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Objectives: Rapid socioeconomic and nutrition transitions in Chinese populations have contributed to the growth in childhood obesity. This study presents a cost-effectiveness analysis of a school- and family-based childhood obesity prevention programme in China.
Methods: A trial-based economic evaluation assessed cost-effectiveness at 12 months. Forty schools with 1,641 children were randomised to either receive the multi-component (diet and physical activity) intervention or to continue with usual activities. Both public sector and societal perspectives were adopted. Costs and benefits in the form of quality-adjusted life years (QALYs) were compared and uncertainty was assessed using established UK and US thresholds.
Results: The intervention cost was 35.53 Yuan (£7.04/US$10.01) per child from a public sector perspective and 536.95 Yuan (£106/US$151) from a societal perspective. The incremental cost-effectiveness ratio (ICER) was 272.7 Yuan (£54/US$77)/BMI z-score change. The ICER was 8,888 Yuan (£1,760/US$2,502) and 73,831 Yuan (£14,620/US$20,796) per QALY from a public sector and societal perspective, respectively and was cost-effective using UK (£20,000) and US (US$50,000) per QALY thresholds.
Conclusion: A multi-component school-based prevention programme is a cost-effective means of preventing childhood obesity in China.
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INTRODUCTION
Childhood obesity is a global public health problem with associated health, social, and emotional consequences, as well as long term direct and indirect costs [1]. Compared to other countries, China has experienced more rapid socioeconomic and nutritional transitions in urban populations which has contributed to the rising prevalence of overweight/obesity among children [2]. The prevalence of overweight and obesity combined in school-aged children increased from around 1% (in both genders) in 1985 to 28.2% in boys and 16.4% in girls in 2015 [3]. It is therefore vital to develop (cost−) effective, culturally appropriate, obesity prevention interventions in China to curb this growing epidemic.
According to the World Health Organisation (WHO), obesity is rising in every region of the world including within low and middle income countries (LMICs) [4]. Very few obesity intervention studies have been conducted within countries with a similar economic and demographic profile to China [5]. Some trials of obesity prevention interventions implemented in a school setting in China reported effective outcomes [6–8]. However, within a recent review, none of these trials were rated high methodological quality, mainly because of selection bias and methodological limitations such as non-blinded assessments, not reporting dropouts, insufficient adjustment for confounders, and not using intention to treat analysis [6–8]. Furthermore, most studies were treatment focused and used a non-randomised design [8]. Moreover, the cost-effectiveness evidence remains unclear. Officially, China is classed as an upper-middle-income country but its per capita income remains a quarter of that of high-income countries and a large proportion of the Chinese population live below the upper-middle-income poverty line of US$5.50 a day [9]. Like many other countries, China suffers from a scarcity of public health resources and decision makers need to prioritise spending towards policies that offer the greatest value for money. Economic evaluation is a means to aid decisions about public resource allocation [10] and as obesity prevention often involves intervention or policy with costs and consequences that fall outside the health care sector, a societal perspective for evaluation is recommended to ensure these wider costs and effects are included [10].
To address the above gaps, The Chinese Primary School Children Physical Activity and Dietary Behaviour Changes Intervention (CHIRPY DRAGON) study was conducted [11]. This was a randomised controlled trial designed using the guidelines from the United Kingdom Medical Research Council (MRC) framework for complex interventions [12], to assess the clinical and cost-effectiveness of the CHIRPY DRAGON intervention. The trial randomly recruited 40 schools from urban districts of Guangzhou, China and found a mean difference in BMI z score (intervention—control) of −0.13 (−0.26 to 0.00, p = 0.048) after a 12 month intervention that included both school- and family-based physical activity and dietary components [11]. This paper extends this trial analysis by reporting detailed cost-effectiveness results from both a public sector and a societal perspective to capture the costs and outcomes that fall onto the schools (public sector) as well as other sectors of the economy (community: family members). Furthermore, it measures the costs and the health and quality of life of the children and household members, and therefore captures any household spillover effects from the school-based intervention. To assess the uncertainty within the results, extensive sensitivity analysis is also reported. The methods and results are reported using consolidated health economic evaluation reporting standards (CHEERS) guidelines [13] (see Supplementary Table SA within the supplementary file).
METHODS
Trial Design
Detailed information about the trial has been reported elsewhere [11, 14]. In brief, the cluster randomised controlled trial (cRCT) evaluated the CHIRPY DRAGON obesity prevention intervention, for children aged 6–7 years at baseline, in 40 state-funded primary schools in Guangzhou, China. Schools were randomly allocated to either the usual practice (n = 20) or intervention arm (n = 20). In China, primary schools have an average of four (range two-eight) year-one classes per school. Each class consists of around 45 children. In the participating schools, all year-one children, along with family members, were eligible for inclusion and were offered the opportunity to take part in the intervention. One year-one class was randomly selected from each of the schools to have outcome measurements taken. However, the school-based intervention components were delivered to all classes of year one. The programme was a 12 month multi-component intervention implemented from March 2016 to March 2017. It consisted of four core components targeting diet and physical activity behaviours, inside and outside of school, through improvement of school lunch and physical-activity provisions (improving the school environment), interactive workshops targeting health knowledge and practical skills among parents, grandparents and children; and daily healthy behavioural challenges at home with individual goal setting and feedback [11]. The development of the intervention programme was guided by the MRC framework for intervention development and evaluation with application of Social Marking principles and Behaviour Change Techniques [15]. The intervention was delivered by five full-time Chinese project staff (known as CHIRPY DRAGON teachers). Each of the five CHIRPY DRAGON teachers were responsible for the coordination and delivery of the intervention activities in four intervention schools. Schools allocated to the comparator arm continued with usual practice.
