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Abstract 
Introduction: This study assessed the efficacy of the SinHumo App combined with a cognitive-behavioral smoking cessation treatment on 
12-month follow-up abstinence, compared with the same smoking cessation treatment and a control App.
Aims and Methods: A sample of 288 treatment-seeking people who smoke were randomized: SinHumo App plus smoking cessation treatment 
(n = 140) and control App plus smoking cessation treatment (n = 148). The primary outcome was 7-day point prevalence abstinence (PPA) at the 
12-month follow-up. Secondary outcomes were abstinence rates at the end of the intervention and 3- and 6-month follow-ups, cigarette per day 
(CPD) reduction over the 12-month follow-up, intervention engagement, and satisfaction. 
Results: Intention-to-treat analyses showed nonsignificant differences in self-reported 7-day PPA at the 12-month follow-up (37.1 and 42.6%, 
respectively; OR = 0.80). No significant differences were found in abstinence at the end of the treatment (68.6 vs. 62.8%) nor on 7-day PPA at 
3- (35.7 vs. 45.9%) and 6-month (35.0 vs. 41.2%) follow-up. Complete case and multiple imputation analyses yielded similar results for absti-
nence outcomes. A significant reduction in CPD across the 12-month follow-up in the subsample of participants who smoked was observed, but 
nonsignificant differences between conditions were found. Higher engagement with the SinHumo App was a significant predictor of 12-month 
abstinence. Satisfaction with the intervention was high and similar in both groups.
Conclusions: High abstinence rates over the 12-month follow-up and satisfaction were found in both conditions. The inclusion of the SinHumo 
App did not improve abstinence rates in the intervention.
Implications: Scarce research has examined the long-term efficacy of smoking cessation treatments, including Apps, to support the quit-
ting process. The present randomized controlled trial contributes to the existing literature about including information and communication 
technologies in behavior change interventions. The development of effective smoking cessation apps and information and communication 
technologies-based interventions is crucial for reducing the prevalence of smoking, as these interventions have the potential to reach a large 
number of people who smoke and reduce access-related barriers to treatment.

Introduction
Tobacco use continues to be the leading preventable cause 
of mortality and morbidity worldwide.1 Over the past 50 
years, effective psychological treatments have been devel-
oped to quit smoking.2,3 The U.S. Preventive Services Task 
Force Recommendation Statement4 points out that be-
havioral interventions contribute significantly to smoking 
cessation, indicating that psychological treatment is the 
first choice. Despite the positive results of psychological 
treatments to quit smoking, relapse into tobacco use, as in 
other addictions, is common.5 Blyth et al.6 suggest that using 
digital-based support in smoking cessation treatments could 
be a venue to reduce relapse rates. These digital tools could 
provide tailored and personalized support to cater to the 
specific needs and contexts of people trying to quit, making 
smoking cessation treatments more attractive and engaging. 
In recent years, interventions have been developed based 

on Apps to quit smoking,7,8 mainly in self-help formats.9 
However, many of these App interventions do not follow 
evidence-based guidelines to quit smoking, and only a few 
have been assessed.10 This has led to systematic reviews and 
meta-analyses analyzing the effectiveness of smoking cessa-
tion Apps, usually including a reduced number of studies. 
For instance, the Cochrane systematic review conducted by 
Whittaker et al.7 only included five randomized controlled 
trials exploring smoking cessation Apps, which limits the 
certainty of the outcomes. Recently, Guo et al.11 conducted a 
meta-analysis including nine randomized controlled trials and 
concluded that stand-alone Apps for smoking cessation did 
not improve abstinence outcomes. However, the use of Apps 
could be considered as a complement to traditional smoking 
cessation treatments and for relapse prevention.12

The combination of psychological treatment to quit smoking 
and Apps is a novel line of research towards which we must 
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direct our efforts, given the strong impact that rapid technolog-
ical progress is having on our society.13 Different authors point 
out that incorporating an App as a complement to a smoking 
cessation treatment could increase the intensity of the treat-
ment and improve abstinence rates.14 Adding the use of com-
plementary Apps to traditional smoking cessation treatments 
has numerous advantages, including: Ease of use anywhere, 
anytime; the delivery of information and messages regardless 
of the patient’s location; the ability to tailor messages to the 
user’s characteristics; the ability to send messages in real-time 
and the facilitation of social support through the user’s con-
tact with other people.15,16 These Apps allow obtaining real-
time data on treatment compliance and the performance of 
different tasks (eg, self-reports of tobacco use); they improve 
efficiency, as practitioners can check their progress through a 
website before the sessions; they increase user motivation, are 
more attractive, and are preferable to paper forms (Dahne et 
al., 2018). Despite the opportunities offered by using Apps to 
support face-to-face treatments for smoking cessation, scarce 
research has been conducted to date.17,18

The main objective of the present study was to evaluate the 
efficacy of the SinHumo smartphone App (iOS and Android) 
combined with face-to-face cognitive-behavioral smoking ces-
sation treatment, compared with a control group that receives 
the same smoking cessation treatment and a control App. 
Specifically, the primary outcome was the 7-day point preva-
lence abstinence (PPA) at the 12-month follow-up. Secondary 
outcomes were: (1) abstinence at the end of the intervention and 
at the 3- and 6-month follow-ups, (2) reduction of ≥ 50% of 
cigarettes smoked per day (CPD) from baseline to the 12-month 
follow-up, (3) prolonged abstinence with lapses, (4) interven-
tion engagement, and (5) satisfaction with the intervention.

Materials and Methods
Design and Setting
This was a double-arm, single-blind, randomized controlled 
design study to assess the efficacy of a cognitive-behavioral 
intervention for smoking cessation combined with the 
SinHumo App at the end of treatment and at the 3-, 6-, 
and 12-month follow-ups. The study was approved by 
the Institutional Ethics Review Board of the University of 
Santiago de Compostela (USC-15/2020) and registered at 
clinicaltrials.gov (NCT04765813).

We used the statistical program G* power to determine the 
sample size.19 Estimating a 20% difference between conditions 
at 1 year of follow-up and a statistical power of 90% with a 
significance level of 0.05, the minimum sample needed would 
be 264 participants (132 per treatment condition).

