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Background: Point-of-care Testing (POCT) glycosylated hemoglobin (HbA1c) is a convenient, cheap, effective and accessible screening method for type 2 diabetes in rural areas and community settings that is widely used in the European region and Japan, but not yet widespread in China. The study is the first to evaluate the cost-effectiveness of POCT HbA1c, fasting capillary glucose (FCG), and venous blood HbA1c to screen for type 2 diabetes in urban and rural areas of China, and to identify the best socio-economically beneficial screening strategy.

Methods: Based on urban and rural areas in China, economic models for type 2 diabetes screening were constructed from a social perspective. The subjects of this study were adults aged 18–80 years with undiagnosed type 2 diabetes. Three screening strategies were established for venous blood HbA1c, FCG and POCT HbA1c, and cost-effectiveness analysis was performed by Markov models. One-way sensitivity analysis and probabilistic sensitivity analysis were performed on all parameters of the model to verify the stability of the results.

Results: Compared with FCG, POCT HbA1c was cost-effective with an incremental cost-utility ratio (ICUR) of $500.06/quality-adjusted life year (QALY) in urban areas and an ICUR of $185.10/QALY in rural areas, within the willingness-to-pay threshold (WTP = $37,653). POCT HbA1c was cost-effective with lower cost and higher utility compared with venous blood HbA1c in both urban and rural areas. In the comparison of venous blood HbA1c and FCG, venous blood HbA1c was cost-effective (ICUR = $20,833/QALY) in urban areas but not in rural areas (ICUR = $41,858/QALY). Sensitivity analyses showed that the results of the study were stable and credible.

Conclusions: POCT HbA1c was cost-effective for type 2 diabetes screening in both urban and rural areas of China, which could be considered for future clinical practice in China. Factors such as geographic location, local financial situation and resident compliance needed to be considered when making the choice of venous blood HbA1c or FCG.
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1 Introduction

Type 2 diabetes poses one of the biggest public health problems affecting hundreds of millions of people worldwide, with significant morbidity and mortality implications for individual patients and families as well as considerable economic impact on national health care systems (1). Type 2 diabetes is associated with both macrovascular and microvascular complications, which greatly increase both the disability and mortality rates. It is estimated that about 6 million people with type 2 diabetes in China suffer from more than one complication (2). Among urban Chinese residents, 73–81% of direct diabetes-related medical costs are spent on the treatment of diabetic complications (3).

A meta-analysis showed an increased risk of all-cause mortality and cardiovascular mortality in patients with type 2 diabetes associated with blood glucose levels (4). The United kingdom Prospective Diabetes Study results showed that a mean glycosylated hemoglobin (HbA1c) of 53 mmol/mol (7.0%) reduced the risk of diabetes-related endpoints by 12–32% compared to a mean HbA1c of 63 mmol/mol (7.9%) (5). The prevalence and mortality of type 2 diabetes in rural areas of China are increasing yearly (6, 7). However, the frequency of self-monitoring of blood glucose in Chinese rural residents is relatively low, and the glycemic target attainment rate is < 19% (8). A study from Taiwan (9) reported that patients with type 2 diabetes in rural areas had a higher risk of developing chronic complications than those in urban areas. These studies all demonstrate the urgency of early diagnosis of type 2 diabetes and the importance of early glycemic target attainment to prevent further complications.

The oral glucose tolerance test (OGTT) is the gold standard for diagnosing type 2 diabetes. HbA1c is a commonly used indicator for monitoring glycemic control in clinical practice, as well as one of the diagnostic criteria for diabetes (10). However, the strict quality control requirements for venous HbA1c render it unavailable in many remote areas of rural China. Fingertip fasting capillary glucose (FCG) is the most common method for initial screening of diabetes and self-monitoring of blood glucose in the daily life of Chinese residents. However, FCG is affected by short term lifestyle changes, as well as environmental humidity and temperature, with poor repeatability and stability, and the sensitivity of screening for type 2 diabetes in the Chinese population is only 65.1% (11). Point-of-care Testing (POCT) glycosylated hemoglobin (HbA1c) is a minimally invasive HbA1c test that provides rapid results by collecting the subject's fingertip blood and analyzing it immediately at the sampling site. Importantly, POCT HbA1c analyzers are currently used in about 75% of European healthcare facilities (12). In Japan, a community-based specimen measurement office was initiated and offered POCT HbA1c testing in 2014, and a cost-effectiveness analysis in 2018 showed that POCT HbA1c was more effective and less costly compared with the status quo (HbA1c testing that was available only during Specific Health Checkup visits and conventional opportunistic screening in clinics) (13). Studies in recent years have shown that most POCT HbA1c measurement instruments can satisfy the quality specifications with high accuracy and sensitivity (12, 14, 15). Nevertheless, in China, POCT HbA1c testing is not yet widely used in clinical practice and relatively few clinical studies have been conducted. There are no cost-effectiveness studies of POCT HbA1c in China.