Resource Use and Costs
Costs collected focused on the items that were likely to vary between the intervention and control arm. The costs were divided into three categories (Table 1) to reflect the process of intervention development, initial “up-front” implementation costs and then any recurring costs associated with delivering the intervention over time.
TABLE 1 | Cost/Resource use items. Cost-effectiveness of a school-and family-based childhood obesity prevention programme in China: the “CHIRPY DRAGON” cluster-randomised controlled trial, China, 2016–17.
[image: Table 1]According to standard practice for economic evaluation, the base case analysis assumed that the intervention was in a “running state” and therefore only costs associated with the ongoing delivery of the intervention were included. To ensure comparability and completeness, the other cost categories (development and up-front initial implementation costs) were reported separately. Sensitivity analysis explored the impact of including the up-front implementation costs, which is detailed later.
First, a public sector perspective was adopted, and all resource use associated with the delivery of the intervention was recorded, using study-specific instruments completed by each CHIRPY DRAGON teacher. This resource use was then multiplied by the relevant unit cost (Yuan currency), obtained from Chinese sources, or valued at market prices, to calculate the total cluster (school)-level cost. These were then averaged across the number of classes and number of children per class (n = 45). Detailed resource use and unit costs for the public sector perspective are available within the Supplementary File (Supplementary Table SB).
Next, a societal perspective was adopted. To capture the cost of school lunch, the catering teams from both the intervention and control schools recorded data on the cost of lunch provision. This data was then adjusted assuming that the cost of provision was passed on fully to the child’s family and the 12 months mean estimates used to calculate the incremental cost of lunch within the intervention compared to the control schools. For the intervention schools, family questionnaires also captured data on any family time costs associated with attending the intervention workshops. On average, two family members attended the workshops. To measure the opportunity cost of time, family members were asked what they would have been doing if not attending the workshop. They were asked to select between “work” or “not at work” activities. For the opportunity cost of missed work time, the population average salary was applied [16], and for “non-work” activities the national minimum wage was assumed as a valid cost of leisure time [17].
To aid interpretation, all costs are reported in Chinese Yuan at a 2016–2017 price base and UK Pound/US dollar using Gross Domestic Product Purchasing Power Parities (GDP PPPs) [18].
Outcomes
All outcomes were collected at the individual level. Assessments were undertaken in each school by independent and trained assessors who were blind to allocation, using standardised procedures and instruments at baseline (start of intervention) and first follow-up (end of intervention) [11]. The primary clinical outcome for effectiveness was the difference in body-mass index (BMI) standard deviation scores (z-scores) between arms at completion of the 12 months intervention. BMI z-scores were calculated using the WHO 2007 Growth Charts [19]. The primary economic outcome measure was quality-adjusted life years (QALYs) and utility-based information to inform the calculation of QALYs were collected. Utilities were derived from the children using the Chinese version of the CHU-9D (CHU9D-CHN) which was researcher-administered at baseline, and at 12 months [20]. This instrument combines nine dimensions of HRQoL: worried; sad; pain; tired; annoyed; schoolwork/homework; sleep; daily routine; and ability to join in activities [21]. Each dimension comprises five severity levels, resulting in 1,953,125 unique health states associated with the measure. The CHU-9D-CHN instrument has a Chinese tariff set available for estimating utility values, but according to the instrument developers (personal communication), at the time of the study, the Chinese-specific preference weights were still in development and required further validation therefore it was recommended to use the UK tariff set for the primary analysis, and to use the Chinese-tariff set as a sensitivity analysis [22]. Therefore, for the primary analysis, individual responses from the questionnaires were transformed into utility weights derived from a UK general population sample using an algorithm developed by Stevens et al [21]. For the societal perspective, the analysis also included QALY gains/losses falling on adult household members using the validated Chinese version of the EQ-5D-3L instrument [23] and the UK value set. Two family members (main carers) were asked to complete the utility-based questionnaires. The Chinese tariff scores for EQ-5D-3L was also used for comparison in a sensitivity analysis [24]. All QALYs were calculated over the 12 month period, using the standard area under the curve approach [25, 26].
To measure the difference between the intervention and control arm, two mixed linear models were developed, both of which accounted for clustering: a model controlling for baseline outcomes; and a further adjusted model controlling for baseline outcomes and pre-specified covariates including (school-level covariates (i.e., whether the school provides midmorning snack, whether the school has an indoor activity room) and child-level sociodemographic covariates (i.e., age, sex, and mother’s education level) and behavioural covariates [daily average servings of fruit and vegetables, weekly servings of unhealthy snacks and sugar-added drink, objectively measured time in MVPA (minutes/24 h) and objectively measured sedentary time (minutes/24 h)] [11]. The further adjusted model was used in the base case analysis.
Missing Data
As the public sector perspective only included the costs that fall onto the schools, this resource use was collected at the cluster level (the schools). For all other data, including resource use from the family members and all outcome data, these were collected at the individual level. The reasons for missingness therefore differed between the public and the societal perspective.