Participants
The sample of this randomized controlled trials study 
comprised 288 treatment-seeking people who smoke. They 
asked for cessation treatment at the Smoking and Addictive 
Disorders Unit of the Faculty of Psychology of the University 
of Santiago de Compostela from September 2020 to October 
2022 (Figure 1). Participants were recruited through posters 
in healthcare centers and hospitals, referred by services of 
the healthcare system or other professionals (eg, dentists), 
publications on the Smoking Cessation Unit’s social networks, 
or word of mouth. None of the participants received financial 
compensation for their participation. Before taking part in 
the study, the informed consent of participants was obtained.

The inclusion criteria to be part of the study were to be 
18 years of age or older, to want to participate in treat-
ment to quit smoking, to have a minimum consumption 
of six cigarettes per day before the start of treatment, to 
duly complete all pretreatment assessment questionnaires, 
to have a valid e-mail address and a smartphone (Android 
or iOS) and to be willing to use it throughout the treat-
ment, and to obtain the informed consent. The exclusion 
criteria were: Having a diagnosis of a severe mental dis-
order (bipolar disorder and/or psychotic disorder); con-
current addictive disorder of other substances (cannabis, 
cocaine, and heroin); smoking exclusively rolling tobacco, 
cigars, or cigarillos (due to the impossibility to follow the 
nicotine fading procedure); having completed an effective 
psychological or pharmacological treatment (nicotine gum 
or patches, bupropion, and varenicline) to quit smoking 
during the previous year; suffering from a pathology that 
implies a high risk to the life of the person, which would re-
quire immediate intervention (eg, recent myocardial infarc-
tion, pneumothorax); having visual difficulties that prevent 
the proper use of the App; and not attending the first group 
treatment session.

The experimental group received a cognitive-behavioral 
treatment (CBT) to quit smoking with the SinHumo App, 
whereas the control group received a CBT to quit smoking 
with a control App. Participants were randomized in blocks 
of four to six participants (1.1. ratio) to the experimental 
(CBT + SinHumo App) or control group (CBT + Control 
App) according to a computer-generated randomization list 
(Excel—Microsoft). All participants within a group were 
allocated to the same treatment condition (experimental or 
control) to prevent possible contamination.

Procedure
Treatment sessions and follow-ups were conducted by general 
health psychologists trained to deliver the CBT described 
above. Research staff supervised professionals’ adherence 
to the study protocol procedures of the assessment and 
intervention.

Participants meeting the inclusion criteria were individually 
assessed through a face-to-face interview, and filled in a set of 
questionnaires (described below). After this initial assessment, 
participants were randomly assigned to study conditions. The 
eight treatment sessions were then applied in both conditions 
in group format (group size: Four–six). Participants of each 
group started and finished the eight sessions together. During 
the first treatment session, each participant downloaded the 
App (SinHumo App vs. control App) from iTunes or Google 
Play guided by the professional, and received an individual 
access code to activate the App. Access to the App was pro-
vided from the start of the face-to-face treatment until the 
12-month follow-up. Participants were unaware of their 
allocated group (SinHumo App vs. control App).

An end-of-treatment assessment was conducted in the last 
treatment session (session 8), and subsequently, follow-up 
assessments were conducted at 3-, 6-, and 12 months in both 
treatment conditions. Due to the situation generated by the 
coronavirus pandemic in 2020 (COVID-19) and the social 
distancing measures that were established, it was not possible 
to biochemically validate abstinence. Therefore, abstinence 
was only self-reported. Smoking cessation literature suggests 
that when in-person contact is not feasible, self-reported ab-
stinence seems to be a reliable measure.20,21
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Intervention Conditions
The protocol used, the characteristics of the intervention, and 
the detailed description of the SinHumo App have been previ-
ously published.22 The treatment carried out in both conditions 
was a psychological CBT to quit smoking.23,24 It consists of 
eight sessions in group format, at the rate of 1 weekly session 

lasting 1 hour, for 8 weeks. The quit day is established in the 
fifth session, but if participants want to make a quit attempt 
before, they are encouraged to do it. The components are as 
follows: (1) therapeutic contract, (2) smoking behavior self-
recording and graphic representation of consumption, (3) to-
bacco information, (4) nicotine fading technique, (5) stimulus 

Excluded (n = 62)
Less than 18 years of age (n = 1)

Smoking ≤ 6 CPD (n = 8)

Declined to participate (n = 5)

Did not complete study consent (n = 13)

Did not filled out baseline questionnaires (n = 2)

No Internet connection (n = 2)

Diagnosis of a severe mental disorder (n = 17)

Diagnosis of substance use disorder (n = 5)

Diagnosis of a physical/cognitive problem (n = 9)

Attend first session (n = 135)

Completed EOT assessment (n = 124)

Completed 3 months follow-up (n = 110)

Completed 6 months follow-up (n = 119)

Completed 12 months follow-up (n = 125)

Allocated to CBT + SinHumo App
(n=140)

Allocated to CBT (App control)
(n= 148)

Attend first session (n = 145)

Completed EOT assessment (n = 141)

Completed 3 months follow-up (n = 134)

Completed 6 months follow-up (n = 135)

Completed 12 months follow-up (n = 137)

Analysed intent-to-treat (n = 140) Analysed intent-to-treat (n = 148)

Assessed for eligibility (n = 350)

Randomized (n=288)

487 Individuals screened

Not eligible (n = 137)
- Not interested (e.g., only wanted the App) (n = 85)

- Not daily smoking (n = 33)

- Did not attend the assessment session (n = 19)

Figure 1. Participant flow diagram. CBT = cognitive-behavioral treatment; CPD = cigarettes per day.
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control, (6) activities to avoid withdrawal symptoms, (7) be-
havioral activation components, and (8) relapse prevention 
strategies (problem-solving training, anxiety and anger man-
agement, physical exercise, weight management, etc.).

In the experimental treatment condition (CBT + SinHumo 
App), the previous intervention was complemented with the 
SinHumo App with therapeutic components that were used 
during treatment (self-recording of cigarettes, access to ses-
sion materials, performance of behavioral activation activi-
ties, intersessional notifications reinforcing the achievement of 
goals, and motivational notifications) and during follow-up. 
The SinHumo App content was aligned with the objectives 
and contents of each session guided by the professionals. 
The components during follow-up were adapted to the 
participant’s smoking status: (1) abstinence, (2) relapse (quit-
ting smoking at the end of treatment, but relapsed during 
follow-up), or (3) smoking (not quitting at the end of treat-
ment), both at the end of treatment and at the follow-ups. 
Some of these components are: Behavioral and cognitive tips 
for maintaining abstinence or smoking cessation, strategies 
for coping with the urge to consume, motivational strategies, 
gains and achievements attained since quitting smoking (in 
the case of people who are abstinent), or different notifications 
depending on their status, among others.