In this study, a cost-effectiveness analysis of three screening strategies for type 2 diabetes (POCT HbA1c, venous blood HbA1c and FCG) was conducted in rural and urban areas from a social perspective to identify the most economically efficient screening method. This is the first cost-effectiveness study of POCT HbA1c in China, which could provide a foundation and reference for the application of POCT HbA1c in type 2 diabetes screening in urban and rural areas of China.



2 Methods


2.1 Study design

This study presented a social perspective to construct diabetes screening strategies based on venous HbA1c, FCG, and POCT HbA1c by decision tree model, and performed cost-effectiveness analysis of the three screening methods by Markov model to determine the economically efficient strategy in urban and rural areas of China, respectively. Treeage Pro 2022 software was used for model construction and computation. We searched the databases of China National Knowledge Infrastructure, PubMed, and Web of Science, selected representative large retrospective studies, cohort studies, and relevant cost-effectiveness analysis studies from 2012 to 2022, and referred to annual government statistical reports, local government reports and price lists to obtain the parameters required for decision tree model and Markov models.

The major literature inclusion criteria were as follows: (1) Subjects: Adults (≥18 years old) without a diagnosis of type 2 diabetes, Chinese population was preferred, if there was no relevant study in the Chinese population, Asian population (e.g., Japan) was preferred, followed by European population. (2) Study types: (1) Transition probabilities: large cohort studies or cost-effectiveness analysis studies, of which cohort studies had a follow-up period of not < 3 years; (2) Costs: large cross-sectional studies, retrospective studies, or cost-effectiveness analysis studies in Chinese regions; (3) Utilities: cost-effectiveness analysis studies (preferred in Chinese regions). (3) Literature publication period: 2012–2022. Exclusion criteria included: (1) Study participants were children, adolescents, or pregnant women, with a previous diagnosis of pre-diabetes or type 1 diabetes or a specific type of diabetes. (2) Studies not formally published, such as conference abstracts. (3) Written and published in languages other than Chinese and English.

The Markov chain Monte Carlo simulation method was used to estimate the disease process of 10 million adults (18 years and older) with no previous diagnosis of type 2 diabetes (exclusion of prediabetes, type 1 diabetes, or specific types of diabetes). The age and the male-to-female sex ratio of the baseline population was calculated based on the China Statistical Yearbook 2021 (16) (Supplementary Table 1). In this study, we used 1 year as a circulation period, and the model termination condition is age ≥80 years. Due to the long and continuous disease course of type 2 diabetes, the discretization process of the Markov model may produce some error, so the model was corrected by half-cycle correction. In addition, this study made assumptions about the model: (1) all type 2 diabetes patients were in a stable baseline state (without complications) before entering the long-term Markov model. (2) Transitions between states in the Markov model of the subject do not affect the next cycle of transitions (17).



2.2 Model construction and setup

This study included decision tree models for three screening strategies and Markov models for simulating disease progression.

The decision model in this study simulated the process of screening for type 2 diabetes in the population using POCT HbA1c, FCG, and venous blood HbA1c (as shown in Figure 1). Following the screening test, positive individuals would be further tested with an OGTT. If OGTT is positive, type 2 diabetes would be diagnosed and treatment would be initiated [enter the Markov (+) model], and if OGTT is negative, misdiagnosis would be considered [enter the Markov (-) model]. Those who screen negative would not be further examined and treated [Markov (-) model], but if the subject are patients with type 2 diabetes, they are considered to be missed [Markov (+) model]. The sensitivity and specificity of the different screening methods determine the rate of missed and misdiagnosis of screening, and influence the disease progression process of the subject.


[image: Figure 1]
FIGURE 1
 Decision model for the three screening strategies. FCG, fasting capillary blood glucose; POCT, point-of-care test; OGTT, oral glucose tolerance test. Screening positive: POCT HbA1c test value ≥43.6 mmol/mol (6.14%) (15), venous blood HbA1c test value ≥44.8 mmol/mol (6.25%) (18), FCG test value ≥6.1 mmol/L (11), OGTT test with fasting plasma glucose ≥7.0 mmol/L and/or 2 h plasma glucose after oral 75 g of glucose powder ≥11.1 mmol/L (10).


