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Abstract  

Tobacco smoking is widely recognised as one of the leading threats to population health. 

Around 21% of the Thai population currently smoke. It was estimated that 51,000 deaths and 

755,000 disability-adjusted life years (DALYs) lost are due to tobacco use. Results from 

published meta-analyses suggest that mobile health (mHealth) interventions for smoking 

cessation are beneficial; however, there is variability among the mHealth literature, suggesting 

that these interventions are often complex in nature. An improved ability to define and recognise 

behaviour change techniques (BCTs) would help researchers enhance their knowledge regarding 

effective behaviour change interventions. A lack of evidence for the effectiveness and cost-

effectiveness of mHealth interventions in developing countries limits its usage in Thailand. The 

aim of this research is to improve smoking cessation rates among Thai smokers by using an 

mHealth behaviour change intervention, assessing the value for money of text messaging 

interventions, and developing recommendations for the economic evaluation of public health 

interventions from this case study. 

A randomised controlled trial with 2×2×2 full factorial design was conducted to simultaneously 

assess the effectiveness of three behavioural change components (‘Capability’, ‘Opportunity’, 

and ‘Motivation’) in BCT-enhanced text messages for smoking cessation (main effects) and the 

influence of each behavioural change component on smoking cessation rates (interactions). The 

primary outcome of this study was self-reported 7-day point prevalence abstinence at 1-month 

follow-up. Smokers residing in Thailand who wanted to quit smoking, owned a mobile phone 

with at least the ability to send and receive SMS text messages, and could read and write Thai 

were included in the study (trial registration number  ISRCTN16022919). Participants were 

recruited from 16 January 2017 to 14 January 2018. A total of 1,571 participants were randomly 

allocated to one of the eight experimental conditions (placebo, C, O, M, CO, CM, OM, and 

COM) of text messages received twice a day for 30 days. All participants were contacted for 1-

month and 6-month follow-ups, which were completed on 15 July 2018.  

Overall, 521 participants (40%) reported 7-day smoking abstinence at 1-month follow-up, 509 

(42%) reported 7-day smoking abstinence at 6-month follow-up, and 327 (27%) reported 

sustained smoking abstinence at 6-month follow-up. Providing BCT-enhanced text messages 

that contained behavioural change components failed to improve the smoking cessation rate at 
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1-month follow-up compared to text messages that did not contain the intervention component. 

Additionally, there was a trend for an antagonistic interaction when combining behavioural 

change components, especially for the CO and COM groups. 

An economic evaluation alongside a factorial randomised controlled trial was conducted to 

estimate long-term costs and effects of BCT-enhanced text messages to support smoking 

cessation in Thailand. A Markov model was used to estimate the long-term costs and outcomes 

(in terms of life years and quality-adjusted life years) of important smoking-related diseases (i.e. 

chronic obstructive pulmonary disease, stroke, ischaemic heart disease, and lung cancer) 

resulting from the eight conditions of providing text messages compared to a ‘do nothing’ 

scenario. The results demonstrated that all text messaging interventions are cost saving. Mobile 

phone text messages not only produced health benefits in terms of life years and QALYs gained, 

but also reduced future costs incurred because of smoking-related diseases. 
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บทคดัย่อ 

การสูบบุหรี่เป็นปัจจัยเสี่ยงที่สำคัญที่ก่อให้เกิดโรคและเป็นปัญหาสาธารณสุขสำคัญลำดับต้น ๆ ทั่วโลก ถึงแม้ว่า
ประเทศไทยจะมีมาตรการสนับสนุนการเลิกสูบบุหรี่ ประชากรไทยกว่าร้อยละ 21 ยังคงสูบบุหรี่ ซึ่งการสูบบุหรี่
เป็นปัจจัยที่สัมพันธ์กับการเสียชีวิตของคนไทยประมาณ 51,000 รายต่อปี ส่งผลต่อการสูญเสียปีสุขภาวะ 
(Disability-Adjusted Life Year หรือ DALY) 755,000 ปี การวิจัยในต่างประเทศพบว่าการใช้โทรศัพท์มือถือ
เพ่ือใช้ในการส่งเสริมสุขภาพมีประโยชน์ โดยเฉพาะอย่างยิ่ง มาตรการส่งข้อความทางโทรศัพท์มือถือเพ่ือช่วยเลิก
บุหรี่ อย่างไรก็ตาม มาตรการดังกล่าวทำการทดสอบในบริบทของประเทศที่พัฒนาแล้ว อีกทั้งเป็นมาตรการที่
ซับซ้อน (complex intervention) ไม่ได้มีการระบุเทคนิคการปรับเปลี ่ยนพฤติกรรมสุขภาพ (behaviour 
change technique หรือ BCT) ด้วยข้อจำกัดของการระบุว่าเทคนิคการปรับเปลี่ยนพฤติกรรมสุขภาพใดที่ส่งผล
ต่อผลลัพธ์ของมาตรการ และการขาดหลักฐานทางวิชาการด้านประสิทธิผลและความคุ้มค่าของมาตรการ
ส่งเสริมสุขภาพ ก่อให้เกิดข้อจำกัดในการสนับสนุนนโยบายที่เกี่ยวข้องกับมาตรการเหล่านี้ในประเทศไทย การ
วิจัยนี้จึงมีวัตถุประสงค์เพ่ือศึกษาถึงประสิทธิผลและความคุ้มค่าของมาตรการช่วยเลิกบุหรี่ทางโทรศัพท์ สำหรับผู้
ที่ต้องการเลิกบุหรี่   

การศึกษาส่วนแรก เป็นงานวิจัยเชิงทดลองแบบสุ่มและมีกลุ่มควบคุม (randomised controlled trial) แบบ 
2×2×2 แฟคเทอเรียล (2×2×2 full factorial) โดยศึกษาถึงประสิทธิผลหลัก (main effects) ของเทคนิคการ
ปรับเปลี่ยนพฤติกรรมสุขภาพ (ความสามารถในการปรับเปลี่ยนพฤติกรรม โอกาสสนับสนุนการปรับเปลี่ยน
พฤติกรรม และแรงจูงใจในการปรับเปลี่ยนพฤติกรรม) ที่อยู่ในข้อความโทรศัพท์มือถือ และประสิทธิผลจากการ
ผสมข้อความที่แตกต่างกัน (interactions) โดยผลลัพธ์หลัก (primary outcome) คือ สถานะเลิกบุหรี่ที ่การ
ติดตาม 1 เดือน (self-reporting 7-day abstinence at the 1-month follow-up) โดยมีเกณฑ์คัดเข้า คือ ผู้
สูบบุหรี่ในประเทศไทยที่ต้องการเลิกบุหรี่ มีโทรศัพท์มือถือที่สามารถรับส่งข้อความได้ สามารถเขียนและอ่าน
ภาษาไทยได้ (เลขลงทะเบียนงานวิจัย ISRCTN16022919) โดยคัดเลือกอาสาสมัคร (recruit) ที่เข้าเกณฑ์ ตั้งแต่
วันที่ 16 มกราคม พ.ศ. 2560 ถึง 14 มกราคม พ.ศ. 2561 ทั้งหมด 1,571 คน อาสาสมัครได้รับการสุ่มให้รับชุด
ข้อความ 1 ใน 8 ชุด (ประกอบด้วย ข้อความที่ไม่เก่ียวกับการเลิกบุหรี่ (placebo), C, O, M, CO, CM, OM และ 
COM) เป็นเวลา 30 วัน และอาสาสมัครได้รับการติดตามผลลัพธ์ ที่ 1 เดือน และ 6 เดือน โดยการศึกษานี้
ติดตามไปจนถึงวันที่ 15 กรกฎาคม พ.ศ. 2561  

จากผลการศึกษาพบว่า อาสาสมัคร 521 ราย (40%) เลิกบุหรี่ได้ต่อเนื่องกัน 7 วัน เมื่อรับข้อความไปแล้ว 1 
เดือน และ 6 เดือน ผ่านไป 509 ราย (42%) เลิกบุหรี่ได้ต่อเนื่องกัน 7 วัน และ 327 ราย (27%) เลิกบุหรี่ได้
ต่อเนื่องกัน 6 เดือน อย่างไรก็ตาม ข้อความที่แตกต่างกันไม่ส่งผลต่อการเลิกบุหรี่ที่แตกต่างกัน อย่างมีนัยสำคัญ
ทางสถิติ แต่พบแนวโน้มที่ว่า การส่งข้อความหลาย ๆ กลุ่มจะทำให้ผลลัพธ์ลดลง โดยเฉพาะข้อความกลุ่ม CO 
และ COM 
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การศึกษาส่วนที่สอง เป็นการศึกษาถึงความคุ้มค่าทางเศรษฐศาสตร์ (economic evaluation) ของมาตรการส่ง
ข้อความทางโทรศัพท์มือถือเพื่อช่วยเลิกบุหรี่ทั้ง 8 กลุ่ม เปรียบเทียบกับการไม่ส่งข้อความ โดยใช้แบบจำลอง
มาร์คอฟ (Markov model) เพื่อประเมินต้นทุนและผลลัพธ์ในรูปของปีชีวิตและปีสุขภาวะ ในระยะยาวจากโรค
ที่เก่ียวข้องกับการสูบบุหรี่ (โรคปอดอุดกั้นเรื้อรัง, โรคหลอดเลือดสมอง, โรคหัวใจขาดเลือดและมะเร็งปอด) โดย
ผลการศึกษาพบว่า มาตรการส่งข้อความทางโทรศัพท์มือถือมีความคุ้มทุน (cost saving) กล่าวคือ การลงทุน
โดยส่งข้อความทางโทรศัพท์มือถือมีต้นทุนที่น้อย เมื่อเปรียบเทียบกับค่าใช้จ่ายสุขภาพที่ประหยัดได้จากการช่วย
ให้คนเลิกบุหรี่ ดังนั้น มาตรการนี้จึงมีความคุ้มค่าท่ีจะลงทุนในอนาคต  
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1. Background and rationale  

1.1. Tobacco-related harm and impact on economic cost  

Tobacco smoking remains a leading threat to population health and it is estimated that there 

are one billion adult smokers in the world (1). In Thailand, in 2014, the prevalence of tobacco 

smokers1 was 21% of the Thai population aged 15 years and above (41% males and 2% 

females) (2). Tobacco use is an avoidable behavioural risk factor that causes many diseases, 

such as cardiovascular disease, respiratory diseases, and several cancers and neoplasms. The 

Thai Burden of Disease Research Program indicated that tobacco use is the number one risk 

factor attributable to death and disabilities, and it was estimated that 51,000 deaths and 755,000 

disability-adjusted life-years (DALYs) lost are due to tobacco use (3). 

Smoking also contributes to society’s economic loss through healthcare spending, productivity 

loss from premature death, and absenteeism and presenteeism from disability related to 

smoking. Moreover, healthcare spending on smoking-related diseases has been increasing in 

publicly-financed healthcare systems. For example, in Canada, smoking-related health 

expenditure was estimated at $21.3 billion for all smokers in 2012; it was also found that every 

1% reduction in smoking prevalence annually would reduce the burden by $26.4 billion over 

a 20-year period (4). In Thailand, it was estimated that a total of 9.9 billion Thai baht (THB) 

was spent on smoking-attributable out-of-pocket medical costs in 2006 (5). Society experiences 

losses of around 85,000 THB per female smoker and 158,000 THB per male smoker (6). 

1.2.  Tobacco control policies and interventions 

In Thailand, several measures for tobacco control have been implemented in an attempt to 

tackle the smoking situation. For example, the World Health Organization Framework 

Convention on Tobacco Control (FCTC) and the Tobacco Products Control Act, B.E 2535 

(1992) govern the production, sale, distribution, advertisement, and taxation of tobacco. 

Establishment of non-smoking areas through the Non-smokers’ Health Protection Act, B.E. 

 

1 Daily and occasional (non- daily) tobacco—including cigarettes, cigars, pipes or any other smoked tobacco 
products—smokers 
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2535 (1992) also helps protect the population from second-hand smokers, as well as the 

formation of a health promotion financing mechanism to fund the Thai Health Promotion 

Foundation (ThaiHealth) through the Health Promotion Fund Act, B.E. 2544 (2001). A recent 

overview of systematic reviews of tobacco control policies suggest that there is consistent 

evidence to support the benefits of smoke-free policies and raising taxes on tobacco, whereas 

other interventions such as offers to help quit smoking through financial assistance or 

incentives for smoking cessation showed conflicting evidence (7).  

1.3.  Smoking cessation services in Thailand  

Under Article 14 of the FCTC, smoking cessation services should be easily accessible through 

advice from healthcare providers or a national telephone quitline. Existing evidence supports 

behavioural therapies associated with higher effect sizes (quit rates), such as proactive 

telephone counselling via quitlines (8) and brief advice from physicians (9). As health services 

for tobacco-related problems are publicly available in Thailand, helping smokers quit by the 

age of 30 would result in lifetime cost savings of around 71,000 THB per male and 40,000 

THB per female, with subsequent decreases in cost savings as age increases (6). Although 

services for smoking cessation are in place to help smokers, only 16% of smokers in Thailand 

have attempted to quit smoking, and 59% of them have tried to stop smoking more than once 

(2). Surprisingly, 97% of Thai smokers who attempted to quit used unassisted methods (cold 

turkey) to stop smoking (10).  

The Thailand National Quitline (TNQ) was established in September 2008 to provide a 

countrywide-accessible telephone service for tobacco smoking cessation. The service currently 

runs from 7.30 – 20.00 on Mondays to Fridays and from 9.00 – 17.00 on Saturdays and 

Sundays. There are no services available on public holidays, except automated voice messages. 

The service has been free-of-charge through a toll-free number (1600) for landline phone users 

since 2011 and mobile phone users since 2013. TNQ provides counselling to all smokers who 

are interested in quitting smoking and offers support via follow-up services when smokers set 

a quit date within a month. This time point is used as it correlates with the intention to stop 

smoking. Accordingly, smokers that refuse to set a quit date or receive follow-up services will 

no longer receive services from the TNQ. It is estimated that a 5% increase in smokers who 

set a quit date within a month will generate cost savings of 1-1.5 million THB a year for society. 
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Moreover, a 5% increase in smokers allowing a follow-up would result in cost savings of 

around 2-3 million THB (see Figure 1). The TNQ has developed infrastructure to support an 

automated SMS service to provide for their users; therefore, an evaluation of which types of 

text messages would provide the most benefits as an addition to their services could give an 

indication of effectiveness and cost-effectiveness of intervention types.  

 

Figure 1 Estimated cost savings from smoking cessation when utilisation of the Thailand 

National Quitline increases by 1-5%  

1.4.  Opportunity for technology-assisted health promotion 

interventions  

The growing global penetration of mobile devices presents a window of opportunity for their 

use in healthcare. Mobile devices, specifically mobile phone subscriptions, have dramatically 

increased since the year 2000, with a global subscription rate of 91.3% in 2013 (11); this trend 

is the same in low- and middle-income countries (LMICs) and high-income countries (see 

Figure 2). In Thailand, 77% of the population over 6 years old owned mobile phones in 2014, 

a result of an increasing trend in the preceding 5 years (57% in 2009) (12). Other findings have 

shown that smartphone penetration in Thailand was estimated at 28% and 31% in 2011 and 

2013, respectively (13), and that approximately 80% of residents in Bangkok owned 

smartphones (12). This increasing trend in mobile phone usage, particularly smartphones, 
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should provide the foundation necessary to allow for quicker proliferation and adoption of 

mobile health (mHealth).  

 

Source: Data from http://data.worldbank.org (21/05/2015) (11) 

Figure 2 Mobile cellular subscriptions in high-, middle-, and low-income countries, and 

Thailand 

mHealth is a promising tool to aid healthcare systems, especially health promotion, as it 

improves access to health information with minimum costs (14). A large number of systematic 

reviews of mHealth interventions are available, either focusing on smoking cessation (15-19) 

or other health behaviours (20-28). Results from published meta-analyses suggest that mHealth 

interventions for smoking cessation are beneficial (15-17, 20, 24, 25).  

However, mHealth interventions are often complex in nature, containing several interacting 

components and possessing several dimensions of complexity (29). Several interactions of 

components within these complex interventions may affect the outcome, such as mode of 

delivery (30), duration and intensity of intervention, and tailored functionality (24, 31). 

Therefore, the details of these complex interventions are vital to their assessments. 

http://data.worldbank.org/
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1.5. Mobile health behaviour change intervention 

The majority of mHealth interventions to support smoking cessation in current literature was 

mobile text messaging (32).  Four studies provided one-way text messaging for their 

participants (33-36), while a majority of studies used bidirectional text messaging. This two-

way communication allowed participants to obtain text messages by request. For example, 

participants sent a text request citing ‘CRAVE’ or ‘HELP’ to receive further support for 

reducing their cravings. These text messages were tailored to either participant characteristics, 

needs or stages of change. The majority of mHealth interventions were tailored to participant 

stage of smoking cessation or psychological conditions (36-43). Whittaker et al. (2011) provided 

text messages that were personalised to participants based on a self-selected quit date and 

timing of the messages (44). Head and colleagues (2013) found that targeted and tailored 

messages correlated with better effect size, although the use of theory is not found to be 

associated with the effect size (24). Variations in messaging frequency in smoking cessation 

interventions were found to have mixed results, showing no association with smoking 

cessation rates (15) or increased smoking cessation rates (20, 24). 

1.6.  Behaviour change techniques 

A common language to define and recognise behaviour change techniques (BCTs) improves 

cumulative knowledge of complex behaviour change interventions (45). There is a need for a 

standard and agreed upon terminology for behaviour change interventions to reduce diversity 

in different terms used (46); a taxonomy of BCTs is crucial to identify active components 

reliably and systematically. The latest hierarchically structured taxonomy of BCTs was 

developed to serve as a more reliable and systematic specification of BCTs (47).  

However, there is currently a gap in the literature on the understanding of the effects of BCTs 

for mHealth behaviour change interventions in smoking cessation. Only one systematic review 

of mHealth interventions descriptively reported the number of BCTs used (25). Thus, a 

systematic review and meta-analysis of mHealth interventions to support smoking cessation 

was conducted (32); it was concluded that the number of BCTs ranged from 3 to 31 per 

individual study, depending on the level of detail reported in the original papers and related 

articles. The top 10 BCTs that were used in these mHealth interventions were goal setting 
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(behaviour), problem solving, social support, social comparison, pros and cons, instruction on 

how to perform the behaviour, information about health consequences, pharmacological 

support, verbal persuasion about capability, and distraction (32). mHealth interventions for 

smoking cessation that contain behaviour change techniques aimed at all components of 

behaviour change (capability, opportunity, and motivation) are associated with an increase in 

the probability of smoking cessation by 1.30 (95% CI: 1.05-1.59) (32). 

1.7.  Evaluation of public health interventions 

The evaluation of mHealth is often seen as challenging because it is a complex intervention 

with interactions between technology, health service design, context, and people (48). The UK 

Medical Research Council (MRC) encourages the use of theory to design and develop complex 

interventions. Their framework has been applied in many research settings to improve the 

quality of the development, evaluation, and implementation of complex interventions and has 

led to more meaningful research results (49). One of the critical issues in this framework is 

whether the appropriate theories were applied during the development of the complex 

interventions.  

The explicit application of theories may lead to better interventions, which may produce better 

outcomes (30). However, a recent review on mHealth literature in low- and middle-income 

countries suggests that there is a lack of theoretical background on the design of interventions 

and measurement of outcomes (50). Many mHealth projects in developing countries are small 

in scale and have rarely been evaluated (51). Some mHealth projects are unable to reach their 

promised potential regarding translation into policy and practice. These policy-practice 

transition problems may be due to a lack of evidence of health impact for mHealth 

interventions; the benefits of these interventions were also mixed (25). Therefore, before 

implementing mHealth interventions for health promotion, a rigorous study design that can 

illustrate a causal relationship between the intervention and its effectiveness should be 

conducted. 

A standard two-arm parallel trial is the most common design, wherein participants are assigned 

to either an intervention group or a control group. However, this type of RCT only provides 

an answer to whether the intervention is effective or not. The Multiphase Optimisation 

Strategy (MOST) is a methodological approach to optimise and evaluate multicomponent 
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interventions, consisting of three phases: screening, refining, and confirming (52). This 

approach utilises experimental designs to screen for potentially effective intervention 

components prior to testing in an RCT (53) and has been used in optimising packages for 

smoking cessation (54-57). Experimental designs that are recommended for optimising the 

effectiveness of multicomponent interventions in the MOST approach include full factorial, 

fractional factorial, and ‘sequential, multi-assignment, randomised trial’ (SMART) (58). These 

types of designs are a more efficient approach compared to a parallel design or multi-arm 

design. For example, a factorial design requires the same sample size as a parallel design (and 

less compared to a multi-arm design) for the same statistical power (59). 

1.8.  Economic evaluation of public health interventions   

Since the introduction of the Universal Coverage (UC) scheme in 2001, around 97% of the 

Thai population has access to free healthcare. With the continuous development of the 

National List of Essential Medicines and the benefits package of the UC, advanced and more 

expensive technologies are likely to be included when cost-effectiveness criteria are met. Since 

the introduction of the UC, total health expenditure has risen from 3.3% of the gross domestic 

product (GDP) in 2001 to 4.1% in 2011, along with an increased proportion of public health 

expenditure (from 56.4% in 2001 to 75.5% in 2011) (60).  

Health promotion and disease prevention programmes are being implemented as a medium to 

control future healthcare costs. However, only a small amount of economic evaluations of 

public health interventions are being implemented because of methodological challenges in 

the evaluation of public health interventions. First, the methodological difficulties from trials 

to illustrate the effectiveness of public health interventions often do not hold up to the gold 

standard of randomised controlled trials (RCTs). Second, outcomes measured in public health 

interventions are short-term effects, such as behaviour change rather than conventional 

Quality-Adjusted Life Years (QALYs). Moreover, the costs and consequences of public health 

interventions may not only affect the health sector, but also other sectors such as education 

and the judicial system. Therefore, there is a need to develop economic models that estimate 

the impact of individual behaviour change in the long-term, in which lifetime costs and 

consequences from behaviour changes are linked with specific health conditions related to 

health behaviours. Lessons learned from conducting an economic evaluation alongside RCT 



 

Health Intervention and Technology Assessment Program  8 | P a g e  

will help public health economists understand its applications, which can then be used to 

develop guidance for economic evaluations of public health interventions, especially those 

focusing on individuals’ behaviour change. 

2. Theoretical framework  

The theoretical framework on the design of text messaging to support smoking cessation is 

depicted in Figure 3. Individual behaviour can be explained by Michie’s COM-B system under 

the Behaviour Change Wheel (BCW) (61). The COM-B system suggests that the interaction 

of capability (C), opportunity (O), and motivation (M) leads to behaviour change (B); likewise, 

behaviour can alter the capability, opportunity, and motivation of individuals (61). Capability 

is defined as “the individual’s psychological and physical capacity to engage in the activity 

concerned”, such as knowledge and skills to perform a behaviour. Motivation is defined as “all 

those brain processes that energise and direct behaviour, and not just goals and conscious 

decision-making”. Opportunity is defined as “all the factors that lie outside the individual that 

make the behaviour possible or prompt it”. A previous meta-regression suggested that 

mHealth interventions for smoking cessation that contain behaviour change techniques aimed 

at all components of behaviour change (capability, opportunity, and motivation) are associated 

with an increase in the odds of smoking cessation by 1.30 (95% CI: 1.05-1.59) (32). Therefore, 

an understanding of the mechanisms of behaviour change interventions contributes to 

advanced knowledge in public health and health promotion programmes that are often 

complex in nature.       

 

Figure 3 Theoretical framework  

COM-B Opportunity 

Behaviour 

Capability 

Motivation 
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3. Aim 

This research aims to improve smoking cessation rates among Thai smokers by providing text 

messaging interventions, and to test which behaviour change components within text messages 

yield a better result in terms of effectiveness and cost-effectiveness.  

4. Objectives 

• To simultaneously test whether BCT-enhanced text messages containing different 

behaviour change components improve smoking cessation rates among Thai smokers 

• To conduct an economic evaluation alongside a randomised controlled trial of mobile 

health behaviour change intervention for smoking cessation 

5. Methods 

5.1. A factorial randomised controlled trial of behaviour change 

components in text messaging 

Overview 

The objective of this study was to simultaneously assess the effectiveness of BCT-enhanced 

(‘Capability’, ‘Opportunity’, and ‘Motivation’) text messages for smoking cessation (main 

effects) and the influence of each behavioural change component in text messages on smoking 

cessation rates (interactions). This trial was designed to be a pragmatic randomised controlled 

trial with 2×2×2 full factorial design that measures effectiveness (7-day point prevalence 

abstinence at 1-month follow-up) of text messages in addition to the routine practice of the 

Thailand National Quitline (TNQ). A total of 1,571 smokers were recruited and randomised 

to receive one of eight groups of BCT-enhanced text messages (placebo, C, O, M, CO, CM, 

OM, and COM) in a 1:1:1:1:1:1:1:1 allocation ratio via a web-based programme. Age groups 

and levels of intention to quit smoking were used as stratification factors for randomised block 

design. Group allocations were concealed from the participants and information about the 

content or intention of the different sets of text messages was withheld. Data collection was 
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conducted at baseline and after participants received all text messages at 1-month and 6-month 

follow-up. Samples of participants living in the Bangkok Metropolitan Area were invited to 

receive a carbon monoxide breath test at 6-month follow-up at ‘Fah Sai’ smoking cessation 

clinics. The results from this trial were used to inform TNQ smoking cessation services.  

Trial registration  

The protocol of this trial has been registered on the International Standard Randomised 

Controlled Trial Number (ISRCTN) registry to support transparency in research (Registration 

number: ISRCTN16022919). 

Reporting  

There were no published reporting guidelines specific to randomised controlled trials with a 

factorial experimental design (62). Therefore, the Consolidated Standards of Reporting Trials 

(CONSORT) and its supporting papers (63-65) – the most recent recommendations for 

reporting randomised trials – were used as a guide to report this trial design, which was also 

complemented by the Medical Research Council (MRC) guidelines for reporting process 

outcomes (66) and recommendations from previous research about key methodological issues 

for factorial trials (62, 67). The International Council for Harmonisation (ICH) guidelines on 

Statistical Principles for Clinical Trials were also used to inform the statistical analysis plan (68). 

Eligibility criteria 

Eligibility criteria included smokers who: (1) resided in Thailand and wanted to quit smoking, 

(2) owned a mobile phone with at least the ability to send and receive SMS text messages, and 

(3) were able to read and write Thai.  

Study setting 

The TNQ provides counselling to all smokers who are interested in quitting smoking. Call-

takers and counsellors provide counselling services in the TNQ. Call-takers are the persons 

responsible for short communications with callers and serve as the initial screeners to identify 

whether the callers are smokers and would like to receive counselling from the TNQ. Since 

the calls may not come from smokers, when the caller is identified as a smoker, he or she will 

be referred to a TNQ counsellor to assess smoking behaviour and offer support via follow-up 
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services (69). Then, the TNQ counsellor provides either a brief intervention if the smokers 

have limited time to talk on the phone or smoking cessation counselling that usually lasts for 

20-30 minutes. After providing counselling, if the smoker sets a quit date within a month, he 

or she will be offered follow-up calls (at 7-day, 15-day, 1-month, 3-month, 6-month, and 12-

month intervals after the quit date). If smokers refuse to set a quit date or to receive follow-

up services, they will no longer receive any service from the TNQ.  

Recruitment and enrolment  

Smokers from across Thailand who wanted to quit smoking were identified and recruited 

either during their call to the TNQ or by completing a self-administered online questionnaire. 

Trial participants were recruited mainly from the TNQ by TNQ staff that assessed smokers’ 

eligibility and offered the opportunity to be recruited into the trial. Callers to the TNQ were 

screened by the TNQ call-takers and asked whether the callers are smokers and would like to 

receive counselling from the TNQ. When callers were identified as smokers, they were referred 

to the TNQ counsellors to assess smoking behaviour. If the smokers set a quit date within a 

month, they would receive the usual care from the TNQ (receive follow-up calls at 7-day, 15-

day, and 1-month intervals after call initiation).  

Figure 4 shows the recruitment flow from the TNQ system. The online recruitment was used 

to engage smokers seeking smoking cessation support from national public health campaigns. 

Similar to the routine services provided by TNQ, an option for online registration is ‘call back 

services’ wherein smokers can provide information for the TNQ to call them back. Participants 

that completed the baseline questionnaire were assessed for eligibility. 

Participants were enrolled into the trial after consenting to take part in the trial and completing 

a baseline questionnaire via a telephone interview or a self-completed online questionnaire. 

Participants were recruited from 16 January 2017 to 14 January 2018. 

 



 

 

 H
ealth

 In
terv

en
tio

n
 an

d
 T

ech
n

o
lo

gy
 A

ssessm
en

t P
ro

gra
m

                                                     1
2

 | P
a

g
e

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 TNQ modified participant recruitment flow
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Study interventions 

Intervention development 

Two levels (present and absent) of three behavioural components (‘Capability’, ‘Opportunity’, 

and ‘Motivation’) in text messages were considered in eight experimental conditions; Table 1 

shows the design matrix. The placebo refers to text messages that did not contain any 

behavioural change for tobacco smoking cessation to avoid incomplete factorial design 

resulting from a high rate of lost to follow-up (70). ‘C’ stands for messages aimed at increasing 

smokers’ capability to quit. ‘O’ stands for messages aimed at increasing opportunity to support 

smoking cessation. ‘M’ stands for messages aimed at increasing motivation to quit. 

Combinations of C, O, and M stand for messages aimed at increasing more than one 

component, e.g. COM stands for messages aimed at all behavioural components. 

Table 1 Design matrix of 2×2×2 factorial design and content of text messages within 

interventions that were randomised 

Experimental group 
Content of text messages (factor) 

Abbreviation 
Capability Opportunity Motivation 

1 No (-) No (-) No (-) Placebo 

2 Yes (+) No (-) No (-) C 

3 No (-) Yes (+) No (-) O 

4 No (-) No (-) Yes (+) M 

5 Yes (+) Yes (+) No (-) CO 

6 Yes (+) No (-) Yes (+) CM 

7 No (-) Yes (+) Yes (+) OM 

8 Yes (+) Yes (+) Yes (+) COM 

All participants were scheduled to receive automated text messages twice a day at 7:00 AM and 

4:00 PM for 30 days, free of charge. The rationale for sending texts twice a day was to simulate 

the same frequency of texts scheduled to be sent from the Thailand National Quitline (TNQ) 

routine service in the future. The first text message of each day was designed to be sent after 

participants have woken up at 7:00 AM (morning cigarette craving). The second text message 

of each day was designed to be sent before participants finished their school/work at 4:00 PM 

to serve as reminders before their usual puff of cigarettes. In total, 60 BCT-enhanced text 

messages per study group were scheduled to be sent via ThaibulkSMS, a bulk SMS provider, 

as they are a current provider for the TNQ and the delivery status of text messages can be 

tracked with a premium package subscription. 
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Three steps were involved in the process to develop text messages to support smoking 

cessation that can be mapped into the behaviour change techniques taxonomy version 1 

(BCTTv1) and behaviour change components.  

