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Objective: To evaluate the long-term cost effectiveness of insulin degludec/insulin aspart (IDegAsp) vs. biphasic insulin aspart 30 (BIAsp 30) for the treatment of people with type 2 diabetes mellitus (T2DM) inadequately managed on basal insulin in China.

Methods: The CORE (the Center for Outcomes Research) Diabetes Model, which has been published and verified, was used to simulate disease progression and calculate the total direct medical costs, life years (LYs) and quality-adjusted life years (QALYs) over 30 years, from the perspective of Chinese healthcare system. The patient demographic information and clinical data needed for the model were gathered from a phase III treat-to-target clinical trial (NCT02762578) and other Chinese cohort studies. Medical costs on treating diabetes were calculated based on clinical trial and local sources. The diabetes management and complications costs were derived from published literature. A discounting rate of 5% was applied to both health and cost outcomes. And one-way and probabilistic sensitivity analyses were carried out to test the reliability of the results.

Results: Compared with BIAsp 30, treatment with IDegAsp was associated with an incremental benefit of 0.001 LYs (12.439 vs. 12.438) and 0.280 QALYs (9.522 vs. 9.242) over a 30-year time horizon, and increased CNY (Chinese Yuan) 3,888 (390,152 vs. 386,264) for total costs. IDegAsp was cost-effective vs. BIAsp 30 therapy with an incremental cost-effectiveness ratio of CNY 13,886 per QALY gained. Results were robust across a range of sensitivity analyses.

Conclusion: Compared with BIAsp 30, IDegAsp was a cost-effective treatment option for people with T2DM with inadequate glycemic management on basal insulin in China.
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Introduction

Diabetes mellitus, a chronic metabolic illness with rising incidence and prevalence globally, has a considerable negative impact on society's financial situation and overall health. The International Diabetes Federation (IDF) estimated that there are 536.6 million people now suffering from diabetes worldwide. In the entire world, China has the largest number of people with diabetes. According to IDF, roughly 140.9 million people aged 20–79 years in China had diabetes in 2021 and annual fatalities from diabetes were estimated to reach over 1.4 million (1). While diabetes and its multiple complications seriously endanger patients' health, they also bring heavy economic burden to patients' families and society. The estimated global direct health expenditure on diabetes in 2021 is USD 966 billion. The United States of America, China and Brazil has the highest estimated expenditure with USD 379.5 billion, USD 165.3 billion and USD 42.9 billion, respectively (1).

Approximately 90% of people with diabetes are type 2 diabetes mellitus (T2DM) (2). Although people with T2DM do not need insulin to maintain life, insulin is still needed to manage hyperglycemia and reduce the risk of complications when the effect of oral hypoglycemic drugs is not good or there is contraindication of oral drug use, and nearly 36% of people with T2DM is treated with insulin (3). Depending on the person with diabetes, basal insulin or premixed insulin (with or without oral antidiabetic drugs) can be used to initiate insulin therapy. To intensify therapy, basal-bolus therapy or premixed insulin in one to three doses is often used. However, all of them have problems such as high number of injections and inconvenience of use.

Biphasic insulin aspart 30 (BIAsp 30) is a widely used premixed insulin, which is a mixture of 30% soluble insulin aspart and 70% protamine zinc insulin aspart. Insulin degludec/insulin aspart (IDegAsp) is a soluble blend of 30% rapid-acting insulin aspart and 70% long-acting insulin degludec, offering both mealtime glycemic management and a long-lasting basal glucose-lowering action. Furthermore, IDegAsp gives people with diabetes ease of use since there is no requirement for resuspension before injection (4).

China has implemented a new centralized medicine procurement policy named the national volume-based procurement (NVBP) since 2018, which try to decrease drug prices through competitive bidding, bulk purchasing, and lower transaction costs. Seven batches of NVBP have been carried out so far, and the sixth batch of NVBP was specifically for insulin procurement and carried out in September 2021. As a result of this insulin procurement, 42 insulin from 11 enterprises were selected, and the average price of selected products was reduced by 48%, with the highest drop of more than 70% (5). BIAsp 30, as a commonly used insulin, had a significant drop in price after NVBP. IDegAsp was included in the National Medical Insurance Medicine Catalog through the negotiation of medical insurance with reduced price in 2020, and the previous cost-effectiveness analysis proved the pharmacoeconomic advantages of IDegAsp (6).

