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Abstract

Introduction—Although engagement is generally predictive of positive outcomes in technology-
based behavioral change interventions, engagement measures remain largely atheoretical and lack
treatment-specificity. This study examines the extent to which adherence measures based on the
underlying behavioral change theory of an Acceptance and Commitment Therapy (ACT) app for
smoking cessation predict smoking outcomes, and user characteristics associated with adherence.

Methods—Study sample was adult daily smokers in a single arm pilot study (n=84). Using the
app’s log file data, we examined measures of adherence to four key components of the ACT
behavior change model as predictors of smoking cessation and reduction. We also examined
baseline user characteristics associated with adherence measures that predict smoking cessation.

Results—Fully adherent users (24%) were over four times more likely to quit smoking (OR =
4.45; 95% Cl = 1.13, 17.45; p=0.032). Both an increase in tracking the number of urges passed
(OR =1.02; 95% CI = 1.00, 1.03; p=0.043) and ACT modules completed (OR = 1.27; 95% CI =
1.01, 1.60; p=0.042) predicted cessation. Lower baseline acceptance of cravings was associated
with over four times higher odds of full adherence (OR = 4.59; 95% CI = 1.35, 15.54; p=0.014).

Conclusions—Full adherence and use of specific ACT theory-based components of the app
predicted quitting. Consistent with ACT theory, users with low acceptance were most likely to
adhere to the app. Further research is needed on ways to promote app engagement.
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1. Introduction

Smoking remains an undertreated public health problem worldwide, accounting for six
million deaths and an economic burden of half a trillion dollars annually.! Smartphone
applications could play an integral role in reducing the personal and societal costs of
smoking due to their high population reach?:3 and immediate accessibility. Apps, like other
technology-based platforms for delivering behavioral interventions, are plagued by the
problem of attrition*—this includes low utilization of apps for weight loss,>~” PTSD,8 and
smoking cessation.? This limits potential for behavioral change because engagement is
generally predictive of positive outcomes,10-17 although there have been some mixed
findings in this regard.12:17.18 These mixed findings may be attributable to the state of the
literature on engagement with electronic health (eHealth) interventions, in which
engagement is broadly defined and largely atheoretical, encompassing frequency, length, and
depth of use. Empirically-based engagement metrics guided by the theory of behavior
change underlying the intervention might better inform what users need to do in order for
the intervention to be effective.

Another engagement-related application of behavioral theory is to examine which types of
users engage with the theoretically-consistent components of a behavioral intervention.
Doing so might inform whom to target to increase engagement with these key ingredients.
While studies have looked at how user characteristics predict utilization in web11:16.19-24
and app-based?® smoking cessation interventions, none have examined theory-based
psychological change targets as predictors. In Acceptance and Commitment Therapy (ACT)
theory, a key psychological change target is experiential acceptance, defined as a willingness
to allow aversive internal states (e.g., anxiety or physical discomfort) to be present without
smoking as a means of reducing them. ACT also helps people identify what is important to
them in life (i.e., their values) and commit to behaviors in line with their values. Based on
the theory, those who stand to benefit most from the intervention are those with low
acceptance. Indeed, evidence different modalities of treatment delivery (i.e., phone and app-
based interventions) indicates that those with low baseline acceptance benefit most from
ACT.26.27 |n addition, an increase in acceptance of smoking-related thoughts, feelings, and
sensations mediates quit outcomes in ACT-based smoking cessation studies.26-30

In this study, we tested whether theory-based engagement metrics predict behavioral change
outcome in the context of an ACT-based cessation app that contains evidence-based
features.3! To inform which user characteristics predict key indices of engagement, we
examined the role of acceptance in addition to variables that have previously been found to
predict general utilization in web11:16:19-24 and app-based?® cessation studies. Although it is
not possible to detect the directionality of the relationship between adherence and smoking
outcomes, results from this study will inform development of cessation apps by identifying
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which specific app features might optimize cessation outcomes and which types of users
engage with these features.