For the public sector perspective, there was a very high retention rate and a high level of data completeness (0% missing for the resource use data; less than 4% for the children’s outcome data) so there was no need to use multiple imputation methods to account for missing data.
For the societal perspective, although almost 25% of the outcome data for family members were missing, multiple imputation for the primary analysis was not required as all the covariates in the model were fairly complete; and the baseline characteristics of the study participants were well balanced between the two groups [11]. Analyses for both the public sector and the societal perspectives were therefore conducted as intention to treat on randomised participants with available data in STATA version 13.
Statistical/Economic Evaluation Analyses
Analysis of cost-effectiveness was undertaken according to current best practice methods for conducting economic evaluation alongside cRCT [27]. The cost data was highly skewed therefore a gllamm model was used. The economic analyses took an incremental approach and therefore measured the difference in cost, offset by the difference in outcome measured using BMI (z-score) for the cost-effectiveness analysis, and QALYs for the cost-utility analysis. The results are expressed through the incremental cost-effectiveness ratio (ICER) based on the further adjusted costs and effects. Since a time horizon of 1 year was used, costs and outcomes were not discounted [25].
To account for both the correlation between costs and outcomes (QALYs) and the cluster-design of the trial, the net-benefit regression (NBR) framework was applied [28] to construct the cost-effectiveness acceptability curve (CEAC). The CEAC shows the relationship between the cost-effectiveness (the ICER) and how much society is Willing To Pay (WTP) for a QALY-gain. The NBR puts the analysis of costs and effects into a regression model and computes each child’s net benefit (NB) as WTP x QALYsi—Costsi, and then uses the NB as the dependent variable within the model to compute whether the intervention is cost-effective for different levels of WTP for a QALY. For technical details of this approach, please see these additional Refs. [28, 29].
To expand the economic evaluation to a societal perspective and include household spillover effects, all child and family members’ QoL data were linked and matched using a published “multiplier” approach [30]. The QALYs were adjusted using the following steps: Step 1: mean incremental QALYs per child calculated (CQ), Step 2: mean incremental QALYs per family member calculated (FQ), Step 3: each child assumed to have two family members in household (n), Step 4: the multiplier for each child was then calculated as:
[image: image]
Additionally, an allowance (a figure of around 1.1) was made for the spillovers displaced by the intervention [30]. For further discussion and technical explanation see Al Janabi et al (2016) [30].
The multiplier approach was not applied to the resource use data as it was not possible to link the family-related costs to the individual child. Instead, the costs were simply summed and averaged assuming that each child had at least two family members attend the workshops (as per the intervention protocol). For the societal perspective therefore the base-case ICER was calculated by applying the following formula:
[image: image]
To assess cost-effectiveness, the ICER is compared to a threshold willingness to pay for a unit gain in QALY. As there is no established threshold value for how much society is willing to pay in China, the UK (£20,000) and US (US$50,000) threshold values were used as a reference point [31, 32] as well as the GDP-per capita (US$19,000) thresholds as recommended by WHO [33]. All analyses were conducted in STATA version13.
Sensitivity Analysis
To assess the robustness of the results to the assumptions made, three sensitivity analyses were undertaken: 1. including initial “up-front” costs associated with implementing the intervention (to test the sensitivity of the results to this increase in costs); 2. using the Chinese tariff value set to estimate QALYs (to test the sensitivity of the results to this change in QALY); and 3. varying the class size by only including consented children (average 41 per class).
An additional sensitivity analysis was applied to the societal perspective that used predictive mean matching to impute the missing data [34]. This was to avoid any loss of efficiency or potential bias of the results with the exclusion of participants with missing data [35, 36].
RESULTS
Participants
No schools dropped out of the trial. In total, 1,641 children were recruited and schools randomized to intervention (20 schools, n = 832) and control (20 schools, n = 809) [11]. The baseline characteristics of the study participants were well balanced between the two groups. The mean age of the children was 6.1 years (SD = 0.35) and 54.5% were male. More than a third of parents did not have a university education. Approximately 18% of the children were either overweight (10.8%) or obese (7.1%); comparable to Chinese national data for overweight/obesity in the same age group (20.4%) [37]. There were no differences between the two study groups in completeness of the outcome measures. Overall, BMI z-score was missing for 23 (1.4%) and 60 (3.7%) children at baseline and 12 months follow-up respectively. CHU-9D and EQ-5D-3L utility data were missing for 36 (2.2%) and 54 (3.2%) children and 406 (24.7%) and 415 (25.3%) main carers (parents/grandparents), at baseline and 12 months follow-up, respectively.
Resource Use and Costs
A detailed breakdown of the resources used for the ongoing delivery of the intervention is available in Supplementary Tables SB, C. Table 2 reports the total mean cost per child and per class over 12 months for both the public sector and societal perspective. Relative to the costs from delivering the intervention, both the development and (in particular) the implementation costs were low (see Supplementary Tables SD, E in the supplementary file). The total mean annual cost of lunch per child (based on monthly reporting of lunchtime costs by caterers) was higher in the intervention schools 1,765 Yuan (£349.50/$497.18) compared to the control schools 1,637.5 Yuan (£324.25/$461.26) (see Supplementary Table SF within the supplementary file) resulting in an incremental cost of lunch for intervention versus control schools of 127.5 Yuan (£25.25/$35.92) per child over the 12 month trial period (see Table 2). A breakdown of the opportunity cost associated with the time spent at the family workshops is presented in the Supplementary File (Supplementary Table SG). Overall, 61% of the family members would have otherwise been at paid work. On average, two family members attended the workshops so the total mean opportunity cost of family members’ time was 373.92 Yuan (£74.4/$105.32) per child (see Table 2).
