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Background: Nicotine dependence is an addictive behavioral disease facilitated by habitually smoking cigarettes. In many countries, acupuncture and auricular acupressure have attracted growing attention as complementary or alternative treatments for smoking cessation; however, there is a lack of rigorous randomized, controlled studies evaluating the combination of these two interventions specifically for smoking cessation. The aim of this study is to evaluate the efficacy and safety of using acupuncture combined with auricular acupressure (A&AA) to increase the rates of smoking cessation and ultimately reduce the rates of relapse.

Methods: This is a multicentre, prospective, parallel, randomized, controlled trial. A total of 360 patients with severe nicotine dependence will be randomized into test (A&AA) or control (nicotine replacement therapy, NRT) groups. The test group will be treated with A&AA twice weekly, while the control group will use an NRT patch daily. All treatments will be administered for 8 weeks, with a follow-up period of 4 months. The primary outcome will be the smoking abstinence rate at week 24, with a combined safety assessment. The secondary outcomes will be smoking cessation rates at other timepoints, saliva cortisone test results, and scores on the Fagerstrom Test for Nicotine Dependence, the Autonomy over Tobacco Scale, the Hamilton Anxiety Rating Scale, the Self-rating Anxiety Scale, and the Pittsburgh Sleep Quality Index. The cost of treatment will also be used to evaluate the economic effects of different smoking cessation interventions. Statistical analysis on the data collected from both the intention-to-treat (all randomly assigned patients) and per-protocol (patients who complete the trial without any protocol deviations) patients, will be performed using the statistical software package, IBM SPSS 27.0.

Discussion: This study will provide rigorous clinical evidence evaluating the efficacy and safety of using A&AA as a smoking cessation therapy.

Trial registration: Chinese Clinical Trial Registry (Registration number: ChiCTR1900028371).
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Background

Nicotine dependence has been classified as a mental and behavioral disorder by the 2010 International Classification of Diseases codes issued by the World Health Organization. According to research published in the fields of tobacco economics and control, tobacco kills approximately six million people, costs the world's economies more than one trillion dollars annually, and remains one of the major causes of premature death (1). China has the highest rates of cigarette addiction worldwide, especially among male smokers. In China, more than one million people lose their lives each year from smoking-related diseases (2). Diseases and mortality associated with smoking pose a serious threat to public health. The high smoking rate and the difficulty in controlling this addiction suggests that key policymakers should devote significant resources to this issue. In fact, health authorities in many countries have strongly recommended that doctors intervene to help patients quit smoking.

The main methods for achieving smoking cessation are nicotine replacement therapy (NRT), antidepressant medications, and psychological counseling, with various studies confirming that these methods improve the success rate of smoking cessation to varying degrees (3, 4). Unfortunately, these therapies also have potential side effects, including chest tightness, insomnia, dry mouth, skin allergies, and gastrointestinal reactions (5–12), which can reduce patient compliance and most importantly, the efficacy of smoking cessation.

Since 2015, complementary and alternative medicine for substance use disorders has increasingly gained attention, and acupuncture may be a hotspot in this field (13). Various types of acupuncture, such as hand acupuncture, ear acupuncture, laser acupuncture, have gained attention in many countries as therapeutic interventions for smoking cessation (14). In a smoking cessation trial in Norway (15), the experimental group received an acupuncture intervention at the “Shenmen,” “Mouth,” and “Liver” acupoints of the ear, as well as at the acupuncture points, Kongzui (LU 6) and Lieque (LU 7), leading to significant changes in the taste of cigarettes and the desire to smoke, compared with the control group. A multicentre, randomized trial of 300 patients in China (16) also showed that the effects of acupuncture on smoking cessation were not inferior to NRT. Available evidence supports the acupuncture therapy have very wide popularization and application prospects in smoking cessation, while it is also suggested that single type acupuncture therapy is relatively insufficient in the long term of the abstinence rate, and the evidence is insufficient in the efficacy of combined acupuncture therapy (17–19). Thus, we carry out this RCT to observe the effect of combined acupuncture therapy on smoking cessation.

This multicentre, randomized, controlled clinical trial, which is based on a previous study of acupuncture for smoking cessation, will be the first to evaluate whether the combination of a short-term but strong stimulation, elicited by acupuncture and the long-term, milder stimulation elicited by auricular acupressure, will lead to better smoking cessation outcomes. Additionally, we hope to determine whether this treatment (A&AA) has better smoking cessation outcomes and is safer than NRT. We also hope to evaluate the benefits of A&AA from the perspective of health economics, in order to develop effective and affordable smoking cessation plans.