2. Methods

2.1. Participants

In this secondary analysis, we examined app usage data from 84 adult daily smokers in a
single-arm pilot study who provided two-month follow-up data. The eligibility criteria for
the pilot study were: (1) age 18 or older, (2) smokes at least five cigarettes daily for at least
the past year, (3) wants to quit smoking in the next 30 days, (4) has daily access to a
smartphone, which was either an iPhone 10S Version 6 or higher or Android Version 4.1 or
higher and (5) not participating in any other cessation interventions. See Table 1 for
descriptive statistics of the study sample.

2.2. Recruitment

Potential participants were recruited through their employers (n=150) or through Facebook
advertisements (n=293) and were emailed a link to the recruitment website. Participants who
screened eligible (n=347), completed consent (n=221), filled out baseline measures (n=201),
and provided their email address twice for confirmation (n=161), were e-mailed a secured
link and passcode to download the app (n=99 downloaded). Afterwards, participants were
sent e-mail reminders to open the app.

2.3. Data Collection

Participants who completed the consent form were administered an online baseline survey
that assessed demographic and smoking characteristics. At 2-month post-randomization
follow-up, participants were administered a survey assessing their quit outcomes. Consistent
with complete case analytic methods, only those (n=84) who responded to questions about
their smoking status in the outcome survey (85% retention) are included in these analyses.

2.4. App Description

Upon initial app access, users were prompted to complete a quit plan, including picking a
quit date. From the home screen, users complete one ACT exercise each day for the first 8
days of use in addition to tracking smoking urges and letting urges pass. After these
activities are completed, other features of the app are unlocked in the “Anytime Coaching”
section, which includes ACT-based exercises to support quitting (e.g., how to deal with
lapses, motivation for quitting, inspirational stories of past quitters). Informed by results
from a prior study of the features of our app that predict smoking cessation,3! we defined the
requirements to earn a Certificate of Completion as the completion of four app components:
(1) creating a quit plan, (2) completing 8 daily ACT modules, (3) tracking letting 10 urges
pass, and (4) visiting the Anytime Coaching section at least once (see screenshots of each
component in supplementary materials). The ACT exercises focus on building and
maintaining motivation by connecting with values guiding quitting, handling urges through
development of acceptance skills (e.g., mindfulness, obtaining psychological distance from
thoughts that trigger smoking), and handling lapses by practicing self-compassion. Heffner
et al. (2015) provides more information on the ACT exercises in the app.3!
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2.5. Measurements

2.5.1. Adherence Measures—\We extracted and analyzed log file data to assess
adherence across the first two months of usage, as this was the pre-established period of
evaluation. We measured full adherence as whether or not the user completed all of the four
program components required for a Certificate of Completion (listed above), partial
adherence as the number (out of four) of the components completed, and depth of adherence
as the number of uses within each component.

2.5.2. Smoking Cessation—The two-month post-randomization follow-up survey
assessed 7-day point prevalence abstinence via self-report, based on the consensus that
biochemical verification of smoking status is not necessary in studies that do not involve
face-to-face contact.3?

2.5.3. Smoking Cessation Progress—On the follow-up survey, participants were
asked how often they currently smoke cigarettes. Because daily smokers who reduce to less-
than-daily use are more likely to make quit attempts and quit smoking compared to
continued daily smokers,33 we operationalized smoking cessation progress as a decrease in
frequency of smoking from daily to less-than-daily.

2.5.4. Covariates—To address confounding in models with adherence measures as
predictors of smoking outcomes, we adjusted for variables that are associated with
abstinence rates. Baseline covariates included education,3* living with a smoker,3° quit
medication use,3° electronic cigarette use,3® and heaviness of smoking index,3° a 6-point
scale combining smoking level and time to first cigarette after waking.3” We assessed use of
quit medications and electronic cigarettes at follow-up by asking participants whether they
had used either since joining the study.