In the past 20 years, diabetes research in China has made significant progress. However, high-quality health economic evaluation is still in high demand (7). It is critical to incorporate clinical and economic evidence when making treatment decisions, so that healthcare providers can maximize resource usage and optimize care for people with T2DM. The efficacy and safety of IDegAsp have been compared with those of BIAsp 30 in three studies involving insulin-naive or insulin-experienced patients with T2DM (8–10). From the results of these studies we know that IDegAsp provides effective overall glycaemic control comparable to BIAsp 30. However, there is not enough analysis of cost-effectiveness among them, particularly from the Chinese perspective. Based on the background of NVBP, the economic burden of insulin use for people with diabetes in China will be further reduced, it is necessary to evaluate the economics of IDegAsp from the perspective of China's health system, so as to provide valuable reference for decision makers in the choice of insulin treatment for T2DM in China.

The aim of this study is to estimate the long term cost-effectiveness of twice-daily IDegAsp vs. twice-daily BIAsp 30 based on the phase III study, from a Chinese healthcare system perspective.



Materials and methods


Model overview

We used a proven computer simulation model that called the Center for Outcomes Research (CORE) model to simulate the long-term health outcome and direct medical costs of IDegAsp and BIAsp 30 in the treatment of T2DM. The CORE model is a computer simulation model for both type 1 and type 2 diabetes that has been validated by 66 previously published studies (11). Compared with other long-term models, the CORE model is more suitable for Asian populations because of a new risk equation based on the study of the Hong Kong diabetes registry (HKDR). And it is the most widely used model for insulin economic evaluation (12). The CORE model consists of 17 interdependent Markov submodels and simulates diabetes and its complications using Monte Carlo simulation techniques. The model takes into account baseline cohort characteristics, history of complications, current and future diabetes management, screening strategies, and changes in physiological parameters over time to predict outcomes such as the development of complications, life expectancy, quality-adjusted life years (QALYs), and total cost in the population (13).



Patient population

A hypothetical simulation cohort was defined based on baseline demographics of Chinese people with T2DM in a phase III, open-label, 2:1 randomized, treat-to-target trial (14), supplemented with data from the literature (15–23) if necessary. This clinical trial was conducted in 40 hospitals from May 2016 to June 2017 in China and included 543 patients, aiming to assess the efficacy and safety of IDegAsp twice-daily vs. BIAsp 30 twice daily in Chinese people with T2DM whose blood glucose levels weren't lower enough by premixed/self-mixed or basal insulin ± metformin. All inputs for Chinese simulation cohort with T2DM is shown in Appendices Table 1.



Clinical and treatment efficacy inputs

We considered the following treatment effects in our analysis: the changes from baseline in HbA1c, total confirmed hypoglycaemic episodes, nocturnal confirmed hypoglycaemic episodes and severe hypoglycaemic episodes. The treatment effects were derived from the clinical trial (14), Appendices Table 2 lists the treatment effect input variables of two groups.



Cost inputs

Cost-effectiveness analysis was carried out from the Chinese healthcare system's perspective, which included patients' management costs, treatment costs for diabetes and diabetes-related complications. The costs of treating diabetes mainly includes insulin costs and needle costs. The insulin costs were calculated as its winning bid price times its annual dose. The winning bid price was sourced from national volume-based procurement (NVBP) of insulin and the latest national negotiation, and the insulin dose was obtained from the RCT (14). The annual treatment costs of IDegAsp and BIAsp 30 was 7,832 and 5,700 Chinese Yuan (CNY), respectively. The management costs and diabetes-related complications costs are listed in Appendices Table 3, were mainly based on published literature (21, 24), and all costs were inflated to 2021 CNY using the Chinese Consumer Price Index (25).



Discounting and time horizon

All expenses and clinical benefits were discounted at a discount rate of 5% per year in compliance with recommendations by Chinese pharmacoeconomic guidelines (26). The 2021 annual gross domestic product (GDP) per capita, was used as the willingness to pay in this study, which was assessed at CNY 80,976 per QALY (25). Given that diabetes is a lifelong chronic disease, we simulated disease progression and health outcomes for patients over 30 years to obtain long-term economic outcomes.