Methods


Study design

For this study, a multicentre, prospective, randomized controlled trial will be conducted to compare the effects of A&AA with those of NRT, on smoking cessation. A total of 360 patients with severe nicotine dependence, who are willing to voluntarily quit smoking, will be randomly divided into a treatment group (A&AA) or a control group (NRT). The First Affiliated Hospital of Guangzhou University of Chinese Medicine, the Hong Kong Pok Oi Hospital, and the Shenzhen Chinese Medicine Hospital will be responsible for patient recruitment, screening, interventions, and the follow-up of 280, 30, and 50 patients, respectively. All outcomes will be assessed at The First Affiliated Hospital of Guangzhou University of Chinese Medicine. Management of the randomization sequence, blinding, and data analyses, will be carried out at the Clinical Research and Data Center of Guangzhou University of Chinese Medicine. Ethical approval for this study was received from the First Affiliated Hospital of Guangzhou University of Chinese Medicine (No. ZYYECK [2019] 099), and this study will be conducted according to the Declaration of Helsinki, 7th revision (2013). Informed written consent will be obtained from all patients. The flow diagram for patient selection and methodology is shown in Figure 1. This protocol is reported in accordance with the Standard for Reporting Interventions in Clinical Trials of Acupuncture recommendations (STRICTA) (20).
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FIGURE 1
 Patient selection and methodological flow.




Patients

Smokers have the intention to quit smoking and meet our following criteria will be recruited at three sites simultaneously. Posters, leaflets and WeChat advertisements will be used in the recruitment process. Formal enrollment is only considered if participants signed written informed consent.



Inclusion criteria

Patients who meet all the following criteria will be included: (1) Meet the diagnosis of ICD-10 Nicotine Dependence; (2) between 18 and 65 years of age; (3) smoking history of ≥1 year; (4) currently smokes ≥20 cigarettes per day over the past 1 year; (5) detection of cotinine in saliva; (6) a Fagerstrom Test for Nicotine Dependence (FTND) score of ≥4; (7) willingness and ability to sign a consent form, ensuring that they understand the trial and will take part in it voluntarily; and (8) an elution period of more than 1 month for all smoking cessation therapies, including acupuncture, auricular acupressure, and NRT.



Exclusion criteria

Patients will be ineligible to participate in this trial if they meet any of the following criteria: (1) severe heart, lung, brain, or blood system diseases or diabetes; (2) drug use or those diagnosed with mental illnesses; (3) history of stroke or nervous system diseases; (4) unexplained symptoms; (5) history of a coagulation disorder or anticoagulant drug history; (6) moderate or severe impairment of liver or kidney function; (7) pregnant or breast feeding; or (8) already using smoking cessation therapies, such as acupuncture, auricular acupressure, NRT, etc.



Elimination criteria

Patients will be eliminated from the trial based on the following criteria: (1) patients who are willing to participate, but fail to meet the inclusion criteria, and (2) those who fail to complete instructions or procedures with obvious implications for efficacy or safety.



Termination criteria

The trial will be terminated if the following situations occur during its course: (1) therapies exacerbate the state of the illness or lead to secondary infections; (2) external factors worsen the patients' conditions; or (3) patients are unwilling to continue the trial.



Sample size

According to a previous randomized, controlled study of acupuncture for smoking cessation (15), we expect that the success rates for smoking cessation will be on average 44% in the NRT (control) group and 60% in the A&AA (treatment) group, using the abstinence rate for smoking cessation at week 24 (24-h carbon monoxide [CO] clearance rate of <10 parts per million) as the primary outcome. Using PASS 2008 software, the sample size required for each group was estimated to be 152 cases by two independent sample rate comparison methods.

Therefore, considering an expected loss of 15% during the follow-up period, we will recruit a total of 360 (≈304/0.85) volunteers for this study. Allocation into the two groups will be assigned in a 1:1 ratio, and each group size will be set at 180.



Randomization and allocation

Eligible patients will be randomly assigned to receive A&AA or NRT via a central randomization system (Clinical Research and Data Center, Guangzhou University of Chinese Medicine). Random numbers will be generated using the stratified block method by a designer from the Clinical Research and Data Center, not involved in the study. Because of the obvious differences between the two types of therapies, blinding of patients and healers will not be possible; therefore, only outcome evaluators will be blinded to the treatment allocation.