TABLE 2 | Costs per child over the 12 months follow-up period from a public sector and societal perspective (Yuan (£/$), 2016/2017 prices). Cost-effectiveness of a school-and family-based childhood obesity prevention programme in China: the “CHIRPY DRAGON” cluster-randomised controlled trial, China, 2016–17.
[image: Table 2]Overall, the incremental cost associated with the intervention was 35.53 Yuan (£7.04/$10.01) per child and 536.95 Yuan (£106.33/$151.25) per child/family from a public sector and societal perspective, respectively (see Table 2, also Supplementary Table SC within the supplementary file).
Outcomes
All outcomes at baseline and 12 months are presented in Table 3. QALY and BMI z-score mean differences were 0.004 (0.000–0.007, p = 0.034) and −0.13 (−0.26 to 0.00, p = 0.048), respectively in the baseline adjusted models, and 0.004 (−0.000 to 0.008, p = 0.056) and −0.13 (−0.26 to −0.01, p = 0.041) respectively in the further adjusted models. QALY mean difference for parents/grandparents were 0.002 (−0.002 to 0.006, p = 0.329) in the baseline adjusted model, and 0.002 (−0.002, 0.007, p = 0.421) in the further adjusted model. The QALYs attained were higher for CHU-9D and similar for EQ-5D-3L using the Chinese tariff compared to the UK tariff (Supplementary File, Supplementary Table SH). After conducting multiple imputation, the results remain similar to those pre-imputation (Supplementary File, Supplementary Table SH).
TABLE 3 | Outcomes at baseline and 12 months. Cost-effectiveness of a school-and family-based childhood obesity prevention programme in China: the “CHIRPY DRAGON” cluster-randomised controlled trial, China, 2016–17.
[image: Table 3]Economic Evaluation
From the public sector perspective, the CHIRPY DRAGON intervention cost 272.7 Yuan (£54/US$77) per BMI z-score change and 8,888 Yuan (£1,760/US$2,502) per QALY gained, which is highly cost-effective using all established threshold analyses [31–33] (Table 4). Using the UK threshold analysis, the CEAC showed a 96% probability of the intervention being cost effective at a WTP threshold of £20,000 per QALY (Figure 1). All three sensitivity analyses did not markedly change these results (Table 4).
TABLE 4 | Base case and sensitivity analysis results for both public and societal perspective. Cost-effectiveness of a school-and family-based childhood obesity prevention programme in China: the “CHIRPY DRAGON” cluster-randomised controlled trial, China, 2016–17.
[image: Table 4][image: Figure 1]FIGURE 1 | Cost-Effectiveness Acceptability Curve. Cost-effectiveness of a school-and family-based childhood obesity prevention programme in China: the “CHIRPY DRAGON” cluster-randomised controlled trial, China, 2016–17.
To account for family member effects, the multiplier for each child was calculated as:
[image: image]
The base-case ICER was therefore calculated using the following formula:
[image: image]
The impact of including the family member QALYs and household costs increased the ICER from 8,888 Yuan (£1,760/US$2,502) to 73,831 Yuan (£14,620/US$20,796) per QALY gained (Table 4), but remained cost-effective for all threshold analyses, apart from when 1xGDP per capita threshold (US$19,000) was applied [31–33]. The ICER did not change substantially in all four sensitivity analyses (maximum of 84,380 Yuan (£16,709/US$23,767) per QALY when predictive mean matching multiple imputation was applied) (Table 4).
DISCUSSION
This is the first study to present a robust economic evaluation of a multi-component school-based childhood obesity prevention programme in a Chinese setting. It has shown that from a public sector perspective and a societal perspective this intervention is cost-effective and that this result was robust to all sensitivity analyses.
Strengths and Limitations of This Study
A particular strength of the study was the large sample size (1,641 children), standardised data collection procedures, and the low level of attrition throughout the follow up period. For the analysis at the public sector perspective, there was a low level of missing data. This study reported the ICER from two alternative perspectives and included both clinical and economic outcomes. This enabled comparison with other studies. Furthermore, this study is one of the very few economic evaluations of obesity prevention studies worldwide and the first in China, which measured QALYs in children as young as 6 years and included family member effects. It used both the UK and Chinese tariffs for deriving the QALYs. Moreover, this is the first economic evaluation study worldwide to consider health spillover effects generated from a behavioural obesity intervention using a multiplier approach. The intuition behind the multiplier approach is that there is a bigger health dividend for the population than is represented just by children’s QALYs and therefore this wider health dividend should be captured within an economic evaluation [30].
The study also had some limitations. One potential limitation relates to the way HRQoL information was collected from the children. There may have been an influence on how children completed the questionnaire as items and possible responses within the CHU-9D were read to the children. This could have led to responder-bias [38]. However, given the young age of the participants, this collection strategy was chosen to optimise data quality and completion. Furthermore, interviewers were blind to allocation, minimising any differential bias. A further limitation was that the response rate was low from family members. This may result in a lack of power to detect significant effects in family members. Both children’s and family members’ incremental QALYs were estimated separately before aggregating the mean estimates. In future studies, where the number of children and household members are more similar, we would recommend using a dyadic approach. The advantage of dyadic analysis, compared to the multiplier approach for including health spillovers is that it enables a probabilistic sensitivity analysis to be conducted to explore uncertainty. The analysis was also limited to the time horizon of the intervention and therefore the sustainability of effect remains unknown. Finally, as this is a behavioural intervention, therefore highly dependent on cultural, infrastructural and other system-related aspects, the generalisability of results to other contexts, particularly to other country settings, needs to be explored further [39].
Comparison With Other Studies