Markov (+) model (Figure 2A): including type 2 diabetes without complications, type 2 diabetes with various related complications and death. The complications included macrovascular complications (cardiovascular disease, stroke) and microvascular complications (diabetic kidney disease, diabetic foot ulcers, diabetic retinopathy, and diabetic peripheral neuropathy). In particular, diabetic kidney disease, diabetic foot ulcers and diabetic retinopathy could progress to end-stage renal disease, amputation and blindness. Type 2 diabetes with or without complications may cause multiple complications or death. In the process, different complications affected the health status of patients with type 2 diabetes in different ways, resulting in corresponding costs.


[image: Figure 2]
FIGURE 2
 Schematic diagrams of Markov model. (A) Type 2 diabetes [Markov(+)] model. (B) Non-type 2 diabetes [Markov(-)] model. CVD, Cardiovascular Disease; ESRD, End-Stage Renal Disease; DKD, Diabetic kidney disease; DFU, Diabetic foot ulcer; DR, Diabetic retinopathy; DPN, Diabetic peripheral neuropathy.


Markov (-) model (Figure 2B): including non-type 2 diabetes and death. Subjects in this model may continue to maintain the non-type 2 diabetes state or death.



2.3 Costs

All costs of the three screening methods for type 2 diabetes were collected from the social perspective, including direct medical costs, direct non-medical costs and indirect costs. The direct medical costs were the medical resources consumed by the disease, such as registration fees, test fees and medical staff time costs. Registration and testing fees were referenced to local health service prices, and medical staff time costs are obtained from the average salary of medical staff published by the National Bureau of Statistics of China in 2021 (19). Direct non-medical costs were costs incurred in seeking and waiting for test results (e.g., transportation, accommodation, etc.). The direct non-medical costs in urban areas were obtained from a cost-effectiveness study in Chinese communities (20), and direct non-medical costs in rural areas were obtained from a cross-sectional study in rural southwest China (21). Indirect costs were costs incurred by subjects for time spent on medical visits and waiting, calculated as the average hourly wage of the Chinese population (22). The detailed cost components and model input parameters were shown in the Supplementary Table 2 and Supplementary Table 3A.

After the development of complications in type 2 diabetes, it is difficult to calculate the direct non-medical costs and indirect costs resulting from different types of complications due to the large differences in disease duration, treatment options and prognosis, so only the direct medical costs of type 2 diabetes complications were included in this study as approximate total costs. Costs of complications were derived from previously published cross-sectional studies based on Chinese populations, retrospective studies, and relevant cost-effectiveness studies (as shown in Supplementary Table 3B). All costs were converted to US dollars at an exchange rate of US$1.0 = CNY6.4 (2022). Because the study period was >1 year and there may be socioeconomic inflation, this study discounted the future costs and health outputs from the screening measures (the discount rate was taken as 5%). A sensitivity analysis was also performed for discount rates between 0 and 8%.



2.4 Utilities

The utility values for this study were set to quality-adjusted life years (QALYs). The utility values were derived from cost-effectiveness studies based on Chinese populations, except for the utility values for diabetic neuropathy and multiple complications, which were referenced from cost-utility analysis studies in European regions. The specific parameter values were shown in Supplementary Table 4.



2.5 Transition probabilities

The prevalence of type 2 diabetes in urban and rural areas in this study was derived from a Chinese cross-sectional study in 2020 (23). The sensitivity and specificity of the three screening strategies were derived from diagnostic studies based on Chinese populations (11, 15, 18). The transition probabilities of various complications were mainly derived from cohort studies and cost effectiveness analyses based on Chinese populations, some of which were referred to foreign studies because no relevant studies were available in China. In addition, a 10-year cohort study showed that in patients with HbA1c of 7–8%, the risk ratio (HR) for microvascular complications was 1.391, HR for macrovascular complications was 1.287, and HR for death was 1.290 (24). Therefore, in this study, for patients with missed diagnosis type 2 diabetes, the transition probabilities of complications were set as the original transition probabilities multiplied by the corresponding HR.

In terms of urban-rural differences, a study in Taiwan, China, showed that the risk of cardiovascular events in type 2 diabetes was 1.15 times higher in rural areas than in urban areas, and the HRs for stroke, blindness, lower limb ulcers, and end-stage renal disease were 1.25, 2.09, 1.42, and 1.15, respectively (9). Therefore, in this study, the transition probabilities of complications in rural areas were set as the original transition probabilities multiplied by the corresponding HR.

The specific transition probability parameter values and references were detailed in Supplementary Table 5. All transition probabilities were subjected to sensitivity analysis.