Interventions

Patients with chronic diseases who are taking medication can continue to take medication as prescribed by specialist doctors during the phase of this trial.



A&AA group

Patients in this group will receive acupuncture and ear acupuncture treatment in sequence delivered by licensed acupuncturist with at least 5 years of therapeutic experience. Locations of all the acupoints are in line with the National Standard of the People's Republic of China's (GB/T 12346–2006) standard.

Manual acupuncture acupoint prescriptions include:Baihui (DU 20), Yintang (EX-HN3), bilateral Lieque (LU 7), and bilateral Hegu (LI 4) (Figure 2). The acupuncture procedure will be as follows: Before acupuncture, patients will be placed in a supine position to expose the acupoints. After skin disinfection, 40-mm disposable sterile needles will be inserted horizontally at Baihui (GV 20), bilateral Hegu (LI 4), and bilateral Lieque (LU 7, point to Yangxi), and a 25 mm needle will be inserted vertically at Yintang (EX-HN3). The neutral supplementation and draining method will be applied at all acupoints for 30 min after achieving the arrival of qi; the needle will be manipulated every 10 min to avoid discomfort (needle sensation as soreness or numbness).
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FIGURE 2
 Acupuncture points.


After the acupuncture procedure, auricular compression at Shenmen (TF 4), Fei (CO 14), Wei (CO 4), Neifenmi (CO 18), Pizhixia (AT 4), and Jiaogan (AH 6) (Figure 3) will be applied. The acupuncture procedure will be as follows: after routine disinfection of the auricle and ear circumference, a patch of vaccaria seeds will be stuck to the auricular acupoints mentioned above on one ear (contralateral to the ear on which this technique was performed 3-day earlier). In addition, patients will be instructed to press each auricular acupuncture point for 60 s, 3–5 times per day.


[image: Figure 3]
FIGURE 3
 Nomenclature and location of auricular points (21).


The A&AA interventions will be performed simultaneously twice a week for a total treatment course of 8 weeks.



NRT group

Patients in the NRT group will receive NRT patches purchased from Novartis (approval number: N07BA01) which are composed of nicotine at three different dosages, including 21, 14, and 7 mg. After removing the protective foil, the patch will be applied to a clean, dry, intact area of skin (free from lotion, alcohol, or ointment), preferably on the trunk or otherwise on the upper arm or hip, and pressed with the palm for 10 s. To avoid local irritation of the skin, a different site of application will be chosen each day. Patients will be asked to use one patch per day and visit the outpatient clinic twice per week. Treatment will start at 21 mg/d for 4 weeks, followed by 14 mg/d for 2 weeks, and 7 mg/d for the final 2 weeks. The total course of treatment will be 8 weeks.



Strategies to improve adherence

All the therapies and medical examination items in this trial will be provided to the patients free of charge, and patients who can complete all the visits will be reimbursed the transportation expenses. These measures will improve the patients' compliance.



Outcome measures
 
Primary outcome

The abstinence rate for smoking cessation at week 24 (number of people who quit smoking/total number of people) will be considered the primary outcome. Patients with a 24-h CO clearance rate of <10/1,000,000 at the 24th week of therapy, will be considered to have successfully quit smoking.



Secondary outcomes

The secondary outcomes will be the prolonged abstinence rate, the abstinence rate at other time points, the results from a saliva cortisone test, and scores on the Fagerstrom Test for Nicotine Dependence (FTND), the Autonomy over Tobacco Scale (AUTOS), the Hamilton Anxiety Rating Scale (HAM-A), the Self-rating Anxiety Scale (SAS), and the Pittsburgh Sleep Quality Index (PSQI). Additionally, we will conduct safety assessments of and evaluate cost of treatment.




Detection time point of outcomes

Baseline will be recorded before clinical trial, safety will be conducted at the beginning and end of trial. The clinical symptoms, efficacy observation indicators, laboratory indicators and scale evaluation of the patients were examined before treatment and at the follow-up of 2, 4, 6, 8, 16 and 24 weeks after treatment.

All the above results will be timely and truthfully filled in the clinical case report form (CRF).



Assessment of adverse events

All adverse events will be reported in detail in an observation table (Table 1), including the type of event, the extent of symptoms or diseases, the date of onset, frequency, duration, the remission date, treatment measures, treatment process, results, and follow-up, for evaluation of any correlations between adverse reactions and A&AA or NRT.