In the control treatment condition (CBT + control App), 
the same treatment as the experimental condition was used, 
but in this condition, the Control App only had the self-
recording of cigarettes component and the session materials 
in PDF format. This App was available during treatment and 
follow-up periods.

Follow-ups were conducted 3, 6, and 12 months after 
treatment ended. Both treatment sessions and follow-ups 
were conducted via video call using the “Microsoft Teams” 
platform.

Measures
Smoking Questionnaire
This comprises 59 items that collect baseline information on 
sociodemographic variables and aspects related to smoking 
behavior.25

Fagerström Test for Cigarette Dependence
This test presents six items with two to four response alternatives 
and a cutoff point of 6 for dependence. This questionnaire was 
administered in the initial assessment session. 26–28

Daily Self-records of Cigarette Consumption
This records the number of cigarettes, the time at which the 
participant smokes each cigarette, the pleasure it gives them 
(from 0 to 10, with 0 being the minimum pleasure and 10 
being the maximum), and their situation when they smoke.

End-of-Treatment Evaluation Questionnaire
This is a self-report that collects information about the date 
of abandonment, confidence in remaining abstinent, perceived 
social support, and physical and psychological improvement/
worsening since the start of treatment. This questionnaire was 
administered at the end of the eight treatment sessions.

Customer Satisfaction Questionnaire-8
This is an eight-item self-report instrument that assesses 
overall satisfaction with the treatment services administered 
after the end of the intervention.29,30

Follow-up Questionnaire
This is a self-report that collects data on abstinence and/or 
relapse at the 3-, 6-, and 12-month follow-ups. This question-
naire has two versions: One for participants who are absti-
nent (ie, whether they have smoked any puff or cigarette in 
the last 24 hours, 7 days, 30 days, and 6 months or since the 
end of treatment, how long they have been abstinent and the 
date they smoked their last cigarette) and other one for 
participants who are smoking (ie, number of cigarettes they 
smoke per day and tobacco brand, whether they have made 
other quit attempts).31

Outcomes
Smoking outcomes were defined as recommended by the 
Society for Research on Nicotine and Tobacco Treatment 
Research Network.32

The primary outcome was 7 days PPA (“not even a puff”) 
at the 12-month follow-up. The secondary outcomes were:

-	 Seven days PPA (“not even a puff”) at the 3- and 6-month 
follow-ups; 30 days PPA (“not even a puff”) at the 6- and 
12-month follow-ups; and 24 hours abstinence at the end 
of treatment.

-	 Prolonged abstinence with lapses (no more than 5 
cigarettes during the 6- or 12-month follow-ups).

-	 Reduction of ≥50% of cigarettes smoked per day (CPD) 
from baseline to the 12-month follow-up.

-	 Engagement with the intervention, defined as the number 
of sessions attended by participants, and engagement 
with the App, defined as the number of days of use 
through the treatment and 12-month follow-up period.

-	 Satisfaction with the intervention.

Statistical Analysis
Descriptive analyses were conducted to characterize the 
total sample. Chi-square tests and Student t-tests assessed 
differences between the study conditions (CBT + SinHumo 
App vs CBT + control App) on demographics and smoking-
related variables.

The primary and secondary abstinence-related outcomes 
were analyzed using two approaches: (1) intention-to-treat 
analyses (including all randomized participants and con-
sidering missing data as smoking) and (2) complete-case 
analyses (including only those participants reporting their 
smoking status). As a sensitivity analysis, multiple imputa-
tion analyses were also conducted to handle missing data. 
We included in the imputation model the following variables: 
treatment condition, demographics (sex, age, and educational 
level), cigarette dependence (Fagerström Test for Cigarette 
Dependence), and history of depression treatment. Twenty 
imputed datasets were generated, and pooled results were 
reported. Binary logistic regression analyses were conducted 
to examine abstinence at each time-point assessment (at the 
end of treatment, at the 3-, 6-, and 12-month follow-ups) 
unadjusted and adjusted by the following covariates: Sex, 
age, Fagerström Test for Cigarette Dependence, and history 
of depression treatment. Although these variables did not 
differ between conditions at baseline, adjusted analyses were 
conducted in order to account for their potential effect on 
cessation success based on previous literature.33–35 Secondary-
related analyses were conducted to assess treatment satisfac-
tion differences according to treatment conditions.
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SPSS version 29 was used for statistical analysis. The value 
of the significance level was set at 0.05.

Results
The total sample of participants included 288 people who 
smoked daily (62.5% women; 180/288; Mean age = 45.80, 
SD = 10.63 years). Table 1 shows demographics and smoking-
related variables at baseline for the total sample and each 
treatment condition. Over half of the sample had university 
studies (52.1%; 150/288). Regarding smoking, participants 
smoked an average of 18.63 cigarettes per day (SD = 8.95), 
the mean of years smoking was 26.66 (SD = 10.91) ranging 
from 1 to 59 years, and 38.2% (110/288) obtained a score of 
six or higher in the Fagerström Test for Cigarette Dependence. 
No significant group differences were found in these variables.

Regarding retention rates, 92.0% (265/288) of the 
participants provided data at the end of the intervention 
(CBT + SinHumo App, 88.6% [124/140] vs. CBT + con-
trol App, 95.3% [141/148], p = .036), 84.7% (244/288) at 
the 3-month (CBT + SinHumo App, 78.6% [110/140] vs. 
CBT + control App, 90.5% [134/148], p = .008), 88.2% 
(254/288) at the 6-month (CBT + SinHumo App, 85.0% 
[119/140] vs. CBT + control App, 91.2% [135/148], 
p = .102), and 91.0% (262/288) at the 12-month follow-up 
(CBT + SinHumo App, 89.3% [125/140] vs. CBT + control 
App, 92.6% [137/148], p = .331; Figure 1).

Smoking-Related Outcomes
For the primary outcome of 7-day PPA at the 12-month 
follow-up, no significant group differences were found 

(CBT + SinHumo App: 37.1 % [52 out of 140] vs. CBT + con-
trol App: 42.6% [63 of the 148]; odds ratio [OR], 0.80; 
95% CI [0.50, 1.28], p = .348). Results were similar when 
examining complete case data with abstinence rates of 41.6% 
[52 out of 140] in the CBT + SinHumo App condition and 
46.0% [63 out of 148] in the CBT + control App condition 
(OR = 0.84; 95% CI [0.51, 1.37], p = .475).