The most recent systematic review of economic evaluations [1] of obesity prevention interventions, which was limited to children and adolescents, found it challenging to synthesise the studies due to the heterogeneity of outcome measures used and the lack of an acceptable WTP threshold for a “weight” outcome. However, it suggested that all school-based obesity interventions appear cost-effective, and this study adds to the evidence base as outcomes have been measured using QALYs, a consistent outcome measure which aids comparison.
The cost-effectiveness analysis within this study led to an ICER from a public sector perspective of 272.7 Yuan per BMI z-score change. This was lower than two previous trial-based intervention studies which used BMI z-score as their measure of effectiveness: one Chinese study, targeting dietary habits and physical activity in children 6–13 years, (885 Yuan per BMI z-score change) [7]; the other Australian, targeting physical activity in adolescents 13–16 years, (1,537 Yuan per 10% reduction in BMI z-score) [40]. Neither of these studies included indirect costs. Contextual factors including differences in the stage of the childhood obesity epidemic and cultural factors, as well as intervention differences (e.g., target, components and how these were delivered), may contribute to differences in findings. It has previously been determined that obesity prevention interventions are more effective when delivered by dedicated staff rather than classroom teachers [11] and the CHIRPY DRAGON staff employed in this trial were well accepted by schools and their costs were included. The use of dedicated delivery staff helped to maximise the consistency and quality of implementation as school teachers are often overloaded and struggle to find capacity for delivery.
Conclusion
The results from this study demonstrate the cost-effectiveness of the CHIRPY DRAGON intervention from both a public sector and a societal perspective and will inform obesity prevention policy in China as well as in other country settings, as well as highlighting future research needs. Long term monitoring needs to be put in place to assess sustainability of effect so that a greater understanding of long-term cost-effectiveness can be obtained.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by the Life and Health Sciences Ethical Review Committee at the University of Birmingham (2nd March 2015) and the Ethical Committee of Guangzhou Centre for disease Control and Prevention (1st December 2014). Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.
AUTHOR CONTRIBUTIONS
MZ: economic analysis, methodology, writing the original draft, reviewing and editing. PA: conceptualization, investigation, methodology, supervision, reviewing and editing. BL: conceptualization, funding acquisition, investigation, methodology, project administration, supervision, reviewing and editing. MP: investigation, methodology, resources, reviewing and editing. WL: investigation, project administration, resources, reviewing and editing. KH and JM: methodology, resources, reviewing and editing. RL and WL: investigation, reviewing and editing. KC: conceptualization, investigation, methodology, reviewing and editing. EF: methodology, investigation, supervision, resources, reviewing and editing.
FUNDING
This study was funded through a charitable donation from Zhejiang Yong Ning Pharmaceutical Ltd. Co. (trial registration number: ISRCTN11867516) from 2014 to 2018 to the University of Birmingham. The funder played no role in study design, implementation, analysis and reporting. The views and opinion expressed therein are those of the authors and do not necessarily reflect those of the funders. The analyses were further supported by a University of Birmingham College of Medical and Dental Sciences PhD studentship.
ACKNOWLEDGMENTS
We would like to thank the schools, parents and children who participated in the study and for the Chinese Local Authorities for their support. We would also like to thank Hareth Al-Janabi, and Raymond Oppong at the University of Birmingham for their guidance with the economic evaluation methods and analysis.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.ssph-journal.org/articles/10.3389/ijph.2021.1604025/full#supplementary-material
REFERENCES
 1. Zanganeh, M, Adab, P, Li, B, and Frew, E. A Systematic Review of Methods, Study Quality, and Results of Economic Evaluation for Childhood and Adolescent Obesity Intervention. Int J Environ Res Public Health (2019) 16(3):485–99. doi:10.3390/ijerph16030485
 2. Ji, CY, and Chen, TJChina WGoOi. Empirical Changes in the Prevalence of Overweight and Obesity Among Chinese Students from 1985 to 2010 and Corresponding Preventive Strategies. Biomed Environ Sci (2013) 26(1):1–12. doi:10.3967/0895-3988.2013.01.001
 3. Zhang, Y. Report: Childhood Obesity Accelerating [Internet]. China Daily (2017). [cited 11/06/2021]. Available from: http://www.chinadaily.com.cn/china/2017-05/12/content_29313556.htm (Accessed May 12, 2019).
 4. Abarca-Gómez, L, Abdeen, ZA, Hamid, ZA, Abu-Rmeileh, NM, Acosta-Cazares, B, Acuin, C, et al. Worldwide Trends in Body-Mass index, Underweight, Overweight, and Obesity from 1975 to 2016: a Pooled Analysis of 2416 Population-Based Measurement Studies in 128· 9 Million Children, Adolescents, and Adults. The Lancet (2017) 390:2627. doi:10.1016/S0140-6736(17)32129-3
 5. Uijtdewilligen, L, Waters, CN, Müller-Riemenschneider, F, and Lim, YW. Preventing Childhood Obesity in Asia: an Overview of Intervention Programmes. Obes Rev (2016) 17(11):1103–15. doi:10.1111/obr.12435
 6. Jiang, J, Xia, X, Greiner, T, Wu, G, Lian, G, and Rosenqvist, U. The Effects of a 3-year Obesity Intervention in Schoolchildren in Beijing. Child Care Health Dev (2007) 33(5):641–6. doi:10.1111/j.1365-2214.2007.00738.x
 7. Meng, L, Xu, H, Liu, A, van Raaij, J, Bemelmans, W, Hu, X, et al. The Costs and Cost-Effectiveness of a School-Based Comprehensive Intervention Study on Childhood Obesity in China. Plos One (2013) 8(10):e77971. doi:10.1371/journal.pone.0077971
 8. Feng, L, Wei, D-M, Lin, S-T, Maddison, R, Ni Mhurchu, C, Jiang, Y, et al. Systematic Review and Meta-Analysis of School-Based Obesity Interventions in mainland China. PloS one (2017) 12(9):e0184704. doi:10.1371/journal.pone.0184704
 9.The World Bank. The World Bank in China (2020). Available from: https://www.worldbank.org/en/country/china/overview (Accessed November 17, 2020).
 10. Frew, E. Economic Evaluation of Childhood Obesity Interventions: Reflections and Suggestions. PharmacoEconomics (2016) 34(8):733–40. doi:10.1007/s40273-016-0398-8
 11. Li, B, Pallan, M, Liu, WJ, Hemming, K, Frew, E, Lin, R, et al. The CHIRPY DRAGON Intervention in Preventing Obesity in Chinese Primary-School-Aaged Children: A Cluster-Randomised Controlled Trial. Plos Med (2019) 16(11):e1002971–20. doi:10.1371/journal.pmed.1002971
 12. Campbell, NC, Murray, E, Darbyshire, J, Emery, J, Farmer, A, Griffiths, F, et al. Designing and Evaluating Complex Interventions to Improve Health Care. Bmj (2007) 334(7591):455–9. doi:10.1136/bmj.39108.379965.be