Step 1: Choosing behaviour change techniques 

All texts were generated in Thai and were then translated into English and proofread by a Thai 

person who speaks native English. The rationales for selected BCTs were 1) higher frequency 

of BCTs reported in literature reviews and 2) applicable to research setting. The exclusion 

criteria were 1) BCTs not supported by systematic review results; 2) BCTs reported in 

systematic reviews but not feasible for delivery using text messages as a platform; or 3) BCTs 

presented as negative reinforcement statements. For example, since the intervention was 

designed to be a one-way system, BCTs asking users to give feedback were not applicable. BCT 

4.4 Behavioural experiments would require an explanation and was therefore not applicable for 

text messages as well. Another example of exclusion is BCT 14.9 Reduce reward frequency since 

an actual reward must be provided. 

Step 2: Testing whether the text messages represent the intended BCTs 

To explore whether the BCT-enhanced text messages represented the intended BCTs, inter-

coder reliability for agreement was conducted prior to the generation of the full list of text 

messages. An independent and experienced BCT coder, Fabiana Lorencatto (FL), was invited 

to code a random sample of text messages. The RAND function in Microsoft Excel was used 

as a random generator to randomly select a number between 1 and 60. A set of 20 texts were 

randomly selected using this method. Both BCT coders (PK and FL) coded the 20 texts for 

BCTs using the BCTTv1. Cohen’s kappa coefficient (71) was used to determine the inter-rater 

agreement of at least 1 BCT per message between the two raters. The analysis was conducted 

using Stata/IC software (Release 14; StataCorp, 2015) (72). Inter-coder reliability for the BCT 

coding was found to have a substantial level of agreement (k = 0.7820)2. 

  

 

2 substantial level of agreement: 0.61 - 0.80; almost perfect level of agreement: 0.81 – 1.00 
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Step 3: Adapting to the Thai context 

A focus group discussion was held in Thailand to ensure that the text messages were acceptable 

in Thai (both context and language). Stakeholders comprised members of the public involved 

with tobacco control in Thailand. Stakeholders – including service providers, policymakers, 

funders, research units, and non-governmental organizations – were identified via the “Clinical 

guidelines for smoking cessation in Thailand” and the network website. To avoid systematic 

biases in the selection process by the researcher, an invitation was sent to each organization, 

namely, 1) Thai Health Professional Alliance Against Tobacco; 2) Thai Physicians Alliance 

against Tobacco; 3) Nurse Network on Tobacco Control of Thailand; 4) Smoke Free 

Pharmacy; 5) Action on Smoking and Health Foundation Thailand (ASH Thailand); 6) 

Tobacco Control Research and Knowledge Management Center (TRC); 7) Thailand National 

Quitline (TNQ); 8) Bureau of Tobacco Control, Department of Disease Control, Ministry of 

Public Health; 9) Thai Health Promotion Foundation; and 10) Thai Rai Kwan application 

developer. The contents of the invitation letter consisted of a 2-page summary of the study 

and the agenda of the meeting (see Appendix 2). Information sheets and consent forms were 

sent to participants assigned to attend by the director of each organization prior to the meeting. 

Participants were asked for permission to audio record and document verbatim transcription 

of interview data. 

The meeting was held on 4 November 2016 at the Health Intervention and Technology 

Assessment Program (HITAP) for 3 hours (see Appendix 6 for the meeting minutes). The 

focus group discussion was divided into four sessions with a small 15-minute break after the 

first 2 sessions. This allowed the participants to have a break as any session longer than 90 

minutes would result in a loss of focus. All participants were provided with a pen, presentation 

slides, voting flags, and a document containing the sets of text messages divided by BCT 

groups.  

As a result of the focus group, three behaviour change techniques were excluded from the list, 

including 1) BCT Graded tasks, 2) BCT Behavioural contract and 3) BCT Reduce negative emotion. It 

is agreed by tobacco experts in Thailand that the concept of reducing the number of cigarettes 

smoked per day is not acceptable. BCT Graded tasks is not acceptable by policy standards for 

tobacco control, therefore, all texts related to that concept were rejected by default. BCT 

Behavioural contract requires more explanation in order to communicate to smokers effectively. 
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It was discussed within the group that the information is unlikely to be sufficient within the 

70-character limit. Moreover, BCT Commitment serves a similar purpose and is sufficient with 

this level of communication. Therefore, all texts related to BCT Behavioural contract were 

removed. Text within BCT Reduce negative emotion was classified within the ‘Motivation’ category. 

Participants agreed that the text for this BCT is similar to text within the ‘Capability’ category. 

Therefore, all texts related to BCT Reduce negative emotion were removed in order to avoid 

replication of two domains. Table 2 shows the final BCTs included in this study as well as the 

behaviour change techniques that were contained in each BCT-enhanced text message.  

Table 2 Behaviour change techniques included in the study 

Capability 

(n=8) 

BCT 1.2 Problem solving, BCT 2.3 Self-monitoring of behaviour, BCT 

4.1 Instruction on how to perform the behaviour, BCT 4.2 Information 

about antecedents, BCT 5.1 Information about health consequences, 

BCT 8.2 Behaviour substitution, BCT 8.6 Generalisation of target 

behaviour, and BCT 12.4 Distraction 

Opportunity 

(n=11) 

BCT 3.1 Social support (unspecified), BCT 3.2 Social support (practical), 

BCT 3.3 Social support (emotional), BCT 6.2 Social comparison, BCT 

7.1 Prompts/cues, BCT 11.1 Pharmacological support, BCT 12.1 

Restructuring the physical environment, BCT 12.2 Restructuring the 

social environment, BCT 12.3 Avoidance/ reducing exposure to cues for 

the behaviour, BCT 13.1 Identification of self as role model, and BCT 

13.2 Framing/reframing 

Motivation 

(n=13) 

BCT 1.1 Goal setting (behaviour), BCT 1.5 Review behaviour goal(s), 

BCT 1.9 Commitment, BCT 5.3 Information about social and 

environmental consequences, BCT 9.2 Pros and cons, BCT 10.5 Social 

incentive, BCT 10.6 Non-specific incentive, BCT 10.9 Self-reward, BCT 

13.5 Identity associated with changed behaviour, BCT 15.1 Verbal 

persuasion about capability, BCT 15.2 Mental rehearsal of successful 

performance, BCT 15.4 Self-talk, and BCT 16.2 Imaginary reward 
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Randomisation 

Randomisation and sequence generation  

Stratified permuted block randomisation was used in this trial to minimise treatment allocation 

imbalance between experimental groups across age and intention to quit smoking. Age groups 

(≤30, 31-40 and >40) and intention to quit groups (Low and High) were used as stratification 

factors, in a total of six strata. Longitudinal data from the International Tobacco Control (ITC) 

Southeast Asia studies in Thailand suggested that older age and intention to quit smoking were 

found to be a predictor of quit attempts (73, 74); both factors are associated with a higher 

likelihood of quit attempts and smoking cessation. 

The sequence list for random allocation was a computer-generated schedule, produced in 

Stata/IC software (Release 14; StataCorp, 2015) (72). There were eight experimental 

conditions for this trial; a permuted-block random schedule with an equal block of size 16 was 

generated (eight conditions twice). There were six sets of random lists (6 strata) according to 

age groups (≤30, 31-40, and >40) and intention to quit groups (Low and High).  

Allocation concealment mechanism 

Although the ThaiBulkSMS allows users to send multiple automated text messages to multiple 

numbers at the same time, allocation concealment is not achievable with this function. Figure 

5 shows a simple function to send one text message to the mobile user(s).  

 

Figure 5 ThaiBulkSMS user interface for sending text messages 



 

Health Intervention and Technology Assessment Program  18 | P a g e  

Therefore, in order to withhold this information and minimize human error by providing 

interventions manually, a programme for automated text messaging was developed by an 

external programmer. The system architecture of providing text messages to smokers is 

illustrated in Figure 6. Text messages were sent via ThaiBulkSMS which serves as a gateway 

provider that links to Thai mobile operators. The mobile operators then send text messages to 

mobile users. Information about the delivery status is then sent back to ThaiBulkSMS. The 

computer icons on the far left of the figure represent an additional online website that links to 

the ThaiBulkSMS website via application programming interface (API). Figure 7 shows the 

programming flow. 

To send SMS via the ThaiBulkSMS website, input information included a phone number, all 

intended text messages (63 texts per number), a sender name (iCanQuit), and the scheduled 

date and time for each text. The programme is available online via a password-protected 

website (http://stopsmokephd.esy.es/) (Figure 8). The chief investigator (PK) initiated the 

intervention by submitting participants’ information including name, mobile number, age, 

intention to quit and the submission date to the web-based programme (Figure 9). Participants 

were randomly assigned to receive one of eight sets of text messages in a 1:1:1:1:1:1:1:1 

allocation ratio via the web-based programme. The programme then automatically submitted 

scheduled text messages to the SMS gateway provider, ThaiBulkSMS. A research assistant 

produced the random allocation sequence list. The randomisation list was directly transferred 

to the programmer who developed the web-based programme. Therefore, group allocation for 

each participant was concealed from the chief investigator.  

 

http://stopsmokephd.esy.es/
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Figure 6 System architecture  
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Figure 8 Screenshot of programme login page  

 

Figure 9 Screenshot of programme input information 

Blinding of randomised interventions 

Blinding of participants or outcome assessors from the randomised intervention reduces bias 

in reported outcomes (75). Trial participants, interviewers (the outcome assessors), and the 

chief investigator (PK) were blinded to treatment allocation. Trial participants were blinded 

from group allocations by withholding information regarding the different sets of text 

messages being studied or the rationale for these. Measures to ensure that the interviewers and 

the chief investigator were blinded to treatment allocation consisted of the following: 1) group 

allocation was generated by a research assistant (SK) who was not involved in the outcome 

assessment at 1-month follow-up; 2) allocation of treatment groups was kept in a separate file 

and was not shared with the chief investigator or the interviewers; and 3) statistical analyses 

were conducted by the chief investigator, who was blinded to the group allocations until the 

primary outcome data were collected and cleaned. 
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Questionnaire development and data collection  

Numerous factors perceived as external to the intervention can impede or strengthen the 

effects of a complex intervention (66). The logic model is a systematic method for identifying 

how a programme might work and what factors could potentially be attributed to an effective 

programme (76). It has been adopted in an evaluation of text messaging and was recommended 

for use to understand the intervention pathways (77). The logic model was used to 

systematically illustrate the causal assumptions underlying the expected outcome of the text 

messaging programme and to provide a framework for questionnaire development (Figure 

10). This was used to provide a deeper understanding of the role of other factors that may 

impact the outcome. Hence, it was used not only to measure smoking status as an outcome, 

but also to explain possible variations in outcomes through the evaluation of implementation, 

mechanism of change, and context. Table 3 summarises the planned data collection and 

timelines of follow-up activities.  

 

Figure 10 Logic model for the evaluation of the text messaging intervention  
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Table 3 Planned data collection and timelines of follow-up activities 

Assessment 
Timeline 

Screening Baseline 1-month 6-month 

Thailand National Quitline routine data collection 

Name or nickname  
Ownership of mobile phone 
Phone number or email/mailing address 

x 
x 
x 

 
 

 

 
 

 

 

Questionnaires 

Baseline characteristics: (78) 
Age 
Gender 
Marital status 
Religion 
Parental status 
Employment 
Education 
Co-morbidities 
Family medical history (smoking-related illnesses)  
Socioeconomic status 
Household income 
Smokers among friends and family 

  
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

  

Smoking behaviour:  
Smoking status 
Daily/occasional status 
Number of tobacco products used per day 
Age at smoking initiation and duration of smoking    
Fagerström Test for Nicotine Dependence  
History of quitting smoking in the past  
Methods used to assist smoking cessation 

 
 
 
 
 
 
 
 

 
x 
x 
x 
x 
x 
x 
x 

 
x 
x 
x 
 
x 
x 
x 

 
x 
x 
x 
 
x 
x 
x 

Behaviour change:  
Behaviour to support smoking cessation 
Willingness to quit in the next month  
Intention to quit scores (79) 
Smoking cessation self-efficacy (80) 

  
x 
x 
x 
x 

 
x 
x 
x 
x 

 
x 
x 
x 
x 

Mobile phone usage: 
Type of mobile phone owned 
Carry mobile phone at all times 
Frequency of text message usage 
Frequency of instant messaging services usage 
Frequency of using mobile apps for health-related 
and non-health related communication  
Time spent on mobile phone per day 

  
x 
x 
x 
x 
x 
 
x 

  

Process evaluation: 
1) Intervention fidelity: Status reported from 

ThaiBulkSMS and Self-reported received text status  
2) Technology engagement  

Opened and read text status 
Shared text with others status 
User engagement scale 
Likelihood of subscribing to similar programme  

   
x 
 
 
x 
x 
x 
x 

 
 

Drinking behaviour: AUDIT scores  x x x 

Quality of life: EQ-5D-5L  x x x 

Exhaled Carbon Monoxide levels    x 
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Process evaluation 

Process evaluation means an evaluation of programme implementation to assess intervention 

fidelity and quality of implementation. Process evaluation can help indicate why a trial fails and 

also provide policymakers and practitioners with knowledge of how the intervention can be 

replicated to implement complex interventions (66). Components to measure process 

evaluation varies across the type of interventions and the stage at which the process evaluation 

is conducted (66). To provide greater confidence in the trial’s conclusion in terms of effective 

programme implementation, a quantitative process evaluation was conducted by measuring 

intervention fidelity and participant engagement with technology.  

1) Measuring intervention fidelity  

Intervention fidelity involves reach, dose delivered, received dose effectiveness, recruitment, 

and context (81). With advances in technology, intervention fidelity can now be measured 

objectively. The ThaiBulkSMS SMS provider supplied a delivery status report for each text 

message that was scheduled to be sent. The number of texts received was measured at the end 

of the trial when PK became unblinded to the group allocations. In total, it was expected that 

a complete intervention fidelity status would be 60 text messages per participant. Thus, a binary 

variable was created for status indicating whether 60 text messages had been received by the 

participant. 

Even though the participant might have received all text messages, they might not have opened 

or read all the text messages sent. Unlike instant messaging services, the status of whether a 

person actually opens or reads the text is not available for SMS services. The self-reported 

questionnaire at 1-month follow-up asked whether participants had received all the text 

messages and whether they had opened and read them. The question provides an overall status 

overview of whether the participant received, opened, and read the text messages. It was 

designed in this manner as measuring all 60 text messages was not possible on this platform; 

moreover, it would be a burden to research participants to answer a questionnaire every day, 

which could cause high lost to follow-up.  

2) Technology engagement 

Technology engagement, a more specific component of digital health intervention, is one of 

the key areas in the evaluation of mHealth interventions (82). It plays a vital role in the success 
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of this programme as it is possible that a less engaging SMS messaging schedule can impede 

the effectiveness of behaviour change interventions. However, a taxonomy and model for 

effective engagement – a sufficient level of intervention engagement to achieve positive 

outcomes (83) – is still under development.  

Technology engagement was measured from the self-reported questionnaire at 1-month 

follow-up using the three main components of technology engagement: likes, shares, and 

subscribes. Whether one likes the programme or not is relatively subjective. Respondents often 

endorse a statement rather than disagree with it (84) and it was expected that the direction of 

question-wording would be varied. Therefore, a set of statements about the programme was 

created comprising three questions with negative statements and three questions with positive 

statements about the programme. Second, propensity to share information was measured by 

asking participants whether they had shared text messages with other people. Third, re-

engagement with mHealth was measured by asking about their likelihood of subscribing to 

similar programmes in the future.  

Mechanisms of impact 

Mechanisms of impact – to address the question of whether the delivered intervention has 

produced any change (66) – were observed through intended behaviour change and smoking 

behaviours to support smoking cessation as proximal outcomes.  

1) Intended behaviour change  

There is no existing questionnaire to measure ‘Capability’, ‘Opportunity’, and ‘Motivation’ of 

the COM-B as this is still an emerging area. Thus, a questionnaire was developed to measure 

the COM-B domains related to smoking behaviour. It reflected each function of the COM-B 

components, hence, a total of 6 questions were identified. Each item was rated on a scale of 1 

to 10, with 10 being strongly agree and 1 being strongly disagree.  

Intention to quit smoking has been found to be associated with smoking cessation (e.g. among 

Chinese people (85), and among Thai and Malaysian people (73)) (78). An intention to quit 

scale is preferable over the ‘stage of change’ due to theoretical and methodological problems 

with the concept of ‘stage of change’ (79). An increase of one point on the 1-10 intention score 

increased the odds of being abstinent at follow-up by 20%. Moreover, the TNQ already 

collects an intention to quit smoking score on a scale of 1 to 10 at the point of care (86).  
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Self-efficacy – one’s belief in one’s own ability to execute something (87, 88) – has been widely 

used to explain behaviour. High self-efficacy towards a behaviour is associated with a tendency 

to change that behaviour. A recent meta-analysis showed that higher self-efficacy is associated 

with future smoking cessation, though the association is minimal (89, 90). Moreover, self-

efficacy was associated with higher abstinence rates in Thai smokers (74). A Smoking 

Abstinence Self-Efficacy Questionnaire has been shown to have discriminant validity and is 

feasible for use in clinical settings (91). This questionnaire contains six items regarding smoking 

situations where respondents assess their confidence in the ability to remain abstinent. The 

questionnaires were translated into Thai by two bilingual translators. 

2) Smoking behaviours 

A number of smoking behaviours have been shown to be statistically significant predictors of 

quit attempt and smoking cessation (78). These variables include cigarette dependence, number 

of cigarettes used per day, age of smoking initiation, past attempts to quit, duration of smoking 

cessation in the past, desire to quit, motivation to quit score, intention to quit, and confidence 

in successful quitting.  

Nicotine dependency has also been shown to be associated with smoking cessation rates. There 

are a number of questionnaires to assess nicotine dependence among smokers (92). The Thai 

clinical guidelines (93) recommend that the Fagerström Test for Nicotine Dependence 

(FTND) (94) should be used in clinical settings. The FTND, a validated questionnaire available 

in Thai (93), was used as a tool to assess dependence on nicotine. 

3) Alcohol drinking behaviour 

Alcohol drinking behaviour is associated with smoking behaviour in Thailand; a positive 

association was found between alcohol and tobacco consumption (10, 95). The Alcohol Use 

Disorders Identification Test (AUDIT), a validated 10-item questionnaire developed by the 

WHO, measures alcohol consumption, drinking behaviour, and alcohol-related problems (96). 

The AUDIT scores range from 0 to 40, with higher scores representing a higher dependence 

of alcohol use. A score of 8 or above indicates harmful or hazardous alcohol use. This 

questionnaire has been validated and translated into Thai (97).  
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Health outcome measures 

1) Primary outcome 

The primary outcome for this study was self-reported 7-day point prevalence abstinence at 1-

month follow-up. In this study, participants were asked, “How many cigarettes did you smoke 

in the past 7 days?” at 1-month follow-up. Three choices – 0, 1-5, and more than 5 – were 

used in the questionnaire because the Russell Standard allows up to 5 cigarettes smoked for 

longer follow-up periods (98). To determine a positive outcome, zero tobacco products used 

indicated smoking abstinence.  

Self-reported abstinence  

Self-report of smoking abstinence over the whole follow-up period, allowing up to five 

cigarettes in total, has been recommended as an outcome assessment (98). As such, the answers 

used to determine abstinence were 0, 1-5 cigarettes, and more than 5 cigarettes. The success 

outcome of 6-month sustained abstinence includes only an answer of zero.  

Exhaled carbon monoxide levels 

Biochemical verification is recommended to minimise social approval bias from self-reported 

measurement; however, verifying abstinence over the follow-up period was not practical and 

required vast resources. Samples of participants living in the Bangkok Metropolitan Area were 

invited to receive a carbon monoxide breath test at 6-month follow-up at ‘Fah Sai’ smoking 

cessation clinics. Criteria of cut-point to determine smoking status from the Society for 

Research on Nicotine and Tobacco (SRNT) Subcommittee on Biochemical Verification was 

8-10 parts per million (ppm) (99).  

2) Quality of life 

Health-related quality of life examines the impact of current health status on quality of life. It 

has been used as a health outcome when conducting an evaluation of healthcare interventions 

in Thailand as recommended by the Thai National Health Technology Assessment guidelines 

(100). For future economic evaluation of text messaging to support smoking cessation in 

Thailand, the EQ-5D – a standardised measurement of generic health-related quality of life 
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that provides a single index value for health status – was measured (101). Health-related quality 

of life states consist of 5 dimensions, including mobility, self-care, usual activities, 

pain/discomfort, and anxiety/depression. The EQ-5D-5L, a recently developed EQ-5D 

(current name EQ-5D-3L), consists of 5 levels of severity for each domain (instead of 3 levels 

in the previous version). Index values attached to the EQ-5D health states are based on a Thai 

population value study (102). Registration for the use of EQ-5D-5L questionnaires was 

required prior to conducting this trial (registration ID: 14129).  

Pilot test and revision  

The objective of this pilot test was to check the understanding of participants and their ability 

to answer study questions. Also, the time to complete each questionnaire was recorded. A full 

set of questionnaires in Thai were read by two academic staff and one administrative staff 

(non-academic staff) at the Health Intervention and Technology Assessment Program 

(HITAP). Their comments were used to modify questionnaire wording. Some questions that 

were perceived to contain academic language were modified to lay language. The final version 

of the questionnaire in Thai can be found in Appendix 4. 

Assessment instrument  

Data collection tools included a baseline questionnaire and a 1-month follow-up questionnaire. 

These questionnaires were designed to be self-administered via paper (by post) or online (by 

web-based survey). Online questionnaires were created using secure Bristol Online Survey 

(BOS) accounts through the University of Leeds subscription. The baseline questionnaire was 

available at https://leeds.onlinesurveys.ac.uk/icanquitbaseline, 1-month follow-up 

questionnaire was available at https://leeds.onlinesurveys.ac.uk/icanquit-1-mo, and 6-month 

follow-up questionnaire was available at https://leeds.onlinesurveys.ac.uk/icanquit-6-mo. The 

answers were recorded electronically when a participant answered the online questionnaire. 

Data from the BOS were then exported into a Microsoft Excel file format with coded 

responses, which was directly imported into statistical software. 
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Definition of the primary outcome 

The primary outcome in this study was self-reported 7-day point prevalence abstinence at 1-

month follow-up. Point prevalence abstinence measures whether a smoker has stopped 

smoking at the point of follow-up (103).  

Sample size calculation 

A sample size was calculated to determine the number of participants needed for detecting the 

main effects of the three behavioural change components in text messages on self-reported 7-

day point prevalence abstinence at 1-month follow-up. There were three main effects of 

smoking cessation from providing text messages to support smoker’s capability to quit, 

opportunity to quit, and motivation to quit. The sample size calculation to detect a  difference 

between two proportions is determined by the following equation (104). 

𝑛          =        
[𝑝1(1 − 𝑝1) + 𝑝2(1 − 𝑝2)](𝑧1−∝ 2⁄ + 𝑧𝛽)

2

(𝑝1 − 𝑝2)2
 

where 𝑝1 is the baseline probability of a successful outcome for the control group and 𝑝2 is 

the probability of a successful outcome for the experimental group. The study was designed 

to have 80% power (Zβ) to detect a difference in the main effects using a two-sided test to 

compare two sample proportions. For a two-sided test, the level of statistical significance (α) 

was set at 0.05. 

An odd is the probability that an event will occur divided by the probability that the event will 

not occur. Since it was expected that 16% of smokers in Thailand have attempted to quit 

smoking without any assistance (𝑝1 = 0.16) (Thai National Statistics), and given that the odds 

ratio was 1.5, the probability of smoking cessation in the experimental group was expected to 

be 22% (𝑝2 = 0.22). A meta-regression analysis was conducted to determine the association 

of increasing effect size of mHealth interventions containing BCTs mapped into the 

‘Capability’, ‘Opportunity’, and ‘Motivation’ groups (odds ratio = 1.30, 95% CI: 1.05 - 1.59). 

The meta-analysis of mHealth interventions for tobacco smoking cessation showed that the 

odds ratio was 1.69 (95% CI: 1.20 - 2.38) at 1-month follow-up. The effect size of 1.5 was used 

as the sample size calculation for a more conservative approach. 
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Retention rate of Thai participants from the International Tobacco Control Southeast Asia 

Survey was 77.9% (73); therefore, it was expected that around 75% of the participants would 

complete the trial. Thus, the total sample size should be 1,670 people to provide 1,252 

evaluable participants, accounting for lost to follow-up. For this factorial design, the same 

sample size was applied and divided equally for each intervention (59, 105). The sample size 

was estimated to be 832 people each for the experimental groups and the control group to 

detect a minimum difference in the main effects. For the eight experimental conditions, the 

sample size for each group was 208. 

Change to trial design and ethical considerations 

This trial faced many predictable and unpredictable challenges throughout the recruitment 

period. The major problem of recruitment for this study was a policy environment change 

over the course of the study. The overestimated recruitment rate was another factor. An influx 

of smokers from the nationwide ‘World No Tobacco Day’ campaign gave a seasonal over-

optimistic figure; as a result, the trial was extended twice. Also, it might have increased the 

proportion of smokers who were more motivated to quit, as observed from the decrease in 

the percentage of smokers who did not set a quit date within a month. Approval from the 

University of Leeds research ethics committee and the Institute for the Development of 

Human Research Protections (IHRP), Thailand was obtained prior to any amendments (See 

Appendix 1).  

Table 4 Summary of amendments, reasons for changes, and date of approval  

Amendment Reasons for changes Date of 

approval  

Amendment 

1  

1. Questionnaire modification  

1.1  Items added 

- Add participant mobile phone number to serve as 

research identification numbers 

- Add religion as a parameter to determine participants’ 

beliefs 

- Add household income as a parameter to determine 

participants’ socioeconomic status to ensure that the 

baseline characteristic for participants’ socioeconomic 

status is available in the case where there is a lot of 

missing information within the household asset 

question 

11/01/2017 



 

Health Intervention and Technology Assessment Program  30 | P a g e  

Amendment Reasons for changes Date of 

approval  

1.2  Items modified 

- Household asset has been modified to match the assets 

listed under the current national household survey 

- Alcohol consumption behaviour is replaced with the 

Alcohol Use Disorders Identification Test (AUDIT), a 

validated questionnaire recommended by the World 

Health Organization 

- Reason for smoking modified from free form answers 

to multiple choice instead 

Amendment 

2 

1. Update contact details 

2. Proposed to allow telephone interview as another 

method to collect data 

3. Add series of advertisement materials 

4. Proposed to modify participant information sheet and 

consent form for online platform  

5. Proposed to provide incentives for participants who 

completed the trial 

14/03/2017 

Amendment 

3 

1. Modify the inclusion criteria “(1) Thai smokers who 

received a single brief counselling session for smoking 

cessation from the TNQ and (2) did not set a quit date 

within one month” to “(1) Thai smokers who want to 

quit smoking” 

2. Drop one of the secondary outcomes (self-reporting of 

setting quit date at 1-month and 6-month follow-ups) as 

a result of modification of the inclusion criteria 

08/06/2017 

 

Follow-up  

Two additional SMS texts were sent as part of the research process, explaining how to opt out 

from receiving text messages and how to complete the questionnaire. The first text, “You will 

receive messages for 30 days. To stop, contact 0891643777.”, was sent to participants as a welcome 

message to the trial and included contact information for those who wanted to stop receiving 

SMS texts. The last message, “Thank you for joining iCanQuit. Please answer the questionnaire at 

https://leeds.onlinesurveys.ac.uk/icanquit-1-mo to improve the quality of this program.”, was sent 30 days 

after the first text was sent to thank the participant for their participation and to ask them to 

complete the online follow-up questionnaire. All follow-up data from the questionnaire were 

scheduled to be collected within one week of the expected date where possible. However, an 
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additional period of one week was allowed when participants preferred to answer via telephone 

interviews or by post to allow time for additional administration.  

Any failed attempts to obtain follow-up data, following a maximum of three phone call 

reminders to complete the questionnaire, were recorded and the number of lost to follow-up 

was documented. Participant withdrawal from receiving the intervention occurred when a 

participant contacted the TNQ or research team to stop receiving text messages. The number 

of withdrawals from the intervention was reported. When a participant requested to withdraw 

from the intervention, the participant was invited to complete the follow-up questionnaire. If 

they declined, the number of withdrawals from the follow-up was reported. 

Participants who reported that they quit smoking at 6-month follow-up were invited to ‘Fai 

Sai’ smoking cessation clinics to receive a carbon monoxide breath test. Compensation was 

provided for their time along with transportation costs. 

Statistical analyses   

All statistical analyses were undertaken using Stata/IC software (Release 14; StataCorp, 2015) 

(72). Interim analyses were conducted when the complete set of data from the 1-month follow-

up was available as part of a PhD thesis. All analyses comparing the groups at each follow-up 

were conducted using an intention-to-treat analysis (primary analysis) and complete case 

analysis. 

Stratification factors – age group (18-30, 31-40, and above 40 years) and intention to quit (1-5 

and 6-10) – were included in the model for all analyses regardless of their prognostic value, 

and they were considered as design factors. An adjusted analysis will give valid inference 

because for an unadjusted analysis without stratification factors, the standard errors for the 

treatment effect are subject to bias; this results in wide confidence intervals, low type I error 

rates, and a reduction in power (106).  

Multiple imputations by chained equations (MICE) was used to impute missing variables (107); 

data is assumed to be missing at random (MAR). Tests of predictors of the missingness of 

smoking status at 1-month follow-up and 6-month follow-up were conducted using a t-test 

for continuous variables or a chi-square for categorical variables (statistically significant level 

of 0.1) (108). The imputed datasets were generated from variables in the main analysis, such 
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as treatment group, stratification factors, and the predictors of missingness of smoking status. 

For missing item data and missing scale data in outcomes derived from a scale such as the 

AUDIT, EQ-5D-5L, or FTND, multiple imputation methods for item-level missing data were 

used (109). Missing data were imputed more than once (m=50 datasets) to reflect uncertainty 

about the missing values (107). 