Regarding abstinence-related secondary outcomes, no sig-
nificant group differences were observed at the end of the in-
tervention or the 3- and 6-month follow-ups (Table 2) when 
following the intention-to-treat (ITT) approach. However, 
in the complete case analyses, the group of CBT + SinHumo 
App obtained significantly higher abstinence rates than the 
CBT + control App group at the end of treatment (77.4% [96 
out of 140] vs. CBT + control App: 66.0% [93 out of 148]; 
OR = 1.77; 95% CI [1.03, 3.06], p = .040). No significant 
group differences were found at the 3- and 6-month follow-
ups for the complete case analyses. When regression analyses 
were adjusted by covariates, similar data were obtained 
(Table 2). Multiple imputation data analyses also showed 
nonsignificant group differences (Supplementary Material).

We also assessed prolonged abstinence with lapses (no more 
than five cigarettes during the 6- or 12-month follow-ups). 
When using an ITT approach, prolonged abstinence at the 
6-month follow-up was 29.3% for the CBT + SinHumo App 
condition versus 35.1% for the CBT + control App, and at 12 
months, it was 24.3% for the CBT + SinHumo App condi-
tion versus 31.1% for the CBT + control App. Nonsignificant 
group differences were found. Upon examining complete 
cases, a similar pattern was found: At the 6-month follow-up, 
prolonged abstinence was 34.5% for the CBT + SinHumo 

Table 1. Participants’ Sociodemographics and Smoking-Related Variables at Baseline

Total sample
(N = 288)

CBT + SinHumo 
App
(n = 140)

CBT + control 
App
(n = 148)

Mean/n
(SD/%)

Mean/n
(SD/%)

Mean/n
(SD/%)

χ2 t p

Age (years) 45.80 (10.63) 45.95 (11.57) 45.66 (9.69) 0.235 .815

Sex 0.015 .903

 � Female 180 (62.5) 88 (62.9) 92 (62.2)

Marital status 0.183 .669

 � Married/living with a partner 130 (45.1) 65 (46.4) 65 (43.9)

 � Single/divorced/widowed 158 (54.9) 75 (53.6) 83 (56.1)

Education 2.364 .307

 < HS diploma 41 (14.2) 21 (15.0) 20 (13.5)

 � HS diploma or GED 97 (33.7) 41 (29.3) 56 (37.8)

 � University 150 (52.1) 78 (55.7) 72 (48.6)

Current work situation 0.886 .347

 � Working (yes) 196 (68.1) 99 (70.7) 97 (65.5)

CPD 18.63 (8.95) 18.71 (9.34) 18.55 (8.60) 0.152 .880

Age began daily smoking 18.22 (5.12) 17.87 (4.74) 18.55 (5.45) −1.120 .264

Years smoking 26.66 (10.91) 27.11 (11.42) 26.23 (10.43) 0.681 .496

FTCD 4.82 (2.10) 4.69 (2.19) 4.93 (2.01) −0.968 .334

Cigarette dependence (FTCD ≥ 6) 110 (38.2) 54 (38.6) 56 (37.8) 0.016 .898

Abbreviations: CBT = cognitive-behavioral treatment; CBT + SinHumo App = CBT plus smartphone App; CPD = Cigarettes smoked per day; HS = high 
school; GED = general education diploma; FTCD = Fagerström Test for Cigarette Dependence.

http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntae053#supplementary-data
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App condition versus 38.5% for the CBT + control App, and 
at 12 months, it was 27.2% for the CBT + SinHumo App 
condition versus 33.6% for the CBT + control App.

Cigarette smoking reduction (≥50%) from baseline to 
the 12-month follow-up in the subsample of non-abstinent 
participants (n = 173) was also examined. Nonsignificant 
group differences were found when considering the ITT 
approach (CBT + SinHumo App: 25.0 % [22 out of 88] 
vs. CBT + control App: 16.5% [14 out of 85]; OR = 1.89; 
95% CI [0.85, 4.21], p = .118) or the complete case data 
(CBT + SinHumo App: 30.1 % [22 out of 73] vs. CBT + con-
trol App: 18.9% [14 out of 74]; OR = 1.66; 95% CI [0.77, 
3.58], p = .197). Finally, to test changes in the mean number of 
CPD within subjects in each condition, repeated ANOVA was 
conducted using the Greenhouse–Geisser F (FGG) correction 

in the subsample of people who smoke at the 12-month 
follow-up. Data showed a significant reduction in CPD over 
1 year (FGG = 54.825, p < .001, ηp

2 = 0.243), but no significant 
group differences were found, F(1, 171) = 0.983, p = .323.

Engagement-Related Outcomes
Engagement with the intervention, defined as the number 
of sessions attended by participants, was similar between 
conditions (CBT + SinHumo App, M = 6.11; SD = 2.30; vs. 
CBT + control App, M = 5.92; SD = 2.24; t = 0.73; p = .466). 
The number of sessions attended by participants was a sig-
nificant predictor of abstinence outcomes at 12-month 
follow-up in both study conditions (CBT + SinHumo App, 
OR = 1.65; 95% CI [1.29, 2.10], p < .001; CBT + control 
App, OR = 1.26; 95% CI [1.06, 1.48], p = .007).