2.5.5. Baseline User Characteristics—The baseline survey assessed gender, age,
education (high school or less vs. post-secondary), smoking level (light, < 10 cigs/day vs.
heavy, > 10 cigs/day), and acceptance of physical cravings to smoke. With the exception of
acceptance of cravings, these variables were chosen as potential predictors of adherence
because they were predictive of utilization either in a prior version of the app?® or in
smoking cessation websites.11:16:19-24 \We measured acceptance of physical cravings to
smoke—ACT’s theory-based mechanism of change38—with a 9-item bodily sensations
subscale of the Avoidance and Inflexibility Scale. This score is calculated as an average of
item responses.2? Examples of the Avoidance and Inflexibility Scale items include, “How
often do you have bodily sensations that encourage you to smoke?” and “How willing are
you to experience these bodily sensations without smoking”. Response options are “Never”,
“Seldom”, “Sometimes”, “Frequently”, and “Always”.

2.6. Data Analysis

All statistical tests were two-sided, with a. = 0.05. No adjustments for multiple tests were
made due to the exploratory nature of this study. Logistic regression models were used to
examine the relationship between each adherence measure and smoking outcomes. For the
depth of adherence measure, we ran four separate models with degree of usage of each of
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the four components as a predictor of smoking cessation and reduction. We then tested a full
model with all four components included as predictors of cessation and reduction. In
addition, we used logistic (for categorical adherence measures) or linear regression (for
continuous adherence measures) to test whether user characteristics predicted adherence,
using only the measures of adherence that were predictive of smoking cessation as the
dependent variables.

3.1. Does Adherence Predict Smoking Outcome?

3.1.1. Full Adherence—Twenty-four percent of users were fully adherent. The odds of 7-
day point prevalence abstinence were over four times higher among fully adherent users
compared to users who were not fully adherent (OR = 4.45; 95% CI = 1.13, 17.45; p=
0.032). No significant relationships were observed between full adherence and smoking
reduction.

3.1.2. Partial Adherence—No significant relationships were observed between the
number out of four components completed and cessation or reduction.

3.1.3. Depth of Adherence—Tracking a greater number of urges passed was predictive
of cessation (OR = 1.02; 95% CI = 1.00, 1.03, p=0.043) and reduction (OR = 1.02; 95% ClI
=1.00, 1.03; p=0.027). A greater number of ACT modules completed also predicted
cessation (OR = 1.27; 95% CI = 1.01, 1.60; p= 0.042). In addition, there was suggestive but
inconclusive evidence of relationships between (1) number of quit plan views and cessation
(OR =2.00; 95% CI = 0.92, 4.34; p=0.078), and reduction (OR = 1.86; 95% CI = 0.93,
3.71; p=0.077) and (2) number of ACT exercises completed and smoking reduction (OR =
1.17;95% CI = 0.98, 1.40; p=0.088). We did not observe any significant associations
between the number of Anytime Coaching visits and cessation or reduction. In a
multivariable model which included all four components of adherence, none of the
components predicted cessation, with no evidence of multicollinearity contributing to this
outcome (variance inflation factors ranging from 1.34 to 1.93). Number of times users
accessed Anytime Coaching predicted a lower odds of reduction (OR = 0.79; 95% CI = 0.62,
1.00; p=0.047) in the multivariable model.

3.2. What User Characteristics Predict Adherence?

We identified only one baseline predictor of treatment adherence; users who had lower
baseline acceptance of cravings were more likely to be fully adherent (OR = 4.59; 95% CI =
1.35, 15.54; p= 0.014).

4. Discussion

This is the first study to examine the relationship between theoretically- and empirically-
informed measures of adherence to a smoking cessation app and smoking outcomes. The
findings showed that users who were fully adherent had over four times higher odds of

quitting smoking as compared with those who were not fully adherent. This main finding
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suggests the value of full program adherence to an app-based smartphone intervention for
smoking cessation.

Moreover, the study found that the depth of use of two specific ACT theory-based
components of the app predicted smoking cessation: tracking urges passed and ACT
modules completed. There was suggestive but inconclusive evidence that quit plan views
predicted cessation. Overall, these findings specify theory-driven features to target for
enhancing intervention impact.