Primary analysis of self-reported 7-day point prevalence abstinence at 1-month follow-

up 

Logistic regression was used to estimate self-reported 7-day point-prevalence abstinence at 1-

month follow-up. The main model included all three main effects of each behaviour change 

component, interaction terms between behaviour change components, and stratification 

factors as follows:  

𝑙𝑜𝑔𝑖𝑡(𝑦𝑖) =  𝛽0 + 𝛽1𝐶𝑖 + 𝛽2𝑂𝑖 +  𝛽3𝑀𝑖 + 𝛽4𝐶𝑖 ∗ 𝑂𝑖  

                        +𝛽5𝐶𝑖 ∗ 𝑀𝑖 + 𝛽6𝑂𝑖 ∗ 𝑀𝑖 +  𝛽7𝐶𝑖 ∗ 𝑂𝑖 ∗ 𝑀𝑖 

                        + 𝛽8𝐴𝑔𝑒𝑔𝑟𝑖 +  𝛽9𝐼𝑛𝑡𝑔𝑟𝑖 + 𝑒𝑖 

where logit is the logarithm of the odds, 𝛽0 is the constant term in the model representing the 

baseline (log) odds; 𝛽1, 𝛽2, and 𝛽3 are coefficients corresponding to the (log) odds of the main 

effects attributed to components C, O, and M, respectively; 𝛽4, 𝛽5, and 𝛽6 are coefficients 

corresponding to the (log) odds of the 2-way interactions between C and O, C and M, and O 

and M, respectively; 𝛽7  is the coefficient corresponding to the (log) odds of the 3-way 

interaction of components C, O, and M; and 𝛽8 and 𝛽9 are coefficients corresponding to the 

(log) odds of age group and intention to quit group, respectively. Interaction terms were 

included to provide unbiased estimates if important interactions existed (110, 111).     

Sensitivity analysis of self-reported 7-day point prevalence abstinence at 1-month 

follow-up 

A sensitivity analysis of the primary outcome was conducted using a logistic regression model 

to estimate self-reported 7-day point-prevalence abstinence at 1-month follow-up under 4 

scenarios. First, the main model was fit using the per-protocol sample (participants receiving 

the intended 60 text messages). Second, the main model was fit using the sample of participants 
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who reported that they received text messages. Third, the main model was fit using the sample 

of participants who reported that they read the text messages. Fourth, the main model was 

then adjusted for factors that may affect smoking cessation rate. These potential covariates 

included gender, marital status, parental status, co-morbidities, time spent using a mobile 

phone, whether the participant opened and read their text messages, behaviour to support 

smoking cessation, baseline smoking cessation self-efficacy scores, baseline number of tobacco 

products used per day, baseline FTND scores, and baseline AUDIT scores. 

Subgroup analysis of self-reported 7-day point prevalence abstinence at 1-month 

follow-up 

For the subgroup analysis, a logistic regression was used to estimate self-reported 7-day point-

prevalence abstinence at 1-month follow-up, irrespective of whether there was a significant 

treatment effect on the primary outcome. The model included all three main effects of each 

behaviour change component, interaction terms between behaviour change components, 

stratification factors, and pre-specified interaction terms between behaviour change 

components and the following subgroups:  

- Baseline intention to quit score: 1-5 versus 6-10 

- Age: 18-30, 31-40, and above 40 years old 

- Gender: male versus female 

- Baseline FTND scores: 0-2 (low dependent) versus 3-10 (high dependent)  (92) 

- Baseline number of tobacco products used per day: ≤5 (light smoker) versus >5 

(heavy smoker) (112) 

- Baseline AUDIT scores:  <8 (non-hazardous use of alcohol) versus ≥8 (hazardous 

and harmful use of alcohol) (96)  

Secondary analysis  

Other measured outcomes were analysed based on appropriate regression analyses depending 

on the distribution of data. For continuous data with censored values, a censored Poisson 

regression model was used. For count data, a negative binomial regression model was used. 

The main model included all three main effects, interaction terms between treatment groups, 

stratification factors, and the baseline value of that outcome. 
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5.2.  An economic evaluation of a mobile messaging programme to 

support smoking cessation 

Overview 

This economic evaluation aimed to extrapolate the long-term effects of mobile phone text 

messaging interventions to support smoking cessation in Thailand. It was found that iCanQuit 

yielded effectiveness of mobile phone text messages during certain periods of the study. Cost-

effectiveness and cost-utility analyses were applied to evaluate costs incurred from both 

intervention and healthcare-related expenditures, compared with health consequences in terms 

of life year (LY) and QALY gained. The process of evaluation was in accordance with the Thai 

Health Technology Assessment Guidelines (113). Thus, the findings from this study can be 

used to support national policy decision-making to utilise mobile phone text messaging to aid 

smoking cessation services in Thailand, as well as to further consider applying mHealth and 

other technologies in smoking cessation programmes. In addition, recommendations for 

economic evaluation alongside randomised controlled trials of public health interventions were 

formed. Future researches can benefit from lessons learnt from this report.  

Study design  

Economic evaluation alongside factorial randomised controlled trial, consisting of cost-utility 

and cost-effectiveness analyses, was performed to evaluate and compare the costs and health 

outcomes of the mobile phone text messaging programme added to existing TNQ services in 

Thailand compared to a ‘do nothing’ scenario, referring to no access to mobile phone text 

messaging and TNQ services. A Markov model was used to represent the stochastic processes, 

that is, random processes that evolve over time, for estimating both costs and health outcomes 

of the mobile phone text messaging intervention and ‘do nothing’ scenario over a lifetime 

horizon with a one-year cycle length. 

Perspective 

The economic evaluation was evaluated from a societal perspective. 



 

Health Intervention and Technology Assessment Program  35 | P a g e  

Study population 

Study population in this economic evaluation was divided into two groups, including smokers 

and quitters. A proportion of smokers and quitters who smoked different numbers of 

cigarettes per day were adopted from the iCanQuit trial. In addition, the mean age of 

participants in the trial was 30 years old (n = 1,571), which was used as the initial cohort in the 

economic evaluation. Males and females were evaluated separately. We also analysed the cost-

effectiveness if mean age of participant was 40 and 50 years old. 

Intervention and comparator 

The mobile phone text messaging programme developed in the iCanQuit trial was assessed 

using economic evaluation. Mobile phone text messages were sent to randomised participant 

groups that were recruited from the TNQ and online questionnaire and that had given consent 

to join the research project. Participants received different components of mobile phone text 

messages; three groups received the standalone BCTs including C, O, or M and four groups 

received the combination of BCTs including CO, CM, OM, or COM, while another group 

received placebo which contained none of the BCTs. Mobile phone text messages were 

delivered automatically to participants twice daily for a duration of 30 days.  

A ‘do nothing’ scenario was used as a comparator in this economic evaluation; it refers to the 

scenario of smokers who did not receive smoking cessation services from the TNQ, such as 

counselling, or mobile phone text messages. However, these smokers may have been involved 

in other smoking cessation programmes in Thailand.  

Economic evaluation model  

Review of economic modelling for smoking cessation interventions 

A search was conducted in PubMed from inception to 6 September 2017 to identify articles 

that reported information on smoking-related diseases. Search terms, including MESH 

descriptors and free text terms, were divided into three categories: smoking, economic, and 

Thailand (see search strategy in Table 5). Inclusion criteria were (1) provides information 

about smoking-related diseases, i.e. types of diseases, costs of treating diseases, probability of 
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developing diseases or relative risk of diseases for smokers; (2) written in Thai or English; and 

(3) focuses on the Thai context. 

Table 5 Search strategy via PubMed 

Search Query items 

#1 smok* 281964 

#2 economic evaluation[Mesh] 69769 

#3 economic burden 29018 

#4 (economic evaluation[Mesh]) OR economic burden 96312 

#5 Thailand 64002 

#6 ((smok*) AND ((economic evaluation[Mesh]) OR economic burden)) 

AND Thailand 

12 

#7 ((smok*) AND ((economic evaluation[Mesh]) OR economic burden)) 

AND Thailand Filters: Publication date to 2017/09/06 

12 

The search yielded 12 articles from PubMed, of which four studies (5, 114-116) met the 

inclusion criteria. Four additional studies were retrieved from literature search (117-120). Eight 

studies were included in the analysis, including 4 economic burden studies, 2 cost-effectiveness 

studies, 1 cost-analysis study, and 1 toolkit. Smoking-related diseases can be categorised into 

three groups, including malignant neoplasms, respiratory diseases, and cardiovascular diseases. 

Except for the WHO toolkit, smoking-related diseases also include reproductive effects. The 

WHO toolkit aims to assist research initiatives to estimate economic costs of health effects of 

cigarette smoking, thus, this toolkit identified comprehensive smoking-attributable adverse 

health effects for different contexts around the world.  

Model structure 

Figure 11 shows a structure of a Markov model used to estimate the relevant costs and health 

outcomes of the mobile phone text messaging programme and ‘do nothing’ scenario. The 

horizon used is the subjects’ estimated lifetime and the length of each cycle is one year. Health 

states of the Markov model consisted of a state of smokers without diseases, a state of quitters 

without diseases, a state of developing smoking-related diseases, and a state of death. At the 

beginning of the model, a cohort was in either a state of smokers without diseases or a state 

of quitters without diseases. The chance of relapse of quitters was also taken into account. 
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Smoking-related diseases consisted of chronic obstructive pulmonary disease (COPD), stroke, 

ischaemic heart disease (IHD), and lung cancer. These health conditions included in the model 

were reviewed and prioritised by smoking-attributable fraction (SAF) and disability-adjusted 

life years (DALYs) (see in Appendix 8). Moreover, previous cost-effectiveness analyses of 

smoking cessation interventions were reviewed for diseases included in the models (116, 121-

128); the most common diseases were lung cancer, COPD, stroke, cardiovascular diseases, and 

myocardial infarction (MI). Apart from literature review, a stakeholder meeting was conducted 

in February 2018 in order to validate the proposed model (see Appendix 9) as recommended 

in the Thai Health Technology Assessment process guide (129).     

 

Figure 11 Economic evaluation model representing health states related to smoking and 
quitting 

 Model assumptions 

The following assumptions were used in the model. 

• Smokers receive mobile phone text messaging interventions only once in their 

lifetime. Therefore, the costs and effectiveness of the intervention occurred 

once at the beginning of the cohort.  
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• The risks of developing smoking-related diseases are constant over a period of 

time. 

• Time lag assuming that the risk of developing diseases will occur when smokers 

have exposed to smoking for 10 years (130-132).  

• Smokers and quitters have a chance to develop only one smoking-related 

disease in their lifetime. 

• All smoking-related diseases are chronic. Once smokers or quitters develop a 

smoking-related disease, they cannot move back to a disease-free health state. 

Model inputs  

Transitional probabilities 

The probabilities of quitting (the cohort moves from the state of smokers to the state of 

quitters) and relapse (cohort moves from the state of quitters to the state of smokers) of those 

that did not receive an intervention were collected from Jampaklay et al. (133), while the 

probabilities of those who received an intervention were obtained from the 6-month results 

of the iCanQuit trial. In addition, the probabilities of developing all four smoking-related 

diseases in the general population were collected from the BOD Thailand (134). The 

probability of developing smoking-related diseases in smokers and quitters aged 41 years and 

over was adjusted using relative risk. The proportions of smokers who smoked at different 

intensities were also obtained from the results of the iCanQuit trial. 

The relative risk of developing COPD in smokers and quitters was obtained from Forey et al. 

(135). The relative risk of developing stroke in smokers and quitters was obtained from 

Hippisley-Cox et al. (136). The relative risk of developing IHD in smokers and quitters was 

obtained from Baba et al. (137). The relative risk of developing lung cancer in smokers and 

quitters was obtained from Pesch et al. (138).  

Figure 12 and Figure 13 illustrate the probabilities of developing smoking-related diseases in 

both men and women aged 30 to 99 years. These probabilities were adjusted by a lag time of 

10 years, which assumes that smokers or quitters will develop diseases when they have been 

exposed to smoking for more than 10 years (130-132). Thus, smokers and quitters aged 30-39 

were assumed to have the same probability of developing diseases as the general population.  
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Figure 12 Probability of developing smoking-related diseases among males 

 

 

Figure 13 Probability of developing smoking-related diseases among females 
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Cost measurement 

1) Intervention costs 

 Costs of intervention per person consisted of text message cost, labour cost to send text 

messages, and development cost of the programme. For the ‘do nothing’ scenario, the cost of 

intervention was not counted, but direct medical and direct non-medical costs were included.  

2) Direct medical costs 

The direct medical costs per person were calculated using data retrieved from the 

National Health Security Office (NHSO). The direct medical costs covered treatment costs of 

smoking-related diseases at the hospitals’ in-patient department (IPD) and out-patient 

department (OPD) among those who received healthcare services from January to December 

2016. Table 6 shows ICD-10 codes used to identify patients with smoking-related diseases in 

the NHSO database. 

Table 6 ICD-10 codes used to identify patients with smoking-related diseases  

Smoking-

related diseases 

ICD-10 

codes 

OPD IPD 

Male (N) Female (N) Male (N) Female (N) 

COPD J40-J44 371,099 276,600 49,109 21,523 

Stroke I60-I69 224,860 165,701 57,262 45,013 

IHD I20-I25 177,896 121,882 38,748 28,450 

Lung cancer C33-C34 18,553 11,836 7,604 4,539 

3) Direct non-medical costs 

According to a societal perspective, direct non-medical costs (i.e. cost of travelling to receive 

treatments, additional cost of meals, and income lost due to illnesses) were included. Unit costs 

of travelling and food were collected from the standard cost list for health technology 

assessment (139) and these costs were adjusted using the consumer price index (CPI) from the 

years 2009 to 2017 (140). Income loss was calculated by adjusting the national income per 

capita with the average number of visits for OPD and the mean length of admission for IPD. 

The Thai national income per capita in 2016 was derived from the data of the Office of the 

National Economic and Social Development Board (NESDB) (141) and was adjusted using 

CPI in the year 2017. The number of visits and length of admission were calculated from the 



 

Health Intervention and Technology Assessment Program  41 | P a g e  

NHSO’s data of persons who received healthcare services for COPD, stroke, IHD, and lung 

cancer between January and December 2016 (see Table 6).  

Health outcomes 

Effectiveness of this intervention was assessed using the iCanQuit trial data. Probability of quitting 

was assessed at 1-month and 6-months after participants received the first set of messages. Moreover, 

7-day point prevalence abstinence at 6-month follow-up was adopted into the economic evaluation. 

Effectiveness of smoking abstinence of each intervention group is shown in Table 7. 

Table 7 7-day point prevalence abstinence at 6-month follow-up  

Intervention groups 7-day point prevalence abstinence 95% confidence interval 

Placebo 37% 30% 45% 

C 44% 36% 52% 

O 46% 38% 54% 

M 46% 38% 54% 

CO 33% 25% 41% 

CM 49% 41% 57% 

OM 44% 36% 52% 

COM 34% 26% 42% 

As Thailand has various strategies to support smoking cessation services, the comparator in 

this economic evaluation was a ‘do nothing’ scenario of no mobile phone text messages and 

no smoking cessation services (i.e. counselling) from the TNQ. The effectiveness of the ‘do 

nothing’ scenario was assessed using the general population’s figures of 2.4% for the 

probability to quit and 1.09% for the probability of relapse (133). 

For cost-utility analysis, the health outcome used was QALYs gained, which was calculated by 

multiplying life expectancy (life years gained) with quality of life (utility score) (142, 143). 

QALY gained for smokers or quitters who received interventions were compared to those of 

smokers or quitters who did not receive any intervention. The validation of using utility scores 

was addressed by retrieving utility values primarily from studies conducted in the Thai 

population. These included utility values of stroke, with 262 people evaluated from May-July 

2009 (134), and of lung cancer, with 300 participants evaluated in a cross-sectional study (144). 

However, utility values of IHD and COPD were not found from previous studies in Thailand 

at the time of this economic evaluation. Thus, utility of IHD was obtained from the iCanQuit 

trial, which included 47 participants who had heart diseases, and utility of COPD was retrieved 
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from a meta-analysis that included 32 studies (145). In addition, these utility values were 

obtained by using the EuroQol 5-Dimension Questionnaire (EQ-5D) to assess health 

conditions, including level of mobility, self-care performance, usual activity engagement, 

pain/discomfort, and anxiety/depression (146). 

Discounting 

Using a time horizon of more than one year, all future costs and health outcomes were 

discounted at a rate of 3% per annum following the recommendation of the Thai health 

technology assessment guidelines.   
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Table 8 Input parameters, their values and distributions, and sources 

Parameters Distribution Mean SE References 

Discounting rate     

Discounting rate for costs  3%  Thai HTA guideline (129) 

Discounting rate for outcomes  3%  Thai HTA guideline (129) 

Transitional probabilities     

Probability of quitting per 4 years Beta 0.10 0.01 Jampaklay et al. (133) 

Probability of relapse per 4 years Beta 0.44 0.03 Jampaklay et al. (133) 

Probability of quitting per 1 year Beta 0.024   

Probability of relapse per 1 year Beta 0.109   

Probability of quitting in group placebo per 6 months Beta 0.37 0.04 iCanQuit trial 

Probability of quitting in group C per 6 months Beta 0.44 0.04 iCanQuit trial 

Probability of quitting in group O per 6 months Beta 0.46 0.04 iCanQuit trial 

Probability of quitting in group M per 6 months Beta 0.46 0.04 iCanQuit trial 

Probability of quitting in group CO per 6 months Beta 0.33 0.04 iCanQuit trial 

Probability of quitting in group CM per 6 months Beta 0.49 0.04 iCanQuit trial 

Probability of quitting in group OM per 6 months Beta 0.44 0.04 iCanQuit trial 

Probability of quitting in group COM per 6 months Beta 0.34 0.04 iCanQuit trial 

Probability of developing COPD in males aged 30-39 years old Beta 0.000243 0.00001 BOD Thailand (134) 

Probability of developing stroke in males aged 30-39 years old Beta 0.000604 0.00001 BOD Thailand (134) 

Probability of developing IHD in males aged 30-39 years old Beta 0.000407 0.00001 BOD Thailand (134) 

Probability of developing lung cancer in males aged 30-39 years old Beta 0.000072 0.00000 BOD Thailand (134) 

Probability of developing COPD in females aged 30-39 years old Beta 0.00010 0.00010 BOD Thailand (134) 

Probability of developing stroke in females aged 30-39 years old Beta 0.00036 0.00036 BOD Thailand (134) 

Probability of developing IHD in females aged 30-39 years old Beta 0.00013 0.00013 BOD Thailand (134) 

Probability of developing lung cancer in females aged 30-39 years old Beta 0.00005 0.00005 BOD Thailand (134) 

Proportion     

Proportion of smoking 1 - 5 cigarettes per day Beta 0.412 0.012 iCanQuit trial 
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Parameters Distribution Mean SE References 

Proportion of smoking 6 - 20 cigarettes per day Beta 0.527 0.013 iCanQuit trial 

Proportion of smoking 1 - 9 cigarettes per day Beta 0.525 0.013 iCanQuit trial 

Proportion of smoking 10 - 19 cigarettes per day Beta 0.285 0.011 iCanQuit trial 

Proportion of smoking 1 - 14 cigarettes per day Beta 0.744 0.011 iCanQuit trial 

Proportion of smoking 15 - 34 cigarettes per day Beta 0.221 0.010 iCanQuit trial 

Proportion of smoking 1 - 10 cigarettes per day Beta 0.712 0.011 iCanQuit trial 

Proportion of smoking 11 - 20 cigarettes per day Beta 0.227 0.011 iCanQuit trial 

Proportion of smoking 21 - 30 cigarettes per day Beta 0.025 0.004 iCanQuit trial 

Relative risk     

Relative risk of developing COPD in male smokers who smoke 1 - 5 
cigarettes per day 

Lognormal 1.06 0.14 Forey et al. (135) 

Relative risk of developing COPD in male smokers who smoke 6 - 20 
cigarettes per day 

Lognormal 1.83 0.14 Forey et al. (135) 

Relative risk of developing COPD in male smokers who smoke more 
than 20 cigarettes per day 

Lognormal 2.25 0.13 Forey et al. (135) 

Relative risk of developing COPD in male smokers who smoke 1 - 9 
cigarettes per day 

Lognormal 0.53 0.04 Hippisley-Cox et al. (136) 

Relative risk of developing stroke in male smokers who smoke 10 -19 
cigarettes per day 

Lognormal 0.53 0.04 Hippisley-Cox et al. (136) 

Relative risk of developing stroke in male smokers who smoke more 
than 19 cigarettes per day 

Lognormal 0.72 0.03 Hippisley-Cox et al. (136) 

Relative risk of developing IHD in male smokers who smoke 1 - 14 
cigarettes per day 

Lognormal 0.84 0.26 Baba et al. (137) 

Relative risk of developing IHD in male smokers who smoke 15 - 34 
cigarettes per day 

Lognormal 1.09 0.19 Baba et al. (137) 

Relative risk of developing IHD in male smokers who smoke more 
than 34 cigarettes per day 

Lognormal 1.12 0.27 Baba et al. (137) 

Relative risk of developing lung cancer in male smokers who smoke 1 
- 10 cigarettes per day 

Lognormal 2.23 0.09 Pesch et al. (138) 

Relative risk of developing lung cancer in male smokers who smoke 
11 - 20 cigarettes per day 

Lognormal 3.14 0.08 Pesch et al. (138) 
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Parameters Distribution Mean SE References 

Relative risk of developing lung cancer in male smokers who smoke 
21 - 30 cigarettes per day 

Lognormal 3.58 0.09 Pesch et al. (138) 

Relative risk of developing lung cancer in male smokers who smoke 
more than 30 cigarettes per day 

Lognormal 3.98 0.10 Pesch et al. (138) 

Relative risk of developing COPD in female smokers who smoke 1 - 
5 cigarettes per day 

Lognormal 1.06 0.14 Forey et al. (135) 

Relative risk of developing COPD in female smokers who smoke 6 - 
20 cigarettes per day 

Lognormal 1.83 0.14 Forey et al. (135) 

Relative risk of developing COPD in female smokers who smoke 
more than 20 cigarettes per day 

Lognormal 2.25 0.13 Forey et al. (135) 

Relative risk of developing stroke in female smokers who smoke 1 - 9 
cigarettes per day 

Lognormal 0.45 0.04 Hippisley-Cox et al. (136) 

Relative risk of developing stroke in female smokers who smoke 10 -
19 cigarettes per day 

Lognormal 0.62 0.03 Hippisley-Cox et al. (136) 

Relative risk of developing stroke in female smokers who smoke 
more than 19 cigarettes per day 

Lognormal 0.81 0.04 Hippisley-Cox et al. (136) 

Relative risk of developing IHD in female smokers who smoke 1 - 14 
cigarettes per day 

Lognormal 0.84 0.26 Baba et al. (137) 

Relative risk of developing IHD in female smokers who smoke 15 - 
34 cigarettes per day 

Lognormal 1.09 0.19 Baba et al. (137) 

Relative risk of developing IHD in female smokers who smoke more 
than 34 cigarettes per day 

Lognormal 1.12 0.27 Baba et al. (137) 

Relative risk of developing lung cancer in female smokers who smoke 
1 - 10 cigarettes per day 

Lognormal 1.16 0.11 Pesch et al. (138) 

Relative risk of developing lung cancer in female smokers who smoke 
11 - 20 cigarettes per day 

Lognormal 2.17 0.09 Pesch et al. (138) 

Relative risk of developing lung cancer in female smokers who smoke 
21 - 30 cigarettes per day 

Lognormal 3.10 0.15 Pesch et al. (138) 

Relative risk of developing lung cancer in female smokers who smoke 
more than 30 cigarettes per day 

Lognormal 3.69 0.27 Pesch et al. (138) 

Relative risk of developing COPD in male quitters Lognormal 1.05 0.10 Forey et al. (135) 

Relative risk of developing stroke in male quitters Lognormal 0.16 0.03 Hippisley-Cox et al. (136) 
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Parameters Distribution Mean SE References 

Relative risk of developing IHD in male quitters Lognormal 0.10 0.24 Baba et al. (137) 

Relative risk of developing lung cancer in male quitters Lognormal 2.01 0.07 Pesch et al. (138) 

Relative risk of developing COPD in female quitters Lognormal 0.70 0.02 Forey et al. (135) 

Relative risk of developing stroke in female quitters Lognormal 0.15 0.04 Hippisley-Cox et al. (136) 

Relative risk of developing IHD in female quitters Lognormal 1.03 0.60 Baba et al. (137) 

Relative risk of developing lung cancer in female quitters Lognormal 1.03 0.08 Pesch et al. (138) 

Costs and resource utilisation     

SMS cost per person Gamma 30.53 0.13 iCanQuit trial 

SMS labour cost per person 
 

1.99 
 

iCanQuit trial 

SMS development cost per person 
 

18.05 
 

iCanQuit trial 

Cost of iCanQuit programme per person 
 

50.57 
 

iCanQuit trial 

Cost of treating COPD in IPD in males Gamma 40,829 401 NHSO database 

Cost of treating COPD in OPD in males Gamma 608 41 NHSO database 

Cost of treating stroke in IPD in males Gamma 56,069 497 NHSO database 

Cost of treating stroke in OPD in males Gamma 1,855 21 NHSO database 

Cost of treating IHD in IPD in males Gamma 162,962 1192 NHSO database 

Cost of treating IHD in OPD in males Gamma 2,930 29 NHSO database 

Cost of treating lung cancer in IPD in males Gamma 69,976 1219 NHSO database 

Cost of treating lung cancer in OPD in males Gamma 6,341 332 NHSO database 

Cost of treating COPD in IPD in females Gamma 30,453 471 NHSO database 

Cost of treating COPD in OPD in females Gamma 312 6 NHSO database 

Cost of treating stroke in IPD in females Gamma 56,100 586 NHSO database 

Cost of treating stroke in OPD in females Gamma 9,092 6186 NHSO database 

Cost of treating IHD in IPD in females Gamma 131,509 1258 NHSO database 

Cost of treating IHD in OPD in females Gamma 2,719 306 NHSO database 

Cost of treating lung cancer in IPD in females Gamma 64,342 1432 NHSO database 

Cost of treating lung cancer in OPD in females Gamma 7,535 419 NHSO database 

Cost of traveling Gamma 148 12 Thai standard cost list 
(139) 
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Parameters Distribution Mean SE References 

Cost of food Gamma 55 6 Thai standard cost list 
(139) 

Thai national income per capita 
 

405 
 

NESDB (141) 

Number of visits of COPD in males Gamma 2.701 0.006 NHSO database 

Number of visits of stroke in males Gamma 2.550 0.008 NHSO database 

Number of visits of IHD in males Gamma 2.426 0.004 NHSO database 

Number of visits of lung cancer in males Gamma 3.086 0.030 NHSO database 

Number of visits of COPD in females Gamma 1.764 0.004 NHSO database 

Number of visits of stroke in females Gamma 2.450 0.008 NHSO database 

Number of visits of IHD in females Gamma 2.324 0.005 NHSO database 

Number of visits of lung cancer in females Gamma 3.218 0.037 NHSO database 

Length of stay of COPD in males Gamma 10.385 0.067 NHSO database 

Length of stay of stroke in males Gamma 8.194 0.056 NHSO database 

Length of stay of IHD in males Gamma 7.072 0.039 NHSO database 

Length of stay of lung cancer in males Gamma 13.684 0.162 NHSO database 

Length of stay of COPD in females Gamma 8.594 0.083 NHSO database 

Length of stay of stroke in females Gamma 8.173 0.060 NHSO database 

Length of stay of IHD in females Gamma 7.375 0.051 NHSO database 

Length of stay of lung cancer in females Gamma 12.833 0.202 NHSO database 

Utilities     

Utility for quitters without any disease per 6 months Beta 0.974 0.003 iCanQuit trial 

Utility for smokers without any disease per 6 months Beta 0.987 0.002 iCanQuit trial 

Utility for COPD patients Beta 0.983 0.003 Moayeri et al. (145) 

Utility for stroke patients Beta 0.979 0.003 BOD Thailand (134) 

Utility for IHD patients Beta 0.673 0.010 iCanQuit trial 

Utility for lung cancer patients Beta 0.290 0.026 Thongprasert et al. (144) 
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Analysis 

Incremental cost-effectiveness ratio (ICER) of the text messaging programme for smoking 

cessation was analysed compared to a “no intervention” scenario. The base-case analysis 

showed that the probability of continuing to smoke after receiving the intervention declines as 

age increases.  

ICER is calculated by dividing incremental cost by incremental effectiveness or health 

outcome. ICER was calculated using the following equation. 

𝐼𝐶𝐸𝑅 =  
(𝑐𝑜𝑠𝑡 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 − 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑛𝑜 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛)

(𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 − 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 𝑜𝑓 𝑛𝑜 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛)
 

In addition, the expected net monetary benefit (NMB) of each pattern of intervention was 

calculated for each ratio value. 

The threshold of 160,000 THB per QALY gained was used as the threshold against which the 

value for money of each algorithm was compared, as recommended by the Subcommittee for 

the Development of the Benefits Package and Service Delivery, the National Health Security 

Office (NHSO). 

Sensitivity analysis  

One-way sensitivity analysis was performed to examine the uncertainty surrounding each 

parameter individually and results were presented using a tornado diagram. All parameters 

were assessed for variations by assuming the minimum and maximum values that were 

generated from 1,000 iterations. Moreover, probabilistic sensitivity analyses (PSA) were 

conducted to examine the effect of all parameter uncertainties using a second order Monte 

Carlo simulation performed by Microsoft Office® Excel. According to the possible range of 

each input parameter value, its probability distributions were assigned as follows: 1) the beta-

distribution was assigned when parameter values ranged between zero and one, such as in 

probability and utility parameters; 2) the gamma-distribution was specified when parameter 

values were above zero and positively skewed, such as cost parameters; and 3) the log-normal 

distribution was used for survival parameters, such as constant and coefficient for baseline 

hazard, and ancillary parameters (gamma) for death and failure events. The mean, standard 
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error (SE), and distributions of input parameters used in the economic model are shown in 

Table 8. The second order Monte Carlo simulation was run for 1,000 iterations to yield a range 

of probable values for total costs, health outcomes, and incremental cost-effectiveness ratios 

(ICERs) in THB per QALY gained. 