Table 2. Self-Reported Abstinence Rates by Treatment Condition

Treatment Group Odds Ratio
(95% CI)

p AOdds Ratio
(95% CI)

p

CBT + SinHumo 
App
(n = 140)

CBT + control 
App
(n = 148)

Outcome variable (ITT) % (n) % (n)

 � 7-day PPA at 12-month follow-up 37.1 (52) 42.6 (63) 0.80 (0.50; 1.28) .348 0.76 (0.47; 1.24) .271

 � 30-day PPA at 12-month follow-up 32.9 (46) 40.5 (60) 0.72 (0.44; 1.16) .177 0.68 (0.41; 1.11) .124

 � 7-day PPA at 6-month follow-up 35.0 (49) 41.2 (61) 0.77 (0.47; 1.24) .278 0.73 (0.45; 1.19) .202

 � 30-day PPA at 6-month follow-up 34.3 (48) 38.5 (57) 0.83 (0.52; 1.35) .456 0.79 (0.49; 1.30) .359

 � 7-day PPA at 3-month follow-up 35.7 (50) 45.9 (68) 0.65 (0.41; 1.05) .078 0.62 (0.38; 1.01) .055

 � End of treatment abstinence 68.6 (96) 62.8 (93) 1.29 (0.79; 2.10) .306 1.21 (0.73; 2.00) .472

Outcome variable (complete case) % (n) % (n)

 � 7-day PPA at 12-month follow-up 41.6 (52) 46.0 (63) 0.84 (0.51; 1.37) .475 0.81 (0.49; 1.33) .398

 � 30-day PPA at 12-month follow-up 36.8 (46) 43.8 (60) 0.75 (0.46; 1.23) .249 0.71 (0.43; 1.18) .186

 � 7-day PPA at 6-month follow-up 41.2 (49) 45.2 (61) 0.85 (0.52; 1.40) .520 0.82 (0.49; 1.37) .449

 � 30-day PPA at 6-month follow-up 40.3 (48) 42.2 (57) 0.93 (0.56; 1.53) .761 0.90 (0.54; 1.51) .695

 � 7-day PPA at 3-month follow-up 45.5 (50) 50.7 (68) 0.81 (0.49; 1.34) .809 0.79 (0.47; 1.33) .376

 � End of treatment abstinence 77.4 (96) 66.0 (93) 1.77 (1.03; 3.06) .040 1.72 (0.97; 3.06) .063

CBT = Cognitive-Behavioral Treatment; CBT + SinHumo App = CBT plus smartphone App; ITT = Intention to Treat; PPA = Point Prevalence Abstinence; 
End of treatment abstinence = achieving at least 24 hours of abstinence in the last treatment session (session 8); OR = Odds Ratio; AOR = Adjusted Odds 
Ratio; Smoking status coded as smoking = 0, abstinence = 1.

Table 3. Client Satisfaction Questionnaire (CSQ-8) Rating by Treatment Condition

CBT + SinHumo 
App
(n = 116)

CBT + control 
App
(n = 131)

 t p

M (SD) M (SD)

How would you rate the quality of service you received? 3.90 (0.31) 3.86 (0.37) 0.78 .434

Did you get the kind of service you wanted? 3.84 (0.37) 3.81 (0.43) 0.53 .597

To what extent has our service met your needs? 3.78 (0.42) 3.71 (0.47) 1.16 .249

If a friend needed similar help, would you recommend our service to them? 3.91 (0.29) 3.90 (0.35) 0.11 .915

How satisfied are you with the amount of help you received? 3.85 (0.36) 3.84 (0.41) 0.28 .779

Did the services you received help you to deal more effectively with your problems? 3.72 (0.49) 3.68 (0.54) 0.55 .586

Overall, how satisfied are you with the service you received? 3.86 (0.35) 3.84 (0.39) 0.48 .635

If you were to seek help again, would you come back to our service? 3.86 (0.41) 3.82 (0.49) 0.65 .517

CSQ-8 items range from one to four, with higher scores indicating greater satisfaction with the treatment received.
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Regarding App use, which was defined as the number of days 
of use through the treatment and 12 months follow-up period, 
participants with the SinHumo App had greater mean days of 
use than those with the control App (CBT + SinHumo App, 
M = 37.90; SD = 28.43; vs. CBT + control App, M = 26.82; 
SD = 20.89; t = 3.68; p < .001). Finally, the number of days of 
app use was a significant predictor of 12-month cessation suc-
cess in the CBT + SinHumo App condition (OR = 1.02; 95% 
CI [1.01, 1.03], p = .003), whereas in the control App condition 
was not significant (OR = 1.00; 95% CI [0.99, 1.02], p = .746).

Satisfaction Outcomes
Overall, participant’s satisfaction with the intervention 
assessed with the customer satisfaction questionnaire-8 was 
high for the total sample (M = 30.58, SD = 2.57; maximum 
score of the scale 32), and no significant group differences 
were found (CBT + SinHumo App; M = 30.70, SD = 2.28; 
CBT + control App: M = 30.46, SD = 2.81, t = 0.735, 
p = .463). More specifically, to the question, “Overall, how 
satisfied are you with the service you received?” 86.2% of 
the participants in the CBT + SinHumo App condition and 
84.7% in the CBT + control App group reported being very 
satisfied, and no significant group differences were found (χ2 
= 0.923, p = .630) (Table 3).

Discussion
This study was a randomized controlled trial examining the 
efficacy of a smartphone App combined with a face-to-face 
manualized cognitive-behavioral smoking cessation treatment 
compared with the same CBT intervention with a control App. 
Abstinence was analyzed over 1 year (at the end of treatment 
and at the 3-, 6-, and 12-month follow-ups). ITT analyses 
showed no significant differences in abstinence rates at the 
12-month follow-up (CBT + SinHumo 37.1% vs. CBT + con-
trol App 42.6%). This pattern of results was similar at the 
end of treatment (CBT + SinHumo 68.6% vs. CBT + control 
App 62.8%) and at the 3-month (CBT + SinHumo 35.7% vs. 
CBT + control App 45.9%) and 6-month (CBT + SinHumo 
35.0% vs. CBT + control App 41.2%) follow-ups, as no sig-
nificant group differences were found.

Previous research analyzing the results of smartphone App-
based smoking cessation interventions have shown mixed 
findings, as some studies have found higher smoking absti-
nence, whereas others did not find this effect.11 Results of 
studies combining apps and smoking cessation treatment are 
in the same line. For instance, Masaki et al.17 and Carrasco-
Hernandez et al.36 found significantly higher abstinence rates 
in the App condition, whereas O´Connor et al.18 did not find 
statistically significant differences. These mixed results could 
be explained, at least in part, by the studies’ characteristics, 
making it difficult to establish comparisons between them. In 
the study of Masaki et al.,17 the app condition also included a 
web-based patient management software for physicians and 
a mobile CO-checker. Therefore, this intervention could be 
considered more complex because of the inclusion of other 
digital tools compared with the present and O´Connor et 
al.’s18 study. Regarding Carrasco-Hernandez et al.’s36 study, 
they used a pharmacotherapy-based intervention with CBT 
plus an App sending personalized notifications generated by 
artificial intelligence.