Utility inputs

Health state utility and event disutility values for type 2 diabetes and its complications were extracted from the literature as shown in Appendices Table 4 (27–29). The utility values were obtained from the literature on utility values in Chinese or Asian populations. For those utility values that cannot be obtained from the literature, the default values of the CORE model (V9.0) were used.



Sensitivity analysis

One-way sensitivity analysis (OWSA) and probabilistic sensitivity analysis (PSA) were performed to evaluate the effect of changing important input parameters on results. The varying parameters of OWSA included discounting rate (0, 3 or 10%), time horizon (10, 20, 40, and 50 years) and the daily dose of insulin which was adjusted based on a real-world research (22). The PSA performed 1,000 simulations by using a nonparametric bootstrapping approach.




Results


Base-case analysis

In the base case analysis (Table 1), the IDegAsp was linked with marginally better discounted life expectancy of 0.001 years per patient compared with the BIAsp 30 (12.439 vs. 12.438 years). Similar benefits of the IDegAsp were demonstrated on life quality. It was associated with an incremental benefit of 0.280 QALYs per patient compared with the BIAsp 30 (9.522 vs. 9.242 QALYs).


TABLE 1 Base-case analysis.
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The IDegAsp cohort predicted lower cumulative incidence of all diabetes-related complications compared with that of the BIAsp 30 cohort (Table 2). Notable reductions were projected for non-severe and severe hypoglycemia. Besides, there were slight reductions in the incidence of all eye complications, renal complications, foot complications and cardiovascular complications.


TABLE 2 Cumulative incidence of diabetes-related complications over 30 years.
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Calculations of direct medical costs for patients over 30 years showed that the average cost of IDegAsp group was CNY 3,888 higher than BIAsp 30 group. IDegAsp was associated with increased treatment costs, but it also resulted in savings in complication costs.

For people with T2DM, 30-year period's estimation showed that, treatment with IDegAsp was the more economical choice compared with BIAsp 30. The estimated Incremental Cost-Effective Ratio (ICER) in the base-case analysis was CNY 13,886 per QALY gained, under the threshold of the gross domestic product (GDP) per capita in China.



Sensitivity analysis

The results of a series of OWSA demonstrated that varying discounting rate, time horizons and the daily dose of insulin had no significant effect on final results. In the scenarios that the daily dose of insulin was adjusted based on the real-world research, IDegAsp was a dominant choice because of higher QALYs and lower costs compared with BIAsp 30. In other scenarios of the sensitivity analysis, IDegAsp was associated with increased QALYs and increased costs compared with BIAsp 30, the ICER was always below the threshold. Changes in key parameters did not change the economic results that the treatment with IDegAsp was the cost-effective choice (Table 3).


TABLE 3 One-way sensitivity analyse.
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Probabilistic sensitivity analysis showed the results were robust to variable changes. Scatter plot of change in costs vs. change in QALYs and cost-effectiveness acceptability curve are showed in Figures 1, 2.


[image: Figure 1]
FIGURE 1
 Scatter plots for probability sensitivity analyses.



[image: Figure 2]
FIGURE 2
 Cost-effectiveness acceptability curve.





Discussion

Diabetes is a chronic metabolic disease with a long duration, which not only seriously harms the health of patients, but also places a significant financial burden on them and their families. When choosing treatment options for people with diabetes, it is necessary to consider not only the short-term effects of treatment options, but also the long-term health outcomes and health costs. Despite the fact that there were numerous oral drugs available to lower blood glucose levels, the majority of people with T2DM in China did not have their blood glucose levels sufficiently under control. Approximately 36% of individuals eventually require insulin to keep their HbA1c levels optimal (30).

In this study, the CORE model was applied to simulate long-term disease progression and health outcomes in patients treated with IDegAsp and BIAsp 30 in the Chinese setting. We have identified that, compared with BIAsp 30, the IDegAsp regimen resulted in more life years and QALYs, while also generating higher direct medical costs, based on the clinical trial and our modeling analysis. In order to verify the robustness of the results, the time horizons were adjusted according to the difference between the average life span of the Chinese population and the clinical trial, and different discounting rates were used according to the guidelines, and the daily dose of insulin was adjusted on the basis of real-world evidence considering the difference in insulin dose between the real world and clinical trials to conduct sensitivity analysis. The result's robustness was further supported by OWSA and PSA, which demonstrated that IDegAsp was more economical than BIAsp 30.