Model validation 

Methods for model validation of this economic evaluation included face validation and 

verifying input parameters with previous literature. For face validation, consultation meetings 

with stakeholders were conducted, as recommended as good practice for Health Technology 

Assessment (HTA). The meetings were conducted in two sessions; firstly, stakeholders were 

invited to provide essential information for developing the model and to clarify the 

methodology used. Secondly, the same group of stakeholders and other relevant parties were 

invited to the presentation of results. During the results presentation, researchers had the 

opportunity to validate the input parameters in the model in addition to the results. 

 

6. Results  

6.1. A factorial randomised controlled trial of behaviour change 

components in text messaging 

Participant recruitment  

Participant recruitment occurred between 11 January 2017 and 14 January 2018. An extension 

of 6 months was made to the original plan because the number of participants recruited was 

only 133 (8%) out of the target sample size of 1,670 after four months. A CONSORT diagram 

reporting the flow of participants at each stage, including enrolment, allocation, follow-up, and 

analysis is presented in Figure 14. 

Participants were recruited from the Thailand National Quitline (TNQ) and online registration 

(self-completion of the online-based questionnaire). The majority were recruited from the 

TNQ, accounting for 87% of the total sample. Of the 3,048 people that showed initial interest 

via the TNQ, 1,682 people (55%) were excluded from the trial. Reasons for the exclusion were 
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‘already quit’ (54%), ‘no longer interested’ (20%), ‘changed contact number’ (6%), and ‘unable 

to contact/interview’ (20%). In the end, 1,366 smokers (45%) completed the baseline 

questionnaire and enrolled in the trial. From the online registration portal, the participant 

information sheet was read 54,852 times. Most people (98%) read the trial information 

(participant information sheets), but they did not move on to the consent form page. There 

were 465 people (0.9%) who did not provide consent, and 548 people (1%) did not complete 

the baseline questionnaire. In total, 208 smokers completed the baseline questionnaire and 

enrolled in the trial. However, there were three duplicate cases identified from the participant 

database (participants who provided different mobile numbers). These three numbers were 

then removed from the trial. Thus, a total of 1,571 participants (94% of the original target 

sample size) were enrolled. 

Each participant randomly received one of the eight allocated text messages (placebo, C, O, 

M, CO, CM, OM, and COM). There were 16 participants (1%) who did not receive any text 

messages due to error. Two participants (0.1%) asked to stop receiving the messages because 

they found the texts to be bothersome. After sending text messages to participants for 30 days, 

a 1-month follow-up was completed on 22 February 2018. A total of 1,310 participants (83%) 

provided smoking status and 1,197 participants (76%) completed the 1-month follow-up 

questionnaire (secondary outcomes available). An intention-to-treat (ITT) sample of all 

participants (n=1,571) was used for the primary analysis. There were 1,260 participants that 

received the intended 60 text messages; this sample was identified as the per-protocol sample.  
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Excluded (n = 1,682) 

▪ Eligibility reasons (n = 906):  
- Quit smoking (n = 906) 
- Other eligibility criteria (n = 0) 

▪ Consent reasons (n = 776):  
- Declined to participate (n = 339) 
- Changed mobile number (n = 93) 
- Unable to contact/interview (n = 344) 

Enrolment 

Randomized (n= 1,574) 

Completed baseline 
questionnaire and included in 

the trial (n= 1,366) 

Excluded (n= 5) 

▪ Eligibility reasons: 

- Quit smoking (n = 1) 

- Did not provide a mobile phone number (n = 4) 

Excluded (n = 54,639) 

▪ Consent reasons: 
- Was not interested in the trial (n = 53,626) 
- Did not consent (n = 465) 
- Incomplete baseline questionnaire (n = 548) 

Completed baseline 
questionnaire (n= 213) 

Included in the trial  
(n= 208) 

Entered the trial (n= 1,571) 

 

Duplicate participants  
(n = 3) 

Showed interest in trial from Quitline, 
assessed for eligibility (n = 3,048) 

Read the participant information 
sheet (n = 54,852) 

Thailand National Quitline Online platform 
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 Placebo C O M CO CM OM COM 

Allocated to intervention  n = 198 n = 196 n = 197 n = 199 n = 197 n = 194 n = 197 n = 193 

Received allocated intervention as intended (60 texts) n = 146 n = 162 n = 151 n = 154 n = 167 n = 161 n = 164 n = 155 

Did not receive all 60 text messages (1-59 texts) n = 48 n = 33 n = 45 n = 41 n = 28 n = 32 n = 31 n = 37 

Did not receive allocated intervention (0 texts) n = 4 n = 1 n = 1 n = 4 n = 2 n = 1 n = 2 n = 1 

 

 

 Placebo C O M CO CM OM COM 

Discontinued intervention only n = 0 n = 0 n = 2 n = 0 n = 0 n = 0 n = 0 n = 0 

Discontinued follow-up only n = 2 n = 3 n = 1 n = 1 n = 1 n = 0 n = 2 n = 1 

Lost to follow-up at 1 month (7-day point prevalence abstinence) n = 40 n = 32 n = 32 n = 35 n = 39 n = 30  n = 26 n = 27 

Lost to follow-up at 6 months (7-day point prevalence abstinence) n = 52 n = 37 n = 44 n = 45 n = 51 n = 43 n = 33 n = 48 

 

 

 Placebo C O M CO CM OM COM 

Intention-to-treat (ITT) sample n = 198 n = 196 n = 197 n = 199 n = 197 n = 194 n = 197 n = 193 

Per-protocol (PP) sample n = 146 n = 162 n = 151 n = 154 n = 167 n = 161 n = 164 n = 155 

Figure 14 CONSORT flow diagram showing the flow of participants to the 8 experimental groups (placebo, C, O, M, CO, CM, OM, and COM).  

Analysis 

Follow-up 

Allocation 

Entered the trial (n= 1,571) 
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Participant characteristics 

Overall, almost half (46%) of the participants were under 30 years old, 21% of the participants 

were between 31-40 years old, and 33% were above 40 years old. Around 83% of the 

participants had high intention to quit (ITQ) scores at baseline. A balance in sample size 

through stratified block randomisation among experimental conditions was noted. The sources 

of participant recruitment and of data collection were not used as stratification factors, but a 

balance in sample size across the different experimental conditions was also observed. Table 9 

reports the total sample and allocation of 8 experimental conditions across the different design 

choices of the trial. However, it should be noted that the presentation of descriptive statistics 

should compare the presence and absence of each intervention component (‘Capability’, 

‘Opportunity’, and ‘Motivation’). For example, ‘Capability’ contained experimental conditions 

C, CO, CM, and COM, whereas the control for ‘Capability’ contained experimental conditions 

placebo, O, M, and OM. Regardless, the presentation of 8 experimental conditions would 

provide more information and, hence, more transparency.  

Baseline characteristics of smokers who enrolled and received text messages are summarised 

in Table 10. Overall, all experimental groups had similar characteristics at baseline. Around 

81% of the participants were daily smokers with an average of 8 tobacco products used per 

day. The average level of nicotine dependence was 3 (moderate nicotine dependence). Ninety-

one percent of the participants had tried to quit before in the past 6 months and 96% were 

willing to quit smoking in the next month.  

On average, the participants spent a median of around 4 hours (IQR: 1 - 6.5 hours) daily on 

their phones. Around 87% of the participants used smartphones. Thirty-four percent of the 

participants had never used text messages, while only 15% of the participants had never used 

instant messages. Participants reported that they had used mobile apps for non-health-related 

purposes (74%) more than apps for health-related communications (16%).  

Approximately 43% of participants reported that they did not drink any alcohol in the past 12 

months. In addition, the mean AUDIT score was 6.21, which does not indicate hazardous or 

harmful use of alcohol, for which the threshold is a score above 8. In general, the quality of 

life of the participants was high with an average EQ-5D-5L score of 0.94 and an average visual 
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analogue scale of 78. Around one-third of the participants reported having one or more co-

morbidities.  

When comparing participant characteristics with available information from the Thai national 

census data (2), participants in this trial were generally younger and had a higher level of 

education than the national average. Twenty-seven percent of smokers in this trial were under 

the age of 24, compared to 12% in the Thai national census (illustrated in Figure 15) (2). 

Furthermore, more females (10% versus 5%) and a higher proportion of unemployed people 

(17% versus 10%) were observed. When considering smoking behaviour, there was a slightly 

lower proportion of daily smokers (81% versus 88%) as well as the number of tobacco 

products smoked per day (10 versus 11), and a much higher proportion of people with 

previous quit attempts (91% versus 33%) when compared to the national representative data. 

 

Figure 15 Age group comparison between the trial sample population and the Thai national 

census data 

Baseline characteristics of participants with smoking status at 1-month follow-up and 

missing outcome variables 

Seventeen percent of the participants (n=261) did not provide the self-reported 7-day point 

prevalence abstinence at 1-month follow-up. Participants who submitted their smoking status 

at 1-month follow-up were older (35.55 versus 33.23, p = 0.010), had a higher level of 
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education (22.82% versus 13.90%), started to smoke at an older age (17.07 versus 16.50, p-

value = 0.046), and had higher capability scores at baseline (16.95 versus 16.23, p-value = 

0.001) compared to participants that were lost to follow-up. Moreover, participants that 

received all intended text messages (85.27% versus 54.79%, p-value < 0.001) carry their phone 

at all times (91.99% versus 87.16%, p-value = 0.012), use instant text messages more frequently 

(70.22% versus 65.77%, p-value = 0.025), and were recruited via Quitline (87.86% versus 

82.38%, p-value 0.016) were associated with being missing. All variables that contained 

information about the missing data, showed statistically significant (p<0.1) association, ITQ 

scores at baseline, duration of smoking (years), quality of life, children at home, smoker 

network, and type of mobile phone, were included in the multiple imputation models. 
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Table 9 Allocation of experimental conditions by trial design choices  

Design choices 
Total 

(n=1,571) 

Experimental conditions 

Placebo 
(n=198) 

C  
(n=196) 

O 
(n=197) 

M 
(n=199) 

CO 
(n=197) 

CM 
(n=194) 

OM 
(n=197) 

COM 
(n=193) 

1. Stratification at randomisation, n (%) 

   Age at randomisation  

      less than 30 years old 716  
(45.58%) 

89 
(44.95%) 

89 
(45.41%) 

89 
(45.18%) 

90 
(45.23%) 

88 
(44.67%) 

90 
(46.39%) 

91 
(46.19%) 

90 
(46.63%) 

      31-40 years old 336  
(21.39%) 

43 
(21.72%) 

42 
(21.43%) 

44 
(22.34%) 

43 
(21.61%) 

43 
(21.83%) 

40 
(20.62%) 

41 
(20.81%) 

40 
(20.73%) 

      above 40 years old 519  
(33.04%) 

66 
(33.33%) 

65 
(33.16%) 

64 
(32.49%) 

66 
(33.17%) 

66 
(33.50%) 

64 
(32.99%) 

65 
(32.99%) 

63 
(32.64%) 

   Intention to quit group 

      Low (score: 1 – 5) 267  
(17.00%) 

34 
(17.17%) 

33 
(16.84%) 

34 
(17.26%) 

35 
(17.59%) 

33 
(16.75%) 

32 
(16.49%) 

33 
(16.75%) 

33 
(17.10%) 

      High (score: 6 – 10) 1304  
(83.00%) 

164 
(82.83%) 

163 
(83.16%) 

163 
(82.74%) 

164 
(82.41%) 

164 
(83.25%) 

162 
(83.51%) 

164 
(83.25%) 

160 
(82.90%) 

2. Source of participant recruitment, n (%) 

   Thailand National 
Quitline 

1366 
(86.95%) 

171 
(86.36%) 

178 
(90.82%) 

175 
(88.83%) 

170 
(85.43%) 

166 
(84.26%) 

172 
(88.66%) 

169 
(85.79%) 

165 
(85.49%) 

   Online  205  
(13.05%) 

27 
(13.64%) 

18  
(9.18%) 

22 
(11.17%) 

29 
(14.57%) 

31 
(15.74%) 

22 
(11.34%) 

28 
(14.21%) 

28 
(14.51%) 

3. Source of data collection, n (%) 

   Self-administered via 
online questionnaire 

325  
(20.69%) 

42 
(21.21%) 

33 
(16.84%) 

37 
(18.78%) 

42 
(21.11%) 

44 
(22.34%) 

45 
(23.20%) 

43 
(21.83%) 

39 
(20.21%) 

   Interview 1246  
(79.31%) 

156 
(78.79%) 

163 
(83.16%) 

160 
(81.22%) 

157 
(78.89%) 

153 
(77.66%) 

149 
(76.80%) 

154 
(78.17%) 

154 
(79.79%) 
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Table 10 Baseline characteristics of participants who enrolled and received text messages 

Baseline characteristic 
Total 

(n=1,571) 

Experimental conditions 

Placebo 
(n=198) 

C  
(n=196) 

O 
(n=197) 

M 
(n=199) 

CO 
(n=197) 

CM 
(n=194) 

OM 
(n=197) 

COM 
(n=193) 

Demographic variables 

   Age at randomisation 
(years), mean (sd), n 

35.17 
(13.39), 
1,571 

34.93 
(13.64), 
198 

35.12 
(13.14), 
196 

35.02 
(13.42), 
197 

35.46 
(14.16), 
199 

35.12 
(13.55), 
197 

35.21 
(13.10), 
194 

35.57 
(13.12), 
197 

34.90 
(13.16), 
193 

   Gender, n (%) 

      Female 154 (9.80%) 16 
(8.08%) 

17 
(8.67%) 

19 
(9.64%) 

20 
(10.05%) 

26 
(13.20%) 

20 
(10.31%) 

22 
(11.17%) 

14 
(7.25%) 

      Male  1417 
(90.20%) 

182 
(91.92%) 

179 
(91.33%) 

178 
(90.36%) 

179 
(89.95%) 

171 
(86.80%) 

174 
(89.69%) 

175 
(88.83%) 

179 
(92.75%) 

   Marital status, n (%) 

      Single, widowed, 
separated/divorced 

806   
(51.30%) 

111 
(56.06%) 

100 
(51.02%) 

106 
(53.81%) 

101 
(50.75%) 

101 
(51.27%) 

98  
(50.52%) 

93 
 (47.21%) 

96  
(49.74%) 

      Married/with a partner 742 
(47.23%) 

83 
(41.92%) 

95 
(48.47%) 

86 
(43.65%) 

95 
(47.74%) 

94 
(47.72%) 

93 
(47.94%) 

102 
(51.78%) 

94 
(48.70%) 

   Religion, n (%) 

      Others (Islam, 
Christianity, others, 
none) 

89 (5.67%) 6 (3.03%) 13 
(6.63%) 

14 
(7.11%) 

14 
(7.04%) 

11 
(5.58%) 

13 
(6.70%) 

10 
(5.08%) 

8 (4.15%) 

      Buddhism 1482 
(94.33%) 

192 
(96.97%) 

183 
(93.37%) 

183 
(92.89%) 

185 
(92.96%) 

186 
(94.42%) 

181 
(93.30%) 

187 
(94.92%) 

185 
(95.85%) 

   Education level, n (%) 

      Primary school and 
below  

300 
(19.10%) 

42 
(21.21%) 

38 
(19.39%) 

33 
(16.75%) 

40 
(20.10%) 

39 
(19.80%) 

39 
(20.10%) 

37 
(18.78%) 

32 
(16.58%) 

      Secondary or high 
school completed 

914 
(58.18%) 

106 
(53.54%) 

122 
(62.24%) 

113 
(57.36%) 

119 
(59.80%) 

116 
(58.88%) 

115 
(59.28%) 

116 
(58.88%) 

107 
(55.44%) 
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Baseline characteristic 
Total 

(n=1,571) 

Experimental conditions 

Placebo 
(n=198) 

C  
(n=196) 

O 
(n=197) 

M 
(n=199) 

CO 
(n=197) 

CM 
(n=194) 

OM 
(n=197) 

COM 
(n=193) 

      College/University 
and above 

329 
(20.94%) 

46 
(23.23%) 

32 
(16.33%) 

46 
(23.35%) 

39 
(19.60%) 

41 
(20.81%) 

37 
(19.07%) 

39 
(19.80%) 

49 
(25.39%) 

   Employment status, n (%) 

      Unemployed  270 
(17.19%) 

37 
(18.69%) 

33 
(16.84%) 

37 
(18.78%) 

37 
(18.59%) 

32 
(16.24%) 

28 
(14.43%) 

32 
(16.24%) 

34 
(17.62%) 

      Employed 1280 
(81.48%) 

160 
(80.81%) 

161 
(82.14%) 

157 
(79.70%) 

159 
(79.90%) 

162 
(82.23%) 

163 
(84.02%) 

161 
(81.73%) 

157 
(81.35%) 

   Quintile of asset index (socioeconomic status), n (%) 

      SES 1 635 
(40.42%) 

85 
(42.93%) 

75 
(38.27%) 

87 
(44.16%) 

89 
(44.72%) 

67 
(34.01%) 

74 
(38.14%) 

80 
(40.61%) 

78 
(40.41%) 

      SES 2 320 
(20.37%) 

44 
(22.22%) 

38 
(19.39%) 

36 
(18.27%) 

38 
(19.10%) 

44 
(22.34%) 

37 
(19.07%) 

46 
(23.35%) 

37 
(19.17%) 

      SES 3 180 
(11.46%) 

22 
(11.11%) 

30 
(15.31%) 

17 
(8.63%) 

18 
(9.05%) 

23 
(11.68%) 

24 
(12.37%) 

23 
(11.68%) 

23 
(11.92%) 

      SES 4 13 (0.83%) 4 (2.02%) 0 (0%) 2 (1.02%) 1 (0.50%) 1 (0.51%) 2 (1.03%) 1 (0.51%) 2 (1.04%) 

      SES 5 72 (4.58%) 8 (4.04%) 10 
(5.10%) 

14 
(7.11%) 

15 
(7.54%) 

11 
(5.58%) 

8 (4.12%) 3 (1.52%) 3 (1.55%) 

   Monthly household 
income in Thai Baht, 
mean (sd), n 

49,945.70 
(531,907.90)
, 1,452 

36,703.30 
(54,789.20
), 182 

31,342.42 
(37,303.03
), 182 

36,880.03 
(54,650.77
), 184 

31,786.10 
(37,771.67
), 187 

32,616.99 
(35,361.23
), 183 

47,603.85 
(223,391.3
1), 182 

34,858.89 
(51,397.11
), 180 

154,066.8
6 
(1,523,760
.97), 172 

   Number of co-morbidities, n (%) 

      No co-morbidities 995  
(63.34%) 

124 
(62.63%) 

121 
(61.73%) 

130 
(65.99%) 

132 
(66.33%) 

105 
(53.30%) 

125 
(64.43%) 

133 
(67.51%) 

125 
(64.77%) 

      1 or more co-
morbidities 

576 
(36.66%) 

74 
(37.37%) 

75 
(38.27%) 

67 
(34.01%) 

67 
(33.67%) 

92 
(46.70%) 

69 
(35.57%) 

64 
(32.49%) 

68 
(35.23%) 

   Number of smoking-related family medical history, n (%) 
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Baseline characteristic 
Total 

(n=1,571) 

Experimental conditions 

Placebo 
(n=198) 

C  
(n=196) 

O 
(n=197) 

M 
(n=199) 

CO 
(n=197) 

CM 
(n=194) 

OM 
(n=197) 

COM 
(n=193) 

      No family medical 
history with smoking-
related illness 

1368 
(87.08%) 

173 
(87.37%) 

167 
(85.20%) 

173 
(87.82%) 

173 
(86.93%) 

169 
(85.79%) 

171 
(88.14%) 

174 
(88.32%) 

168 
(87.05%) 

      1 or more illness(es) 203 
(12.92%) 

25 
(12.63%) 

29 
(14.80%) 

24 
(12.18%) 

26 
(13.07%) 

28 
(14.21%) 

23 
(11.86%) 

23 
(11.68%) 

25 
(12.95%) 

   Children at home, n (%) 

      No children at home 875 
(55.70%) 

124 
(62.63%) 

111 
(56.63%) 

106 
(53.81%) 

103 
(51.76%) 

104 
(52.79%) 

110 
(56.70%) 

97 
(49.24%) 

120 
(62.18%) 

      Children at home 681 
(43.35%) 

74 
(37.37%) 

84 
(42.86%) 

87 
(44.16%) 

94 
(47.24%) 

92 
(46.70%) 

81 
(41.75%) 

97 
(49.24%) 

72 
(37.31%) 

   Smoker’s social network, n (%) 

      0 367 
(23.36%) 

46 
(23.23%) 

50 
(25.51%) 

42 
(21.32%) 

53 
(26.63%) 

41 
(20.81%) 

44 
(22.68%) 

51 
(25.89%) 

40 
(20.73%) 

      1 or more 1204 
(76.64%) 

152 
(76.77%) 

146 
(74.49%) 

155 
(78.68%) 

146 
(73.37%) 

156 
(79.19%) 

150 
(77.32%) 

146 
(74.11%) 

153 
(79.27%) 

Smoking behaviour  

   Type of smoker, n (%)          

      Non-daily smoker 295 
(18.78%) 

41 
(20.71%) 

38 
(19.39%) 

40 
(20.30%) 

41 
(20.60%) 

30 
(15.23%) 

36 
(18.56%) 

34 
(17.26%) 

35 
(18.13%) 

      Daily smoker 1270 
(80.84%) 

157 
(79.29%) 

157 
(80.10%) 

155 
(78.68%) 

158 
(79.40%) 

167 
(84.77%) 

158 
(81.44%) 

162 
(82.23%) 

156 
(80.83%) 

   Number of tobacco 
products used per day, 
mean (sd), n 

9.75 (8.44), 
1,554 

9.74 
(8.11), 194 

9.16 
(7.79), 193 

9.74 
(8.42), 195 

9.15 
(8.55), 195 

10.21 
(9.10), 195 

9.82 
(8.03), 194 

9.75 
(8.34), 197 

10.40 
(9.14), 191 

   Fagerström Test for 
Nicotine Dependence 
scores, mean (sd), n 

3.23 (2.35), 
1,524 

3.25 
(2.35), 190 

3.19 
(2.43), 190 

3.10 
(2.33), 195 

3.28 
(2.42), 194 

3.12 
(2.41), 189 

3.32 
(2.28), 187 

3.19 
(2.31), 192 

3.43 
(2.29), 187 
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Baseline characteristic 
Total 

(n=1,571) 

Experimental conditions 

Placebo 
(n=198) 

C  
(n=196) 

O 
(n=197) 

M 
(n=199) 

CO 
(n=197) 

CM 
(n=194) 

OM 
(n=197) 

COM 
(n=193) 

   Age at at smoking 
initiation (years), mean 
(sd), n 

16.98 (4.26), 
1,563 

17.52 
(5.33), 198 

16.87 
(4.65), 194 

17.08 
(3.59), 196 

16.45 
(4.02), 198 

17.28 
(4.44), 197 

16.96 
(4.30), 193 

16.69 
(3.26), 196 

16.97 
(4.14), 191 

   Duration of smoking  
(years), mean (sd), n 

17.32 
(12.69), 
1,563 

16.58 
(12.44), 
198 

16.89 
(12.23), 
193 

16.74 
(12.84), 
196 

18.86 
(14.24), 
197 

17.39 
(12.90), 
197 

17.51 
(12.11), 
194 

17.28 
(12.92), 
196 

17.29 
(11.76), 
192 

   History of previous quit attempts in the past 6 months, n (%) 

      No 121 (7.70%) 15 
(7.58%) 

18 
(9.18%) 

20 
(10.15%) 

10 
(5.03%) 

16 
(8.12%) 

16 
(8.25%) 

13 
(6.60%) 

13 
(6.74%) 

      Yes 1432 
(91.15%) 

181 
(91.41%) 

176 
(89.80%) 

176 
(89.34%) 

184 
(92.46%) 

179 
(90.86%) 

175 
(90.21%) 

182 
(92.39%) 

179 
(92.75%) 

   Number of methods 
used to assist smoking 
cessation, mean (sd), n 

0.78 (0.83), 
1,571 

0.87 
(0.85), 198 

0.92 
(0.93), 196 

0.80 
(0.89), 197 

0.74 
(0.82), 199 

0.71 
(0.80), 197 

0.81 
(0.76), 194 

0.58 
(0.72), 197 

0.79 
(0.85), 193 

   Duration of quit 
attempt in the last 6 
months (days), mean 
(sd), n 

20.12 
(84.42), 
1,558 

23.65 
(116.27), 
196 

23.06 
(132.63), 
195 

14.57 
(40.30), 
195 

19.50 
(56.30), 
195 

13.77 
(31.76), 
194 

15.12 
(46.92), 
194 

21.98 
(87.29), 
196 

29.32 
(101.35), 
193 

   Number of reasons for 
inability to quit 
smoking, mean (sd), n 

2.69 (1.89), 
1,571 

2.70 
(1.99), 198 

2.71 
(1.90), 196 

2.59 
(1.79), 197 

2.74 
(2.03), 199 

2.68 
(1.73), 197 

2.82 
(1.95), 194 

2.42 
(1.73), 197 

2.87 
(1.96), 193 

Behaviour change to support smoking cessation, mean (sd), n 

   Capability to quit 
smoking 

16.84 (3.23), 
1,556 

16.49 
(3.20), 198 

17.05 
(2.98), 193 

17.24 
(3.11), 195 

16.82 
(3.42), 197 

16.40 
(3.66), 193 

17.06 
(3.07), 193 

17.09 
(2.83), 197 

16.53 
(3.43), 190 

   Opportunity to 
support smoking 
cessation 

16.86 (3.83), 
1,558 

16.30 
(3.98), 198 

16.96 
(3.79), 193 

17.03 
(3.93), 196 

17.04 
(3.88), 198 

16.28 
(3.99), 194 

17.34 
(3.40), 192 

17.05 
(3.81), 196 

16.93 
(3.76), 191 
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Baseline characteristic 
Total 

(n=1,571) 

Experimental conditions 

Placebo 
(n=198) 

C  
(n=196) 

O 
(n=197) 

M 
(n=199) 

CO 
(n=197) 

CM 
(n=194) 

OM 
(n=197) 

COM 
(n=193) 

   Motivation to quit 
smoking 

18.89 (2.64), 
1,555 

18.51 
(3.18), 196 

19.09 
(2.68), 195 

19.02 
(2.30), 196 

18.92 
(2.46), 198 

18.69 
(3.05), 195 

19.09 
(2.22), 192 

18.88 
(2.58), 194 

18.94 
(2.47), 189 

   Smoking abstinence 
self-efficacy score 

40.66 
(13.92), 
1,543 

39.77 
(13.95), 
196 

40.93 
(14.14), 
191 

41.07 
(13.72), 
195 

42.54 
(13.63), 
196 

39.86 
(14.12), 
192 

41.21 
(14.16), 
190 

39.62 
(14.26), 
193 

40.22 
(13.39), 
190 

   Intention to quit score 8.12 (2.13), 
1,571 

8.09 
(2.13), 198 

8.13 
(2.13), 196 

8.15 
(2.11), 197 

8.20 
(2.20), 199 

7.89 
(2.19), 197 

8.17 
(2.12), 194 

8.25 
(1.98), 197 

8.06 
(2.18), 193 

   Willing to quit in the next month, n (%) 

      No 28 (1.78%) 3 (1.52%) 2 (1.02%) 0 (0%) 3 (1.51%) 5 (2.54%) 7 (3.61%) 3 (1.52%) 5 (2.59%) 

      Yes 1511 
(96.18%) 

189 
(95.45%) 

187 
(95.41%) 

193 
(97.97%) 

193 
(96.98%) 

188 
(95.43%) 

184 
(94.85%) 

191 
(96.95%) 

186 
(96.37%) 

Mobile phone usage  

   Minutes per day spent 
on mobile phone, mean 
(sd), n 

282.56 
(293.79), 
1,558 

318.79 
(468.37), 
198 

255.36 
(224.15), 
193 

248.22 
(220.34), 
197 

261.62 
(256.37), 
197 

279.82 
(254.22), 
194 

275.41 
(279.87), 
194 

320.98 
(311.73), 
195 

300.38 
(247.75), 
190 

   Type of mobile phone owned, n (%) 

      Simple mobile phone 174 
(11.08%) 

26 
(13.13%) 

21 
(10.71%) 

19 
(9.64%) 

25 
(12.56%) 

24 
(12.18%) 

21 
(10.82%) 

23 
(11.68%) 

15 
(7.77%) 

      Smartphone 1364 
(86.82%) 

167 
(84.34%) 

173 
(88.27%) 

176 
(89.34%) 

165 
(82.91%) 

169 
(85.79%) 

170 
(87.63%) 

170 
(86.29%) 

174 
(90.16%) 

   Frequency of text messaging, n (%) 

      Multiple times per day 374 
(23.81%) 

42 
(21.21%) 

45 
(22.96%) 

49 
(24.87%) 

60 
(30.15%) 

48 
(24.37%) 

43 
(22.16%) 

42 
(21.32%) 

45 
(23.32%) 

      Everyday 349 
(22.22%) 

49 
(24.75%) 

43 
(21.94%) 

52 
(26.40%) 

49 
(24.62%) 

35 
(17.77%) 

38 
(19.59%) 

38 
(19.29%) 

45 
(23.32%) 

      Weekly 299 
(19.03%) 

37 
(18.69%) 

40 
(20.41%) 

35 
(17.77%) 

28 
(14.07%) 

42 
(21.32%) 

39 
(20.10%) 

40 
(20.30%) 

38 
(19.69%) 
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Baseline characteristic 
Total 

(n=1,571) 

Experimental conditions 

Placebo 
(n=198) 

C  
(n=196) 

O 
(n=197) 

M 
(n=199) 

CO 
(n=197) 

CM 
(n=194) 

OM 
(n=197) 

COM 
(n=193) 

      Never 536 
(34.12%) 

69 
(34.85%) 

65 
(33.16%) 

61 
(30.96%) 

62 
(31.16%) 

68 
(34.52%) 

73 
(37.63%) 

77 
(39.09%) 

61 
(31.61%) 

   Frequency of using instant messages, n (%) 

      Multiple times per day 1081 
(68.81%) 

140 
(70.71%) 

128 
(65.31%) 

141 
(71.57%) 

137 
(68.84%) 

138 
(70.05%) 

126 
(64.95%) 

131 
(66.50%) 

140 
(72.54%) 

      Everyday 181 
(11.52%) 

18 
(9.09%) 

21 
(10.71%) 

24 
(12.18%) 

23 
(11.56%) 

17 
(8.63%) 

26 
(13.40%) 

28 
(14.21%) 

24 
(12.44%) 

      Weekly 60 (3.82%) 7 (3.54%) 12 
(6.12%) 