A plausible factor that could produce the nonsignificant 
group differences in our study is related to the fact that the 

comparison group received an intervention showing good 
abstinence rates at the 12-month follow-up in previous re-
search.24,37 These results should be acknowledged, as high ab-
stinence rates were reported in both groups at the 12-month 
follow-up. In this vein, previous systematic reviews have 
shown pooled abstinence rates at the 6-month follow-up or 
longer of a maximum of 25.6% for different smoking ces-
sation interventions, including pharmacotherapy, counseling, 
behavioral interventions, or combined treatments.3,4

We also examined a minimum of 50% reduction in CPD 
from baseline to the 12-month follow-up, finding no signif-
icant group differences. This result is in line with previous 
research using mobile Apps for smoking cessation, showing 
an overall reduction of CPD from baseline to follow-ups but 
not differing between study conditions.18,38–40

Regarding engagement with the intervention, session at-
tendance was similar between conditions and resulted from 
a significant predictor of abstinence outcomes at 12-month 
follow-up in both groups. This is in consonance with previous 
literature showing the importance of treatment attendance 
for improving smoking cessation outcomes.41

Regarding App use, the CBT + SinHumo App (experi-
mental condition) had greater mean days of use than the con-
trol condition. Moreover, in the experimental condition, a 
higher number of days of SinHumo App use was a significant 
predictor of 12-month abstinence. These findings highlight 
the relevance of engagement with digital health technologies42 
but also the key role of human support to improve Apps 
engagement.43

Lastly, the high levels of intervention satisfaction reported in 
both groups (M = 30.70 vs. M = 30.46, of a maximum of 32), 
and the absence of differences between conditions obtained 
are consistent with other studies such as that of O´Connor et 
al.18 in which an App was used combined with a smoking ces-
sation intervention. In general, satisfaction with smoking ces-
sation Apps is high even when they are fully automated.38,44

Overall, as Guo et al.11 highlight, even though using an App 
to quit smoking does not significantly improve abstinence 
rates, these digital tools could contribute to increasing access 
to effective smoking cessation interventions. In this vein, fol-
lowing a stepped-care approach,45 Apps could be included 
among the different interventions to quit smoking, providing 
different levels of intensity and delivery formats.

Strengths and Limitations
Among the strengths of this study, we point out that the 
present randomized controlled trial is one of the few studies 
examining the long-term efficacy of combined treatments 
using Apps to quit smoking. We also included a large sample 
size of treatment-seeking people who smoke, and we obtained 
a high participant retention rate throughout the 1-year 
follow-up (91.0%). Including a control App (throughout 
the treatment and follow-up period) allowed us to control 
for the effect of using a digital tool during the intervention. 
Finally, our intervention was provided remotely, which could 
facilitate accessibility to treatment to people who smoke 
experiencing barriers such as geographical distance or work 
or family schedule incompatibilities.46

However, the limitations of this randomized controlled trial 
should also be considered when interpreting our findings. 
Firstly, biochemical verification for the abstinence outcome data 
was not conducted due to the remote nature of the intervention 
(through synchron video calls). This could have implications 
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for the study results as a recent meta-analysis has shown that 
self-reported abstinence is higher compared to biochemically 
verified abstinence rates.47 Therefore, the percentages of ab-
stinence could be misreported. However, other studies such as 
the one conducted by Webb et al.48 showed no statistically sig-
nificant differences in quit rates between a group of a random 
sample of participants who underwent biochemical validation 
and those who only self-reported abstinence. To increase con-
fidence in self-reported abstinence when conducting remote 
smoking cessation interventions, future research could include 
remote biochemical verification at least in a random sample of 
participants as in Webb et al.’s48 study. Secondly, in this study, 
we did not include a control condition with minimal inter-
vention (eg, brief advice, counseling, and self-guided App) or 
a nonintervention group. For instance, studies comparing the 
efficacy of combined interventions (eg, CBT plus App) and fully 
automated Apps to quit are warranted. Thirdly, participants in 
this study were treatment-seeking people who smoke, so our 
findings cannot be generalized to those from the general pop-
ulation. Research on the specific characteristics of the people 
who smoke is needed to establish different intensity levels of 
smoking cessation interventions. For example, brief digital 
interventions could be adequate for non-dependent people 
who smoke, younger, or those not ready to quit,49 whereas tai-
lored interventions may be necessary for people who smoke 
with serious psychiatric conditions.50 In this line, people who 
smoke with severe mental health disorders or other addictive 
disorders were excluded from the present study. Consequently, 
future research is needed to analyze the current intervention’s 
efficacy in these population groups, considering their specific 
characteristics.

Conclusion
The inclusion of the SinHumo App through the manualized 
smoking cessation CBT-based intervention did not improve ab-
stinence rates at the 12-month follow-up. However, abstinence 
rates and satisfaction with the intervention were high in both 
conditions. Remote smoking cessation interventions and com-
plementary digital resources could increase the attractiveness 
and accessibility of traditional smoking cessation interventions.

Supplementary Material
Supplementary material is available at Nicotine and Tobacco 
Research online.

Funding
This work was supported by a grant from the Ministerio 
de Ciencia e Innovación of Spain (Project PID2019-
109400RB-100; 10.13039/501100011033.A) and 
co-financed by FEDER (European Regional Development 
Fund).

Declaration of Interests
The authors have no conflicts of interest to declare.

Author Contributions
Ana López-Durán (Conceptualization [Lead], Funding 
acquisition [Lead], Investigation [Equal], Methodology 

[Equal], Project administration [Equal], Supervision [Equal], 
Validation [Equal], Visualization [Equal], Writing—orig-
inal draft [Lead]), Carmela Martinez-Vispo (Data cura-
tion [Equal], Formal analysis [Equal], Investigation [Equal], 
Methodology [Equal], Writing—review & editing [Equal]), 
Daniel Suarez-Castro (Data curation [Equal], Investigation 
[Equal], Writing—review & editing [Equal]), María Barroso-
Hurtado (Data curation [Equal], Investigation [Equal], 
Writing—review & editing [Equal]), and Elisardo Becoña 
(Conceptualization [Lead], Funding acquisition [Lead], 
Investigation [Equal], Methodology [Equal], Project admin-
istration [Equal], Resources [Equal], Supervision [Equal], 
Validation [Equal], Visualization [Equal], Writing—review & 
editing [Equal]).

Data Availability
The data underlying this article will be shared on reasonable 
request to the corresponding author.