2.6 Evaluation methods

This study conducted a cost-effectiveness analysis and used the incremental cost-utility ratio (ICUR) as an outcome indicator to explain the results of the cost-effectiveness analysis. The ICUR was the cost per additional QALY for the subject, which was compared to the willingness-to-pay threshold (WTP) to assess the economic advantages of different screening strategies. The WTP is usually 1–3 times the gross domestic product (GDP) per capita. The GDP per capita in China in 2021 is ~$12,551 (25), and the WTP of this study was taken as 3 times the GDP per capita ($37,653).



2.7 Sensitivity analysis

To evaluate the extent to which factors such as model building, parameter differences and evaluation methods affected the study results during the study, we performed one-way sensitivity analysis and probabilistic sensitivity analysis on all input model parameters (including costs, prevalence of type 2 diabetes, screening effectiveness, transition probabilities, utilities, and discount rate) to verify whether the study results were stable and reliable. In the one-way sensitivity analysis, the ranges of different parameters were varied using the 95% confidence intervals given in the references, and if only the mean value of the parameter was reported in the data source, the base data ± 20% was used as the range of variation of the parameter for the sensitivity analysis. The probabilistic sensitivity analysis was designed to assess the combined effect of multiple parameter changes on the model results. All parameters were set to probability distributions for 1,000 iterations.

(1) For dichotomous variables, if the number of occurrences and the sample size were reported in the previous literature, a beta distribution is appropriate and the probability density function is as follows. Where α represents the number of events that occurred and β represents the number of events that did not occur. The parameters for fitting the beta distribution in this study are shown in Supplementary Table 6A.

[image: image]

(2) Health costs or prices are usually distributed as skewed. This study assumes that both screening and complication costs follow a lognormal distribution, taking the log mean as the median and the standard deviation as 10% of the mean. The probability density function is as follows (μ denotes the log mean and σ denotes the log standard deviation). The parameters for fitting the lognormal distribution in this study are shown in Supplementary Table 6B.

[image: image]

(3) All other variables were fit to a uniform distribution as the parameters of the particular distribution could not be derived from previous literature or from the actual situation. The parameters for the uniform distribution utilized in this study are presented in Supplementary Table 6C.




3 Results


3.1 Cost-effectiveness analysis results

The cost-effectiveness analysis results were shown in Table 1.


TABLE 1 Results of cost-effectiveness analysis of three screening strategies.

[image: Table 1]

In urban areas, the lifetime costs per capita for FCG, POCT HbA1c, and venous blood HbA1c were $1,911.10, $1,956.44, and $2,536.09, respectively. In terms of utility, POCT HbA1c had the highest QALY (QALY = 27.21), which was 0.09 and 0.06 higher than FCG (QALY = 27.12) and venous blood HbA1c (QALY = 27.15), respectively. Compared with FCG, the ICUR for POCT HbA1c was $500.06/QALY, which was within the WTP ($37,653) threshold. Compared with venous blood HbA1c, POCT HbA1c had lower cost and higher utility with cost-effectiveness. Venous blood HbA1c was cost-effective with an ICUR of $20,833/QALY compared to FCG, within the WTP threshold.

In rural areas, the lifetime costs per capita for FCG, POCT HbA1c, and venous blood HbA1c were $2,051.15, $2,062.00, and $2,888.31, respectively. In terms of utility, POCT HbA1c had the highest QALY (QALY = 26.60), which was 0.06 and 0.04 higher than FCG (QALY = 26.54) and venous blood HbA1c (QALY = 26.56), respectively. Compared with FCG, the ICUR of POCT HbA1c was $185.10/QALY, which was within the WTP ($37,653) threshold. Compared with venous blood HbA1c, POCT HbA1c had lower cost and higher utility with cost-effectiveness. Venous blood HbA1c had an ICUR of $41,858/QALY compared to FCG, which is greater than the WTP threshold.

The cost-utility acceptability curve of the three screening strategies in both urban and rural areas were shown in Figure 3. The probability that POCT HbA1c was cost-effective was 100% for each when the WTP = $37,653.


[image: Figure 3]
FIGURE 3
 The cost-utility acceptability curve of the three screening strategies. (A) The cost-utility acceptability curve in urban areas. (B) The cost-utility acceptability curve in rural areas.