8 (4.06%) 6 (3.02%) 7 (3.55%) 10 
(5.15%) 

7 (3.55%) 3 (1.55%) 

      Never 234 
(14.89%) 

31 
(15.66%) 

30 
(15.31%) 

24 
(12.18%) 

33 
(16.58%) 

32 
(16.24%) 

29 
(14.95%) 

31 
(15.74%) 

24 
(12.44%) 

   Frequency of using mobile apps for health-related communications, n (%) 

      Multiple times per day 67 (4.26%) 9 (4.55%) 15 
(7.65%) 

6 (3.05%) 9 (4.52%) 7 (3.55%) 10 
(5.15%) 

3 (1.52%) 8 (4.15%) 

      Everyday 54 (3.44%) 5 (2.53%) 5 (2.55%) 10 
(5.08%) 

5 (2.51%) 6 (3.05%) 3 (1.55%) 13 
(6.60%) 

7 (3.63%) 

      Weekly 110 (7.00%) 13 
(6.57%) 

13 
(6.63%) 

18 
(9.14%) 

20 
(10.05%) 

10 
(5.08%) 

10 
(5.15%) 

17 
(8.63%) 

9 (4.66%) 

      Never 1323 
(84.21%) 

169 
(85.35%) 

161 
(82.14%) 

161 
(81.73%) 

163 
(81.91%) 

171 
(86.80%) 

169 
(87.11%) 

163 
(82.74%) 

166 
(86.01%) 

   Frequency of using mobile apps for non-health-related communications, n (%) 

      Multiple times per day 918  
(58.43%) 

109 
(55.05%) 

108 
(55.10%) 

127 
(64.47%) 

110 
(55.28%) 

124 
(62.94%) 

106 
(54.64%) 

115 
(58.38%) 

119 
(61.66%) 

      Everyday 156 (9.93%) 18 
(9.09%) 

20 
(10.20%) 

20 
(10.15%) 

17 
(8.54%) 

15 
(7.61%) 

24 
(12.37%) 

22 
(11.17%) 

20 
(10.36%) 

      Weekly 82 (5.22%) 10 
(5.05%) 

10 
(5.10%) 

13 
(6.60%) 

11 
(5.53%) 

7 (3.55%) 9 (4.64%) 13 
(6.60%) 

9 (4.66%) 
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Baseline characteristic 
Total 

(n=1,571) 

Experimental conditions 

Placebo 
(n=198) 

C  
(n=196) 

O 
(n=197) 

M 
(n=199) 

CO 
(n=197) 

CM 
(n=194) 

OM 
(n=197) 

COM 
(n=193) 

      Never 403 
(25.65%) 

59 
(29.80%) 

55 
(28.06%) 

37 
(18.78%) 

60 
(30.15%) 

49 
(24.87%) 

53 
(27.32%) 

47 
(23.86%) 

43 
(22.28%) 

Alcohol drinking behaviour 

   Drinking status, n (%) 

      Never 669 
(42.67%) 

84 
(42.64%) 

80 
(41.03%) 

85 
(43.15%) 

93 
(46.73%) 

76 
(38.58%) 

83 
(42.78%) 

87 
(44.16%) 

81 
(42.19%) 

      Drink alcohol 899  
(57.33%) 

113 
(57.36%) 

115 
(58.97%) 

112 
(56.85%) 

106 
(53.27%) 

121 
(61.42%) 

111 
(57.22%) 

110 
(55.84%) 

111 
(57.81%) 

   AUDIT scores,  
mean (sd), n 

6.21 (7.87), 
1,530 

6.26 
(7.97), 194 

6.46 
(8.33), 186 

6.42 
(8.28), 191 

6.03 
(8.19), 195 

6.56 
(7.49), 193 

5.45 
(7.04), 188 

6.55 
(8.07), 193 

5.95 
(7.55), 190 

Quality of life  

   EQ-5D-5L scores,  
mean (sd), n 

0.94 (0.09), 
1,545 

0.94 
(0.11), 195 

0.94 
(0.10), 192 

0.95 
(0.08), 193 

0.95 
(0.09), 196 

0.94 
(0.08), 196 

0.95 
(0.08), 190 

0.94 
(0.09), 193 

0.95 
(0.09), 190 

   EQ visual analogue 
scale, mean (sd), n 

78.10  
(16.01), 
1,560 

79.76 
(15.53), 
197 

77.99 
(15.13), 
193 

76.65 
(17.99), 
196 

78.78 
(16.12), 
197 

77.55 
(15.14), 
196 

78.30 
(17.48), 
192 

77.70 
(15.58), 
197 

78.03 
(14.94), 
192 
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Process evaluation 

Intervention fidelity  

The ThaiBulkSMS (SMS gateway provider) reported ‘anti-spam’ status for 6 out of the first 

10 participants that were randomly allocated to experimental groups. This meant that 60% of 

the participants would not receive any text messages due to the automatic block list (the 

blacklist). Unexpectedly, a ‘stop SMS spam’ service provided by the National Broadcasting and 

Telecommunications Commission (responsible for managing and regulating the 

telecommunications business in Thailand) was preventing mobile numbers registered with the 

SMS spam blocking service from receiving all SMS advertisements. The service allows mobile 

phone users to stop SMS advertisements, both free and paid, via an interactive voice response 

(IVR) system (*137). An infographic for this policy is available at 

http://tcp.nbtc.go.th/website/home/vdo/834/th (in Thai). 

 This issue was taken to the ThaiBulkSMS because this was a research-based SMS programme 

and all participants consented to receive SMS from ‘iCanQuit’ – a new username that was 

approved by mobile operators on 24 November 2016. The only method to resolve this 

problem was to apply for the whitelist by contacting all mobile phone operators who operate 

the anti-spam system. This process took over three weeks to receive approval from all mobile 

network operators so that text messages could be sent through to ‘anti-spam’ registered 

numbers.  

While waiting for approval, the first text message thanking participants for participating in the 

trial was sent manually via ThaiBulkSMS to identify the ‘anti-spam’ status of a particular mobile 

phone number. If the status showed ‘anti-spam’, those numbers were withheld from the 

randomised process until the whitelist was completed. For mobile numbers that were already 

randomised and showed the ‘anti-spam’ status, all text messages were sent again with no 

requirement to unblind the experimental group. This was feasible due to the design feature of 

the online platform to accommodate participants who change their mobile numbers. The 

‘Previous Mobile No.’ function was used to retrieve input information from the mobile 

number; then the ‘Message No.’ was reset to 1 to send the allocated text messages. 
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Reported text messages received  

Intervention fidelity was measured objectively from the delivery status reported from the 

ThaiBulkSMS and subjectively from the self-reported follow-up questionnaire. From the web 

log, 1,260 participants (80%) received all 60 texts as intended, 200 participants (13%) received 

51-59 texts, and 16 participants (1%) never received any texts (see details in Figure 16). 

However, on average, 97% of the participants reported that they had received text messages. 

Table 11 shows the intervention fidelity by experimental group.  

 

Figure 16 The number of participants logged as receiving text messages by number of texts 

received  

Technology engagement  

Table 11 shows the technology engagement indicators by experimental group. Overall, 94% 

and 14% of the participants reported that they had opened and read the text messages and had 

shared these texts with other smokers, respectively. A low level of engagement was observed 

in participants receiving placebo text messages. On average, 89% of the participants in this 

group opened and read text messages, and only 9% of those people shared text messages with 

other people. Also, the user engagement scale for the placebo group was the lowest among all 

experimental groups and this group was the least likely to subscribe to similar text message 

programmes in the future. 
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Table 11 Process evaluation results by experimental conditions  

Process outcomes 
All  

(N = 
1571) 

Experimental conditions 

Placebo 
(n=198) 

C  
(n=196) 

O  
(n=197) 

M 
(n=199) 

CO 
(n=197) 

CM 
(n=194) 

OM 
(n=197) 

COM 
(n=193) 

Intervention fidelity 

Status report from ThaiBulkSMS (%, n) 

Received 60 allocated text 
messages 

80.20%, 
1,260 

73.74%, 
146 

82.65%, 
162 

76.65%, 
151 

77.39%, 
154 

84.77%, 
167 

82.99%, 
161 

83.24%, 
164 

80.31%, 
155 

Received 1-59 allocated text 
messages 

18.78%, 
295 

24.24%, 
48 

16.84%, 
33 

22.84%, 
45 

20.60%, 
41 

14.21%, 
28 

16.49%, 
32 

15.74%, 
31 

19.17%, 
37 

Did not receive any allocated 
text messages 

1.02%, 16 2.02%, 4 0.51%, 1 0.51%, 1 2.01%, 4 1.02%, 2 0.52%, 1 1.02%, 2 0.52%, 1 

Reported  as having received text 
messages (subjective) (%, n)  

97.35%, 
1,208 

93.84%, 
146 

99.32%, 
147 

99.36%, 
156 

96.82%, 
157 

95.21%, 
146 

98.69%, 
153 

98.06%, 
155 

97.30%, 
148 

Technology engagement  

Opened and read text status 
(%, n) 

94.33%, 
1,165 

88.72%, 
133 

96.53%, 
144 

96.10%, 
154 

92.05%, 
151 

94.89%, 
137 

95.33%, 
150 

97.37%, 
152 

93.06%, 
144 

Shared text with others 
(%, n) 

14.12%, 
1,154 

9.02%, 
133 

16.67%, 
144 

9.09%, 
154 

18.24%, 
148 

16.42%, 
134 

14.09%, 
149 

15.13%, 
152 

14.29%, 
140 

User engagement scale (1 – 60) 
(mean (sd), n) 

50.99 
(8.60), 
1,103 

49.51 
(9.77), 
116 

51.94 
(8.52), 
137 

51.16 
(8.85), 
150 

51.77 
(8.01), 
142 

51.62 
(7.77), 
130 

50.88 
(8.51), 
144 

50.60 
(8.70), 
147 

50.26 
(8.60), 
137 

Likelihood of subscribing to 
similar programme in future (1 – 
10)  
(mean (sd), n) 

6.62 (3.31), 
1115 

6.34 
(3.24), 
119 

6.91 
(3.15), 
139 

6.55 
(3.46), 
150 

6.69 
(3.27), 
143 

7.32 
(3.05), 
131 

6.31 
(3.49), 
148 

6.20 
(3.48), 
148 

6.71 
(3.22), 
137 

 

 



 

Health Intervention and Technology Assessment Program  69 | P a g e  

Descriptive summary of outcomes 

Overall, 521 participants (40%) reported 7-day smoking abstinence at 1-month follow-up, 509 

(42%) reported 7-day smoking abstinence at 6-month follow-up, and 327 (27%) reported 

sustained smoking abstinence at 6-month follow-up. Table 12 summarises the outcome data 

at 1- and 6-month follow-up by 8 experimental conditions.  

Participants who were allocated placebo text messages reported a cessation rate of 39% at 1-month 

follow-up. A higher rate of smoking abstinence was observed in participants that received BCT-

enhanced text messages containing one behaviour change component (C, O, or M). There was a 

decreasing trend in abstinence rate when there was more than one behaviour change component. 

Moreover, participants who were allocated to CO and COM conditions reported a lower 

abstinence rate than the placebo group. Figure 17 reports the 7-day point prevalence abstinence, 

self-reported at 1-month follow-up, by the number of behaviour change components received.  

 

Figure 17 7-day point prevalence abstinence at 1-month follow-up based on the number of 

behaviour change components  

On average, the EQ-5D-5L utility scores of the participants increased over time (0.9445, 

0.9708, and 0.9716 for baseline, 1-month and 6-month follow-up, respectively). The utility 

scores were similar in all experimental conditions, ranging from 0.96 to 0.98 at both follow-

ups. There was a decreasing trend in average number of tobacco products used per day (9.75, 

3.94, and 3.25 for baseline, 1-month and 6-month follow-up, respectively), FTND scores (3.23, 

1.17, and 1.21), and AUDIT scores (6.21, 4.12, and 3.99). There was an increasing trend in 

smoking self-efficacy scores (40.66, 46.71, and 47.61 for baseline, 1- and 6-month follow-up, 

respectively).  
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Table 12 Primary, secondary, and other outcomes by experimental conditions  

Outcomes 

Experimental conditions 

Placebo 
(n=198) 

C  
(n=196) 

O  
(n=197) 

M  
(n=199) 

CO  
(n=197) 

CM  
(n=194) 

OM  
(n=197) 

COM  
(n=193) 

Primary abstinence outcome, (%, n) 

   Self-reported 7-day point 
prevalence abstinence at 1-
month follow-up 

39.24%, 
158 

44.51%, 
164 

42.42%, 
165 

43.29%, 
164 

34.18%, 
158 

42.07%, 
164 

43.27%, 
171 

28.92%, 
166 

Secondary abstinence outcomes, (%, n) 

   Self-reported 7-day point 
prevalence abstinence at 6-
month follow-up 

36.99%, 
146 

44.65%, 
159 

45.10%, 
153 

46.75%, 
154 

32.88%, 
146 

48.34%, 
151 

43.90%, 
164 

34.48%, 
145 

   Self-reported continuous 
abstinence at 6-month 
follow-up 

24.66%, 
146 

28.30%, 
159 

26.14%, 
153 

31.17%, 
154 

21.92%, 
146 

28.48%, 
151 

31.71%, 
164 

21.38%, 
145 

EQ-5D-5L utility values, (mean (sd), n) 

   at 1-month follow-up 0.96 (0.08), 
140 

0.98 (0.05), 
144 

0.97 (0.05), 
154 

0.98 (0.04), 
155 

0.96 (0.07), 
142 

0.97 (0.06), 
153 

0.96 (0.10), 
154 

0.97 (0.07), 
145 

   at 6-month follow-up 0.97 (0.06), 
134 

0.96 (0.08), 
154 

0.98 (0.05), 
140 

0.98 (0.05), 
142 

0.97 (0.06), 
131 

0.98 (0.05), 
145 

0.96 (0.10), 
158 

0.97 (0.08), 
133 

Intended behaviour change, (mean (sd), n) 

 Capability to quit smoking, (mean (sd), n) 

   at 1-month follow-up 17.87 
(2.45), 142 

18.07 
(2.44), 145 

18.23 
(2.41), 154 

18.40 
(2.01), 155 

17.75 
(2.78), 144 

18.20 
(2.02), 152 

18.25 
(2.17), 154 

17.93 
(2.29), 147 

   at 6-month follow-up 17.67 
(2.39), 138 

18.00 
(2.22), 156 

17.79 
(2.21), 141 

18.26 
(2.13), 142 

17.64 
(2.31), 133 

18.03 
(2.02), 145 

18.11 
(2.34), 158 

17.91 
(2.30), 135 

 Opportunity to support smoking cessation, (mean (sd), n)  

   at 1-month follow-up 17.55 
(3.49), 142 

18.39 
(2.43), 145 

17.93 
(3.24), 154 

18.06 
(2.79), 155 

17.66 
(3.15), 144 

18.02 
(2.88), 151 

18.04 
(3.17), 154 

17.79 
(3.21), 146 
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Outcomes 

Experimental conditions 

Placebo 
(n=198) 

C  
(n=196) 

O  
(n=197) 

M  
(n=199) 

CO  
(n=197) 

CM  
(n=194) 

OM  
(n=197) 

COM  
(n=193) 

   at 6-month follow-up 17.65 
(2.74), 137 

17.79 
(2.94), 156 

17.60 
(2.78), 140 

17.60 
(2.83), 142 

17.57 
(2.66), 133 

18.09 
(2.26), 145 

17.75 
(2.97), 158 

17.96 
(2.84), 135 

 Motivation to quit smoking, (mean (sd), n) 

   at 1-month follow-up 18.95 
(2.08), 142 

19.22 
(1.80), 144 

19.26 
(2.15), 153 

19.31 
(1.53), 155 

19.04 
(2.24), 144 

19.22 
(1.86), 153 

19.29 
(1.82), 155 

19.03 
(1.94), 146 

   at 6-month follow-up 19.04 
(2.44), 137 

19.19 
(2.15), 155 

19.06 
(2.04), 141 

19.24 
(1.78), 143 

19.07 
(1.98), 131 

19.54 
(1.26), 145 

19.11 
(2.03), 157 

18.97 
(2.26), 133 

 Smoking cessation self-efficacy scores, (mean (sd), n) 

   at 1-month follow-up 
45.34  
(15.09), 141 

48.83 
(11.96), 
142 

46.92 
(13.60), 
153 

49.19 
(11.43), 
154 

45.35 
(13.93), 
142 

46.58 
(13.76), 
151 

47.42  
(13.26), 154 

43.83 
(13.74), 145 

   at 6-month follow-up 
47.38  
(13.72), 136 

48.47 
(13.41), 
155 

47.94 
(13.39), 
140 

48.71 
(12.79), 
140 

45.75 
(14.30), 
130 

48.65 
(11.96), 
144 

48.16  
(13.46), 158 

45.32 
(14.80), 132 

 Intention to quit scores, (mean (sd), n) 

   at 1-month follow-up 8.37 (2.10), 
142 

8.72 (1.87), 
145 

8.62 (1.99), 
156 

8.74 (1.67), 
155 

8.34 (2.16), 
144 

8.59 (1.78), 
152 

8.85 (1.67), 
155 

8.27 (2.16), 
148 

   at 6-month follow-up 8.26 (2.03), 
138 

8.30 (2.03), 
156 

8.23 (2.11), 
141 

8.45 (1.92), 
143 

8.08 (2.24), 
133 

8.51 (1.89), 
145 

8.11 (2.23), 
158 

7.83 (2.25), 
135 

 Number of tobacco products used per day, (mean (sd), n) 

   at 1-month follow-up 4.54 (6.12), 
158 

3.43 (5.11), 
164 

3.24 (4.55), 
165 

3.41 (5.41), 
164 

4.54 (6.08), 
158 

4.24 (6.81), 
164 

3.47 (4.72), 
171 

4.68 (5.21), 
166 

   at 6-month follow-up 4.84 (6.48), 
145 

3.60 (5.13), 
159 

3.46 (5.32), 
153 

3.65 (5.24), 
153 

5.35 (6.45), 
146 

3.66 (5.43), 
151 

4.08 (5.61), 
163 

5.17 (5.34), 
145 

 Fagerström Test for Nicotine Dependence, (mean (sd), n) 

   at 1-month follow-up 1.33 (2.05), 
141 

0.99 (1.75), 
150 

0.97 (1.68), 
153 

1.08 (1.81), 
154 

1.51 (2.17), 
147 

1.16 (1.92), 
153 

0.94 (1.57), 
158 

1.39 (1.80), 
153 
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Outcomes 

Experimental conditions 

Placebo 
(n=198) 

C  
(n=196) 

O  
(n=197) 

M  
(n=199) 

CO  
(n=197) 

CM  
(n=194) 

OM  
(n=197) 

COM  
(n=193) 

   at 6-month follow-up 1.46 (2.17), 
136 

1.11 (1.74), 
156 

1.00 (1.65), 
144 

1.06 (1.82), 
145 

1.56 (2.19), 
131 

1.08 (1.79), 
142 

1.08 (1.74), 
160 

1.45 (1.95), 
137 

 AUDIT scores, (mean (sd), n) 

   at 1-month follow-up 4.65 (6.82), 
141 

4.55 (6.36), 
143 

3.63 (5.92), 
154 

4.09 (5.91), 
153 

3.70 (5.57), 
141 

3.52 (5.20), 
149 

4.25 (5.96), 
155 

4.63 (6.26), 
147 

   at 6-month follow-up 4.40 (5.95), 
133 

4.28 (5.25), 
155 

3.83 (5.06), 
140 

4.18 (5.57), 
141 

3.33 (5.03), 
132 

3.78 (4.51), 
141 

3.92 (5.16), 
154 

4.15 (5.02), 
133 



 

 Health Intervention and Technology Assessment Program  73 | P a g e  

Analyses of primary outcome: self-reported 7-day point prevalence abstinence at 1-

month follow-up 

Primary analysis  

From the multiple imputation (MI) analysis using intention-to-treat (ITT) samples, providing 

BCT-enhanced text messages aimed at supporting smokers’ capability to quit, smokers’ 

opportunity to quit, or smokers’ motivation to quit failed to statistically improve 7-day smoking 

abstinence rate at 1-month follow-up compared to BCT-enhanced text messages that do not 

contain the intervention component. Smoking cessation rates at 1-month follow-up did not 

differ between participant age groups, but were different in the participant baseline ITQ group. 

Participants who had a higher baseline ITQ were likely to stop smoking three times more (95% 

CI 2.10 to 4.25, p<0.001) than those who had a lower baseline ITQ. Table 13 presents the 

results from the logistic model from MI analysis and complete case analysis. The predicted 

probability of 7-day point prevalence abstinence at 1-month follow-up of the main effects and 

the stratification factors from the logistic model is illustrated in Figure 18. 

Overall, an addition of intervention components of two or more groups of BCT-enhanced 

text messages showed a decreasing trend in smoking cessation rates. Figure 19 illustrates the 

3-way interactions of the three behaviour change components. The left plot presents the 

experimental condition where there was no ‘Motivation’ component (Group M = No) and the 

right figure shows the condition where the ‘Motivation’ component was provided (Group M 

= Yes). The blue lines represent the absence of the ‘Opportunity’ component (Group O = 

No) whereas the red dotted lines denote the presence of the ‘Opportunity’ component (Group 

O = Yes). These results suggested that there was an antagonistic interaction, wherein the effect 

of two intervention components was less than the sum of the effect of each component; 

however, it was not statistically significant. The results also showed that the predicted 

probability of smoking cessation for experimental groups CO and COM were lower than the 

placebo, both from complete case analysis and multiple imputation. Figure 20 shows the 

predicted probability of 7-day point prevalence abstinence at 1-month follow-up for all 

experimental groups.  
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Table 13 Logistic regression analysis for self-reported 7-day point prevalence abstinence, with pre-

specified covariates (the primary analysis) 

 
Covariates 

Odds 
Ratio 

SE z P>z 
95% CI 

Lower Upper 

M
u

lt
ip

le
 i

m
p

u
ta

ti
o

n
 (

5
0
 d

a
ta

se
ts

) 

Stratification factors 

High ITQ 2.986 0.537 6.08 <0.001 2.099 4.250 

Age group: 31 - 40 0.866 0.130 -0.95 0.340 0.645 1.164 

Age group: above 40 0.867 0.114 -1.08 0.280 0.670 1.123 

Main effects 

C 1.197 0.270 0.80 0.425 0.769 1.864 

O 1.051 0.239 0.22 0.829 0.672 1.643 

M 1.133 0.256 0.55 0.581 0.727 1.766 

Interactions 

C and O 0.609 0.199 -1.52 0.129 0.321 1.155 

C and M 0.793 0.255 -0.72 0.471 0.422 1.490 

O and M 0.893 0.284 -0.36 0.723 0.479 1.666 

C, O, and M 0.998 0.452 0.00 0.997 0.410 2.428 

Constant 0.282 0.068 -5.26 <0.001 0.176 0.453 

C
o

m
p

le
te

 c
a
se

 a
n

a
ly

si
s 

(n
 =

 1
,3

10
) Stratification factors 

High ITQ 2.994 0.536 6.12 <0.001 2.108 4.253 

Age group: 31 - 40 0.890 0.135 -0.77 0.440 0.661 1.197 

Age group: above 40 0.903 0.119 -0.77 0.441 0.698 1.169 

Main effects 

C 1.233 0.284 0.91 0.363 0.785 1.938 

O 1.112 0.257 0.46 0.645 0.708 1.748 

M 1.156 0.267 0.63 0.529 0.736 1.817 

Interactions 

C and O 0.567 0.186 -1.73 0.084 0.298 1.078 

C and M 0.764 0.247 -0.83 0.406 0.405 1.441 

O and M 0.875 0.282 -0.41 0.679 0.466 1.645 

C, O, and M 1.017 0.471 0.04 0.970 0.411 2.518 

Constant 0.275 0.065 -5.47 <0.001 0.173 0.437 

Sample: Intention-to-treat sample 

Note: Bold indicates p < .05. C: received messages aimed at increasing smokers’ capability 

to quit (C, CO, CM, and COM); O: received messages aimed at increasing opportunity to 

support smoking cessation (O, CO, OM, and COM); and M: received messages aimed at 

increasing motivation to quit (M, CM, OM, and COM); High ITQ: High intention to quit 

scores at baseline  
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Figure 18 Predicted probability of 7-day point prevalence abstinence at 1-month follow-up by the main effect of text message groups and stratification 

factors (complete case analysis) 
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Figure 19 Three-way interaction of the intervention components: ‘Capability’, ‘Opportunity’, and 

‘Motivation’ components 

 

 

Figure 20 Predicted probability of 7-day point prevalence abstinence at 1-month follow-up from 

the primary analysis model 
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Sensitivity analysis  

A logistic regression model was used to estimate the effect of intervention components in 

BCT-enhanced text messages on self-reported 7-day point-prevalence abstinence at 1-month 

follow-up under 4 scenarios: 1) the participants receive the intended 60 text messages; 2) the 

participants who report that they received text messages; 3) the participants who report that 

they read the text messages; and 4) adjustments for employment status, daily smoking status, 

number of cigarettes smoked, hazardous and harmful use of alcohol status, and baseline self-

efficacy. Providing BCT-enhanced text messages aimed at supporting smokers’ capability to 

quit, smokers’ opportunity to quit, or smokers’ motivation to quit failed to significantly 

improve smoking abstinence rate compared to no intervention component, see Table 14. 

Figure 21 shows the predicted probability of 7-day point prevalence abstinence at 1-month 

follow-up for eight experimental groups. 

Subgroup analysis  

Logistic regression models with pre-specified interaction terms were conducted between the 

intervention components and the following baseline variables: age group, ITQ group, gender, 

smoking dependence, light smoker, and alcohol dependence. The odds ratio for smoking 

cessation in participants who received BCT-enhanced text messages containing the ‘Capability’ 

component (C, CO, CM, and COM) were found to differ between two subgroups, ITQ and 

alcohol dependence (Table 15). Providing BCT-enhanced text messages containing the 

‘Capability’ component increased the smoking cessation rate by 1.6-fold in smokers with low 

ITQ compared to high ITQ and 1.2-fold in smokers with alcohol dependence compared to 

no dependence.  
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Table 14 Sensitivity analyses to assess self-reported 7-day point-prevalence smoking abstinence at 1-month follow-up 

(a) Multiple imputation analysis 

M
u

lt
ip

le
 i

m
p

u
ta

ti
o

n
 (

5
0
 d

a
ta

se
ts

) 
 

 
Intention-to-

treat (n=1,571) 
Per-protocol  

(n=1,260) 

Text messages 
received 
(n=1,176) 

Text messages 
read (n=1,099) 

Adjusted for 
covariates 
(n=1,571) 

Covariates OR 
p-

value 
OR 

p-
value 

OR p-value OR 
p-

value 
OR p-value 

Stratification factors           

High ITQ 2.986 <0.001 3.443 <0.001 2.781 <0.001 2.588 <0.001 2.180 <0.001 

Age group: 31 - 40 0.866 0.340 0.865 0.376 0.862 0.351 0.930 0.654 0.937 0.688 

Age group: above 40 0.867 0.280 0.933 0.627 0.873 0.326 0.921 0.565 0.784 0.092 

Main effects           

C 1.197 0.425 0.995 0.983 1.136 0.602 1.044 0.867 1.186 0.478 

O 1.051 0.829 1.008 0.975 1.032 0.896 0.911 0.710 1.005 0.982 

M 1.133 0.581 0.926 0.754 1.135 0.599 0.978 0.930 1.034 0.890 

Interactions           

C and O 0.609 0.129 0.687 0.288 0.598 0.137 0.637 0.208 0.664 0.237 

C and M 0.793 0.471 0.998 0.996 0.726 0.344 0.824 0.582 0.860 0.661 

O and M 0.893 0.723 0.995 0.989 0.878 0.699 1.075 0.836 1.087 0.805 

C, O, and M 0.998 0.997 0.859 0.757 1.090 0.860 1.002 0.998 0.767 0.582 

Constant 0.282 <0.001 0.270 <0.001 0.336 <0.001 0.390 <0.001 0.135 <0.001 

C: received messages aimed at increasing smokers’ capability to quit (C, CO, CM, and COM); O: received messages aimed at increasing 
opportunity to support smoking cessation (O, CO, OM, and COM); and M: received messages aimed at increasing motivation to quit (M, CM, 
OM, and COM); High ITQ: High intention to quit scores at baseline 

Adjusted for covariates: Employed group, status of daily smoking group, high number of cigarettes smoked group, hazardous and harmful use of 
alcohol group, and baseline smoking cessation self-efficacy scores  
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(b) Complete case analysis  
C

o
m

p
le

te
 c

a
se

 a
n

a
ly

si
s 

 

Covariates 

Intention-to-
treat (n=1,310) 

Per-protocol  
(n=1,117) 

Text messages 
received 
(n=1,176) 

Text messages 
read (n=1,099) 

Adjusted for 
covariates (n=1,229) 

OR 
p-

value 
OR 

p-
value 

OR p-value OR 
p-

value 
OR p-value 

Stratification factors           

High ITQ 2.994 <0.001 3.403 <0.001 2.781 <0.001 2.588 <0.001 2.336 <0.001 

Age group: 31 - 40 0.890 0.440 0.890 0.478 0.862 0.351 0.930 0.654 0.868 0.398 

Age group: above 40 0.903 0.441 0.964 0.799 0.873 0.326 0.921 0.565 0.746 0.050 

Main effects           

C 1.233 0.363 0.993 0.978 1.136 0.602 1.044 0.867 1.083 0.756 

O 1.112 0.645 1.049 0.851 1.032 0.896 0.911 0.710 1.031 0.906 

M 1.156 0.529 0.935 0.790 1.135 0.599 0.978 0.930 0.982 0.943 

Interactions           

C and O 0.567 0.084 0.657 0.239 0.598 0.137 0.637 0.208 0.687 0.307 

C and M 0.764 0.406 0.959 0.905 0.726 0.344 0.824 0.582 1.025 0.945 

O and M 0.875 0.679 0.947 0.878 0.878 0.699 1.075 0.836 1.106 0.777 

C, O, and M 1.017 0.970 0.912 0.854 1.090 0.860 1.002 0.998 0.709 0.497 

Constant 0.275 <0.001 0.275 <0.001 0.336 <0.001 0.390 <0.001 0.119 <0.001 

C: received messages aimed at increasing smokers’ capability to quit (C, CO, CM, and COM); O: received messages aimed at increasing 
opportunity to support smoking cessation (O, CO, OM, and COM); and M: received messages aimed at increasing motivation to quit (M, CM, 
OM, and COM); High ITQ: High intention to quit scores at baseline 

Adjusted for covariates: Employed group, status of daily smoking group, high number of cigarettes smoked group, hazardous and harmful use of 
alcohol group, and baseline smoking cessation self-efficacy scores 
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(a) Multiple imputation analysis 

 

(b) Complete case analysis 

 

Figure 21 Sensitivity analysis: Predicted probability of the 7-day point prevalence abstinence 

at 1-month follow-up from the logistic regression model 
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Table 15 Subgroup analyses of self-reported 7-day point prevalence abstinence at 1-month follow-up  

Subgroups 
Group C Group O Group M 

Odds ratio (95% CI)  P-value Odds ratio (95% CI)  P-value Odds ratio (95% CI)  P-value 

Age (years) 

  Less than 30 0.85 (0.61 – 1.19) 0.4740 0.79 (0.57 – 1.11) 0.5990 0.89 (0.63 – 1.24) 0.7551 

  31 – 40  0.62 (0.38 – 1.02)  0.65 (0.40 – 1.07)  0.89 (0.54 –1.47)  

  Above 40  0.90 (0.61 – 1.33)  0.89 (0.60 – 1.31)  1.05 (0.71 –1.56)  

Baseline intention to quit 

   Low intention to quit group 1.60 (0.74 – 3.42) 0.0368 0.87 (0.41 – 1.87) 0.4911 0.59 (0.27 – 1.26) 0.1032 

   High intention to quit group 0.75 (0.59 – 0.96)  0.77 (0.61 – 0.98)  1.01 (0.80 – 1.29)  

Gender 

  Female 0.98 (0.45 – 2.13) 0.5933 1.08 (0.50 – 2.34) 0.3764 1.00 (0.46 – 2.17) 0.9398 

  Male 0.80 (0.63 – 1.02)  0.77 (0.60 – 0.97)  0.94 (0.74 – 1.20)  

Baseline FTND scores 

  Low dependent (0-2) 0.97 (0.68 – 1.37) 0.2775 0.76 (0.54 – 1.09) 0.5994 0.99 (0.70 – 1.41) 0.9459 

  High dependent (3-10) 0.75 (0.55 – 1.01)  0.86 (0.63 – 1.17)  0.98 (0.72 – 1.33)  

Baseline number of tobacco products used per day 

  Light smoker (≤5) 0.95 (0.67 – 1.34) 0.2995 0.73 (0.52 – 1.04) 0.3677 0.85 (0.60 – 1.20) 0.2808 

  Moderate to heavy smoker (>5) 0.73 (0.54 – 1.00)  0.89 (0.65 – 1.20)  1.07 (0.79 – 1.45)  

AUDIT scores 

  No hazardous or harmful use of 
alcohol (<8) 

0.68 (0.51 – 0.90) 0.0231 0.79 (0.59 – 1.04) 0.7626 0.92 (0.70 – 1.23) 0.8469 

  Hazardous and harmful use of alcohol 
(≥8) 

1.18 (0.78 – 1.78)  0.84 (0.56 – 1.27)  0.98 (0.65 – 1.48)  

Analysis: complete case analysis 
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Hypothesis-generating: assessing the effect of baseline intention to quit smoking 

In the previous section, logistic regression results for each additional interaction term between 

the subgroup covariates and intervention components showed similar results to the primary 

analysis, except for the subgroup analysis of baseline ITQ. Therefore, the effects of baseline 

ITQ were explored. Figure 22 shows a descriptive proportion of participants with ITQ scores 

from 1 to 10 at baseline and 1-month follow-up. There was a higher proportion of participants 

with an ITQ score of 10 at 1-month follow-up while there was only a small proportion of 

participants with ITQ scores from 1 to 4. Consequently, interaction terms between pre-

specified ITQ groups (1-5 and 6-10) and the intervention components were added into the 

primary analysis model to explore the effect of intervention components in BCT-enhanced 

text messages.  