In the multivariable model, number of times users accessed Anytime Coaching was
associated with lower rates of reduction, but not of cessation. This finding is difficult to
interpret due to the multiple components included within Anytime Coaching (e.g., stories
from ex-smokers, exercises for lapses). It is possible that some features within Anytime
Coaching are not helpful to reducing, but there is a lack of power in this study to ascertain
the effects of each specific component.

Prior research has found that low acceptance is a barrier to quitting3®4? and people with
lower baseline levels of acceptance tend to have higher quit rates from ACT
interventions.26:27 Consistent with ACT theory and prior research, smokers with low
baseline acceptance of cravings were more likely to complete the program, suggesting that
the app is engaging to those who the ACT model posits would derive the most benefit from
it. Improving adherence to an ACT app for smoking cessation should focus now on
developing methods to engage smokers who are Aigh in baseline acceptance of cravings.

4.1. Limitations

As an exploratory study, the findings should be considered preliminary. The study had a
small sample size (n=84), short time period of intervention exposure (2 months), and used a
brief baseline user characteristics assessment. Considering the multiple baseline measures
examined as predictors of engagement, there is a risk for Type | error. Since users
volunteered for a study and agreed to provide follow-up data, they might be more likely to
complete the program than if they were to use the app outside of a research context. Future
studies should examine whether these findings can be replicated in larger samples and with
longer exposure to the intervention. Additionally, experimental research designs are needed
to test the effects of specific app feature usage on smoking outcomes.

4.2. Conclusion

Given the finding that full adherence and engagement with specific app features is
associated with cessation and reduction, the next step in this line of research is to identify
ways to promote engagement with theory-based content in cessation apps. This research is
critical to understanding how to effectively deliver smoking cessation interventions via
smartphone app, which has received very little attention in the literature; only four apps have
published data on utilization or cessation outcomes.9:2%:27:31,41,42

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Addict Behav. Author manuscript; available in PMC 2017 December 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zeng et al.

Page 7

Acknowledgments

Th
Sri

e authors would like to thank Katrina Akioka for her work on the study; Dr. Noreen Watson and Vasundhara
dharan for providing feedback during initial drafting of the manuscript; and Jo and Brandon Masterson from

2Morrow® for providing the log file data for the app.

Role of Funding Sources

Th

is work was supported by a grant from the Washington State Life Sciences Discovery Fund, grant #12328761, to

2Morrow®. Washington State Life Sciences Discovery Fund had no role in the study design, analysis or
interpretation of the data, writing the manuscript, or the decision to submit the paper for publication. 2Morrow®
provided input into the design of the parent study but had no role in the analysis or interpretation of study data for
this secondary analysis, writing the manuscript, or the decision to submit the paper for publication.

References
1.

10

11.

12.

13.

World Health Organization. WHO report on the global tobacco epidemic, 2013. Enforcing bans on
tobacco advertising, promotion and sponsorship. 2013

. Dediu, H. When will the US reach smartphone saturation?. http://www.asymco.com/2013/10/07/

when-will-the-us-reach-smartphone-saturation/. Published 2013. Accessed November 10, 2015

. Number of smartphone users in the U.S. from 2010-2018 (in millions). Statistica. http://

www.statista.com/statistics/201182/forecast-of-smartphone-users-in-the-us/. Published 2015.
Accessed November 10, 2015

. Eysenbach G. The law of attrition. J Med Internet Res. 2005; 7(1):e11.doi: 10.2196/jmir.7.1.e11

[PubMed: 15829473]

. Guertler D, Vandelanotte C, Kirwan M, Duncan MJ. Engagement and Nonusage Attrition With a

Free Physical Activity Promotion Program: The Case of 10,000 Steps Australia. J Med Internet Res.
2015; 17(7):e176.doi: 10.2196/jmir.4339 [PubMed: 26180040]

