103
-0.263
0414

-0.340
0.0424
0.341

-0.00711

—0.0841
-0.115
0.304

-0.168
0.360
0.359

0.151

0.146

0419
—0.00626

95% Cl

0.228
—-0.134
0.544

—-0211
0171
0.470

—0.00510

00520
0.0175
0.443

—-0.0379
0.498
0.495

0.282

0.278

0.558
—0.00416





OPS/images/fpubh-09-782964-t004.jpg
Unit change

Medication regimen
Avoid injection two times a day in relation to meals
Injection once a day in relation to meals
Avoid injection once a day irrespective of meals
OAD up to three times a day without injection
Blood glucose monitoring frequency
Avoid one blood glucose monitoring test/day
Avoid three blood glucose monitoring tests/week
One blood glucose monitoring test/day
No need for monitoring test
Weight change
Avoid gain 8 kg/6 months
Avoid remain the same
Avoid lose 3 kg/6 months
Lose 6 kg/6 months
Hypoglycemic event frequency
Avoid usually ocour (1-2/month)
Avoid sometimes occur (1-2/3 months)
Occasionally oceur (1-2/6 months)
Nearly not oceur
Blood glucose controlled days
Avoid glucose level within normal range 1 day/week
Glucose level within normal range 3 days/week
Glucose level within normal range 5 days/wesk
Glucose level within normal range 7 days/week
Cost

Monthly WTP(Y)

73.11
27.21
32.62
78.52

38.69
45.25
17.54
66.39

59.39
3.07
9.33

.79

144.63
19.77
82.34
81.96

176.01
41.66
40.69
93.67
Reference





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Patient Preferences for Diabetes Treatment Among People With Type 2 Diabetes Mellitus in China: A Discrete Choice Experiment



		Introduction



		Methods



		Discrete Choice Experiment



		Sampling



		Survey Design



		Data Collection



		Statistical Analysis



		Ethics Approval and Funding







		Results



		Respondent Characteristics



		Results of PWs for China



		Results of WTP







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
, frontiers
in Public Health

Patient Preferences for Diabetes
Treatment Among People With Type 2
Diabetes Mellitus in China: A
Discrete Choice Experiment





OPS/images/fpubh-09-782964-t001.jpg
Name

Convenience attributes

Medication regimen

Blood glucose monitoring frequency

Clinical outcome attributes.
Weight change

Hypoglycemic event frequency

Blood glucose controlled days

Other attributes
Cost

Definition

Mode and frequency of administration

Frequency of blood glucose monitoring

Weight change in the first 6 months

Frequency of occurring hypoglycermic events

Number of days per week glucose level will be within

normal range

Payment per month

Levels

Injection two times a day in relation to meals
Injection once a day in relation to meals

Injection once a day iirespective of meals

Oral antidiabstics (OAD) up to three times a day without injection
Once a day

Three times per week

Once a week

No need for monitoring test

Gain 3 kg/6 months
Rermain the same/6 months
Lose 3 kg/6 months
Lose 6 kg/6 months

Usually oceur (1-2/month)
Sometimes occur (1-2/three months)
Occasionally occur (1-2/six months)
Nearly not oceur

1 day/week

3 days/week

5 days/week

7 days/week

¥ 100
¥ 70
¥ 40
¥0






OPS/images/fpubh-09-782964-t002.jpg
Characteristic

Gender
Female
Male
Age
18-30
31-40
41-50
51-60
61-70
71-80
>80
Duration of diabetes
2-5 years
5-10 years
>10 years
Frequency of blood glucose monitoring
Once a day
Three times per week
Once a week
Once a wesk
Complication
None
Present
Monthly income
<¥1000
¥1000-2000
¥2000-3000
¥3000-4000
2¥4000
Frequency of exercise
Often
Sometimes
Qccasionally

n (%)

341 (48.1)
368 (51.9)

6(08)
32(4.5)
162 (22.8)
184 (26.0)
198 (27.9)
110 (15.5)
17 (2.4)

308 (43.4)
202 (28.5)
199 (28.1)

132 (18.6)
153 (21.6)
233 (33.6)
186 (26.2)

420 (59.2)
289 (40.8)

144 (20.9)
54(7.6)
112(15.8)
136 (19.2)
263 (37.1)

250 (35.9)
227 (32.0)
282(32.7)









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Public Health





