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Background: The prevalence of cigarette smoking in China is high and the utilization of smoking cessation clinics is very low. Multicomponent smoking cessation interventions involving community and hospital collaboration have the potential to increase the smoking cessation rate. However, the cost-effectiveness of this intervention model is unknown.

Methods: We conducted a smoking cessation intervention trial in 19 community health service centers in Beijing, China. A cost-effectiveness analysis was performed from a societal perspective to compare three strategies of smoking cessation: no intervention (NI), pharmacological intervention (PI), and comprehensive intervention (CI) (PI plus online health promotion). A Markov model, with a time horizon of 20 years, was used to simulate the natural progression of estimated 10,000 male smokers. A cross-sectional survey was conducted to obtain data on costs and quality-adjusted life years (QALYs) by using the five-level EuroQol-5-dimension (EQ-5D-5L) questionnaire. Probabilistic sensitivity analysis was performed to explore parameters of uncertainty in the model.

Results: A total of 680 participants were included in this study, including 283 in the PI group and 397 in the CI group. After 6 months of follow-up, the smoking cessation rate reached 30.0% in the CI group and 21.2% in the PI group. Using the Markov model, compared with the NI group, the intervention strategies of the PI group and the CI group were found to be cost-effective, with an incremental cost-effectiveness ratio (ICER) of $535.62/QALY and $366.19/QALY, respectively. The probabilistic sensitivity analysis indicated that the CI strategy was always the most cost-effective intervention.

Conclusion: CI for smoking cessation, based in hospital and community in China, is more cost-effective than PI alone. Therefore, this smoking cessation model should be considered to be implemented in healthcare settings.
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INTRODUCTION

Tobacco use remains the world's leading preventable cause of morbidity and mortality, resulting in more than 8 million deaths each year worldwide (1). China, the world's largest tobacco producer and consumer, has more than 350 million smokers (2). More than 1 million people die each year from smoking-related diseases, and about 100,000 people die from secondhand smoke exposure in China (3). Worse still, tobacco-related deaths in China are expected to reach 3 million by 2050 if effective measures are not taken to control tobacco use (4). The tobacco epidemic is a major threat to public health in China.

Smoking cessation is one of the most important measures to reduce harm from cigarettes. The Healthy China 2030 Action Plan requires that the prevalence of adult smoking be decreased to 20% by 2030 (5). However, quitting smoking is a complex and difficult process for smokers due to nicotine dependence. The Global Adult Tobacco Survey, Fact Sheet, China, 2018 showed that the smoking rate among people aged 15 and above in China was 26.6%, of which 50.5% of men and 2.1% of women were current smokers (6). Among smokers, only 16.1% of current smokers planned to or were thinking about quitting in the next 12 months, and 90.1% of smokers who tried to quit in the past 12 months did not use any quitting assistance for at least one quit attempt (6). When smokers quit smoking without help, it was difficult to maintain abstinence in long term (7).

In 1998, the World Health Organization (WHO) officially included tobacco dependence as a chronic and highly recurrent disease in the International Classification of Diseases (ICD-10; code F17.2). Therefore, quitting smoking requires scientific and professional guidance, which can strengthen smokers' confidence and determination to quit and help them relieve withdrawal symptoms. Common smoking cessation methods include clinic consultation, pharmacological therapy, nicotine replacement therapy, behavioral intervention, and multi-component smoking cessation treatment. There is ample evidence that the combination of behavioral interventions and pharmacotherapy could improve the effectiveness of smoking cessation (8). In order to meet the demand for smoking cessation services, China has launched a centrally subsidized local smoking cessation clinic project since 2014, which has supported the creation of 586 smoking cessation clinics nationwide (9). However, 57% of the clinics only provide cessation advice and behavioral support, and the utilization rate of these clinics is poor due to a lack of public awareness of their availability (10).

To promote adequate treatment for tobacco dependence, WHO recommends that each country should take appropriate, comprehensive, and integrated measures including establishing population-level and individual level approaches, considering novel approaches and media, and integrating brief advice into the existing primary healthcare system (11). Therefore, it is imperative to offer smoking cessation services in primary healthcare settings, which could achieve better population coverage at a relatively low cost (12). Implementing a smoking cessation program based in the community could mobilize local resources and improve access to smoking cessation services. Several foreign studies have confirmed the feasibility and short-term effectiveness of involving community health workers in smoking cessation (13–15), while there are inadequate studies on long-term effectiveness.