According to the results, the incremental benefit of LYs is small. The higher initial age of the simulation cohort may have contributed to the small difference in LYs. We thus ran a sensitivity analysis of the time horizon, and the results were robust and did not reverse. In addition, a slight distinction in QALYs is likely to be due to the clinical trials on which the model simulations are based. We used the results of a treat-to-target trial for long-term simulation. This trial demonstrated non-inferiority of IDegAsp vs. BIAsp 30 for the change from baseline to week 26 in HbA1c. And the change in HbA1c is one of the input parameters of the CORE model, based on which the CORE model predicts outcomes such as QALYs. Finally, diabetes is a chronic disease, and the incremental QALYs brought by hypoglycemic agents are generally not large. A recent long-term cost-effectiveness study suggested that Dapagliflozin plus standard treatment was anticipated to produce an additional 0.25 QALYs in comparison to standard treatment (31). Another cost-effectiveness analysis of iGlarLixi (insulin glargine 100 U/mL plus lixisenatide) vs. iDegLira (insulin degludec plus liraglutide) demonstrated an incremental QALY of 0.015 (32).

A cost-effectiveness comparison of IDegAsp with BIAsp 30 has been performed. Earlier, Marc Evans conducted a cost-effectiveness analysis of IDegAsp compared with BIAsp 30 by using a simple and transparent short-term model in Denmark (33). Similar to our study, this short-term cost-effectiveness analysis demonstrates that IDegAsp is a cost-effective option compared with BIAsp 30 for T2DM patients. Obviously, the costs included in the short-term and long-term simulations are different, with the long-term simulations taking more into account the costs of treating complications. Because of the different emphasis of short-term and long-term simulation, it is more comprehensive to combine the two resultsfor evaluation.

This analysis has several strengths. Many of the latest data, including price and utility values, were used to ensure that this economic evaluation was based on the latest evidence, which satisfies the requirement that health economic evaluation be continuously updated and support medical decision-making. A number of sensitivity analyses were conducted and found that the results were robust to changes in crucial assumptions. But we should be aware of several limitations in our analysis. First, there were many disease states involved in the CORE model, the utility values of different disease states and transition probabilities used in the CORE model were obtained from epidemiological research and clinical trials conducted primarily in Western populations. There may be some differences in disease utility and disease progression from the Chinese population. This was a flaw in the modeling analysis. Second, in the absence of long-term studies in China, the CORE model simulated long-term clinical outcomes based on a 26-week randomized trial. Given the chronic pattern of T2DM, the lengths of the cited clinical trials' treatments may be too short to simulate long-term efficacy perfectly. Bisides, only direct medical costs were included in this study. Direct non-medical costs such as transportation expenses and indirect costs associated with lost productivity were not included. Considering that IDegAsp is more economical than BIAsp 30 in these two types of costs due to its lower incidence of complications, the overall benefit of IDegAsp therapy may be underestimated. Finally, the utility value data in this study was primarily derived from 2 studies because there were few complete and accessible studies on the utility value of people with diabetes in the Chinese population. It is best to improve after there is a better utility value study in the future.



Conclusion

In conclusion, this study suggests that IDegAsp was a cost-effective treatment option for people with T2DM from the Chinese healthcare system's perspective. Our findings may help clinicians make better decisions about diabetes treatment.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding authors.



Author contributions

LZ and QL were involved in the study design, data collecting, analysis, and interpretation, as well as the authoring and revision of this manuscript. MH and NZ reviewed the final model design, data sources, and results. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by Novo Nordisk (China). The funding agencies had no role in the study design, data collection or analysis, decision to publish, or preparation of the manuscript.



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2022.1016937/full#supplementary-material



References

 1. International Diabetes Federation. IDF Diabetes Atlas, 10th Edn. Brussels, Belgium (2021). Available online at: https://www.diabetesatlas.org (accessed July 19, 2022).