 13. Husereau, D, Drummond, M, Petrou, S, Carswell, C, Moher, D, Greenberg, D, et al. Consolidated Health Economic Evaluation Reporting Standards (CHEERS)-Explanation and Elaboration: A Report of the ISPOR Health Economic Evaluation Publication Guidelines Good Reporting Practices Task Force. Value in health (2013) 16(2):231–50. doi:10.1016/j.jval.2013.02.002
 14. Li, B, Liu, WJ, Adab, P, Pallan, M, Hemming, K, Frew, E, et al. Cluster-randomised Controlled Trial to Assess the Effectiveness and Cost-Effectiveness of an Obesity Prevention Programme for Chinese Primary School-Aged Children: the CHIRPY DRAGON Study Protocol. BMJ Open (2017) 7(11):e018415. doi:10.1136/bmjopen-2017-018415
 15. Li, B, Liu, WJ, Cheng, KK, Pallan, M, Hemming, K, Frew, E, et al. Development of the Theory-Based Chinese Primary School Children Physical Activity and Dietary Behaviour Changes Intervention (CHIRPY DRAGON): Development of a Cluster-Randomised Controlled Trial. The Lancet (2016) 388:S51. doi:10.1016/s0140-6736(16)31978-x
 16.ChinaDaily. Top 10 Chinese Cities with Highest Average Monthly Salary (2017). Available from: http://www.chinadaily.com.cn/bizchina/2017top10/2017-06/23/content_29853826_7.htm (Accessed December 17, 2018).
 17.China Briefing. Guangdong’s Minimum Wages to Increase July 1 (2018). Available from: http://www.china-briefing.com/news/guangdongs-minimum-wages-rise-july-1/(Accessed December 19, 2018).
 18. Gosden, TB, and Torgerson, DJ. Economics Notes: Converting International Cost Effectiveness Data to UK Prices. BMJ: Br Med J (2002) 325(7358):275–6. doi:10.1136/bmj.325.7358.275
 19.World Health Organization. Geneva: The WHO Child Growth Standards (2007) Available at: https://www.who.int/tools/growth-reference-data-for-5to19-years/ (Accessed March, 2018).
 20. Xu, F, Chen, G, Stevens, K, Zhou, H, Qi, S, Wang, Z, et al. Measuring and Valuing Health-Related Quality of Life Among Children and Adolescents in Mainland China - A Pilot Study. PLoS One (2014) 9(2):e89222. doi:10.1371/journal.pone.0089222
 21. Stevens, K. Valuation of the Child Health Utility 9D index. Pharmacoeconomics (2012) 30(8):729–47. doi:10.2165/11599120-000000000-00000
 22. Chen, G, Xu, F, Huynh, E, Wang, Z, Stevens, K, and Ratcliffe, J. Scoring the Child Health Utility 9D Instrument: Estimation of a Chinese Child and Adolescent-specific Tariff. Qual Life Res (2019) 28(1):163–76. doi:10.1007/s11136-018-2032-z
 23. Wu, C, Gong, Y, Wu, J, Zhang, S, Yin, X, Dong, X, et al. Chinese Version of the EQ-5D Preference Weights: Applicability in a Chinese General Population. PLoS One (2016) 11(10):e0164334. doi:10.1371/journal.pone.0164334
 24. Liu, GG, Wu, H, Li, M, Gao, C, and Luo, N. Chinese Time Trade-Off Values for EQ-5D Health States. Value in Health (2014) 17(5):597–604. doi:10.1016/j.jval.2014.05.007
 25. Drummond, MF, Sculpher, MJ, Claxton, K, Stoddart, GL, and Torrance, GW. Methods for the Economic Evaluation of Health Care Programmes. Oxford: Oxford University Press (2015).
 26. Manca, A, Hawkins, N, and Sculpher, MJ. Estimating Mean QALYs in Trial-Based Cost-Effectiveness Analysis: the Importance of Controlling for Baseline Utility. Health Econ (2005) 14(5):487–96. doi:10.1002/hec.944
 27. Campbell, MK, Piaggio, G, Elbourne, DR, and Altman, DG. Consort 2010 Statement: Extension to Cluster Randomised Trials. Bmj (2012) 345:e5661. doi:10.1136/bmj.e5661
 28. Hoch, JS, Briggs, AH, and Willan, AR. Something Old, Something New, Something Borrowed, Something Blue: a Framework for the Marriage of Health Econometrics and Cost-Effectiveness Analysis. Health Econ (2002) 11(5):415–30. doi:10.1002/hec.678
 29. Hoch, JS, and Dewa, CS. Advantages of the Net Benefit Regression Framework for Economic Evaluations of Interventions in the Workplace. J Occup Environ Med (2014) 56(4):441–5. doi:10.1097/jom.0000000000000130
 30. Al-Janabi, H, Van Exel, J, Brouwer, W, and Coast, J. A Framework for Including Family Health Spillovers in Economic Evaluation. Med Decis Making (2016) 36(2):176–86. doi:10.1177/0272989x15605094
 31.Academy of Managed Care Pathway (AMCP) Format Executive Committee Members. The USA (2016) Available at: https://www.amcp.org/membership/volunteer-opportunities-overview/AMCP-Committees/format-executive-committee/ (Accessed May, 2018).
 32.National Institute for Health and Care Excellence. London: Guide to the Methods of Technology Appraisal (2013). London: NICE.
 33. Woods, B, Revill, P, Sculpher, M, and Claxton, K. Country-level Cost-Effectiveness Thresholds: Initial Estimates and the Need for Further Research. Value in Health (2016) 19(8):929–35. doi:10.1016/j.jval.2016.02.017
 34. Morris, TP, White, IR, and Royston, P. Tuning Multiple Imputation by Predictive Mean Matching and Local Residual Draws. BMC Med Res Methodol (2014) 14(1):75. doi:10.1186/1471-2288-14-75
 35. Briggs, A, Clark, T, Wolstenholme, J, and Clarke, P. Missing.... Presumed at Random: Cost-Analysis of Incomplete Data. Health Econ (2003) 12(5):377–92. doi:10.1002/hec.766
 36. Marshall, A, Billingham, LJ, and Bryan, S. Can We Afford to Ignore Missing Data in Cost-Effectiveness Analyses?. Eur J Health Econ (2009) 10(1):1–3. doi:10.1007/s10198-008-0129-y
 37. Liu, W, Lin, R, Liu, W, Guo, Z, Xiong, L, Li, B, et al. Relationship between Weight Status and Health-Related Quality of Life in Chinese Primary School Children in Guangzhou: a Cross-Sectional Study. Health Qual Life Outcomes (2016) 14(1):166–23. doi:10.1186/s12955-016-0567-7
 38. Frew, EJ, Pallan, M, Pallan, M, Lancashire, E, Hemming, K, and Adab, P. Is Utility-Based Quality of Life Associated with Overweight in Children? Evidence from the UK WAVES Randomised Controlled Study. BMC Pediatr (2015) 15(1):211–21. doi:10.1186/s12887-015-0526-1
 39. Musgrove, P, and Fox-Rushby, J. Cost-effectiveness Analysis for Priority Setting. 2nd ed.. Washington (DC): World Bank (2006).
 40. Sutherland, R, Reeves, P, Campbell, E, Lubans, DR, Morgan, PJ, Nathan, N, et al. Cost Effectiveness of a Multi-Component School-Based Physical Activity Intervention Targeting Adolescents: the 'Physical Activity 4 Everyone' Cluster Randomized Trial. Int J Behav Nutr Phys Act (2016) 13:94–107. doi:10.1186/s12966-016-0418-2
Conflict of Interest: PA, EF, MP, KC, KH, and JM report grants from the NIHR on unrelated research. PA, EJ, MP, KH, and KC report grants from the NIHR related to research on childhood obesity prevention. EF and PA were trustees of the Association for the Study of Obesity (PA 2014–2017; EF 2017–2019).
The remaining 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.
Copyright © 2021 Zanganeh, Adab, Li, Pallan, Liu, Hemming, Lin, Liu, Martin, Cheng and Frew. 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/ijph-66-1604025-t004.jpg
PUBLIC SECTOR PERSPECTIVE