The cost-effectiveness of smoking cessation interventions is increasingly becoming a primary consideration for the public health sector. Some previous literature has been published reporting the cost-effectiveness of different smoking cessation interventions, such as pharmacotherapy, nicotine replacement therapy, and cell phone intervention (15–17). Also, there are various studies using the Markov simulation model to evaluate the cost-effectiveness of tobacco control campaigns in different countries (18–20). To our knowledge, there is little smoking cessation program based on hospital and community collaboration in China. Few studies have demonstrated the cost-effectiveness of this intervention model, which is a good way to examine both the costs and effects of interventions. Therefore, it is imperative to investigate the cost-effectiveness of interventions within the context of China.

This study aims to perform a cost-effectiveness analysis (CEA) of comprehensive smoking-cessation interventions based in the community and hospitals in China to provide economic evidence for the public health program.



MATERIALS AND METHODS


Reporting Guideline

This study is guided by the Consolidated Health Economic Evaluation Reporting Standards (CHEERS) statement (21). The completed CHEERS checklist is provided in Supplementary File 1.



Design

This project developed a comprehensive tobacco dependence management model based on community and hospital collaboration and conducted a parallel-controlled community intervention trial to evaluate the effectiveness of the model. The intervention program was implemented by our team at the Capital Medical University, the Respiratory Smoking Cessation Clinic of Sino-Japanese Friendship Hospital, and the community health service centers, which were the intervention sites. Community smoking cessation management groups were formed to be responsible for project implementation. Each group included 20~30 participants, 1 physician from the smoking cessation clinic, 1 community family doctor, 1 community manager, 8~10 volunteers selected from the credible people in the community, and 1 psychological counselor. We compared the cost-effectiveness of three smoking cessation intervention strategies: no intervention (NI), pharmacological intervention (PI), and comprehensive intervention (CI) (PI plus online health promotion). PI and CI were conducted based on community and hospital collaboration. The intervention trial lasted for 6 months, and our team followed up with participants to monitor outcomes such as smoking status, drug use, and smoking cessation willingness. Figure 1 shows the specific measures for each intervention at different time points. For details of the intervention, please see Supplementary File 2.


[image: Figure 1]
FIGURE 1. The content of the intervention program. The blue circle and green circle respresent the specific measures of PI and CI, respectively.


This study has been approved by the Medical Ethics Committee of Capital Medical University (Z2019SY007). Written informed consent was obtained from all the participants.



Participants

The sample size for this study was calculated by using the corresponding formula of a two-armed parallel control trial as shown here. The α was 0.05, and the test efficiency was 0.9, which means the β was 0.1. Since the smoking cessation rate of daily smokers over 15 years of age in China was 14.4% according to the 2015 China Adult Tobacco Survey Report, p2 was 14.4% which reflected the positive rate of the control group. The p1, the expected positive rate in the test group, was set at 24.4% with the goal of increasing the smoking cessation rate by 10% through intervention. The δ2 is the difference between p1 and p2, which was 0.102. The required sample size was calculated to be 262. To account for dropout of 5%, we aimed to recruit 276 participants to each group, with a total of 582 participants.
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In total, eight community health service centers with a stable population and good basic conditions for chronic disease management were selected as the sites to conduct CI. Matching the characteristics of social economy, population health, and medical services of community health service centers in the CI group, 11 centers were selected as sites to conduct PI. In total, 19 community health service centers in Beijing were selected (Figure 2). Community doctors and community managers were responsible for recruiting smokers who were willing to participate in the smoking cessation intervention program.


[image: Figure 2]
FIGURE 2. Geographic distribution of sampling communities.


Inclusion criteria for the participants were current smokers living in the community who (a) had smoked for 6 months or more in their lifetime and had smoked within 30 days prior to the survey, (b) were not currently using other methods to quit smoking, (c) and could communicate fluently and were willing to take part in the follow-up. Smokers were excluded if they (a) had participated in another smoking cessation program, (b) were pregnant or breast feeding, or (c) were suffering from a serious illness that prevented them from being able to participate physically or mentally.

Prior to the intervention, the investigators were trained by team members. At the intervention site, investigators and doctors from the hospital conducted face-to-face questionnaires, carbon monoxide blow tests, and lung function tests on study participants. Based on these test results, the doctor developed specific smoking cessation plans for each participant, including whether to take smoking cessation drugs, daily doses of the drug, etc. In total, 680 tobacco-dependent smokers were enrolled in our project from 19 communities.



Decision Model

We created a state-transition Markov model to compare three smoking–cessation intervention strategies by using TreeAge Pro software. Figure 3 illustrates the various states and the potential transitions between these states. The model constructed in this study included four states: healthy smoker, healthy quitter, ischemic stroke, and death. Smoking is a risk factor for a variety of diseases, including cardiovascular disease which is the main smoking-related cause of death globally. In China, the stroke incidence and particularly the incidence of ischemic stroke was higher than in other countries (22). Smoking is a major risk factor for stroke with 10.8% of strokes in men attributed to smoking (23). Thus, in this study, ischemic stroke was selected to represent smoking-related disease and was included in the model.