3.2 Sensitivity analysis results

Due to the large number of input parameters to the models, this study presented the results of the one-way sensitivity analyses of all the parameters together through the tornado diagrams of ICUR values (Supplementary Figure 1). In the tornado diagrams, a horizontal band was generated for each analyzed variable, the length of which represented the magnitude of its impact on the model results, and all parameters were ordered from top to bottom according to the magnitude of their impact on the models. The vertical lines in the figure represented the mean ICUR values obtained from the model operations. In comparison of POCT HbA1c with FCG and venous blood HbA1c, the ICUR values for each parameter did not exceed the WTP of this study when the parameters were varied within their sensitivity analysis in both urban and rural areas, and the results of the study were relatively stable. In comparison of venous blood HbA1c with FCG, the ICUR value for each parameter did not exceed the WTP in urban areas, while in rural areas, the factors that had a greater impact on the results were the discount rate, prevalence of type 2 diabetes in rural areas, transition probability of multiple complications, etc. the ICUR value exceeded the WTP, which had an impact on the study results considering the variation of the above parameters within the reference range.

The scatter plots of ICUR for the three screening strategies in the probabilistic sensitivity analysis were shown in Figure 4. When WTP = $37,653, in urban areas, the probability that POCT HbA1c was cost-effective was 99.9% compared to FCG and 100% compared to venous blood HbA1c. The probability that venous blood HbA1c was cost-effective compared to FCG was 30%. In rural areas, the probability that POCT HbA1c was cost-effective was 99.6% compared to FCG and 100% compared to venous blood HbA1c. The probability that venous blood HbA1c was cost-effective compared with FCG was 9.1%.


[image: Figure 4]
FIGURE 4
 The probabilistic sensitivity analysis results of the ICUR in three screening strategies. (A) POCT HbA1c vs. FCG in urban areas. (B) POCT HbA1c vs. venous blood HbA1c in urban areas. (C) Venous blood HbA1c vs. FCG in urban areas. (D) POCT HbA1c vs. FCG in rural areas. (E) POCT HbA1c vs. venous blood HbA1c in rural areas. (F) Venous blood HbA1c vs. FCG in rural areas.





4 Discussion


4.1 Analysis of the economic evaluation

In cost-effectiveness analysis, compared with FCG, the ICUR values of POCT HbA1c were within the WTP ($37,653) threshold in urban and rural models, and POCT HbA1c had lower cost and higher utility compared with venous blood HbA1c, suggesting that POCT HbA1c was cost-effective among the three screening strategies in both urban and rural areas of China. While the screening cost of POCT HbA1c was higher than that of FCG, its higher sensitivity in screening reduced the rate of missed diagnosis of type 2 diabetes, which further reduced the incidence and costs of type 2 diabetes-related complications. Compared with venous blood HbA1c, POCT HbA1c had lower cost and higher utility values in both urban and rural areas, which was related to the lower screening cost and higher screening sensitivity of POCT HbA1c.

In the comparison in venous blood HbA1c and FCG, the ICUR of venous blood HbA1c was $20,833/QALY (within the WTP threshold) in urban areas, while the ICUR was $41,858/QALY (greater than the WTP threshold) in rural areas. Venous blood HbA1c was superior to FCG in terms of sensitivity and specificity in screening for type 2 diabetes resulting in higher utility values. However, the cost of screening for venous blood HbA1c was high as well as the direct non-medical and indirect costs such as transportation, lost wages, and other costs associated with screening for venous blood HbA1c in rural areas. The results indicated that venous blood HbA1c was cost-effective in urban areas whereas FCG was more optimal in rural areas.

There are important urban-rural disparities when considering medical costs and calculating relative utilities, although the gap between the prevalence of diabetes in urban and rural areas is decreasing yearly (26, 27). However, medical services, medical equipment, and healthcare systems in rural areas of China still differ significantly from those in urban areas (28). The direct non-medical costs (e.g., transportation, accommodation, etc.) and indirect costs (e.g., lost wages, etc.) required by rural residents for disease diagnosis and treatment were higher, which was the principal explanation why the costs of the three screening strategies in rural areas were higher than those in urban areas in this study. Additionally, due to factors such as literacy and health education, rural residents were found to have less awareness of self-monitoring of blood glucose, poorer adherence to treatment, and a lower rate of attainment of glycemic target. Consequently, these factors resulted in a higher risk of diabetes-related complications, consistent with the lower health utility values in rural areas compared with urban areas in this study.



4.2 Sensitivity analysis confirms the stability of the study results

Because the parameters such as costs, transition probabilities and utility values required for this study were obtained from relevant cohort studies, cross-sectional studies, and cost-effectiveness analysis studies in China and abroad, one-way sensitivity analysis and probabilistic sensitivity analysis were performed for both urban and rural models to assess the effect of changes in input parameters on the study results. In the model of POCT HbA1c compared with FCG and venous blood HbA1c, the results of this study were stable when the parameters varied within the reference range or ±20%, either when a single parameter changed or when multiple parameters changed simultaneously.