 2. Weng J, Ji L, Jia W, Ju M, Zhou Z, Zou D. Standards of care for type 2 diabetes in China. Diabetes Metab Res Rev. (2016) 32:443–58. doi: 10.1002/dmrr.2827

 3. Chinese Diabetes Society. Guideline for the prevention and treatment of type 2 diabetes mellitus in China (2020 Edition). Chin J Endocrinol Metab. (2021) 37:311–98. doi: 10.3760/cma.j.cn311282-20210304-00142

 4. Haahr H, Fita EG, Heise T. A review of insulin degludec/insulin aspart: pharmacokinetic and pharmacodynamic properties and their implications in clinical use. Clin Pharmacokinet. (2017) 56:339–54. doi: 10.1007/s40262-016-0455-7

 5. Shanghai Sunshine Pharmaceutical Purchasing. Results of National Centralized Drug Procurement (Insulin Only) (2022). Available online at: http://www.smpaa.cn/gjsdcg/files/file7866.pdf (accessed July 19, 2022).

 6. Tao L, Wang F. Cost-effectiveness anaiysis of lnsulin degludec/insuiin aspart versus lnsulin giargine in insuiin-naive type 2 diabetes meiiitus after heaith lnsurance negotiation and access in China. Drug Evaluation. (2021) 18:193–6. doi: 10.19939/j.cnki.1672-2809.2021.04.01

 7. Wu Z, Jin T, Weng J. A thorough analysis of diabetes research in China from 1995 to 2015: current scenario and future scope. Sci China Life Sci. (2019) 62:46. doi: 10.1007/s11427-018-9377-y

 8. Franek E, Haluzík M, VarŽić S, Sargin M, Macura S, Zacho J, et al. Twice-daily insulin degludec/insulin aspart provides superior fasting plasma glucose control and a reduced rate of hypoglycaemia compared with biphasic insulin aspart 30 in insulin-naive adults with type 2 diabetes. Diabet Med. (2016) 33:497–505. doi: 10.1111/dme.12982

 9. Fulcher GR, Christiansen JS, Bantwal G, Polaszewska-Muszynska M, Mersebach H, Andersen TH, et al. Comparison of insulin degludec/insulin aspart and biphasic insulin aspart 30 in uncontrolled, insulin-treated type 2 diabetes: a phase 3a, randomized, treat-to-target trial. Diabetes Care. (2014) 37:2084–90. doi: 10.2337/dc13-2908

 10. Kaneko S, Chow F, Choi DS, Taneda S, Hirao K, Park Y, et al. Insulin degludec/insulin aspart versus biphasic insulin aspart 30 in asian patients with type 2 diabetes inadequately controlled on basal or pre-/self-mixed insulin: a 26-week, randomised, treat-to-target trial. Diabetes Res Clin Pract. (2015) 107:139–47. doi: 10.1016/j.diabres.2014.09.026

 11. Palmera AJ, Rozea S, Valentinea WJ, Minshallb ME, Foosa V, Luratia FM, et al. Validation of the core diabetes model against epidemiological and clinical studies. Curr Med Res Opin. (2004) 20:S27–40. doi: 10.1185/030079904X2006

 12. Wang F, Tao L. Review on health economic evaluation models for insulin therapy indiabetes mellitus. Journal of Clinical Drug Therapy. (2021) 10:11–7. doi: 10.3969/j.issn.1672-3384.2021.05.003

 13. Palmer AJ, Roze S, Valentine WJ, Minshall ME, Foos V, Lurati FM, et al. The core diabetes model: projecting long-term clinical outcomes, costs and costeffectiveness of interventions in diabetes mellitus (types 1 and 2) to support clinical and reimbursement decision-making. Curr Med Res Opin. (2004) 20:S5–S26. doi: 10.1185/030079904X1980

 14. Yang W, Ma J, Hong T, Liu M, Miao H, Peng Y, et al. Efficacy and safety of insulin degludec/insulin aspart versus biphasic insulin aspart 30 in chinese adults with type 2 diabetes: a phase Iii, open-label, 2:1 randomized, treat-to-target trial. Diabetes Obes Metab. (2019) 21:1652–60. doi: 10.1111/dom.13703

 15. Bo Z, Jing Z, Yang W. Glycemic control and safety in chinese patients with type 2 diabetes mellitus who switched from premixed insulin to insulin glargine plus oral antidiabetics: a large, prospective, observational study. Diabetes Metab Res Rev. (2017) 33:e2683. doi: 10.1002/dmrr.2863

 16. Jia W, Xiao X, Ji Q, Ahn KJ, Chuang LM, Bao Y, et al. Comparison of thrice-daily premixed insulin (insulin lispro premix) with basal-bolus (insulin glargine once-daily plus thrice-daily prandial insulin lispro) therapy in east asian patients with type 2 diabetes insufficiently controlled with twice-daily premixed insulin: an open-label, randomised, controlled trial. Lancet Diabetes Endocrinol. (2015) 3:254–62. doi: 10.1016/S2213-8587(15)00041-8