[image: Figure 3]
FIGURE 3. Markov model structure. # indicates that there is a certain probability of remaining within the state.


The base case is 10,000 adult male smokers who were willing to quit smoking. This model, with a time horizon of 20 years, could predict the lifetime costs and quality adjusted life years (QALYs) of different smoking cessation intervention strategies. The model runs on two basic assumptions: (1) a participant can only be in one state in each Markov cycle, and (2) the 'smoker's transition from one state to the next occurs randomly based on probability, regardless of which state the smoker was in before entering the new state. The simulation queue established by this model was 10,000 people with a cycle period of 1 year and a total of 20 cycles. When the time unit of the parameter is inconsistent with the cycle, it is converted to the formula P=(Pt)1/t, where P is the probability of transfer within a cycle. The Markov model framework could be found in Supplementary Figure S1.



Probabilities

Probabilities data were obtained from the Global Study of the Economic Burden of Disease and the results of domestic epidemiological surveys, and related literature studies are shown in Table 1.


Table 1. Decision-analytic model parameters.
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Costs

The costs of different smoking cessation intervention strategies were calculated using the work decomposition structure (WBS) and the operation cost method to count the input of each group of resources in the community intervention trial. The average cost of hospitalization for ischemic stroke comes from the China Stroke Prevention and Control Report 2019. The cost estimates in this study are divided into average direct costs and average indirect costs. The average direct costs include inspection costs, smoking cessation drug costs, and other material costs. The average indirect costs include medical “personnel's lost work expense,” smoker's lost work expense, and transportation cost. The total costs of the different smoking cessation strategies are shown in Table 1. All the costs were inflated to 2019 using the China Consumer Price Index and converted to US dollars using official exchange rates as of 2019 (US$1 = ¥6.90).



Quality-Adjusted Life Years (QALYs)

Quality-adjusted life years as a measurement reflecting both health-related quality of life and mortality is recommended by China Guidelines for Pharmacoeconomic Evaluations as the most suitable measure for the economic evaluation of health outcomes. QALYs are equal to time spent in the relevant health states multiplied by an appropriate utility score. In this study, a cross-sectional survey was conducted to identify the utility scores for smokers, in which participants completed EuroQol five-dimensional questionnaires (EQ-5D-5L). The EQ-5D-5L utility scores are shown in Table 1.



Analysis

We conducted our analysis from a societal perspective in accordance with the China Guidelines for Pharmacoeconomic Evaluations. A hypothetical cohort of base case adult smokers was simulated over a 20-year time horizon with each cycle lasting 1 year. We discounted future costs and future benefits at 3%. Outcome measures were reported in incremental cost-effectiveness ratios (ICERs) with a Cost-Effectiveness Threshold (CET) of 1–3 times GDP per capita in China (10,279.12 ~ 30837.36) (30), which was the most common approach to set CET (31). The intervention strategy would be considered to be “very” cost-effective if ICER was less than GDP per capita, and could still count as cost-effective if the ICER did not exceed 3 times of GDP per capita (32). By using the probabilistic sensitivity analyses, we explored the uncertainty of model parameters, including incidence rate of ischemic stroke, and utility values. A Cost-effectiveness acceptability curve was generated to illustrate the percentage of curves estimated by ICER that were cost-effective at different values of willingness to pay per quit.




RESULTS

Of all the 680 smokers who participated across communities, 283 were randomly assigned to the PI group and 397 to the CI group (Table 2). In the PI group, there were 251 male smokers (88.7%), and most participants had a secondary education level and above (89.7%). In the CI group, 366 participants (92.2%) were male, and about 193 smokers (49.0%) had retired. About two-thirds of participants had at least moderate FTND defined nicotine dependence in both the PI group (62.6%) and CI group (62.9%). Baseline characteristics between the two groups were similar.


Table 2. Baseline characteristics of participants.
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Table 3 shows the short-term effects in the CI and PI groups after receiving the smoking cessation intervention. After 1 month, 54 participants in the CI group and 26 in the PI group successfully quit smoking, and the difference between the two groups was not statistically significant (p > 0.05). After 3 months of the intervention, 81 people in the CI group and 38 people in the PI group successfully quit smoking, and the results showed a statistically significant difference in the distribution of intervention effect between the two groups (p < 0.05). After 6 months, the smoking cessation rate of the CI and PI groups was 30.0 and 21.2%, respectively (p < 0.05).


Table 3. Short-term effects in the intervention groups after receiving smoking cessation intervention.
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Table 4 shows the cost, QALYs, incremental costs, and the ICER of different intervention strategies. Compared with the NI group, the intervention strategy of the PI group and the CI group were both found to be very cost-effective with ICER of $535.62/QALY and $366.19/QALY, respectively, which were well below our CET ($10279.12/QALY).