Data Transparency
The data reported in this manuscript will be used to develop 
additional manuscripts. This manuscript analyzed the efficacy 
of an App combined with a cognitive-behavioral treatment to 
quit smoking through a randomized clinical trial. Additional 
planned manuscripts are currently being developed and not 
under review or published. We do not believe that these 
additional manuscripts constitute duplicate or piecemeal 
publications.

References
1.	 World Health Organization (WHO). Tobacco. Fact Sheet. 2022. 

Accessed July 21, 2022. https://www.who.int/news-room/fact-
sheets/detail/tobacco

2.	 Hartmann-Boyce J, Livingstone-Banks J, Ordóñez-Mena JM, et al. 
Behavioural interventions for smoking cessation: an overview and 
network meta-analysis. Cochrane Database Syst Rev. 2021(1). 

3.	 Patnode CD, Henderson JT, Coppola EL, et al. Interventions for 
tobacco cessation in adults, including pregnant persons. JAMA. 
2021;325(3):280–298.

4.	 US Preventive Services Task Force. Interventions for tobacco 
smoking cessation in adults, including pregnant persons: US pre-
ventive services task force recommendation statement. JAMA. 
2021;325(3):265–279.

5.	 Brandon TH, Vidrine JI, Litvin EB. Relapse and relapse prevention. 
Annu Rev Clin Psychol. 2007;3(1):257–284.

6.	 Blyth A, Maskrey V, Notley C, et al. Effectiveness and economic 
evaluation of self-help educational materials for the prevention of 
smoking relapse: randomised controlled trial. Health Technol As-
sess. 2015;19(59):1–70, v.

7.	 Whittaker R, McRobbie H, Bullen C, et al. Mobile phone text 
messaging and app-based interventions for smoking cessation. 
Cochrane Database Syst Rev. 2019. 

8.	 Hutton HE, Wilson LM, Apelberg BJ, et al. A systematic review of 
randomized controlled trials: web-based interventions for smoking 
cessation among adolescents, college students, and adults. Nicotine 
Tob Res. 2011;13(4):227–238.

9.	 Barroso-Hurtado M, Suárez-Castro D, Martínez-Vispo C, Becoña 
E, López-Durán A. Smoking cessation apps: a systematic review of 
format, outcomes, and features. Int J Environ Res Public Health. 
2021;18(21):11664.

10.	Haskins BL, Lesperance D, Gibbons P, Boudreaux ED. A systematic 
review of smartphone applications for smoking cessation. Transl 
Behav Med. 2017;7(2):292–299.

https://doi.org/10.13039/501100011033.A
https://www.who.int/news-room/fact-sheets/detail/tobacco
https://www.who.int/news-room/fact-sheets/detail/tobacco


437Nicotine and Tobacco Research, 2025, Vol. 27, No. 3

11.	Guo YQ, Chen Y, Dabbs AD, Wu Y. The effectiveness of smart-
phone app–based interventions for assisting smoking cessa-
tion: systematic review and meta-analysis. J Med Internet Res. 
2023;25(1):e43242.

12.	Baskerville NB, Azagba S, Norman C, McKeown K, Brown KS. 
Effect of a digital social media campaign on young adult smoking 
cessation. Nicotine Tob Res. 2016;18(3):351–360.

13.	Mersha AG, Bovill M, Eftekhari P, Erku DA, Gould GS. The effec-
tiveness of technology-based interventions for smoking cessation: 
an umbrella review and quality assessment of systematic reviews. 
Drug Alcohol Rev. 2021;40(7):1294–1307.

14.	Lancaster T, Stead LF. Individual behavioural counselling for 
smoking cessation. Cochrane Database Syst Rev. 2017.

15.	Tong HL, Quiroz JC, Kocaballi AB, et al. Personalized mobile 
technologies for lifestyle behavior change: a systematic review, 
meta-analysis, and meta-regression. Prev Med. 2021;148:106532.

16.	Whittaker R, McRobbie H, Bullen C, Rodgers A, Gu Y. Mobile 
phone-based interventions for smoking cessation. Cochrane Data-
base Syst Rev. 2016(4).

17.	Masaki K, Tateno H, Nomura A, et al. A randomized controlled 
trial of a smoking cessation smartphone application with a carbon 
monoxide checker. NPJ Digit Med. 2020;3(1):1–7.

18.	O’Connor M, Whelan R, Bricker J, McHugh L. Randomized 
controlled trial of a smartphone application as an adjunct to ac-
ceptance and commitment therapy for smoking cessation. Behav 
Ther. 2020;51(1):162–177.

19.	Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: A flexible 
statistical power analysis program for the social, behavioral, and 
biomedical sciences. Behav Res Methods. 2007;39(2):175–191.

20.	Benowitz NL, Bernert JT, Foulds J, et al. Biochemical verification 
of tobacco use and abstinence: 2019 Update. Nicotine Tob Res. 
2020;22(7):1086–1097.

21.	West R, Hajek P, Stead L, Stapleton J. Outcome criteria in smoking 
cessation trials: proposal for a common standard. Addiction. 
2005;100(3):299–303.

22.	López-Durán A, Becoña E, Senra C, et al. A randomized clinical 
trial to assess the efficacy of a psychological treatment to quit 
smoking assisted with an app: Study Protocol. Int J Environ Res 
Public Health. 2022;19(15):9770.

23.	Becoña E, Martínez-Vispo C, Senra C, et al. Cognitive-behavioral 
treatment with behavioral activation for smokers with depressive 
symptomatology: study protocol of a randomized controlled trial. 
BMC Psychiatry. 2017;17(1):134.

24.	Martínez-Vispo C, Rodríguez-Cano R, López-Durán A, et al. 
Cognitive-behavioral treatment with behavioral activation for 
smoking cessation: randomized controlled trial. PLoS One. 
2019;14(4):e0214252.

25.	Becoña E. Evaluación de la conducta de fumar [Assessment of 
smoking behavior]. In: Graña JL, ed. Conductas Adictivas: Teoría, 
Evaluación y Tratamiento. Madrid: Debate; 1994:403-454.

26.	Fagerstrom K. Determinants of tobacco use and renaming the 
FTND to the Fagerstrom Test for Cigarette Dependence. Nicotine 
Tob Res. 2012;14(1):75–78.

27.	Heatherton TF, Kozlowski LT, Frecker RC, Fagerström KO. The 
fagerström test for nicotine dependence: a revision of the fagerström 
tolerance questionnaire. Br J Addict. 1991;86(9):1119–1127.