 17. Yang X, Ma RC, So WY, Kong AP, Ko GT, Ho CS, et al. Development and validation of a risk score for hospitalization for heart failure in patients with type 2 diabetes mellitus. Cardiovasc Diabetol. (2008) 7:9. doi: 10.1186/1475-2840-7-9

 18. Su W, Li C, Zhang L, Lin Z, Tan J, Xuan J. Meta-analysis and cost-effectiveness analysis of insulin glargine 100 U/Ml versus insulin degludec for the treatment of type 2 diabetes in China. Diabetes Therapy. (2019) 10:1969–84. doi: 10.1007/s13300-019-00683-2

 19. Wang L, Gao P, Zhang M. Prevalence and ethnic pattern of diabetes and prediabetes in China in 2013. JAMA. (2017) 317:2515–23. doi: 10.1001/jama.2017.7596

 20. Yang Y, Nan Y, Tu M, Wang J, Wang L, Jiang Y. Major finding of 2015 China adults tobacco survery. Chin J Health Manag. (2016) 10:85–7. doi: 10.3760/cma.j.issn.1674-0815.2016.02.002

 21. Wu J, He X, Liu Y. Cost-effectiveness analysis of insulin aspart 30 versus insulin glargine in patients with type 2 diabetes in China. Chin Pharm J. (2016) 51:242–7. doi: 10.11669/cpj.2016.03.021

 22. Yang W, Gao Y, Liu G, Chen L, Fu Z, Zou D, et al. Biphasic insulin aspart 30 as insulin initiation or replacement therapy: the China cohort of the improve study. Curr Med Res Opin. (2010) 26:101–7. doi: 10.1185/03007990903364640

 23. Yang W, Ersoy C, Wang G, Ye S, Liu J, Miao H, et al. Efficacy and safety of three-times-daily versus twice daily biphasic insulin aspart 30 in patients with type 2 diabetes mellitus inadequately controlled with basal insulin combined with oral antidiabetic drugs. Diabetes Res Clin Pract. (2019) 150:158–66. doi: 10.1016/j.diabres.2019.02.023

 24. Duan X, Li C, Li Y, Liu Q. Epidemiological characteristics, medical costs and healthcare resource utilization of diabetes-related complications among chinese patients with type 2 diabetes mellitus. Expert Rev Pharmacoecon Outcomes Res. (2020) 20:513–21. doi: 10.1080/14737167.2019.1661777

 25. National Bureau of Statistics of China (2022). Available online at: https://data.stats.gov.cn/ (accessed July 19, 2022).

 26. Liu G, Hu S, Wu J, Wu J, Dong Z, Li H. China Guidelines for Pharmacoeconomic Evaluations. Peking: China Market Press (2020).

 27. Mok CH, Kwok HHY, Ng CS, Leung GM, Quan J. Health state utility values for type 2 diabetes and related complications in east and southeast asia: a systematic review and meta-analysis. Value in Health. (2021) 24:1059–67. doi: 10.1016/j.jval.2020.12.019

 28. Beaudet A, Clegg J, Thuresson PO, Lloyd A, Mcewan P. Review of utility values for economic modeling in type 2 diabetes. Value in Health. (2014) 17:462–70. doi: 10.1016/j.jval.2014.03.003

 29. 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

 30. Heymann AD, Kritz V, Hemo B, Kertes J, Becker M. A changed pattern of insulin use following the introduction of basal analog insulin treatment in primary care. Prim Care Diabetes. (2013) 7:57–61. doi: 10.1016/j.pcd.2012.12.005

 31. Huang K, Wang Y, Sun S, Zhu Q, Zhou W, Liu J, et al. Cost–effectiveness analysis of dapagliflozin plus standard treatment for patients with type 2 diabetes and high risk of cardiovascular disease in China. Front Public Health. (2022) 10:936703. doi: 10.3389/fpubh.2022.936703