TABLE 1 Description of the study schedule.
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Assessment of health economics

A cost-effectiveness analysis from a societal perspective will be performed. Cost information, including that regarding medical and non-medical costs, will be collected during treatment, at the end of treatment, and at week 24. The effectiveness index will be considered the primary outcome (Table 1). Cost-effectiveness ratio (CER) and incremental cost-effectiveness ratio (ICER) will be calculated to compare the difference in the cost and clinical outcomes between the two groups. The stability of the results will be tested using sensitivity analysis by the means of bootstrapping and presented with cost-effectiveness acceptability curves (CEAC).



Data management and monitoring

The data will be monitored by the Electronic Data Capture System (EDC) of the Clinical Research and Data Center of Guangzhou University of Chinese Medicine. Dynamic monitoring of patient enrolment, data entry, and quality verification will be performed by this system in order to strengthen data accuracy and maintain data quality. Study Completed Statistical results will be public access file upload in Chinese Clinical Trial Registry. Participants' personal information will be kept confidential before, during and after the trial.



Statistical analysis

Data management and statistical analyses for this study will be carried out blingdingly by an independent third party (Clinical Research and Data Center, Guangzhou University of Chinese Medicine). The statistical tests involved in this study will include unilateral and bilateral tests with a significance level of α = 0.05. Statistical analysis will be completed using IBM SPSS 27.0.

All Subjects who will be randomized to undergo at least one treatment comprised the Intention-To-Treat (ITT) population of the study. Subjects who will be randomized into groups and underwent at least one treatment constitute the Safety group of this study. The Per-Protocol analysis data set (PPS), which refers to the cases that comply with the study plan, with the following conditions: the primary variables are clear, no baseline variables are missing, completed all scheduled studies for the 8-week treatment period, and subjects who seriously violate the protocol will be excluded. The safety dataset will be analyzed for subjects who have received at least one treatment after randomization. General demographic, clinical characteristics, and other baseline data will be used to compare the balance between the two groups. Primary outcome measures will be analyzed using ITT population, secondary outcome measures and other outcomes will be analyzed using PPS population. The safety analysis will use the safety population.At each time point, descriptive analyses will be performed to show the two groups of different means (SD and 95% CI) and the rate of outcome change. If the data follow normal distribution, the independent sample T-test will be used for comparison. If not, the rank sum test is applied. In order to distinguish therapeutic effects from temporal effects, analysis will be performed using a repeated measurement design.



Safety analysis

Patients will be questioned about adverse events at each visit, and all adverse events will be recorded and assessed by investigators to identify any causal relationships with the treatment. Blood tests, urinalysis, and electrocardiographic examinations will be performed before and after treatment. Furthermore, Blood lipids, kidney and liver function tests will be re-examined at weeks 16 and 24, and all abnormal changes from the baseline laboratory tests will be evaluated by investigators. Patients will have to report any adverse events that occur at any time to the study team.

Safety will be evaluated by tabulations of adverse events and will be presented with descriptive statistics at baseline and at follow-up visits for each treatment group. All details about adverse events, such as timing, severity, treatment, and causality to the intervention, will be recorded in CRF tables and descriptive statisticswill be performed. Chi-square test or Fisher's exact probability will be used to compare the incidence of adverse events between the two groups, and rank sum test will be used to compare the severity of adverse events.



Handling of missing data

In the event of a nonresponse after follow-up, the subjects will be informed by our researchers and be asked to provide the missing data. Some loss to follow-up is expected over the 24 weeks. The proportion of patients with missing data for each outcome will be summarized in each group and at each timepoint. If there is <5% of data missing for a specified primary or secondary outcome, we will perform a complete case analysis without imputing the missing values. If there is more than 5% of data missing, we will perform fewer tests. We will continue to analyse all the cases without imputing missing values if the complete case dataset is indicated by fewer tests to be a random sample. If the complete case dataset is not indicated to be a random sample by Little's test, we will then report the point estimates and their 95% confidence intervals by applying the worst- and best-case scenario imputations for the missing values. Multiple imputations will not be performed if the worst- and best-case analyses allow for the same conclusion. Otherwise, multiple imputations will create 10 imputed datasets under the assumption of data missing at random. The results of the trial will be a pooled intervention effect and 95% confidence interval of the analyses of each data set after multiple imputations.