Analysis

Primary (base case) analysis

Sensitivity analysis 1: implementation costs included
Sensitivity analysis 2: using Chinese value set
Sensitivity analysis 3: class size n = 41

SOCIETAL PERSPECTIVE

Analysis

Primary (base case) analysis

Sensitivity analysis 1: implementation costs included

Sensitivity analysis 2: using Chinese value set

Sensitivity analysis 3: class size n = 41

Sensitivity analyss 4: using predictive mean matching to impute missing data

ICER (cost per additional QALY)
8,888 Yuan (£1,760/US$2,502)
9,760 Yuan (£1,922/8US2,732)
5,923 Yuan (£1,173/US$1,668)
9,756 Yuan (£1,932/U8$2,742)

ICER (cost per additional QALY)
73,831 Yuan (£14,620/US$20,796)
74,280 Yuan (£14,709/US$20,923)
73,346 Yuan (£14,524/US$20,660)
81,037 Yuan (£16,047/US$22,829)
84,380 Yuan (£16,709/US$23,767)





OPS/images/math_qu1.gif





OPS/images/ijph-66-1604025-t002.jpg
Cost item
PUBLIC SECTOR PERSPECTIVE (On-going delivery/running costs)

CHIRPY DRAGON teachers’ and workshop assistants’ time
Intervention materials

Delivery fee (e.0.. for reward boards and loudspeakers)
Office stationery

Ongoing printing

Incentive prizes

CHIRPY DRAGON teachers' transport

CHIRPY DRAGON teachers’ telephone allowance

Total (Public Sector Perspective)

ADDITIONAL COSTS FOR SOCIETAL PERSPECTIVE

Incremental lunch costs (difference between intervention and control schools)
Parents/main carers’ workshop attendance time (two family members)
Total (Societal Perspective)

Mean cost per class Yuan (£/$)

927 Yuan (£183.6/$261)
95.4 Yuan (£18.9/$26.55)
1.35 Yuan (£0.27/30.36)
0225 Yuan (£0.046/$0.045)
272.7 Yuan (£45/376.5)
118.35 Yuan (£23.4/$33.3)
154.35 Yuan (£30.6/$43.2)
31.95 Yuan (£6.3/$9)
1,600.8 Yuan (£317/$449.7)