 

Figure 22 The proportion of participants’ reported intention to quit smoking, before and after 

receiving text messages 

The results suggested that BCT-enhanced text messages that contained the ‘capability’ 

component (Group C vs no Group C: OR 7.31, 95% CI 1.44 to 37.17) and ‘opportunity’ 

component (Group O vs no Group O: OR 5.85, 95% CI 1.12 to 30.66) significantly improved 

smoking cessation rates at 1-month follow-up. Providing BCT-enhanced text messages that 

contained the ‘motivation’ component (Group M vs no Group M: OR 4.88, 95% CI 0.92 to 

26.01) was not found to significantly improve smoking cessation rates at 1-month follow-up. 

Moreover, the results suggest that there was an antagonistic interaction when adding the 
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‘motivation’ component with the ‘capability’ component (CM) or with ‘opportunity’ 

component (OM). Similar results were observed with the MI analysis, except that providing 

messages aimed at increasing opportunity to support smoking cessation (O) to high ITQ 

participants did not significantly decrease the smoking cessation rate. Predicted probabilities 

of smoking cessation for all treatment groups were higher than the placebo group when 

participants had lower ITQ scores. 

Figure 23 illustrates the interactions between providing text messages containing different 

behaviour change components and the participant baseline ITQ group. For participants with 

low baseline intention to quit, there was a higher smoking cessation rate in participants who 

received any intervention component compared to the placebo group. For participants with 

high baseline intention to quit, there was a reduction in smoking cessation rates when they 

received BCT-enhanced text messages that contained ‘capability’ and ‘opportunity’ 

components (CO) or all components (COM). 
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Table 16 Logistic regression analysis for self-reported 7-day point prevalence abstinence with pre-
specified covariates (hypothesis-generating)  

 
Covariates Odds Ratio SE z P>z 

95% CI 

Lower Upper 

C
o

m
p

le
te

 c
a
se

 a
n

a
ly

si
s 

(n
 =

 1
,3

1
0
) 

Stratification factors 

High ITQ  12.343 9.296 3.340 0.001 2.821 54.012 

Age group: 31 - 40 0.895 0.136 -0.730 0.466 0.665 1.206 

Age group: above 40 0.909 0.120 -0.720 0.473 0.702 1.178 

Main effects 

C 7.309 6.065 2.400 0.017 1.437 37.168 

O 5.854 4.946 2.090 0.036 1.118 30.660 

M 4.880 4.166 1.860 0.063 0.916 26.008 

Interactions 

C and O 0.144 0.147 -1.890 0.058 0.019 1.071 

C and M 0.093 0.099 -2.230 0.026 0.012 0.749 

O and M 0.044 0.053 -2.590 0.010 0.004 0.470 

C and High ITQ 0.136 0.117 -2.310 0.021 0.025 0.740 

O and High ITQ 0.157 0.139 -2.100 0.036 0.028 0.883 

M and High ITQ 0.203 0.181 -1.790 0.073 0.036 1.159 

C, O, and M 12.934 20.059 1.650 0.099 0.619 270.278 

C, O, and High ITQ 4.599 4.977 1.410 0.158 0.552 38.347 

C, M, and High ITQ 10.643 11.896 2.120 0.034 1.190 95.158 

O, M, and High ITQ 26.796 33.568 2.620 0.009 2.300 312.167 

C, O, M, and High ITQ 0.061 0.099 -1.720 0.085 0.002 1.470 

Constant 0.076 0.056 -3.510 <0.001 0.018 0.320 

M
u

lt
ip

le
 i

m
p

u
ta

ti
o

n
 (

5
0
 d

at
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et
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Stratification factors 

High ITQ 8.946 6.290 3.12 0.002 2.252 35.528 

Age group: 31 - 40 0.866 0.131 -0.95 0.342 0.644 1.165 

Age group: above 40 0.867 0.115 -1.08 0.282 0.669 1.124 

Main effects 

C 5.053 4.033 2.03 0.043 1.056 24.177 

O 4.111 3.325 1.75 0.081 0.841 20.094 

M 3.753 3.035 1.64 0.102 0.768 18.338 

Interactions 

C and O 0.189 0.187 -1.68 0.093 0.027 1.322 

C and M 0.121 0.125 -2.05 0.041 0.016 0.915 

O and M 0.064 0.076 -2.31 0.021 0.006 0.664 

C and High ITQ 0.200 0.164 -1.96 0.050 0.040 0.999 

O and High ITQ 0.219 0.182 -1.83 0.067 0.043 1.114 

M and High ITQ 0.265 0.221 -1.60 0.111 0.052 1.355 

C, O, and M 11.469 17.304 1.62 0.106 0.595 221.140 

C, O, and High ITQ 3.679 3.825 1.25 0.210 0.479 28.255 

C, M, and High ITQ 8.234 8.833 1.97 0.049 1.005 67.484 

O, M, and High ITQ 18.663 22.797 2.40 0.017 1.699 205.063 

C, O, M, and High ITQ 0.066 0.104 -1.73 0.083 0.003 1.432 

Constant 0.104 0.073 -3.24 0.001 0.026 0.410 
Note: C: received messages aimed at increasing smokers’ capability to quit (C, CO, CM, and COM); O: 
received messages aimed at increasing opportunity to support smoking cessation (O, CO, OM, and 
COM); and M: received messages aimed at increasing motivation to quit (M, CM, OM, and COM); High 
ITQ: High intention to quit scores at baseline; Bold indicates p < .05. 
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(a) Low intention to quit group 

 

(b) High intention to quit group 

 

Figure 23 Four-way interaction of the intervention components (‘Capability’, ‘Opportunity’, 

and ‘Motivation’) and intention to quit group  
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Results of self-reported 7-day point prevalence abstinence and self-reported sustained 

abstinence at 6-month follow-up 

Providing BCT-enhanced text messages aimed at supporting smokers’ capability to quit, smokers’ 

opportunity to quit, or smokers’ motivation to quit failed to statistically improve 7-day smoking 

abstinence rate or sustained abstinence at 6-month follow-up compared to BCT-enhanced text 

messages that do not contain the intervention component. Smoking cessation rates at 6-month 

follow-up did not differ between participant age groups, but were different in the participant 

baseline ITQ group. Table 17 and Table 18 present the results from the logistic model of the MI 

analysis and complete case analysis for self-reported 7-day point prevalence abstinence and self-

reported sustained abstinence at 6-month follow-up, respectively.  

Table 17 Logistic regression analysis for self-reported 7-day point prevalence abstinence at 6-

month follow-up 

 
Covariates 

Odds 
Ratio 

SE z P>z 
95% CI 

Lower Upper 

M
u

lt
ip

le
 i

m
p

u
ta

ti
o

n
  

(5
0
 d

a
ta

se
ts

) 

Stratification factors 

High ITQ 2.764 0.489 5.75 <0.001 1.954 3.910 

Age group: 31 - 40 0.745 0.120 -1.83 0.067 0.543 1.021 

Age group: above 40 0.983 0.133 -0.13 0.898 0.753 1.282 

Main effects 

C 1.324 0.327 1.14 0.256 0.815 2.151 

O 1.422 0.336 1.49 0.137 0.894 2.261 

M 1.423 0.331 1.52 0.129 0.902 2.246 

Interactions 

C and O 0.433 0.150 -2.42 0.016 0.220 0.855 

C and M 0.847 0.278 -0.51 0.612 0.444 1.614 

O and M 0.649 0.215 -1.3 0.193 0.339 1.245 

C, O, and M 1.353 0.655 0.62 0.532 0.523 3.497 

Constant 0.273 0.065 -5.43 <0.001 0.171 0.436 

C
o

m
p

le
te

 c
a
se

 a
n

a
ly

si
s 

 

(n
 =

 1
,2

18
) 

Stratification factors 

High ITQ 2.742 0.488 5.66 <0.001 1.934 3.887 

Age group: 31 - 40 0.776 0.123 -1.61 0.108 0.569 1.057 

Age group: above 40 1.026 0.138 0.19 0.847 0.789 1.335 

Main effects 

C 1.392 0.331 1.39 0.164 0.874 2.218 

O 1.451 0.348 1.55 0.121 0.907 2.323 

M 1.512 0.361 1.73 0.084 0.946 2.416 

Interactions 

C and O 0.420 0.143 -2.55 0.011 0.216 0.818 

C and M 0.769 0.256 -0.79 0.430 0.400 1.477 

O and M 0.617 0.205 -1.46 0.145 0.322 1.182 

C, O, and M 1.480 0.705 0.82 0.410 0.582 3.765 
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Covariates 

Odds 
Ratio 

SE z P>z 
95% CI 

Lower Upper 

Constant 0.257 0.063 -5.55 <0.001 0.159 0.415 
Sample: Intention-to-treat sample 
Note: Bold indicates p < .05. C: received messages aimed at increasing smokers’ capability to quit (C, 
CO, CM, and COM); O: received messages aimed at increasing opportunity to support smoking cessation 
(O, CO, OM, and COM); and M: received messages aimed at increasing motivation to quit (M, CM, OM, 
and COM); High ITQ: High intention to quit scores at baseline  

Table 18 Logistic regression analysis for self-reported sustained abstinence at 6-month follow-up 

 
Covariates 

Odds 
Ratio 

SE z P>z 
95% CI 

Lower Upper 

M
u

lt
ip

le
 i

m
p

u
ta

ti
o

n
  

(5
0
 d

a
ta

se
ts

) 

Stratification factors 

High ITQ 3.097 0.706 4.96 <0.001 1.980 4.845 

Age group: 31 - 40 0.954 0.164 -0.27 0.786 0.681 1.337 

Age group: above 40 1.132 0.167 0.84 0.400 0.847 1.513 

Main effects 

C 1.198 0.308 0.70 0.482 0.724 1.982 

O 1.049 0.274 0.18 0.855 0.628 1.752 

M 1.312 0.332 1.07 0.283 0.799 2.156 

Interactions 

C and O 0.660 0.250 -1.09 0.274 0.314 1.390 

C and M 0.746 0.269 -0.81 0.417 0.368 1.514 

O and M 0.975 0.346 -0.07 0.944 0.486 1.957 

C, O, and M 1.019 0.528 0.04 0.971 0.368 2.817 

Constant 0.122 0.036 -7.21 <0.001 0.069 0.217 

C
o

m
p

le
te

 c
a
se

 a
n

a
ly

si
s 

 

(n
 =

 1
,2

18
) 

Stratification factors 

High ITQ 3.203 0.732 5.09 <0.001 2.046 5.014 

Age group: 31 - 40 0.965 0.169 -0.20 0.839 0.684 1.361 

Age group: above 40 1.145 0.170 0.91 0.361 0.856 1.531 

Main effects 

C 1.221 0.322 0.76 0.448 0.729 2.047 

O 1.110 0.299 0.39 0.699 0.655 1.880 

M 1.396 0.366 1.27 0.203 0.835 2.335 

Interactions 

C and O 0.643 0.245 -1.16 0.246 0.305 1.357 

C and M 0.717 0.262 -0.91 0.363 0.350 1.469 

O and M 0.936 0.341 -0.18 0.855 0.458 1.909 

C, O, and M 1.020 0.540 0.04 0.971 0.361 2.878 

Constant 0.112 0.033 -7.37 <0.001 0.063 0.201 
Sample: Intention-to-treat sample 
Note: Bold indicates p < .05. C: received messages aimed at increasing smokers’ capability to quit (C, 
CO, CM, and COM); O: received messages aimed at increasing opportunity to support smoking cessation 
(O, CO, OM, and COM); and M: received messages aimed at increasing motivation to quit (M, CM, OM, 
and COM); High ITQ: High intention to quit scores at baseline  
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Exhaled carbon monoxide levels 

Participants who had reported smoking cessation at 6-month follow-up and lived in the 

Bangkok Metropolitan Area were invited to receive the carbon monoxide (CO) breath test at 

their nearest ‘Fah Sai’ smoking cessation clinic. Of 61 participants who agreed to take part in 

CO monitoring, only one participant was found to have a high level of carbon monoxide (14 

ppm), indicating current smoking. The average CO level of the total samples was 2 ppm. The 

majority of participants had a CO level at 1 ppm (43%), see Table 19.  

Table 19 Exhaled carbon monoxide levels  

Exhaled carbon monoxide level (ppm) Number of participants 

0 7 

1 26 

2 4 

3 12 

4 10 

5 1 

14 1 
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Effect of BCT-enhanced text messages on other outcomes at 1-month follow-up and 

6-month follow-up 

Providing BCT-enhanced text messages with any intervention component did not significantly 

improve the capability to quit score or motivation to quit score at 1-month follow-up. 

However, BCT-enhanced text messages containing the ‘capability’ component improved 

participants’ self-reported opportunity to quit scores and self-efficacy scores at 1-month 

follow-up. Moreover, providing BCT-enhanced text messages containing the ‘motivation’ 

component improved self-efficacy scores. Providing BCT-enhanced text messages containing 

any of the intervention components did not significantly improve the capability to quit score 

or motivation to quit score at 6-month follow-up. The same antagonistic interaction trend for 

providing an additional group of text messages was also present; however, it was not 

statistically significant for all intended behaviour change measurements. Table 20 and Table 21 

reports the censored Poisson regression results for intended behaviour change at 1-month and 

6-month follow-up, respectively. 

Providing BCT-enhanced text messages containing any of the intervention components did 

not significantly improve smoking behaviour, alcohol use behaviour or quality of life at 1-

month follow-up. Table 22 and Table 23 present the regression results for smoking 

behaviour, alcohol use behaviour, and quality of life at 1-month and 6-month follow-up, 

respectively.  
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Table 20 Censored Poisson regression for intended behaviour change and self-efficacy scores at 1-month follow-up 
C

o
m

p
le

te
 c

a
se

 a
n

a
ly

si
s 

 

 
Capability to quit 

scores 
(n = 1,186) 

Opportunity to quit 
scores (n = 1,184) 

Motivation to quit 
scores (n = 1,180) 

Smoking cessation 
self-efficacy (n = 1,162) 

Covariates Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value 

Stratification factors         

Intention to quit group: high 0.041 0.043 0.022 0.286 0.041 0.062 0.080 <0.001 

Age group: 31 - 40 -0.007 0.724 -0.043 0.028 -0.019 0.373 -0.015 0.196 

Age group: above 40 0.020 0.230 0.017 0.333 0.004 0.846 0.008 0.452 

Main effects         

C 0.006 0.841 0.066 0.031 0.028 0.401 0.064 <0.001 

O 0.021 0.472 0.026 0.386 0.047 0.155 0.020 0.252 

M 0.036 0.221 0.030 0.320 0.043 0.186 0.052 0.003 

Interactions         

C and O -0.042 0.316 -0.085 0.045 -0.060 0.207 -0.094 <0.001 

C and M -0.027 0.519 -0.069 0.105 -0.039 0.398 -0.097 <0.001 

O and M -0.030 0.457 -0.016 0.707 -0.035 0.459 -0.045 0.068 

C, O, and M  0.036 0.538 0.065 0.278 0.017 0.798 0.060 0.088 

Baseline scores 0.014 <0.001 0.020 <0.001 0.020 <0.001 0.009 <0.001 

Constant 2.684 <0.001 2.598 <0.001 2.685 <0.001 3.406 <0.001 
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Table 21 Censored Poisson regression for intended behaviour change and self-efficacy scores at 6-month follow-up 
C

o
m

p
le

te
 c

a
se

 a
n

a
ly

si
s 

 

 
Capability to quit scores 

(n = 1,138) 
Opportunity to quit 
scores (n = 1,138) 

Motivation to quit 
scores (n = 1,133) 

Smoking cessation self-
efficacy (n = 1,112) 

Covariates Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value 

Stratification factors         

Intention to quit group: high 0.077 <0.001 0.051 0.013 0.101 <0.001 0.059 <0.001 
Age group: 31 - 40 0.003 0.880 0.028 0.156 0.032 0.159 -0.021 0.078 
Age group: above 40 0.018 0.286 0.049 0.004 0.009 0.626 0.008 0.409 
Main effects         
C 0.032 0.275 0.019 0.533 0.016 0.651 0.016 0.349 
O 0.007 0.807 -0.010 0.734 -0.022 0.520 0.007 0.704 
M 0.052 0.085 -0.014 0.639 0.011 0.744 0.019 0.280 
Interactions         
C and O -0.037 0.380 -0.018 0.673 -0.019 0.698 -0.068 0.008 
C and M -0.060 0.153 0.017 0.691 0.034 0.485 -0.017 0.490 
O and M -0.018 0.668 0.031 0.469 0.012 0.797 -0.015 0.553 
C, O, and M  0.055 0.350 0.000 0.996 -0.048 0.487 0.017 0.630 
Baseline scores 0.005 0.043 0.009 <0.001 0.003 0.296 0.006 <0.001 
Constant 2.772 <0.001 2.728 <0.001 2.973 <0.001 3.574 <0.001 
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Table 22 Regression models for other outcomes at 1-month follow-up 
C

o
m

p
le

te
 c

a
se

 a
n

a
ly

si
s 

 

 
Number of tobacco 

products used per day  
(n = 1,296)* 

Fagerström Test for 
Nicotine Dependence  

(n = 1,174)* 

AUDIT scores  
(n = 1,156)* 

EQ-5D-5L utility 
scores (n = 1,170)** 

Covariates Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value 

Stratification factors         

Intention to quit group: high -0.440 <0.001 -0.510 <0.001 0.033 0.830 0.002 0.742 

Age group: 31 - 40 0.209 0.063 0.258 0.062 -0.148 0.318 0.001 0.787 

Age group: above 40 0.213 0.029 0.293 0.014 -0.399 0.002 -0.014 0.001 

Main effects         

C -0.142 0.412 -0.233 0.276 -0.027 0.908 0.013 0.104 

O -0.199 0.251 -0.138 0.516 -0.156 0.492 0.007 0.335 

M -0.101 0.560 -0.146 0.488 -0.143 0.527 0.013 0.087 

Interactions         

C and O 0.428 0.079 0.653 0.028 0.017 0.959 -0.022 0.044 

C and M 0.209 0.391 0.269 0.366 -0.036 0.910 -0.016 0.133 

O and M 0.184 0.447 0.088 0.766 0.250 0.427 -0.023 0.034 

C, O, and M -0.248 0.467 -0.353 0.396 0.170 0.705 0.030 0.046 

Baseline scores 0.043 <0.001 0.169 <0.001 0.086 <0.001 0.223 <0.001 

Constant 1.161 <0.001 -0.189 0.364 0.876 <0.001 0.758 <0.001 

/lnalpha 0.717  0.761  1.190    

alpha 2.049   2.140  3.286    

*Negative binomial regression model  

**Regression model 
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Table 23 Regression models for other outcomes at 6-month follow-up 
C

o
m

p
le

te
 c

a
se

 a
n

a
ly

si
s 

 

 
Number of tobacco 

products used per day  
(n = 1,554)* 

Fagerström Test for 
Nicotine Dependence  

(n = 1,114)* 

AUDIT scores  
(n = 1,098)* 

EQ-5D-5L utility 
scores (n = 1,116)** 

Covariates Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value 

Stratification factors         

Intention to quit group: high -0.390 0.004 -0.358 0.015 0.136 0.322 0.002 0.696 

Age group: 31 - 40 0.315 0.020 0.230 0.127 -0.227 0.087 -0.003 0.555 

Age group: above 40 0.372 0.002 0.190 0.145 -0.355 0.002 -0.013 0.003 

Main effects         

C -0.032 0.875 -0.163 0.465 0.100 0.620 -0.013 0.087 

O -0.208 0.313 -0.338 0.136 -0.121 0.557 0.003 0.733 

M -0.073 0.723 -0.278 0.223 -0.047 0.818 0.000 0.986 

Interactions         

C and O 0.417 0.151 0.603 0.058 -0.162 0.575 0.008 0.457 

C and M -0.129 0.661 0.150 0.639 -0.066 0.817 0.022 0.050 

O and M 0.275 0.345 0.430 0.174 0.065 0.819 -0.015 0.171 

C, O, and M -0.052 0.899 -0.395 0.379 0.271 0.504 -0.016 0.314 

Baseline scores 0.044 <0.001 0.100 <0.001 0.073 <0.001 0.228 <0.001 

Constant 0.803 <0.001 0.144 0.540 0.863 <0.001 0.762 <0.001 

/lnalpha 1.311  0.947  0.897    

alpha 3.710  2.579   2.452    

*Negative binomial regression model 

**Regression model 



 

Health Intervention and Technology Assessment Program  95 | P a g e   

6.2. Economic evaluation of a mobile messaging programme to 

support smoking cessation 

Cohort: Males aged 30 years old 

Table 24 shows estimated lifetime costs and health outcomes of a programme providing text 

messages to support smoking cessation versus ‘do nothing’ (existing smoking cessation 

services) for males aged 30 years old. Lifetime costs of text messaging interventions ranged 

from 62,910 THB to 65,033 THB while the lifetime cost of ‘do nothing’ was 68,988 THB. The 

life years of providing text messaging interventions ranged from 16.36127 in ‘do nothing’ to 

16.36130 in M, CM, and OM groups, while the QALYs of providing text messaging 

interventions ranged from 15.72501 to 15.72854.  

The incremental costs, incremental life years, incremental QALYs, and ICERs of the mobile 

phone text messaging programme compared with ‘do nothing’ indicated that all types of 

messages and placebo were dominant interventions, as shown in Table 25. The cost-

effectiveness plane of text messaging interventions compared with ‘do nothing’ is shown in 

Figure 24. The most cost saving intervention for males aged 30 years old was CM, which had 

the lowest ICER. 

 

Figure 24 Cost-effectiveness plane of interventions compared with ‘do nothing’ for males 

aged 30 years old from a societal perspective 
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Table 24 Lifetime costs and health outcomes of mobile phone text messaging programme 

compared with ‘do nothing’ for males aged 30 years old from a societal perspective 

Comparator Total costs 

(THB) 

Life years QALYs 

C 63,524 16.36130 15.72806 

O 63,289 16.36130 15.72854 

M 63,287 16.36130 15.72854 

CO 65,033 16.36129 15.72501 

CM 62,910 16.36130 15.72931 

OM 63,547 16.36130 15.72802 

COM 64,865 16.36129 15.72535 

Placebo 64,420 16.36129 15.72625 

Do nothing 68,988 16.36127 15.71689 

 

Table 25 Incremental costs, incremental LYs, incremental QALYs, and ICERs per QALY 

gained of mobile phone text messaging programme compared with ‘do nothing’ for males 

aged 30 years old from a societal perspective 

Interventions Incremental 

costs 

(THB) 

Incremental 

life years 

Incremental 

QALYs 

ICER 

per life 

year 

ICER per 

QALY 

C -5,464 0.00003 0.01117 Dominant Dominant 

O -5,699 0.00003 0.01165 Dominant Dominant 

M -5,702 0.00003 0.01165 Dominant Dominant 

CO -3,955 0.00002 0.00812 Dominant Dominant 

CM -6,079 0.00003 0.01242 Dominant Dominant 

OM -5,441 0.00003 0.01113 Dominant Dominant 

COM -4,123 0.00002 0.00846 Dominant Dominant 

Placebo -4,568 0.00002 0.00936 Dominant Dominant 

Do nothing reference reference reference reference reference 
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Cohort: Males aged 40 years old  

Table 26 shows estimated lifetime costs and health outcomes of a programme providing text 

messages to support smoking cessation versus ‘do nothing’ (existing smoking cessation 

services) for males aged 40 years old. Lifetime costs of text messaging interventions ranged 

from 83,060 THB to 87,174 THB and the lifetime cost of ‘do nothing’ was 68,988 THB. The 

life years of providing text messaging interventions ranged from 13.68522 in ‘do nothing’ to 

13.68541 in the CM group, while the QALYs of providing text messaging interventions ranged 

from 13.00984 to 13.01536. 

The incremental costs, incremental life years, incremental QALYs, and ICERs of the mobile 

phone text messaging programme compared with ‘do nothing’ indicated that all types of 

messages and placebo were dominant interventions, as shown in Table 27. The cost-

effectiveness plane of interventions compared with ‘do nothing’ is shown in Figure 25. The 

most cost-effective intervention for males aged 40 years old was CM, which had the lowest 

ICER. 

 

Figure 25 Cost-effectiveness plane of interventions compared with ‘do nothing’ for males 

aged 40 years old from a societal perspective  
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Table 26 Lifetime costs and health outcomes of mobile phone text messaging programme 

compared with ‘do nothing’ for males aged 40 years old from a societal perspective 

Interventions Total costs 

(THB) 

Life years QALYs 

C 83,619 13.68539 13.01376 

O 83,066 13.68539 13.01437 

M 83,060 13.68539 13.01438 

CO 87,174 13.68534 13.00984 

CM 82,172 13.68541 13.01536 

OM 83,674 13.68539 13.01370 

COM 86,778 13.68535 13.01028 

Placebo 85,730 13.68536 13.01143 

Do nothing 96,558 13.68522 12.99944 

 

Table 27 Incremental costs, incremental life years, incremental QALYs, and ICERs per 

QALY gained of mobile phone text messaging programme compared with ‘do nothing’ for 

males aged 40 years old from a societal perspective 

Interventions Incremental 

costs 

(THB) 

Incremental 

life years 

Incremental 

QALYs 

ICER 

per life 

year 

ICER per 

QALY 

C -12,939 0.00017 0.01433 Dominant Dominant 

O -13,492 0.00018 0.01494 Dominant Dominant 

M -13,498 0.00018 0.01494 Dominant Dominant 

CO -9,384 0.00012 0.01041 Dominant Dominant 

CM -14,386 0.00019 0.01592 Dominant Dominant 

OM -12,884 0.00017 0.01427 Dominant Dominant 

COM -9,780 0.00013 0.01084 Dominant Dominant 

Placebo -10,827 0.00014 0.01200 Dominant Dominant 

Do nothing reference reference reference reference reference 
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Cohort: Males aged 50 years old  

Table 28 shows estimated lifetime costs and health outcomes of a programme providing text 

messages to support smoking cessation versus ‘do nothing’ (existing smoking cessation 

services) for males aged 50 years old. Lifetime costs of text messaging interventions ranged 

from 77,570 THB to 85,102 THB and the lifetime cost of ‘do nothing’ was 99,260 THB. The 

life years of providing text messaging interventions ranged from 10.58957 in ‘do nothing’ to 

10.58990 in the CM group, while the QALYs of providing text messaging interventions ranged 

from 9.97926 to 9.98492.  

The incremental costs, incremental life years, incremental QALYs, and ICERs of mobile 

phone text messaging programme compared with ‘do nothing’ indicated that all types of 

messages and placebo were dominant interventions, as shown in Table 29. The cost-

effectiveness plane of interventions compared with ‘do nothing’ is shown in Figure 26. The 

most cost-effective intervention for males aged 50 years old was CM, which had the lowest 

ICER. 