Table 4. Modeled cost-effectiveness ratios based on 10,000 people.

[image: Table 4]


Sensitivity Analysis

In this study, the probability sensitivity of incidence rate and utility indicators including age-standardized incidence rate of ischemic stroke, the utility of smoker, quitter, and patients with ischemic stroke, respectively, in Table 1 were analyzed. Sensitivity analysis results suggest that when the willingness to pay threshold was >$0/QALY, the CI strategy was always the most cost-effective intervention plan, while the PI strategy was considered to be more costly and less effective (Figure 4).


[image: Figure 4]
FIGURE 4. Cost-effectiveness acceptability curve.





DISCUSSION

To our knowledge, this study is the first to compare the relative costs and outcomes of different smoking cessation intervention strategies based on community and hospital collaboration, in China. Our findings indicate that compared with NI, the CI program based on hospital and community collaboration is cost-effective. Through sensitivity analysis simulating the effects of adjusting for a range of bias parameters, we found that our model has good stability statistically. These findings should inform the formulation of effective tobacco control policies in China.

In 2013, the WHO proposed that primary healthcare should play an important role in tobacco control (33). According to WHO estimates, the possible effects of integrating smoking cessation interventions for all smokers into basic healthcare services include: more than 80% of all smokers would be served each year, 40% of smokers would be encouraged to try to quit, and 2~3% of smokers would quit smoking successfully. This indicates that providing smoking cessation services in primary healthcare is effective for tobacco control. In the UK, smoking cessation interventions and clinical treatment referrals for smoking cessation by community GPs were introduced for specific groups, in 2002 (34). In the United States, Australia, and other countries, community-oriented tobacco control interventions have also been carried out for many years (13, 35, 36). Unlike foreign countries that rely on community pharmacy personnel to provide smoking cessation services (37), family doctors and physicians from smoking cessation clinics were responsible to provide services in this study, due to the family doctor contract services (FDCSs) in China. Based on institutional characteristics in China, this approach could not only save costs but also improve the effects of smoking cessation. In recent years, the chronic disease management model of a hospital–community linkage has been applied to the intervention management of many chronic diseases and has achieved good management results (38). However, community health service centers, as the provider of primary healthcare services, have delivered little in terms of services for tobacco control in China.

This study performed a cost-effectiveness analysis alongside a randomized controlled quasi-experiment involving the community and hospital. From the societal perspective, our findings suggest that the CI program based on community and hospital collaboration is cost saving, which means that the cost of the intervention program is lower compared with the cost of smoking-related diseases. This indicates that health policymakers should consider putting part of the budget allocations for tobacco control into community healthcare centers. In addition, this study confirmed the significance of online health promotion intervention in smoking cessation, which is consistent with previous findings (39). Paying attention to the smokers' quitting needs and obstacles they encountered at different stages and providing the social support they need is critical to increasing the smoking cessation rate (40). Online health promotion services can provide smokers with the information and emotional support they need timely and conveniently, and thus, may be considered a great way to assist smoking cessation.

Our findings indicate that the smoking cessation model based on hospital and community collaboration may be feasible and acceptable for tobacco control. In view of the prevalence of tobacco use, in order to better control smoking, it is recommended to promote hospital-community multisectoral cooperation with the tobacco dependence management model. First, we should establish a multi-sectoral cooperative smoking cessation support system with the community as the place and the hospital as the support system. Training is required to strengthen the knowledge and skills of relevant community medical personnel. Also, we should establish shared online resources containing relevant health promotion materials by using the Internet, WeChat group, which is one of the most popular social media in China, and other new media. This resource would support follow-up management, enrich the community smoking cessation intervention system, and strengthen the implementation of relevant policies to promote the sustainable development of hospital–community smoking cessation interventions.


Limitations

Several limitations of our study should be carefully considered. First, in the community intervention trial, the investigation of re-smoking after smoking cessation was not studied, so the effect of smoking cessation and relapse on the smoking cessation population was not considered within the model. This may have magnified the effect of quitting smoking, resulting in a certain degree of bias. In addition, this study only selected ischemic stroke to predict smoking-related diseases in the model, and only accounted for the direct treatment cost of ischemic stroke. Smoking is a strong risk factor for many diseases. Therefore, other diseases should also be considered in states prediction for further studies and simulations. The model in this study is based on adult smoking men, and the model prediction is not specific to different age groups. Since there may be some differences in the effects and long-term benefits of smoking cessation in different age groups, further research is required to investigate this.



Summary

In summary, the CI for smoking cessation based on hospital and community collaboration in China has been shown to be very cost-effective. This smoking cessation model should be further implemented and evaluated to more strongly establish the potential benefit to public health in China.
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