5,737 Yuan (£1,136.2/$1,616.4)
16,826.4 Yuan (£3,348/$4,739.4)
24,162.75 Yuan (£4,784/$6,806)

Mean cost per child Yuan (£/$)°

20,60 Yuan (£4.08/$5.80)
2.12 Yuan (£0.42/$0.59)
0.03 Yuan (£0.006/$0.008)
0.005 Yuan (£0.001/50.001)
6.06 Yuan (£1.20/$1.70)
2,63 Yuan (£0.52/50.74)
3.43 Yuan (£0.68/50.96)
0.71 Yuan (£0.14/80.2)
35.53 Yuan (£7.04/$10.01)

127.5 Yuan (£25.26/$35.92)
373.92 Yuan (£74.4/$105.32)
536.95 Yuan (£106.33/$151.25)

SPubic secior perepective: Data collecied at school level [ = 20 infervention schools), there was no missing cost data; assuming average class size of 45.





OPS/images/ijph-66-1604025-t003.jpg
Intervention group

Adjusted mean (95% CI)

Control group
Outcomes N Mean
(SD)
Baseine
BMI z-score 796 -0.13(1.80)
CHU-9D utiity 793 0.936 (0069)
E£Q-5D-3L utiity 59 0961 (0.085)
At 12 months
BMI z-score 777 -023(1.34)
CHU-9D (QALYs for children) 781 0.932 (0.067)

EQ-5D-3L (QALYs for family members) 584

0.965 (0.061)

822
812
639

804
806
642

Mean
(sD)

-0.13(1.30)
0938 (0.068)
0.962 (0.081)

-0.35 (1.22)
0.937 (0.059)
0.966 (0.066)

Difference®
(Intervention
vs control)

p-value

~0.13 (~0.26 to 0.00)
0.004 (0.000-0.007)
0.002 (-0.002-0.006)

Difference® p-value
(Intervention
vs control)

-0.13 (-0.26 to -0.01) 0.041
0.004 (-0.000-0.008) 0.056
0.002 (-0.002-0.007) 0.421

Notes: BMI, body mass index; CHU-9D, Child Health Utilty 9D; Cl, Confidence Interval; EQ-5D-3L, Euro-QoL instrument; QALYs, Quality-Adjusted Life Years; SD, Standard Deviation.
“=baseline adjusted model: adjusted for school clustering and baseline outcome.

further adjusted model: adjusted for baseline outcome, prespecified school-level (i.e., whether the school provides midmorming snack, whether the school has an indoor activity room)

and child-level sociodemographic (i.e., age, sex, and mother education level) and behavioural [daily average servings of fruit and vegetables, weekly servings of unhealthy snacks and

sugar-added drink, objectively measured time in MVPA (minutes/24 h) and objectively measured sedentary time (minutes/24 h)] covariates.

Base case analysis used the further adjusted model.





OPS/images/math_qu4.gif





OPS/images/math_qu2.gif
D O OO v et o IR0 RCTETMEAIN SR OO0
o T * S Incseesenaloabie soctor comm





OPS/images/math_qu3.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Cost-Effectiveness of a School-and Family-Based Childhood Obesity Prevention Programme in China: The “CHIRPY DRAGON” Cluster-Randomised Controlled Trial		Introduction

		Methods		Trial Design

		Resource Use and Costs

		Outcomes

		Missing Data

		Statistical/Economic Evaluation Analyses

		Sensitivity Analysis





		Results		Participants

		Resource Use and Costs

		Outcomes

		Economic Evaluation





		Discussion		Strengths and Limitations of This Study

		Comparison With Other Studies

		Conclusion





		Ethics Statement

		Author Contributions

		Funding

		Acknowledgments

		Supplementary Material

		References









OPS/images/cover.jpg
C) 1JPH

SSPH+

Cost-Effectiveness of a School-
and Family-Based Childhood
Obesity Prevention Programme in
China: The “CHIRPY DRAGON”
Cluster-Randomised Controlled
Trial





OPS/images/ijph-66-1604025-g001.gif
Costeffectiveness acceptability curve

a0

BRI

P ———





OPS/images/ijph-66-1604025-t001.jpg
Category 1: Costs
associated with initial
development of intervention

* Research staff time for development of the
schootteacher handbook explaining intervention

e Hiring of a designer to optimise the presentation of
intervention materials (eaflets and illustration
media)

e Researcher preparation time for CHIRPY DRAGON
teacher training

e Time and travel costs related to school staff
meeting to discuss provision of children’s physical
activity sessions

Category 2: Initial
“up-front” implementation costs

Time and travel costs required for the CHIRPY
DRAGON teachers to defiver training workshops/
sessions

Initial printing of school teacher handbooks

Time and travel costs related to the set-up meeting to
explain about the intervention components to school
staff

Time and travel costs related to meeting with school
catering teams to explain the school lunch
improvement objectives

Category 3:
delivery/running costs

o Labour: CHIRPY DRAGON teachers' time and
workshop assistants’ time

o Intervention materials used during workshops/
sessions

© Delivery fee for reward boards and loudspeakers

® Office stationery

 On-going printing

o Incentives: incentive prizes for mesting family healthy
behaviour challenges and performance recogrition
certificates for catering teams

 CHIRPY DRAGON teachers' transport

 CHIRPY DRAGON teachers’ telephone costs









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
) 1JPH | st

uuuuuuuuuuuu

SWISS SCHOOL OF