 

Figure 26 Cost-effectiveness plane of interventions compared with ‘do nothing’ for males 

aged 50 years old from a societal perspective  
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Table 28 Lifetime costs and health outcomes of mobile phone text messaging programme 

compared with ‘do nothing’ for males aged 50 years old from a societal perspective 

Interventions Total costs 

(THB) 

Life years QALYs 

C 79,749 10.58987 9.98328 

O 78,916 10.58988 9.98390 

M 78,907 10.58988 9.98391 

CO 85,102 10.58978 9.97926 

CM 77,570 10.58990 9.98492 

OM 79,831 10.58986 9.98322 

COM 84,506 10.58979 9.97970 

Placebo 82,929 10.58982 9.98089 

Do nothing 99,260 10.58957 9.96858 

 

Table 29 Incremental costs, incremental life years, incremental QALYs, and ICERs per 

QALY gained of mobile phone text messaging programme compared with ‘do nothing’ for 

males aged 50 years old from a societal perspective 

Interventions Incremental 

costs 

(THB) 

Incremental 

life years 

Incremental 

QALYs 

ICER 

per life 

year 

ICER per 

QALY 

C -19,511 0.00030 0.01470 Dominant Dominant 

O -20,344 0.00031 0.01532 Dominant Dominant 

M -20,353 0.00031 0.01533 Dominant Dominant 

CO -14,157 0.00022 0.01068 Dominant Dominant 

CM -21,690 0.00033 0.01634 Dominant Dominant 

OM -19,428 0.00030 0.01464 Dominant Dominant 

COM -14,754 0.00023 0.01112 Dominant Dominant 

Placebo -16,331 0.00025 0.01231 Dominant Dominant 

Do nothing reference reference reference reference reference 
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Cohort: Females aged 30 years old  

Table 30 shows estimated lifetime costs and health outcomes of a programme providing text 

messages to support smoking cessation versus ‘do nothing’ (existing smoking cessation 

services) for females aged 30 years old. Lifetime costs of text messaging interventions ranged 

from 88,693 THB to 90,368 THB and the lifetime cost of ‘do nothing’ was 93,476 THB. The 

life years of providing text messaging interventions ranged from 20.46392 in ‘do nothing’ to 

20.46394 in C, O, M, CM, and OM groups, while the QALYs of providing text messaging 

interventions ranged from 19.63200 to 19.63771.  

The incremental costs, incremental life years, incremental QALYs, and ICERs of the mobile 

phone text messaging programme compared with ‘do nothing’ indicated that all types of 

messages and placebo were dominant interventions, as shown in Table 31. The cost-

effectiveness plane of interventions compared with ‘do nothing’ is shown in Figure 27. The 

most cost-effective intervention for females aged 30 years old was CM, which had the lowest 

ICER. 

 

Figure 27 Cost-effectiveness plane of interventions compared with ‘do nothing’ for females 

aged 30 years old from a societal perspective  
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Table 30 Lifetime costs and health outcomes of mobile phone text messaging programme 

compared with ‘do nothing’ for females aged 30 years old from a societal perspective 

Interventions Total costs 

(THB) 

Life years QALYs 

C 89,178 20.46394 19.63606 

O 88,992 20.46394 19.63669 

M 88,990 20.46394 19.63670 

CO 90,368 20.46393 19.63200 

CM 88,693 20.46394 19.63771 

OM 89,196 20.46394 19.63600 

COM 90,235 20.46393 19.63245 

Placebo 89,884 20.46393 19.63365 

Do nothing 93,476 20.46392 19.62123 

 

Table 31 Incremental costs, incremental life years, incremental QALYs, and ICERs per 

QALY gained of mobile phone text messaging programme compared with ‘do nothing’ for 

females aged 30 years old from a societal perspective 

Interventions Incremental 

costs 

(THB) 

Incremental 

life years 

Incremental 

QALYs 

ICER 

per life 

year 

ICER per 

QALY 

C -4,298 0.00002 0.01483 Dominant Dominant 

O -4,483 0.00002 0.01546 Dominant Dominant 

M -4,486 0.00002 0.01547 Dominant Dominant 

CO -3,108 0.00002 0.01077 Dominant Dominant 

CM -4,783 0.00002 0.01648 Dominant Dominant 

OM -4,280 0.00002 0.01477 Dominant Dominant 

COM -3,241 0.00002 0.01122 Dominant Dominant 

Placebo -3,591 0.00002 0.01242 Dominant Dominant 

Do nothing reference reference reference reference reference 
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Cohort: Females aged 40 years old  

Table 32 shows estimated lifetime costs and health outcomes of a programme providing text 

messages to support smoking cessation versus ‘do nothing’ (existing smoking cessation 

services) for females aged 40 years old. Lifetime costs of text messaging interventions ranged 

from 112,336 THB to 117,732 THB and the lifetime cost of ‘do nothing’ was 127,859 THB. 

The life years of providing text messages ranged from 17.15451 in ‘do nothing’ to 17.15464 in 

the CM group. The QALYs of providing text messaging interventions ranged from 16.28463 

to 16.29616.  

The incremental costs, incremental life years, incremental QALYs, and ICERs of the mobile 

phone text messaging programme compared with ‘do nothing’ indicated that all types of 

messages and placebo were dominant interventions, as shown in Table 33. The cost-

effectiveness plane of interventions compared with ‘do nothing’ is shown in Figure 28. The 

most cost-effective intervention for females aged 40 years old was CM, which had the lowest 

ICER. 

 

Figure 28 Cost-effectiveness plane of interventions compared with ‘do nothing’ for females 

aged 40 years old from a societal perspective  
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Table 32 Lifetime costs and health outcomes of mobile phone text messaging programme 

compared with ‘do nothing’ for females aged 40 years old from a societal perspective 

Interventions Total costs 

(THB) 

Life years QALYs 

C 113,897 17.15463 16.29283 

O 113,300 17.15463 16.29410 

M 113,294 17.15463 16.29412 

CO 117,732 17.15459 16.28463 

CM 112,336 17.15464 16.29616 

OM 113,956 17.15463 16.29270 

COM 117,305 17.15460 16.28554 

Placebo 116,175 17.15461 16.28796 

Do nothing 127,859 17.15451 16.26288 

 

Table 33 Incremental costs, incremental life years, incremental QALYs, and ICERs per 

QALY gained of mobile phone text messaging programme compared with ‘do nothing’ for 

female’ aged 40 years old from a societal perspective 

Interventions Incremental 

costs 

(THB) 

Incremental 

life years 

Incremental 

QALYs 

ICER 

per life 

year 

ICER per 

QALY 

C -13,962 0.00012 0.02995 Dominant Dominant 

O -14,559 0.00012 0.03122 Dominant Dominant 

M -14,566 0.00012 0.03124 Dominant Dominant 

CO -10,127 0.00009 0.02175 Dominant Dominant 

CM -15,523 0.00013 0.03328 Dominant Dominant 

OM -13,903 0.00012 0.02982 Dominant Dominant 

COM -10,554 0.00009 0.02266 Dominant Dominant 

Placebo -11,685 0.00010 0.02508 Dominant Dominant 

Do nothing reference reference reference reference reference 
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Cohort: Females aged 50 years old  

Table 34 shows estimated lifetime costs and health outcomes of a programme providing text 

messages to support smoking cessation versus ‘do nothing’ (existing smoking cessation 

services) for females aged 50 years old. Lifetime costs of text messaging interventions ranged 

from 108,236 THB to 116,410 THB and the lifetime cost of ‘do nothing’ was 131,779 THB. 

The life years of providing text messages interventions ranged from 13.35120 in ‘do nothing’ 

to 13.35140 in the CM group. The QALYs of providing text messaging interventions ranged 

from 12.57949 to 12.59302.  

The incremental costs, incremental life years, incremental QALYs, and ICERs of the mobile 

phone text messaging programme compared with ‘do nothing’ indicated that all types of 

messages and placebo were dominant interventions, as shown in Table 35. The cost-

effectiveness plane of interventions compared with ‘do nothing’ is shown in Figure 26. The 

most cost-effective intervention for females aged 50 years old was CM, which had the lowest 

ICER. 

 

Figure 29 Cost-effectiveness plane of interventions compared with ‘do nothing’ for females 

aged 50 years old  
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Table 34 Lifetime costs and health outcomes of mobile phone text messaging programme 

compared with ‘do nothing’ for females aged 50 years old  

Interventions Total costs 

(THB) 

Life years QALYs 

C 110,601 13.35138 12.58911 

O 109,697 13.35138 12.59060 

M 109,687 13.35138 12.59062 

CO 116,410 13.35133 12.57949 

CM 108,236 13.35140 12.59302 

OM 110,690 13.35137 12.58896 

COM 115,763 13.35133 12.58056 

Placebo 114,051 13.35135 12.58339 

Do nothing 131,779 13.35120 12.55396 

 

Table 35 Incremental costs, incremental life years, incremental QALYs, and ICERs per 

QALY gained of mobile phone text messaging programme compared with ‘do nothing’ for 

females aged 50 years old  

Interventions Incremental 

costs 

(THB) 

Incremental 

life years 

Incremental 

QALYs 

ICER 

per life 

year 

ICER per 

QALY 

C -21,178 0.00018 0.03515 Dominant Dominant 

O -22,082 0.00019 0.03665 Dominant Dominant 

M -22,092 0.00019 0.03667 Dominant Dominant 

CO -15,368 0.00013 0.02553 Dominant Dominant 

CM -23,543 0.00020 0.03907 Dominant Dominant 

OM -21,089 0.00018 0.03500 Dominant Dominant 

COM -16,015 0.00014 0.02660 Dominant Dominant 

Placebo -17,727 0.00015 0.02944 Dominant Dominant 

Do nothing reference reference reference reference reference 
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Table 36 and Table 37 present the comparison of incremental costs and incremental QALYs 

of all patterns of interventions from a societal perspective. The incremental costs and 

incremental QALYs of interventions in both males and females increase with age.  

Table 36 Comparison of incremental costs and incremental QALYs of providing each 

comparator to males of different age groups 

Comparators 

Age (years) 

30 40 50 30 40 50 

Incremental costs (THB) Incremental QALYs 

C -5,464 -12,939 -19,511 0.01117 0.01433 0.01470 

O -5,699 -13,492 -20,344 0.01165 0.01494 0.01532 

M -5,702 -13,498 -20,353 0.01165 0.01494 0.01533 

CO -3,955 -9,384 -14,157 0.00812 0.01041 0.01068 

CM -6,079 -14,386 -21,690 0.01242 0.01592 0.01634 

OM -5,441 -12,884 -19,428 0.01113 0.01427 0.01464 

COM -4,123 -9,780 -14,754 0.00846 0.01084 0.01112 

Placebo -4,568 -10,827 -16,331 0.00936 0.01200 0.01231 

Do nothing reference reference reference reference reference reference 

Table 37 Comparison of incremental costs and incremental QALYs of providing each 

comparator to females of different age groups  

Comparators 

Age (years) 

30 40 50 30 40 50 

Incremental costs (THB) Incremental QALYs 

C -4,298 -13,962 -21,178 0.01483 0.02995 0.03515 

O -4,483 -14,559 -22,082 0.01546 0.03122 0.03665 

M -4,486 -14,566 -22,092 0.01547 0.03124 0.03667 

CO -3,108 -10,127 -15,368 0.01077 0.02175 0.02553 

CM -4,783 -15,523 -23,543 0.01648 0.03328 0.03907 

OM -4,280 -13,903 -21,089 0.01477 0.02982 0.03500 

COM -3,241 -10,554 -16,015 0.01122 0.02266 0.02660 

Placebo -3,591 -11,685 -17,727 0.01242 0.02508 0.02944 

Do nothing reference reference reference reference reference reference 
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Uncertainty analyses 

One-way sensitivity analysis 

One-way sensitivity analysis of key model parameters was conducted to demonstrate the 

incremental cost-effectiveness ratio (ICER) of providing text messages to males aged 30 years 

from two scenarios: placebo group compared to ‘do nothing’ (Figure 30) and CM group 

compared to ‘do nothing’ (Figure 31).  

Figure 30 demonstrates uncertainty of input parameters in the placebo group in males. The 

utilities of smokers and quitters without diseases produced a large impact on the ICERs. If the 

lowest utilities of healthy smokers and quitters are assumed (and other parameters remain the 

same), this yields an ICER of -582,783 THB per QALY gained. When the highest utilities of 

healthy smokers and quitters are used (and other parameters remain the same), the ICER is -

633,720 THB per QALY gained. Following the probability of relapse in the general population, 

the lowest and highest values change the ICERs to -520,825 and -460,081 THB per QALY 

gained, respectively. These negative ICERs were due to the fact that the interventions 

produced health benefits and saved future healthcare costs. On the other hand, intervention 

costs, health-related costs, and proportions of smokers with diseases who smoke different 

amounts of cigarettes per day resulted in the least impacts on ICERs, although the minimum 

and maximum values were assumed.   

Furthermore, uncertainty of input parameters in the CM group (which showed the highest cost 

saving intervention) in males is shown in Figure 31. The ICER ranges are similar to the results 

in the placebo group intervention in males, in which the minimum and maximum values are 

used. Additionally, parameter uncertainty affecting ICER fluctuations in females presents 

similar results (figures are not shown).  

Consequently, interventions remained cost saving when either the minimum or maximum 

values of each parameter were assumed. It is noted that even though the ICER ranges 

increased, it was not more than the mean ICER at -488,188 and -489,521 THB per QALY 

gained in males in the placebo and CM groups, respectively. 
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Figure 30 One-way sensitivity analysis of incremental cost-effectiveness ratios (ICERs) of 

placebo group in males compared with ‘do nothing’  
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Figure 31 One-way sensitivity analysis on incremental cost-effectiveness ratios (ICERs) of 

CM group in males compared with ‘do nothing’ 
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Probability sensitivity analysis  

Based on a societal perspective, probability sensitivity analysis (PSA) was carried out to assess 

the impact of the uncertainty of input parameters, as shown in Table 38 and Table 39. The 

incremental costs, incremental life years, incremental QALYs, and ICERs of the mobile phone 

text messaging programme compared with ‘do nothing’ indicated that all patterns of messages 

and placebo are dominant interventions. The most cost-effective intervention was CM, which 

had the lowest ICER, for both males and females. 

Table 38 Probability results of males of different age groups from a societal perspective 

Interventions 

Age (years) 

30 40 50 30 40 50 

Incremental costs (THB) Incremental QALYs 

Placebo -4,579 -10,872 -16,323 0.00923 0.01229 0.01233 
C -5,522 -13,060 -19,490 0.01105 0.01478 0.01469 
O -5,746 -13,620 -20,345 0.01151 0.01544 0.01537 
M -5,749 -13,531 -20,406 0.01154 0.01528 0.01538 
CO -3,951 -9,455 -14,197 0.00795 0.01071 0.01072 
CM -6,106 -14,421 -21,759 0.01225 0.01629 0.01639 
OM -5,515 -12,917 -19,445 0.01104 0.01467 0.01467 
COM -4,137 -9,718 -14,791 0.00830 0.01097 0.01118 
Do nothing reference reference reference reference reference reference 

 

Table 39 Probability results of females of different age groups from a societal perspective 

Interventions 

Age (years) 

30 40 50 30 40 50 

Incremental costs (THB) Incremental QALYs 

Placebo -3,644 -11,992 -17,958 0.01226 0.02532 0.02895 
C -4,395 -14,404 -21,440 0.01469 0.03045 0.03454 
O -4,575 -15,029 -22,376 0.01530 0.03175 0.03608 
M -4,577 -14,921 -22,432 0.01534 0.03149 0.03614 
CO -3,142 -10,429 -15,600 0.01057 0.02205 0.02519 
CM -4,863 -15,912 -23,940 0.01629 0.03359 0.03857 
OM -4,389 -14,253 -21,386 0.01468 0.03014 0.03448 
COM -3,291 -10,729 -16,271 0.01105 0.02265 0.02625 
Do nothing reference reference reference reference reference reference 
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Model validation 

Two stakeholder consultation meetings were organised for economic model validation. The 

first meeting was conducted to verify important smoking-related diseases, model structure, 

model assumptions, and input parameters (see Appendix 9 for the meeting minutes). While 

12 diseases were proposed primarily, ultimately, the most relevant smoking-related diseases, 

including COPD, stroke, IHD, and lung cancer, were selected. In addition, stakeholders agreed 

on the proposed model, which contained four main health states – smoker, quitter, disease 

state, and death. The model assumed that smokers/quitters would have a probability of 

developing only one disease throughout their lifetime. Moreover, it was assumed that the SMS 

intervention would be provided to the participants only once throughout their lifetime. 

Therefore, the costs and effectiveness of the intervention were applied only once. 

Furthermore, stakeholders suggested reviewing the probability of smoking-related diseases 

from longitudinal studies and applying the probability of deaths among the Thai population. 

Additionally, the relative risks of developing diseases among smokers and quitters should be 

applied in this study.  

 The second stakeholder consultation meeting was conducted to verify the input parameters 

and study results (see Appendix 10 for the meeting minutes). The results from the model 

suggested a rapid rate of disease development leading to a higher death rate. Therefore, it was 

suggested that the model should include time lag for developing smoking-related diseases due 

to the fact that these diseases would develop when exposed to smoking behaviour for more 

than 10 years (130-132).  

In addition, survival probabilities of the general population, smokers, and quitters were 

estimated from the model to substantiate previous data in Thailand as well as stakeholders’ 

knowledge. Figure 32 illustrates the estimated survival of diseased smokers and quitters 

compared with a healthy population in which the age of smoking initiation is 30 years old. The 

median survival probability for diseased smokers and quitters is the same at 37 years in males 

and 43 years in females, whereas median survival probability for a healthy general population 

is 54 years in males and 65 in females.   

Estimated survival was analysed in male and female smokers and quitters that developed 

smoking-related diseases compared with a healthy general population at age 30 years. 
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Figure 32 Estimated survival of smokers, quitters, and the general population.  

  



 

Health Intervention and Technology Assessment Program  114 | P a g e   

P
a

g
e

 

7. Discussion  

7.1. Principal findings  

A factorial randomised controlled trial of behaviour change components in text 

messaging 

This trial investigated the effectiveness of the combinations of three intervention components 

in BCT-enhanced text messages aimed at supporting Thai smokers to quit smoking. Providing 

BCT-enhanced text messages that contained ‘capability’, ‘opportunity’, or ‘motivation’ 

components failed to improve the smoking cessation rate at 1-month follow-up compared to 

text messages that did not contain the intervention component. There was a trend for an 

antagonistic interaction when combining intervention components, especially for the CO and 

COM groups, resulting in statistically insignificant results. However, this study did not use a 

sample size that would be able to detect such interactions, thus, it is possible that the apparent 

antagonistic interaction of two behaviour change components was due to alternative 

explanations. For example, it could have resulted from a reduction in the quantity of some 

behaviour change components since participants in the CO, CM, and OM groups received 30 

texts for each intervention component and participants in the COM group received 20 texts 

for each intervention component. Participants in the C, O, and M groups received 60 texts for 

each intervention component. Further research with carefully balanced quantities of each BCT 

and behaviour change component should be conducted to confirm this theory. 

Alternatively, although the intended behaviour change scores were higher in participants who 

received BCT-enhanced text messages that contained any of the intervention components 

compared to the placebo group, it was observed that participants in the experimental 

conditions CO and COM had lower intention to quit scores, smoked more, and depended 

more on nicotine compared to other experimental groups at 1-month follow-up. Therefore, it 

is unknown whether the decreased effect of the CO and COM groups and the observed 

antagonistic interaction were from the ability to change the intended behaviour (as the 

moderating factor) or from the interactions of intervention components that conflict with the 

COM-B model of synergistic interactions between the behaviour change components.  
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The descriptive results of smoking cessation rates also suggested that participants preferred 

text messages that contained ‘motivation’ or ‘capability’ components since text messages that 

contained the ‘opportunity’ component received the lowest technology engagement scores. 

This may be because the content of the text messages were about the TNQ, such as “Support 

at your fingertips. Call 1600 Quitline for free”, which formed around one-quarter of the texts 

received by this group. Participants may have been familiar with the TNQ and may not have 

found this information useful. 

A pre-defined subgroup analysis suggested that BCT-enhanced text messages for tobacco 

smoking cessation were more beneficial in participants with a low intention to quit level 

compared to participants with a high intention to quit level, especially text messages that 

contained either ‘capability’ or ‘opportunity’ components. Since participants who had higher 

intention to quit already planned to stop smoking, the text messages may have added only a 

small benefit to this group compared to those with low intention to quit, or even acted as a 

source of annoyance if they had already quit. However, this result should be regarded as a 

hypothesis to be confirmed since this was a post-hoc analysis. Careful consideration of this 

result should be noted since hypothesis testing from multiple subgroup analyses increases the 

probability of false positive findings (multiplicity); therefore, the significance level to reject the 

null hypothesis should be reduced to a value much less than 0.05. 

When considering the mechanism of behaviour change, there was no significant difference in 

the two intended behaviour change scores, specifically, the capability to quit scores and 

motivation to quit scores. ‘Capability’ text messages showed an effect of increasing opportunity 

to quit scores. Also, the ‘Capability’ text messages and ‘Motivation’ text messages improved 

smoking cessation self-efficacy. This change might have occurred because the BCT-enhanced 

text messages did not change the targeted component of behaviour change. Additional 

interventions for smokers could positively affect other mechanisms of change; in this case, the 

opportunity to quit scores. Alternatively, it is possible that the questionnaire used to measure 

intended behaviour change scores was not sensitive enough to capture the changes, whereas 

the changes were found when using smoking cessation self-efficacy (a validated questionnaire). 

Therefore, the use of this questionnaire for future assessments should involve tests for its 

reliability and validity.  
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Economic evaluation of a mobile messaging programme to support smoking 

cessation 

This economic evaluation aimed to assess the value for money of BCT-enhanced text 

messaging to support smoking cessation services in Thailand. The results demonstrated that 

all mobile phone text messages were cost saving compared to the current smoking cessation 

services with no SMS support. Mobile phone text messages not only produced health benefits 

in terms of life years and QALYs gained, but also reduced future costs incurred by smoking-

related diseases (e.g. COPD, stroke, IHD, and lung cancer).  

The analysis showed that the CM group was the most cost saving intervention that resulted in 

the highest life years and QALYs gained as well as healthcare cost reduction. Even though the 

CO group yielded the lowest life years and QALYs gained with the least healthcare cost, it is 

also a cost saving intervention when compared with ‘do nothing’. On the other hand, text 

messages that contained no behaviour change techniques for smoking cessation (placebo) were 

more cost saving than the COM group but less cost saving than the C, O, M, and OM groups. 

The results suggested that there is no difference between these text messaging groups, 

reflecting non-significant results from the clinical trial. This implies that either adding more or 

cutting down BCTs in mobile phone text messages did not produce greater or fewer benefits 

compared to other mobile phone text messages.  

The results suggested that adding BCT-enhanced text messages to support smoking cessation 

saves future healthcare costs in males more than females. This is due to the yearly healthcare 

costs obtained from the NSHO databases, which was slightly higher in males compared to 

females. Therefore, increasing the proportion of people who abstained from smoking yielded 

more significant reductions in future healthcare costs. On the other hand, the life years and 

QALYs gained from the interventions are much higher in females. This is due to the much 

higher relative risk of developing diseases in male smokers, specifically lung cancer (135-138). 

Moreover, females who quit smoking have a lower chance of developing diseases in their 

lifetime.   

The base case analysis of providing interventions at the age of 30 yielded a higher ICER 

compared to older age groups (40 and 50 years old). This result suggested that mobile phone 

text messages would be more cost saving as age increases. This trend may be due to the lower 
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discounted future healthcare costs and immediate benefit resulting from smoking abstinence 

for the older age groups.  

One-way sensitivity analysis demonstrated that model parameters for health-state utilities and 

transitional probabilities affected the ICER the most, reflecting the uncertainty of these input 

parameters. The higher probability of smoking relapse showed that the intervention may no 

longer be a cost saving intervention. However, the ICER of the text messages to support 

smoking cessation compared to ‘do nothing’ was below the celling threshold of 160,000 THB 

per QALY gained. As such, it is still cost-effective under the scenario where there is a higher 

relapse rate among smokers.    

This model assumed that smokers receive the mobile phone text messaging intervention once 

in their lifetime; therefore, the intervention costs occurred only once at the beginning of the 

cohort. However, the effectiveness of the interventions were derived from the clinical trial 

where participants received mobile phone text messages for 30 days and were monitored for 

6 months. The effectiveness of each text messaging group in terms of the percentage of people 

who abstained from smoking (33-49%) at 6-month follow-up was used as a proxy for lifetime 

smoking cessation. The economic model allowed for smoking relapses and abstinence at yearly 

intervals, therefore, this study applied a more conservative assumption that the effect of the 

interventions can be sustained for only one year. When allowing for repeated interventions 

(i.e. participants receive interventions every year), the costs of mobile phone text messages 

would increase. Nevertheless, the effectiveness of repeated text messages may or may not 

produce the same efficacy because the design of the trial did not take into account a yearly or 

monthly interval of provision for text messages.  

This economic model allowed for the development of a single chronic smoking-related disease 

in the cohorts’ lifetime. Once the cohorts develop a smoking-related disease, they cannot 

return to a disease-free health state. Therefore, the present results may be underestimated as 

smokers or quitters can develop more than one disease in their lifetime. Also, the progressive 

disease stages were not used in each smoking-related disease despite the use of detailed health 

states observed from other cost-effectiveness analyses of smoking cessation interventions 

(147). With the Markovian assumption, an individual person has the same probability of 

transiting to different health states regardless of any previous health states experienced. A 

complex model with disease-specific health states can be applied; however, transitional 
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probabilities of developing co-morbidities are required. Since the comparator choices in this 

economic evaluation only provide a short-term benefit, a more complex model for long-term 

effects might not be necessary.   

This economic evaluation applied a 10-year time lag—the risk of developing diseases after 

exposure to smoking behaviour for 10 years (130-132). Due to the nature of chronic disease 

development for smokers, this assumption was used for the cohort of 30 year old smokers as 

the average duration of smoking was less than 10 years. The results showed that there was no 

significant difference in adopting the 10-year time lag compared to no time lag. 

The model applied lower chances of developing smoking-related diseases as a benefit from 

smoking abstinence. The relative risks of developing smoking-related diseases depended on 

the number of tobacco products used per day and was assumed to be constant over time. 

However, the probability of developing smoking-related diseases increased with age for both 

smokers and quitters. Although different disease-specific mortality rates were found in the 

literature (148-151), the probability of death from smoking-related diseases for this economic 

evaluation only depended on age rather than smoking status. The model validation showed a 

rapid progression to death state and the median survival was significantly lower than the Thai 

general population. This could be a risk of double counting developing diseases and deaths 

that leads to an increase in mortality rates that are twice to three times higher than the general 

population. This assumption was eventually dismissed; instead, it was assumed that smokers 

or quitters who once developed diseases would have the same probability of death as the 

general population, which was retrieved from the BOD Thailand (134). 

7.2. Strengths, limitations and challenges   

A factorial randomised controlled trial of behaviour change components in text 

messaging 

To our knowledge, this is the first randomised controlled trial using a full factorial design to 

test the content of behaviour change texts for tobacco smoking cessation. This study was 

conducted in Thailand, a middle-income country where mHealth research is scarce. The study 

was implemented in a pragmatic setting as an additional intervention to support the TNQ 

service. The participants included in this trial can be generalised to those in the whole country 
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where smokers who can benefit from the intervention are from both the TNQ and online 

channel (representing other smokers that sought smoking cessation support from public health 

campaigns). Participants in this trial were not limited to those who set a quit date; they were a 

mixed group with different levels of intention to quit smoking. Participants were both genders 

and all age groups, with a mixed range of educational backgrounds and socioeconomic status. 

However, the majority tended to be younger than the general population since younger people 

are more likely to engage mobile phone technology.  

It was initially observed during the internal pilot phase that the recruitment rate was 

significantly lower than what was expected. Only 34 smokers showed initial interest to 

participate in the trial through the TNQ and there was no consenting participant via the online 

platform during the first week of recruitment. Only 10 participants were recruited during this 

period (accounting for 13% of the weekly target, 10/76). During the first month of 

recruitment, the rate per week continued to decrease compared to the weekly target. Using a 

linear extrapolation of an average of 6 participants recruited weekly, the expected number of 

participants recruited at the end of 22 weeks would have been only 10% of the target sample 

size. 

Monitoring and evaluation of recruitment strategies to reach the target sample size were vital 

to the trial’s success. From the internal pilot phase, competing trial within TNQ and the 

contextual changes in TNQ practices were likely to be the leading causes of initially low 

recruitment. It is also evident that Thai smokers were not familiar with online self-administered 

questionnaires despite the fact that internet access to the Thai population is high. Many 

strategies with supporting evidence to improve the recruitment rate were implemented in this 

trial, yet these failed to provide a sufficient number to meet the target sample size. Leniency 

of inclusion criteria, modification of recruitment methods, and extension of the recruitment 

period based on the recruitment rate projections were necessary to complete the trial within 

the given time frame. The final recruitment period was extended by six months, and 1,571 

participants were recruited in the trial, accounting for 94% of the target sample size. 

There is also a lack of questionnaires to identify and measure the theory constructs of the 

COM-B (Capability, Opportunity, and Motivation: COM) as a proxy. To our knowledge, there 

was no existing questionnaire to measure the behaviour change components for smoking 

cessation at the time of the questionnaire design. The questionnaire was developed to represent 
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a theoretical construct of COM using a 10-scale 6-question measure. Face validity, content 

validity, construct validity, and reliability of the questionnaire were adequate; however, the 

process required additional resources and was shelved for a separate study. This was another 

limitation of using this questionnaire. 

The overall smoking cessation rate was high, with around 40% of the sample stopping smoking 

at 1-month follow-up and 37% of the sample stopping smoking at 6-month follow-up. This 

study measured self-reported smoking cessation rates, a subjective outcome which is 

contingent on social approval bias. However, only 1 participant in 61 (1.6%) that self-reported 

smoking cessation had a high carbon monoxide breath test result (above 8 ppm).   