In the model comparing venous blood HbA1c with FCG in rural areas, the one-way sensitivity analysis suggested that the ICUR value was greater than the WTP threshold and the results were unstable; the main influencing factors included the discount rate, prevalence of type 2 diabetes in rural areas and transition probability of multiple complications. The probabilistic sensitivity analysis showed that the probability of venous blood HbA1c had cost-effectiveness in urban areas was 30%, and the probability in rural areas was only 9.1%. Therefore, factors such as geographic location, local financial situation, and resident compliance needed to be considered when making the choice of venous blood HbA1c or FCG.



4.3 Current status in the application and quality control of POCT HbA1c

Currently, POCT HbA1c has being used for type 2 diabetes screening in Japan (13) and many European regions (12), whereas it is not widely used in China. This may be related to the lack of relevant Chinese studies on POCT HbA1c and the uncertainty of its accuracy and quality control. To this point, a meta-analysis found that POCT HbA1c results showed an overall negative bias and that the diagnostic cut-point values differed between regions and populations (29). With continued progress in the development of the POCT assay technology, small-sample Chinese studies have confirmed that POCT HbA1c showed good accuracy, precision and resistance to interference (30, 31). One example from 2017 reported on 842 community-based physical examinations that demonstrated POCT HbA1c testing diagnosed diabetes with a cut-point value of 6.14% and an AUC of 0.911, highly accurate and precise (15). However, compared with European countries, there are relatively few clinical studies on POCT HbA1c in China.



4.4 Strengths and limitations

The study is the first to conduct a cost-effectiveness analysis of POCT HbA1c in China. Three screening strategies were investigated: POCT HbA1c, FCG and venous blood HbA1c. They were constructed from a social perspective, and their long-term effects on the duration and economics of type 2 diabetes were evaluated in urban and rural areas of China. In the Markov model, we set up six major complications of type 2 diabetes, including microvascular complications (diabetic kidney disease, diabetic foot ulcers, diabetic retinopathy, and diabetic peripheral neuropathy) and macrovascular complications (stroke and cardiovascular disease), with assumptions about disease progression, including end-stage renal disease, amputation, and blindness. Also, we included an analysis of multiple complications, considering that many patients in the clinic are accompanied by more than one complication. Compared with previous studies of POCT HbA1c (13), this model was more comprehensive and a closer approximation to reality. The intent was to mimic real-life clinical practice and management in rural and community healthcare organizations in China.

There are limitations to our study. First, the models constructed in this study were relatively simplified economic models, despite including comprehensive assumptions about different complications and progression states of type 2 diabetes, different interventions following screening that could impact the development and course of the disease, morbidity and mortality of different complications, probabilities of interconversion or combination of complications, and costs in the real world. Second, because some model parameters such as the transition probability and cost of multiple complications have not been studied in China, we used data results from large prospective cohort studies derived from other countries. For the status of multiple complications, we set the same transition probability and cost due to limited study data. Third, because the utilities of type 2 diabetes and complications are related to subject compliance, the model set the compliance of the population at 100%, recognizing the actual compliance of the real-life population might be quite different. Finally, there were many brands of POCT HbA1c devices in the Chinese and international markets, and the diagnostic cut-point values and accuracies of different brands of devices are different, which could influence the study results.




5 Conclusion

In summary, this study suggested that POCT HbA1c was cost-effective for type 2 diabetes screening in both urban and rural areas of China, which could be considered for future clinical practice in China. Factors such as geographic location, local financial situation, and resident compliance needed to be considered when making the choice of venous blood HbA1c or FCG.



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 humans were approved by Ethics Committees of West China Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants' legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

QS: Data curation, Formal analysis, Investigation, Methodology, Writing – original draft, Writing – review & editing. XX: Data curation, Formal analysis, Investigation, Methodology, Writing – original draft, Writing – review & editing. LW: Investigation, Methodology, Project administration, Supervision, Validation, Writing – review & editing. LG: Investigation, Methodology, Supervision, Validation, Writing – review & editing. YH: Investigation, Methodology, Supervision, Validation, Writing – review & editing. YZ: Conceptualization, Funding acquisition, Investigation, Methodology, Project administration, Resources, Supervision, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by grants from the National Natural Science Foundation of China (grant number: 82070660), Sichuan Provincial Cadre Healthcare Research Program (grant number: 2023-107), and Clinical Research Incubation Project of West China Hospital, Sichuan University (grant number: 2021HXFH009).