Quality control

To control quality in multi-centers, we have developed some strategies: firstly, elaborate clinical documents, such as investigator's brochure, case report form, acupuncture operation guideline, are prepared in electronic and paper versions for all the researchers; secondly, pre-trial training is required for all researchers which contains the introduction to the entire study execution, demonstration of standardized acupuncture practice procedures, procedures for follow-up and implementation of the questionnaire, etc.; thirdly, CRFs from various centers will be extracted and checked against data from original medical records; finally, on-site monitor will put into effect regularly by specified managers to find out and fix up the practical issue in the process of trial in time.




Discussion

At present, most RCTs on acupuncture for smoking cessation usually use blank controls or fake acupuncture for comparison (22). These studies cannot directly and objectively show the effect of acupuncture on smoking cessation. In 2015, the clinical guideline for Smoking cessation in China (23) recommended three drug therapies: NRT, bupropion, and varenicline. To objectively prove if A&AA can aid successful quitting of smoking, it is necessary to compare it with the drug treatments described in the clinical guidelines. In Jang et al.'s clinical study on smoking cessation, the control group received only NRT and counseling, and the trial group received Traditional Chinese Medicine (TCM). The study found that the effect of smoking cessation was improved using TCM, but the increase of TCM treatment cost had no statistical significance on whether TCM could improve the success rate of smoking cessation (24). Our study design is different in that we compared A&AA and NRT to verify if acupuncture is superior to NRT for smoking cessation. Acupuncture may have greater safety, fewer side effects, while being cost-effective. In China, hospitals at all levels set up acupuncture or TCM clinics, and people who want to quit smoking can easily find A&AA intervention. However, psychological counseling and smoking cessation medicine are not widely available, and it is difficult for people to avail these services.

This study will investigate the effectiveness, safety, and economic benefits of the use of A&AA for smoking cessation. This protocol is designed to be a prospective, parallel, multicentre, large-scale, randomized controlled clinical trial. In this trial, Nicotine patches will be provided to the control group as a form of NRT, since all licensed forms of NRT (gum, transdermal patch, nasal spray, inhalator, and sublingual tablets/lozenges) have been reported to help people increase their chances of successfully stopping smoking and to reduce nicotine withdrawal symptoms.

The treatment group will receive A&AA treatment. We designed acupoint combination of acupuncture and ear acupuncture based on traditional acupuncture theory and previous literature studies (22, 25–28). Baihui and Yintang can connect the Du meridian to regulate the consciousness and calm the mind which are reported to reduce dependence, relieve anxiety for addicts (29). Lieque, a acupoint of lung meridian connected with Conception Vessel, can diffuse and regular the lung qi as well as nourish yin-fluid to relieve pharyngeal discomfort in smokers (30). Acupuncture at Hegu can regulate qi movement of spleen and stomach to relieve the discomfort caused by smoking cessation (31). Auricular acupuncture was incorporated into our treatment strategy with the aim of working with manual acupuncture to produce a longer treatment effect for patients to achieve a longer and more stable abstinence rate. Likewise, auricular acupoints play a role in tranquilizing the mind and regulating the Qi of lung and stomach. And it is reported that the continuous stimulation of auricular acupoints will produce the release of neurotransmitters and the change of endocrine that conducive to smoking cessation (32–34).

The limitations of this trial must be acknowledged. First, due to the long experimental and follow-up periods, a high dropout rate may occur, especially in the treatment group. Because of busy professional lives, job mobility, or the lack of acupuncture knowledge, patients may lack the motivation to complete a 24-week course. To reduce this dropout rate, the researchers will have to fully explain the process during the initial stage and will maintain positive contact with volunteers. Second, because this is an unblinded design, there is the possibility of bias due to the expectations or biases of the participants or research staff. To minimize this potential source of bias, researchers will provide public education about acupuncture for smoking cessation, including the principles of acupuncture, and will share stories of successful cases. Last but not least, we must acknowledge that this design lacks a professional psychologist to educated patients, although an educational video has been recorded and all operators have been trained.

So far, the research program has been recruiting patients for 10 months at three centers and patients have already been incorporated into the study. Moreover, 67 patients have decreased their smoking. This preliminary data suggest that A&AA treatment may be promising. This study will provide more evidence to support the use of acupuncture therapy for cessation syndrome, which has been a major concern in recent years.



Conclusion

In summary, we will apply appropriate clinical trial methods to create a scientific design based on the previous randomized controlled trials on acupuncture use for smoking cessation. We will report the results of this clinical trial in accordance with the international norms of the Consolidated Standards for Reporting of Trials 2010 (CONSORT, 2010). We anticipate that the results of this trial will provide rigorous scientific and clinical evidence to inform smoking cessation programs in severely tobacco-dependent individuals.
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