The smoking cessation rate for the participants receiving placebo texts was high compared to 

the expected 16% of smokers used in the sample size calculation. This high rate might be due 

to the participant inclusion criteria changes in the study to include smokers with or without a 

quit date, which resulted in participants being recruited at an early stage of smoking. The high 

rate could also be due to the nationwide ‘World No Tobacco’ campaign, thus, smokers who 

were more motivated were recruited. It is also possible that additional text messages for 

smokers who had higher intention to quit added little benefit compared to those that had lower 

intention to quit, as shown in the subgroup analysis of the intention to quit group. Lastly, the 

placebo texts that contained information about diet, exercise, and stress reduction could 

provide an unintentional effect on smoking behaviour or could act as a reminder even if there 

was no cue to smoke or stop smoking. 

There was a challenge regarding the coordination for carbon monoxide breath tests among 

participants. Participants who completed 6-month follow-up were asked for their consent for 

the carbon monoxide breath test and were scheduled for an appointment in smoking cessation 

clinics. However, the process was delayed and the scheduled dates occurred after 6 months. 

Therefore, the result from the 6-month follow-up questionnaire and the smoking status 

resulting from the carbon monoxide breath test could not be compared. Moreover, there was 

a limitation regarding the capability to measure carbon monoxide in smoking cessation clinics; 

not all clinics have this capability, therefore, only a few clinics are able to monitor breath test.  

As a result, 61 participants were included for the carbon monoxide breath test. 
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Economic evaluation of a mobile messaging programme to support smoking 

cessation 

This study used real-world data for model input parameters in the economic evaluation. For 

example, the effectiveness of text messaging interventions was obtained from the factorial 

randomised controlled trial conducted in Thailand. The proportion of heavy smokers and the 

costs of intervention were also derived from this trial. Another robustness of this study was 

that other input parameters were based on local studies with Thai samples. The probability of 

developing diseases and deaths was conducted previously in the Thai Burden of Disease study. 

The healthcare-related expenditures were collected from the Thai NHSO and the utilities of 

disease-specific health states were derived from the Thai population. In addition, pooled data 

of a large cohort was a prerequisite for economic evaluation that includes relative risks of 

developing diseases. Pooled data was also used to compensate for a lack of national data, such 

as the utility of COPD, which was not found at the time of the study. 

There are several limitations of this economic evaluation study. First, providing BCT-enhanced 

text messages that contained ‘capability’, ‘opportunity’, or ‘motivation’ components failed to 

improve the smoking cessation rate at 1-month and 6-month follow-up compared to text 

messages that did not contain the intervention component. Therefore, the smoking cessation 

rates were presented for each intervention (placebo, C, O, M, CO, CM, OM, and COM) rather 

than ‘capability’ versus ‘no-capability’, ‘opportunity’ versus ‘no-opportunity’, and ‘motivation’ 

versus ‘no-motivation’. The interpretation that one group of text messages outperformed the 

others should not be made. Moreover, the comparator, ‘do nothing’, was not derived from this 

trial as it was not part of the design of this factorial trial. The natural cessation rate was obtained 

from a longitudinal survey in Thailand over 4 years (133) and the value for money of text 

message interventions may have been overestimated. Nevertheless, the one-way sensitivity 

analysis suggested that given the highest possible value of the yearly natural smoking cessation 

rate, the text messaging interventions are cost saving. 

Second, this study may underestimate the potential benefits of smoking cessation since the Markov 

model only considered four smoking-related diseases (i.e. COPD, stroke, IHD, and lung cancer) 

because these diseases were prioritised as health consequences directly linked to smoking status. 

However, there are other smoking-related diseases such as other types of cancers or chronic 

illnesses and the risk of infection (152), which this model did not take into account. Moreover, 
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diseases specific to female smokers, such as cervical cancer (153, 154), or outcomes related to 

pregnancy (155-157) were not considered.  

Third, the costs and health outcomes were not associated with either stage of diseases or age-

specific risks. In spite of a lack of this information, researchers assumed the severity of diseases 

based on the number of cigarettes smoked per day since this approach was used in several 

studies about the risk of developing diseases (135-138). Although this method might not yield 

the same results as applying disease stage-specific or age-specific risks, it is likely to be the best 

current practice. 

7.3. Comparison with other studies 

Providing text messages for smoking cessation has been found to be effective in many studies 

from developed countries (43, 158-162). These studies were RCTs with parallel designs 

wherein the participant inclusion criterion was the willingness to quit smoking within 15 to 30 

days or the willingness to set a quit date prior to entering the trial. Moreover, in most studies, 

the text messages were designed to promote two-way communication, which might be more 

engaging to smokers. Similar factorial trials with four design features (message tone, navigation 

autonomy, email reminders, and inclusion of testimonials) for the content of internet-based 

smoking cessation interventions did not improve outcomes; however, the study reported low 

intervention engagement wherein one-third of the participants did not look at the message 

intervention (163). Text messages were provided as standard care for a telephone quitline in 

the United Kingdom, but additional interventions (smoking cessation medicine and intensive 

counselling) were not found to significantly improve smoking cessation rates compared to 

standard care (164).  

There were only three participants who contacted the TNQ to stop receiving text messages, 

resulting in a very low discontinuation rate (n=3, 0.2%) of text messages in this study. This 

could be because the burden on participants to contact the research team via text messages or 

telephone calls (participants shoulder the cost of texts or calls) may have been too high. The 

discontinuation rate for this study is lower than in other studies, perhaps because 

discontinuation of the intervention may have been less of a burden for participants in those 

studies. For example, Naughton et al. reported a discontinuation rate of 9% (42) and 19% (41) 



 

Health Intervention and Technology Assessment Program  123 | P a g e   

P
a

g
e

 

for SMS interventions that allowed participants to send free ‘STOP’ texts to the research team 

to stop receiving future SMS messages.  

Two previous RCTs that used a factorial experiment design were conducted to understand the 

individual and combined effects of mHealth behaviour change intervention components for 

smoking cessation. Borland et al. (2013) tested the provision of internet-based and SMS-based 

interventions (4 experimental groups) among 3,530 smokers and recent quitters (38). The 

provision of SMS alone improved the short-term smoking cessation rate, while the addition of 

an internet-based intervention decreased the effect size, suggesting an antagonistic effect. The 

authors suggested that such effects may result from low engagement of internet-based 

interventions (34% of the participants used the intervention). This contradicted a study by 

Fraser et al. that examined the ‘on’ and ‘off’ effects of five components (website, quitline 

counselling, messaging, brochures, and cessation medication) in 1,034 smokers (34) in which 

the messaging conditions decreased the smoking cessation rate at 7-month follow-up. The 

results also suggested that there was an antagonistic effect wherein messaging intervention 

discourages website use. Although the cause of such association was unknown to the authors, 

they suggested that it may be because the user had already received push information through 

messaging and ignored the website, which was perceived to be more of a burden to use. 

This is the first economic evaluation alongside a clinical trial of mobile phone text messaging 

to support smoking cessation services in Thailand, a middle-income country. The main finding 

of this study is similar to a previous study reporting that text messaging interventions for 

smokers were cost saving in a high-income setting (121). Some aspects of the standard 

methodology were adopted, such as a 6-month cycle, lifetime horizon, and health outcomes in 

terms of life years and QALYs gained. However, some approaches were different owing to a 

country-oriented reference case to allow policymakers to make decisions on implementation 

of innovative interventions. The UK’s National Health Service (NHS) perspective and 3.5% 

per annum discount rate for both costs and health outcomes were used in Guerriero et al. 

(121),  whereas a societal perspective and 3% per annum discount rate for both costs and 

health outcomes are recommended by the Thai HTA guidelines (113). A deterministic 

sensitivity analysis in both studies displayed a different result; utilities of healthy smokers and 

quitters produced a large impact on the ICERs of this current study. The cost of intervention 

per smoker was the potential parameter influencing the ICERs, as the development of the 

intervention was costly in high-income countries. Although the lowest or highest values of 
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input parameters were employed in the model, mobile phone text messaging to support 

smoking cessation services was cost-effective.   

The findings of this study were consistent with previous cost-effectiveness analyses of other 

smoking cessation interventions in Thailand. One study evaluated a structured community 

pharmacist-based smoking cessation (CPSC) programme compared with usual care (165). The 

CPSC programme saves future costs (17,503 and 21,500 THB in males and females, 

respectively) and yields life years gained (0.18 and 0.24 years in males and females, respectively). 

Another cost-effectiveness analysis of pharmacotherapy (nicotine replacement gum, nicotine 

replacement patch, bupropion, nortriptyline, and varenicline) and counselling (hospital and 

TNQ’s services) compared with no intervention shows that interventions were also cost 

saving, despite the high costs of the pharmaceutical products (116).  

7.4. Implications for theory and practice  

Theory-based interventions that employ a single theory may not apply to complex behaviour 

change interventions and the tendency to use only one theory may not necessarily advance 

research (166). Results from this RCT highlighted the possible moderators and mediators of 

behaviour change by suggesting varying effectiveness by subgroups, such as in smokers with 

different levels of intention to quit. The findings suggested that there is a possible pathway of 

behavioural moderators (e.g. intention to quit smoking or smoking cessation self-efficacy) that 

is related to behaviour performance (smoking cessation). An example of a theory that 

contained behavioural intention to determine behaviour includes the Theory of Planned 

Behaviour (TPB), proposed by Ajzen (87). Additions of possible moderators/mediators can 

advance behaviour change research and provide the surrogate endpoint for intervention users 

for potential implementation in routine practice (167).  

7.5. Directions for future research   

The RCT results suggest that the baseline intention to quit group is a potential moderator of 

the treatment effect since the intervention was more beneficial among smokers with low 

intention to quit. The results reveal the use of intention to quit smoking as a tailoring variable 

for future adaptive interventions for smoking cessation. Adaptive interventions, also known 
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as tailored interventions, have been in the research field for many years; they can be used as a 

decision rule to determine appropriate intervention pathways for interventions (e.g. contents 

and dosage) as discussed in Collins et al., 2004 (168). Such tailoring variables can be based on 

the analysis of moderator and mediator variables from an RCT (169-171); examples of this 

application can be found in Strecher’s study about a web-based smoking cessation programme 

(172) and Piper’s study using data from a factorial experiment design (167). Future research is 

needed to explore the moderators and mediators of 1) the behaviour change techniques, 2) the 

mechanism of behaviour change, and 3) the effective engagement with digital health 

interventions in a systemic manner (83). This approach would advance the knowledge of public 

health interventions provided via a digital platform. 

8. Conclusion 

This study investigated the effectiveness of three behavioural change components alone and 

in combination in text messages aimed at supporting Thai smokers to stop smoking. The 

results of this study did not show a significant impact of these behaviour change components 

in text messages. However, providing messages aimed at increasing smokers’ capability to quit 

and opportunity to support smoking cessation improved the smoking cessation rates in 

smokers with low baseline intention to quit scores. 

From an economic evaluation of BCT-enhanced text messaging to support smoking cessation 

in Thai smokers, all text messaging interventions are shown to be cost saving. Mobile phone 

text messages not only produced health benefits in terms of life years and QALYs gained, but 

also reduced future costs incurred by smoking-related diseases 
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Appendix 

Appendix 1: Ethic approval letters and amendments  
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Appendix 2: Materials for focus group discussion  

1) Two-page trial summary 
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2) Meeting agenda 
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3) Participant information sheet 
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4) Consent form  
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Appendix 3: Focus group meeting minute 
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Appendix 4: Participant information sheet (online platform) 

ขอบคุณที่ท่านให้ความสนใจเข้าร่วมเป็นอาสาสมัคร  

• สายเลิกบุหรี่ 1600 ขอเชิญคุณเป็นส่วนหนึ่งกับโครงการวิจัยเรื่อง “การทดสอบประสิทธิผลของการส่ง
ข้อความผ่านโทรศัพท์มือถือต่อการรับบริการเลิกบุหรี่และการตัดสินใจเลิกบุหรี่” หรือ iCanQuit 

• งานวิจัยนี้ ต้องการทดสอบว่าการส่งข้อความทางโทรศัพท์มือถือมีผลต่อการตัดสินใจเลิกสูบบุหรี่หรือไม่ 

• ร่วมโครงการกับเรา หากคุณสนใจรับบริการส่งข้อความ และ ร่วมกิจกรรม "ร่วมงานวิจัย iCanQuit ... ลุ้น
รับ iphone 7" รายละเอียดการเข้าร่วม อ่านตามเงื่อนไข ข้างล่าง 

 

อยากเข้าร่วม ต้องทำอะไรบ้าง? 

1. สมัครเข้าร่วมโครงการวิจัยโดย ยืนยันว่ายอมรับข้อกำหนดและเงื่อนไขของโครงการวิจัย และ ตอบ
แบบสอบถามข้อมูลเบื้องต้นในหน้าถัดไป 

2. รับบริการส่งข้อความผ่านมือถือของคุณเป็นเวลา 30 วัน โดยไม่มีค่าใช้จ่าย 

3. ภายหลังจากการรับบริการส่งข้อความ โปรดตอบแบบสอบถามอีก 2 ครั้ง เพ่ือเป็นข้อมูลในการพัฒนาโครงการ 
อาสาสมัครบางท่านอาจได้รับบริการทดสอบคาร์บอนมอนอกไซด์ฟรี โดยทีมวิจัยชดเชยค่าเสียเวลาให ้

 

 เงื่อนไข  :การเข้าร่วมกิจกรรม "ร่วมงานวิจัย  iCanQuit ... ลุ้นรับ iphone 7" 

1. ผู้มีสิทธิเข้าร่วม: 

    - เป็นผู้ที่กำลังสูบบุหรี่อยู่และต้องการที่จะเลิกบุหรี่  

    - มีอายุ 18 ปีขึ้นไป และสามารถอ่านภาษาไทยได้  

    - มีโทรศัพท์มือถือที่สามารถรับข้อความ SMS ได ้ 

    - ลงทะเบียนรับ SMS จากโครงการวิจัย โดยการตอบแบบสอบถามข้อมูลเบื้องต้นให้ครบถ้วน และ
กด "Finish" เพ่ือส่งแบบสอบถามเข้าระบบ 

    - ได้รับขอ้ความตอบกลับเพ่ือเป็นการยืนยันสิทธิ์การเข้าร่วมโครงการวิจัย 

2. ระยะเวลาเข้าร่วม: เข้าร่วมโครงการวิจัยระหว่างวันที่ 20 เมษายน 2560 ถึง 30 กันยายน 2560 หรือ มี
ผู้สมัครเข้าร่วมงานวิจัยครบตามกำหนด 

3. การจับรางวัล: ทีมวิจัยจะจับรางวัลผู้โชคดี จำนวน 1 รางวัล ในวันที่ 2 ตุลาคม 2560 (ขยายระยะเวลาจาก
เดิม) 
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4. การประกาศรางวัล: ประกาศเบอร์โทรศัพท์ผู้โชคดีทาง 
https://www.facebook.com/HITAPTHAILAND/ และ ติดต่อผู้โชคดีทางโทรศัพท์เพื่อให้มารับของรางวัล 

5. การติดต่อรับของรางวัล: ผู้โชคดีสามารถติดต่อขอรับรางวัลได้ที่ โครงการประเมินเทคโนโลยีและนโยบาย
ด้านสุขภาพ ในวันและเวลาทำการ ภายในระยะเวลา 15 วันนับตั้งแต่ประกาศรายชื่อผู้โชคดี หากเลยกำหนด
ถือว่าสละสิทธิ์ 

6. หลักฐานที่ใช้ในการยืนยันสิทธิ์: ผู้ที่ได้รับรางวัลจะต้องนำโทรศัพท์พร้อม SMS ที่ได้รับ บัตรประจำตัว
ประชาชน เป็นหลักฐานในการรับรางวัล และจะต้องชำระภาษี ณ ที่จ่าย 5 % ของมูลค่ารางวัลที่ได้รับตาม
คำสั่งกรมสรรพากร ที่ ทป .101/25448 ของรางวัลไม่สามารถเปลี่ยนมือหรือโอนสิทธิ์ให้ผู้อื่นได้ ของรางวัลไม่
สามารถแลกเปลี่ยนเป็นเงินสดได้ และทางโครงการวิจัยขอสงวนสิทธ์ในการเปลี่ยนแปลงเงื่อนไขโดยไม่ต้องแจ้ง
ให้ทราบล่วงหน้าได้ 

  

หากต้องการทราบรายละเอียดเกี่ยวกับงานวิจัย ใครเป็นคนดำเนินงาน และ นโยบายการเก็บรักษาข้อมูล 
สามารถอ่านเอกสารแนะนำอาสาสมัคร ได้ที่ http://www.hitap.net/documents/167601  

 

กด "next" เพ่ือไปยังหน้าถัดไป 

  

http://www.hitap.net/documents/167601
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Appendix 5: Consent form (online platform) 

หน้าที่ 1  

☐  คลิกที่ช่องนี้ เพื่อสมัครเข้าร่วมโครงการวิจัย และ ยอมรับข้อกำหนดและเงื่อนไขของโครงการวิจัย 

หน้าที่ 2 ข้อกำหนดและเงื่อนไข โครงการวิจัยเร่ือง “การทดสอบประสิทธผิลของการส่งข้อความผ่านโทรศัพท์มือถือ

ต่อการรับบริการเลิกบุหรี่และการตัดสินใจเลิกบุหรี่” 

ฉันได้อ่านเอกสารแนะนำอาสาสมัครที่อธิบายถึงรายละเอียดของโครงการวิจัย และทำความเข้าใจเอกสารดังกล่าว
แล้ว ฉันไดส้อบถามบุคคลที่รับผดิชอบโครงการนี้แล้วหากฉันมีขอ้สงสัย โดยการติดต่อ  
ภญ.ปฤษฐพร ก่ิงแก้ว โทร 089-164-3777 หรือทางอีเมล์ที่ umpk@leeds.ac.uk และ pritaporn.k@hitap.net 
ฉันทราบวา่การเข้าร่วมโครงการวิจัยเป็นการเข้าร่วมด้วยความสมัครใจ ฉันสามารถถอนตัวออกจากโครงการวิจัยนี้
เมื่อไหร่ก็ได้โดยไม่จำเปน็ต้องระบุถึงเหตุผล และการออกจากโครงการวิจัยจะไมส่่งผลต่อการรับบริการจาก
ศูนย์บริการเลิกบุหรี่ทางโทรศัพท์แห่งชาติแต่อย่างใด นอกจากนี้ฉันทราบว่า ถา้ฉันไม่สะดวกในการตอบคำถามข้อ
ใดข้อหนึ่ง ฉันสามารถข้ามคำถามข้อนั้นได้ 
ฉันทราบวา่ถึงแม้ว่าฉนัจะออกจากโครงการวิจัยนี้แล้วก็ตาม ทีมวิจัยสามารถนำข้อมูลที่ฉนัได้ให้แก่ทีมวิจัยแล้วไป
ใช้ได ้
ฉันอนุญาตให้ผู้วิจัยในทีมทุกคนสามารถเข้าถึงข้อมูลที่ฉันได้ให้ แต่ข้อมูลดังกล่าวจะต้องไม่มีการระบุชื่อหรือข้อมูล
ส่วนตัวของฉัน ทีมวิจัยจะไม่มีการเปิดเผยข้อมูลส่วนตวัของฉันในรายงานวิจัยและจะเก็บข้อมูลส่วนตัวของฉันเปน็
ความลับ 
ฉันยินดีให้มีการบันทึกและนำขอ้มูลของฉันไปใช้ในงานวิจัยอื่นๆ ได้ในอนาคต แต่ข้อมูลดังกล่าวจะต้องไม่มีการระบุ
ชื่อหรือข้อมูลส่วนตัวของฉัน 
ฉันทราบวา่ทีมวิจยัอื่น สามารถเข้าถึงข้อมูลวิจัยนี้ได้ก็ต่อเมื่อทีมวิจัยนั้นตกลงที่จะเก็บข้อมูลสว่นตัวของฉันเป็น
ความลับ 
ฉันทราบวา่ทีมวิจยัอื่น สามารถใช้ข้อมูลจากผลการวิจัยนี้ได้ก็ต่อเมื่อทีมวิจัยนั้นตกลงที่จะเก็บข้อมูลส่วนตัวของฉัน
เป็นความลบั 
ฉันทราบและอนุญาตให้หน่วยงานกำกับดูแลโครงการวิจัยนี้ เชน่ มหาวิทยาลัยลดีส์หรือหน่วยงานอ่ืนที่เก่ียวข้อง 
สามารถตรวจสอบข้อมูลทีไ่ด้จากโครงการวิจัย  
ฉันยินดีเข้าร่วมโครงการวิจัยนี้ดว้ยความสมัครใจ และจะติดต่อ ภญ.ปฤษฐพร ก่ิงแก้ว หากมีการเปลี่ยนข้อมูลการ
ติดต่อ เช่น เบอร์โทรศัพท ์

 

  

mailto:umpk@leeds.ac.uk
mailto:pritaporn.k@hitap.net
http://www.thailandquitline.or.th/
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Appendix 6: Questionnaires 

Baseline questionnaire  
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1-month follow-up questionnaire 
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6-month follow-up questionnaire 
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Appendix 7: Research advertisement  

Facebook paid advertisement 

Timeline: 3 February – 3 March 2017 

คณุได้รบัการเชิญให้เข้าร่วม 

 

โครงการวิจยัเร่ือง “การทดสอบประสิทธิผลของการส่งข้อความผ่านโทรศพัท์มอืถือต่อการรบับริการเลิก

ละการตดัสินใจเลิกบุหร่ีแบุหร่ี ”  

โครงการวจิยันี้มวีตัถุประสงคเ์พือ่ทดสอบว่าการส่งขอ้ความทางโทรศพัทม์อืถอืมผีลต่อการรบับรกิารเลกิบุหรีห่รอื

การตดัสนิใจเลกิสบูบุหรีห่รอืไม่ ถา้คุณเป็นคนทีส่บูบุหรีแ่ละตอ้งการรบัขอ้ความผ่านโทรศพัทม์อืถอืของคุณโดยไม่

เสยีค่าใชจ้่าย สามารถตดิต่อไดท้ี ่ศูนยบ์รกิารเลกิบุหรีท่างโทรศพัทแ์ห่งชาต ิโทรฟร ี1600 

โครงการวจิยันี้เป็นส่วนหนึ่งของงานวจิยัระดบัปรญิญาเอก ด าเนินงานโดย ภญ.ปฤษฐพร กิง่แกว้ นักศกึษาระดบั

ปรญิญาเอกจากมหาวทิยาลยัลดีส ์ประเทศสหราชอาณาจกัร และนักวจิยัจากโครงการประเมนิเทคโนโลยแีละ

นโยบายดา้นสุขภาพ (เลขทีอ่นุญาต MREC16-001)  

ต้องการข้อมลูเพ่ิมเติมหรือต้องการสมคัรเข้าร่วมโครงการ 

โทร 1600 ฟรี 

หรืออ่านรายละเอียดได้ท่ี https://leeds.onlinesurveys.ac.uk/icanquitbaseline 

http://www.thailandquitline.or.th/
https://leeds.onlinesurveys.ac.uk/icanquitbaseline
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Timeline: 21 March – 19 April 2017 

ก าลงัหาตวัช่วยเลกิบุหรีอ่ยู่ เพยีงคลกิตอบแบบสอบถามเพือ่ลงทะเบยีน รบั SMS ฟร ีจาก

โครงการวจิยั iCanQuit 

 

อยากเลิกบุหรี่ ให้เราช่วยคณุ  

เปิดรบัอาสาสมคัรทีอ่ยากเลกิบุหรี ่มาร่วมเป็นสว่นหนึ่งในการพฒันานโยบายเกีย่วกบังานบรกิารเลกิบุหรีก่นั 

งา่ยๆ เพยีงตอบแบบสอบถามเพื่อลงทะเบยีน คลกิ 

HTTPS://LEEDS.ONLINESURVEYS.AC.UK/ICANQUITBASELINE 

 

  

Apply Now 



 

Health Intervention and Technology Assessment Program  198 | P a g e   

P
a

g
e

 

Timeline: 10 – 19 April 2017 

ใกลจ้ะถงึวนัปีใหม่ไทยแลว้ มาใหข้องขวญัแก่ตวัเองและคนทีคุ่ณรกั ดว้ยการเลกิบุหรีก่นัเถอะค่ะ 

 

อยากเลิกบุหรี่ ให้เราช่วยคณุ  

ร่วมเป็นสว่นหนึ่งในการวจิยัเพื่อพฒันานโยบายงานบรกิารเลกิบุหรีข่องประเทศไทยกนั งา่ยๆ เพยีงคลกิเพื่อ

ลงทะเบยีนตอบแบบสอบถาม และ รบั SMS 

HTTPS://LEEDS.ONLINESURVEYS.AC.UK/ICANQUITBASELINE 

 

  

Apply Now 
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Timeline: 20 April – 31 May 2017 

ลุน้รบั iphone 7 เพยีงร่วมงานวจิยักบัเรา ... หากคุณสนใจทีจ่ะเลกิบุหรี ่คลกิตอบแบบสอบถามเพือ่

ลงทะเบยีน รบั SMS ฟร ีจากโครงการวจิยั iCanQuit 

 

อยากเลิกบุหรี่ ให้เราช่วยคณุ  

เปิดรบัอาสาสมคัรทีอ่ยากเลกิบุหรี ่มาร่วมเป็นสว่นหนึ่งในการพฒันานโยบายเกีย่วกบังานบรกิารเลกิบุหรีก่นั 

งา่ยๆ เพยีงตอบแบบสอบถามเพื่อลงทะเบยีน คลกิ 

HTTPS://LEEDS.ONLINESURVEYS.AC.UK/ICANQUITBASELINE 

 

 

  

Apply Now 
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Timeline: 1 - 14 June 2017, brand awareness 

HITAP เปิดรบัอาสาสมคัรทีอ่ยากเลกิบุหรี ่มาร่วมโครงการวจิยั iCanQuit  

ลุน้รบั iPhone 7 แทนค าขอบคุณทีร่่วมเป็นสว่นหนึ่งของการวจิยัน้ี อ่านรายละเอยีดวธิกีารเขา้ร่วม

โครงการและขัน้ตอนการวจิยั คลกิ 

 

อยากเลิกบุหรี่ ให้เราช่วยคณุ  

อ่านรายละเอยีดวธิกีารเขา้ร่วมโครงการและขัน้ตอนการวจิยั คลกิ 

HTTPS://LEEDS.ONLINESURVEYS.AC.UK/ 

 

  

Apply Now 
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Timeline: 10 July – now, brand awareness 

HITAP เปิดรบัอาสาสมคัรทีอ่ยากเลกิบุหรี ่มาร่วมโครงการวจิยั iCanQuit  

ลุน้รบั iPhone 7 แทนค าขอบคุณทีร่่วมเป็นสว่นหนึ่งของการวจิยัน้ี อ่านรายละเอยีดวธิกีารเขา้ร่วม

โครงการและขัน้ตอนการวจิยั คลกิ 

 

อยากเลิกบุหรี่ ให้เราช่วยคณุ  

อ่านรายละเอยีดวธิกีารเขา้ร่วมโครงการและขัน้ตอนการวจิยั คลกิ 

HTTPS://LEEDS.ONLINESURVEYS.AC.UK/ 

 

 

 

 

  

Apply Now 
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Unpaid online advertisement 

Date Website 

30/05/2017 http://morning-news.bectero.com/pr-news/30-May-2017/103313 

 
10/06/2017 

 

http://www.ryt9.com/s/tpd/2662460 

 

 

 

  

http://morning-news.bectero.com/pr-news/30-May-2017/103313
http://www.ryt9.com/s/tpd/2662460


 

Health Intervention and Technology Assessment Program  203 | P a g e   

P
a

g
e

 

Appendix 8: Smoking-Attributable Fraction (SAF) and Disability-

Adjusted Life Years (DALYs) for smoking-related diseases 

Smoking-related diseases 
SAF1 DALYs (million years)2 

Male Female Male Female 

Malignant neoplasms 

Oral cancer (Lip, oral cavity, pharynx) 97.49 90.20 0.05450  0.02026 

Laryngeal cancer 99.81 95.49 0.00480  0.00059 

Oesophageal cancer 97.49 90.20 0.02526  0.00710 

Lung cancer (Trachea, lung, bronchus) 99.71 92.05 0.14345  0.07072 

Stomach cancer 96.16 52.97 0.01987  0.02012 

Colorectal cancer 92.16 41.31 0.06752  0.05937 

Rectum cancer 97.65 N/R 0.06752  0.05937 

Pancreatic cancer 97.92 67.87 0.01173  0.00995 

Kidney cancer 98.33 46.81 N/R N/R 

Cervix uteri cancer N/A 46.81 N/A 0.08418 

Urinary bladder cancer 98.74 71.13 0.00808 0.00223 

Liver cancer  98.07 46.81 0.27161  0.11437 

Acute myeloid leukaemia 97.21 34.55 0.02950  0.03217 

Respiratory diseases 

Pneumonia 96.71 67.31 N/R N/R 

Asthma 97.49 67.50 0.08364  0.06274 

Chronic bronchitis and emphysema 99.84 95.11 N/R N/R 

COPD 99.71 67.50 0.20659  0.06508 

Respiratory tuberculosis 98.43 73.79 N/R N/R 

Cardiovascular diseases 

Hypertensive heart disease 97.08 54.84 0.022525  0.01852 

Coronary heart disease  /Ischemic heart 
disease 

96.71 56.90 0.26730 0.18571 

Angina N/R N/R N/R N/R 

Acute myocardial infarction N/R N/R N/R N/R 

Unrecognized Myocardial Infarction N/R N/R N/R N/R 

Chronic heart failure N/R N/R N/R N/R 

Stroke/ Cerebrovascular disease 94.39 43.08 0.42331 0.36944 

Atherosclerosis 98.26 59.36 N/R N/R 

Aortic aneurysm 99.51 91.44 N/R N/R 

Peripheral vascular disease N/R N/R N/R N/R 

Arterial embolism and thrombosis N/R N/R N/R N/R 

Rheumatic heart disease 97.08 54.84 0.01134 0.01789 

Reproductive effects 

Low birth weight N/R N/R 0.05346 0.02631 

Respiratory distress syndrome – newborn N/R N/R N/R N/R 

Other respiratory conditions – newborn N/R N/R N/R N/R 

Sudden infant death syndrome N/R N/R N/R N/R 

N/A: not applicable; N/R: not reported  

1 SAF was calculated by adjusting the prevalence of exposure to smoking in the population with the 

relative risk for smoking-related disease with exposure assumed for the population (173).  

2 DALYs was retrieved from the BOD Thailand (174).  
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Appendix 9: Stakeholder consultation meeting minutes of the 

development of research proposal on the economic evaluation 

of text messages interventions 
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Appendix 10: Stakeholder consultation meeting minutes of 

result presentation of the economic evaluation of text messages 

interventions 
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