Acknowledgments

The authors thank the Sheyu Li (Department of Endocrinology and Metabolism, West China Hospital of Sichuan University, Chinese Evidence-Based Medicine Center) and Deying Kang (Department of Epidemiology and Health Statistics, Sichuan University) for their expert advice on the model construction of this study.



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.2024.1438945/full#supplementary-material



References

 1. Lin X, Xu Y, Pan X, Xu J, Ding Y, Sun X, et al. Global, regional, and national burden and trend of diabetes in 195 countries and territories: an analysis from 1990 to 2025. Sci Rep. (2020) 10:14790. doi: 10.1038/s41598-020-71908-9

 2. Mao W, Yip C-MW, Chen W. Complications of diabetes in China: health system and economic implications. BMC Public Health. (2019) 19:269. doi: 10.1186/s12889-019-6569-8

 3. Chen X, Tang L, Chen H, Zhao L, Hu S. Assessing the impact of complications on the costs of Type 2 diabetes in urban China. Chin J Diabet. (2003) 2003:11–4.

 4. Cavero-Redondo I, Peleteiro B, Álvarez-Bueno C, Rodriguez-Artalejo F, Martínez-Vizcaíno V. Glycated haemoglobin A1c as a risk factor of cardiovascular outcomes and all-cause mortality in diabetic and non-diabetic populations: a systematic review and meta-analysis. Br Med J Open. (2017) 7:e015949. doi: 10.1136/bmjopen-2017-015949

 5. Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HAW. 10-year follow-up of intensive glucose control in type 2 diabetes. N Engl J Med. (2008) 359:1577–89. doi: 10.1056/NEJMoa0806470

 6. Su B, Wang Y, Dong Y, Hu G, Xu Y, Peng X, et al. Trends in diabetes mortality in urban and rural China, 1987–2019: a joinpoint regression analysis. Front Endocrinol. (2021) 12:777654. doi: 10.3389/fendo.2021.777654

 7. Wu H, Lau ESH, Yang A, Ma RCW, Kong APS, Chow E, et al. Trends in diabetes-related complications in Hong Kong, 2001-2016: a retrospective cohort study. Cardiovasc Diabetol. (2020) 19:60. doi: 10.1186/s12933-020-01039-y

 8. Qi J, Wang J, Wang H, Qiao Q, Wang C. Glycemic control and drug therapy of type 2 diabetes mellitus in city and countryside of Xingtai, 2016. Pract Prev Med. (2017) 24:1321–3.

 9. Tai SY, He JS, Kuo CT, Kawachi I. Urban-rural disparities in the incidence of diabetes-related complications in Taiwan: a propensity score matching analysis. J Clin Med. (2020) 9:93012. doi: 10.3390/jcm9093012

 10. ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, et al. 2. Classification and diagnosis of diabetes: standards of care in diabetes-2023. Diabet Care. (2023) 46(Suppl.1):S19–40. doi: 10.2337/dc23-S002

 11. Huang H, Peng G, Lin M, Zhang K, Wang Y, Yang Y, et al. The diagnostic threshold of HbA1c and impact of its use on diabetes prevalence-a population-based survey of 6898 Han participants from southern China. Prev Med. (2013) 57:345–50. doi: 10.1016/j.ypmed.2013.06.012

 12. Sølvik UØ, Røraas T, Christensen NG, Sandberg S. Diagnosing diabetes mellitus: performance of hemoglobin A1c point-of-care instruments in general practice offices. Clin Chem. (2013) 59:1790–801. doi: 10.1373/clinchem.2013.210781

 13. Shono A, Kondo M, Hoshi S-L, Okubo R, Yahagi N. Cost-effectiveness of a new opportunistic screening strategy for walk-in fingertip HbA1c testing at community pharmacies in Japan. Diabetes Care. (2018) 41:1218–26. doi: 10.2337/dc17-1307

 14. Nathan DM, Griffin A, Perez FM, Basque E, Do L, Steiner B. Accuracy of a point-of-care hemoglobin A1c assay. J Diabetes Sci Technol. (2019) 13:1149–53. doi: 10.1177/1932296819836101

 15. Zhou R, Wang W, Song Z-X, Tong Q, Wang Q-T. Evaluation of a new hemoglobin A1c analyzer for point-of-care testing. J Clin Lab Anal. (2018) 32:22172. doi: 10.1002/jcla.22172

 16. Statistics NBo. China Statistical Yearbook. (2021). Available online at: http://www.stats.gov.cn/sj/ndsj/2021/indexch.htm (accessed March 02, 2023).