 32. McCrimmon RJ, Lamotte M, Ramos M, Alsaleh AJO, Souhami E, Lew E. Cost-effectiveness of iglarlixi versus ideglira in type 2 diabetes mellitus inadequately controlled by Glp-1 receptor agonists and oral antihyperglycemic therapy. Diabetes Ther. (2021) 12:3231–41. doi: 10.1007/s13300-021-01156-1

 33. Evans M, Gundgaard J, Hansen BB. Cost-Effectiveness of insulin degludec/insulin aspart versus biphasic insulin aspart in patients with type 2 diabetes from a danish health-care perspective. Diabetes Therapy. (2016) 7:809–23. doi: 10.1007/s13300-016-0195-6



OPS/images/fpubh-10-1016937-t003.jpg
Sensitivity analysis Quality-adjusted life expectancy (QALYs) Total costs (CNY) ICER

IDegAsp BIAsp 30 Difference IDegAsp BIAsp 30 Difference

0% discount rates 16.349 15.868 0.481 748,926 741,776 7,150 14,865
3% discount rates 11592 11.251 0341 495,500 490,651 4,849 14,220
8% discount rates 7.381 7.164 0217 285,908 282,979 2929 13,498
10-year time horizon 5.843 5673 0170 192,449 190,544 1,905 11,206
20-year time horizon 8.566 8303 0263 325,161 322240 2921 11,106
40-year time horizon 9773 9476 0297 410,597 406,522 4,075

50-year time horizon 9.817 9522 0295 415,878 412,199 3,679 12471

Daily dose of insulin 9.522 9242 0280 348,253 359,848 —11,595 —41411





OPS/images/fpubh-10-1016937-t001.jpg
Parameter IDegAsp

Life expectancy (years) 12.439

Quality-adjusted life expectancy 9522

(QALYs)

Direct medical costs (CNY) 390,152
Treatment 99,676
Patient management 26,966

Complication costs

Cardiovascular disease 153,538
Renal disease 4428
Uleer, amputation and 76711

neuropathy
Eye disease 2402
Hypoglycemia 26431

ICER based on quality-adjusted life

expectancy

IThe management costs were reported as annual costs including hospitali
s for DM-related chron

medications (non-hypoglyc

complications (21).

agents) and examinatior

BlIAsp 30

12438
9.242

386,264
72,537
26,982

153,215
4,409
77,085

2,434
49,602
13,886

Relative
difference

0.001
0280

3,888
27,139
-16

323
19
—374

-32
-23,171

ion, daily






OPS/images/fpubh-10-1016937-t002.jpg
Parameter

Eye complications (%)
Background retinopathy
Proliferative retinopathy
Macular oedema
Severe vision loss
Cataract

Renal complications (%)
Microalbuminuria
Gross proteinuria
End-stage renal disease

Foot complications (%)

Foot ulcer (first)

Foot ulcer (recurrence)
Amputation (first)
Amputation (recurrence)

Neuropathic complications (%)
Neuropathy

Cardiovascular complications (%)
Congestive heart failure
Peripheral vascular disease
Angina
Stroke
Myocardial infarction

Hypoglycaemic episodes

(events/patient)

Non-severe hypoglycemia

Severe hypoglycemia

IDegAsp BIAsp 30 Relative

3339
1155
2848
16.52
1361

4221
2175
994

5152
12356
25.98
10.00
7892

11.82
2329
14.92
11.22
2212

53.47
00

3363
11.63
2869
1671
1370

1231
2185
9.99

5163
124.04
2607
10.06
79.03

1192
2334
15.02
1129
2216

90.47
531

difference

—024
—0.08
—021
—0.19
—0.09

—0.10
-0.10
005

—o011
~0.48
—0.09
~0.06
—0.11

-0.10
005
—0.10
~0.07
0.04

~37.00
—531





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Cost-effectiveness of insulin degludec/insulin aspart versus biphasic insulin aspart in Chinese population with type 2 diabetes



		Introduction



		Materials and methods



		Model overview



		Patient population



		Clinical and treatment efficacy inputs



		Cost inputs



		Discounting and time horizon



		Utility inputs



		Sensitivity analysis







		Results



		Base-case analysis



		Sensitivity analysis







		Discussion



		Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Cost-effectiveness of insulin
degludec/insulin aspart versus
biphasic insulin aspart in
Chinese population with type 2
diabetes





OPS/images/fpubh-10-1016937-g001.gif
IERTRNETT






OPS/images/fpubh-10-1016937-g002.gif









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