28.	Becoña E, Vázquez FL. The Fagerström test for nicotine depend-
ence in a Spanish sample. Psychol Rep. 1998;83(3_suppl):1455–
1458.

29.	Vázquez FL, Torres A, Otero P, Blanco V, Clifford Attkisson C. Psy-
chometric properties of the castilian Spanish version of the Client 
Satisfaction Questionnaire (CSQ-8). Curr Psychol. 2017;38:829–
835.

30.	Larsen DL, Attkisson CC, Hargreaves WA, Nguyen TD. Assessment 
of client/patient satisfaction: development of a general scale. Eval 
Program Plann. 1979;2(3):197–207.

31.	Becoña, E, Míguez, M. C. El cuestionario de evaluación de la 
recaída/abstinencia de los cigarrillos: primeros resultados. Rev Esp 
Drogodepend. 1995;20(1):25–40.

32.	Piper ME, Bullen C, Krishnan-Sarin S, et al. Defining and measuring 
abstinence in clinical trials of smoking cessation interventions: an 
updated review. Nicotine Tob Res. 2019;22:1098–1106.

33.	Hock ES, Franklin M, Baxter S, et al. Covariates of success in quit-
ting smoking: a systematic review of studies from 2008 to 2021 
conducted to inform the statistical analyses of quitting outcomes 
of a hospital-based tobacco dependence treatment service in the 
United Kingdom. NIHR Open Res. 2023;3:28.

34.	West R, Evins AE, Benowitz NL, et al. Factors associated with the 
efficacy of smoking cessation treatments and predictors of smoking 
abstinence in EAGLES. Addiction. 2018;113:1507–1516.

35.	Stepankova L, Kralikova E, Zvolska K, et al. Depression and 
smoking cessation: evidence from a smoking cessation clinic with 
1-year follow-up. Ann Behav Med. 2017;51(3):454–463.

36.	Carrasco-Hernandez L, Jódar-Sánchez F, Núñez-Benjumea F, et al. 
A mobile health solution complementing psychopharmacology-
supported smoking cessation: randomized controlled trial. JMIR 
MHealth UHealth. 2020;8(4):e17530.

37.	Becoña E, López-Durán A, Fernández del Río E, Martínez U. 
Fernández del Río E, Martínez Ú. Changes in the profiles of 
smokers seeking cessation treatment and in its effectiveness in Ga-
licia (Spain) 2001–10. BMC Public Health. 2014;14(1):613.

38.	Baskerville NB, Struik LL, Guindon GE, et al. Effect of a mobile 
phone intervention on quitting smoking in a young adult popu-
lation of smokers: randomized controlled trial. JMIR MHealth 
UHealth. 2018;6(10):e10893.

39.	Garrison KA, Pal P, O’Malley SS, et al. Craving to quit: a randomized 
controlled trial of smartphone app–based mindfulness training for 
smoking cessation. Nicotine Tob Res. 2020;22(3):324–331.

40.	Schwaninger P, Berli C, Scholz U, Lüscher J. Effectiveness of a dy-
adic buddy app for smoking cessation: randomized controlled trial. 
J Med Internet Res. 2021;23(9):e27162.

41.	Dorner TE, Trostl A, Womastek I, Groman E. Predictors of short-
term success in smoking cessation in relation to attendance at a 
smoking cessation program. Nicotine Tob Res. 2011;13(11):1068–
1075.

42.	Gan DZQ, McGillivray L, Han J, Christensen H, Torok M. Ef-
fect of engagement with digital interventions on mental health 
outcomes: a systematic review and meta-analysis. Front Digit 
Health. 2021;3:764079.

43.	Torous J, Bucci S, Bell IH, et al. The growing field of digital psychi-
atry: current evidence and the future of apps, social media, chatbots, 
and virtual reality. World Psychiatry. 2021;20(3):318–335.

44.	Bricker JB, Watson NL, Mull KE, Sullivan BM, Heffner JL. Efficacy 
of smartphone applications for smoking cessation: a randomized 
clinical trial. JAMA Intern Med. 2020;180(11):1472–1480.

45.	Sanford BT. Smoking cessation. In: Maragakis A, O`Donohue WE, 
eds. Principle-Based Stepped Care and Brief Psychotherapy for In-
tegrated Care Settings. Springer; 2018:409–421.

46.	McCarthy M, Siahpush M, Shaikh RA, Sikora Kessler A, Tibbits 
M. Social disparities in unaided quit attempts among daily cur-
rent and former smokers: results from the 2010–2011 tobacco use 
supplement to the current population survey. Nicotine Tob Res. 
2016;18(8):1705–1710.

47.	Thrul J, Howe CL, Devkota J, et al. A scoping review and meta-
analysis of the use of remote biochemical verification methods 
of smoking status in tobacco research. Nicotine Tob Res. 
2023;25(8):1413–1423.

48.	Webb J, Peerbux S, Ang A, et al. Long-term effectiveness of a 
clinician-assisted digital cognitive behavioral therapy intervention 
for smoking cessation: secondary outcomes from a randomized 
controlled trial. Nicotine Tob Res. 2022;24(11):1763–1772.

49.	McClure JB, Heffner JL, Krakauer C, et al. Feasibility, acceptability, 
and potential impact of a Novel mHealth app for smokers am-
bivalent about quitting: randomized Pilot Study. JMIR MHealth 
UHealth. 2023;11(1):e46155.

50.	Sawyer C, McKeon G, Hassan L, et al. Digital health behaviour 
change interventions in severe mental illness: a systematic review. 
Psychol Med. 2023;53:6965–7005.


	The Efficacy of the SinHumo App Combined With a Psychological Treatment to Quit Smoking: A Randomized Clinical Trial
	Introduction
	Materials and Methods
	Design and Setting
	Participants
	Procedure
	Intervention Conditions
	Measures
	Smoking Questionnaire
	Fagerström Test for Cigarette Dependence
	Daily Self-records of Cigarette Consumption
	End-of-Treatment Evaluation Questionnaire
	Customer Satisfaction Questionnaire-8
	Follow-up Questionnaire

	Outcomes
	Statistical Analysis

	Results
	Smoking-Related Outcomes
	Engagement-Related Outcomes
	Satisfaction Outcomes

	Discussion
	Strengths and Limitations

	Conclusion
	Supplementary Material
	References