 17. Sick PB, Schuler G, Hauptmann KE, Grube E, Yakubov S, Turi ZG, et al. Initial worldwide experience with the WATCHMAN left atrial appendage system for stroke prevention in atrial fibrillation. J Am Coll Cardiol. (2007) 49:1490–5. doi: 10.1016/j.jacc.2007.02.035

 18. Zhang Y, Sun J, Pang Z, Gao W, Sintonen H, Kapur A, et al. Evaluation of two screening methods for undiagnosed diabetes in China: an cost-effectiveness study. Prim Care Diabet. (2013) 7:275–82. doi: 10.1016/j.pcd.2013.08.003

 19. Statistics NBo. The Average Annual Wage of Urban Non-private Sector Employees in 2021 was 106837 Yuan. (2023). Available online at: http://www.stats.gov.cn/xxgk/sjfb/zxfb2020/202205/t20220520_1857635.html (accessed February 20, 2023).

 20. Feng N. Cost-Effectiveness Study of Standardized Community Management for Diabetic Patients (Master's thesis). Chinese Center for Disease Control and Prevention, Beijing, China (2009).

 21. Le C, Lin L, Jun D, Jianhui H, Keying Z, Wenlong C, et al. The economic burden of type 2 diabetes mellitus in rural southwest China. Int J Cardiol. (2013) 165:273–7. doi: 10.1016/j.ijcard.2011.08.039

 22. China TCPsGotPsRo. Income and Consumption Expenditure of the Population in 2021. (2022). Available online at: http://www.gov.cn/xinwen/2022-01/17/content_5668748.htm (accessed February 20, 2023).

 23. Li Y, Teng D, Shi X, Qin G, Qin Y, Quan H, et al. Prevalence of diabetes recorded in mainland China using 2018 diagnostic criteria from the American Diabetes Association: national cross sectional study. Br Med J. (2020) 369:m997. doi: 10.1136/bmj.m997

 24. Laiteerapong N, Ham SA, Gao Y, Moffet HH, Liu JY, Huang ES, et al. The legacy effect in type 2 diabetes: impact of early glycemic control on future complications (the diabetes & aging study). Diabet Care. (2019) 42:416–26. doi: 10.2337/dc17-1144

 25. Statistics NBo. Statistical Bulletin of the People's Republic of China on National Economic and Social Development. (2021). Available online at: http://www.stats.gov.cn/tjsj/zxfb/202202/t20220227_1827960.html (accessed March 02, 2023).

 26. Yang SH, Dou KF, Song WJ. Prevalence of diabetes among men and women in China. N Engl J Med. (2010) 362:1004671. doi: 10.1056/NEJMc1004671

 27. 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. J Am Med Assoc. (2017) 317:2515–23. doi: 10.1001/jama.2017.7596

 28. Feng Z. Chinese health care in rural areas. Br Med J. (2010) 341:c5254. doi: 10.1136/bmj.c5254

 29. Hirst JA, McLellan JH, Price CP, English E, Feakins BG, Stevens RJ, et al. Performance of point-of-care HbA1c test devices: implications for use in clinical practice - a systematic review and meta-analysis. Clin Chem Lab Med. (2017) 55:167–80. doi: 10.1515/cclm-2016-0303

 30. Wang X, Ma Z, Hong T, Xu Y, Wang C, Sun X, et al. Evaluation of A1cNOW+~(TM) glycated hemoglobin test card. Chin J Diabet. (2011) 19:821–4.

 31. Lou R, Wen Y, Lan Y, Yao H, Hu W, Liu L. Clinical application effect evaluation of BotangpingA1C EZ 2.0 glycosylated hemoglobin bedside detector. Chin Commun Doct. (2022) 38:100–69.

Copyright
 © 2024 Shao, Xie, Wang, Gao, Hu and Zhang. 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/fpubh-12-1438945-t001.jpg
Incremental

cost ($)
Urban area
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POCT HbA,. 1,956.44 45.33 27.21 0.09 71.90 500.06
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Rural area
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Venous blood HbA ¢ 2,888.31 837.16 26.56 0.02 108.75 41,858

*Utility: Quality-adjusted life year (QALY).

fVenous blood HbA ¢ compared with POCT HbAje.

#Venous blood HbA ¢ compared with FCG.

ICUR, incremental cost-utility ratio; HbA 1, glycated hemoglobin; FCG, fasting capillary blood glucose; POCT, point-of-care test.
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