. Carter MC, Burley VJ, Nykjaer C, Cade JE. Adherence to a smartphone application for weight loss

compared to website and paper diary: pilot randomized controlled trial. J Med Internet Res. 2013;
15(4):1-17. DOI: 10.2196/jmir.2283

. Duncan M, Vandelanotte C, Kolt GS, et al. Effectiveness of a web- and mobile phone-based

intervention to promote physical activity and healthy eating in middle-aged males: randomized
controlled trial of the ManUp study. J Med Internet Res. 2014; 16(6):e136.doi: 10.2196/jmir.3107
[PubMed: 24927299]

. Owen JE, Jaworski BK, Kuhn E, Makin-Byrd KN, Ramsey KM, Hoffman JE. mHealth in the Wild:

Using Novel Data to Examine the Reach, Use, and Impact of PTSD Coach. IMIR Ment Heal.
2(1):e7.

. Ubhi HK, Michie S, Kotz D, Wong WC, West R. A Mobile App to Aid Smoking Cessation:

Preliminary Evaluation of SmokeFree28. J Med Internet Res. 2015; 17(1):e17.doi: 10.2196/jmir.

3479 [PubMed: 25596170]

. Seidman DF, Westmaas JL, Goldband S, et al. Randomized controlled trial of an interactive
internet smoking cessation program with long-term follow-up. Ann Behav Med. 2010; 39(1):48-
60. DOI: 10.1007/s12160-010-9167-7 [PubMed: 20177844]

Strecher VJ, McClure J, Alexander G, et al. The role of engagement in a tailored web-based
smoking cessation program: Randomized controlled trial. J Med Internet Res. 2008; 10(5):1-14.
DOI: 10.2196/jmir.1002

Mufioz RF, Barrera AZ, Delucchi K, Penilla C, Torres LD, Pérez-Stable EJ. International Spanish/
English Internet smoking cessation trial yields 20% abstinence rates at 1 year. Nicotine Tob Res.
2009; 11(9):1025-1034. DOI: 10.1093/ntr/ntp090 [PubMed: 19640833]

Richardson A, Graham AL, Cobb N, et al. Engagement promotes abstinence in a web-based
cessation intervention: cohort study. J Med Internet Res. 2013; 15(1):e14.doi: 10.2196/jmir.2277
[PubMed: 23353649]

14. An LC, Schillo BA, Saul JE, et al. Utilization of smoking cessation informational, interactive, and

online community resources as predictors of abstinence: Cohort study. J Med Internet Res. 2008;
10(5):1-10. DOI: 10.2196/jmir.1018

Addict Behav. Author manuscript; available in PMC 2017 December 01.


http://www.asymco.com/2013/10/07/when-will-the-us-reach-smartphone-saturation/
http://www.asymco.com/2013/10/07/when-will-the-us-reach-smartphone-saturation/
http://www.statista.com/statistics/201182/forecast-of-smartphone-users-in-the-us/
http://www.statista.com/statistics/201182/forecast-of-smartphone-users-in-the-us/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zeng et al.

Page 8

15. Lenert L, Mufioz RF, Stoddard J, et al. Design and Pilot Evaluation of an Internet Smoking
Cessation Program. J Am Med Informatics Assoc. 2002; 10(1):16-20. DOI: 10.1197/jamia.M1128

16. Cobb NK, Graham AL, Bock BC, Papandonatos G, Abrams DB. Initial evaluation of a real-world
Internet smoking cessation system. Nicotine Tob Res. 2005; 7(2):207-216. DOI:
10.1080/14622200500055319 [PubMed: 16036277]

17. Graham AL, Cobb NK, Raymond L, Sill S, Young J. Effectiveness of an internet-based worksite
smoking cessation intervention at 12 months. J Occup Environ Med. 2007; 49(8):821-828. DOI:
10.1097/JOM.0b013e3180d09e6f [PubMed: 17693778]

18. Donkin L, Christensen H, Naismith SL, Neal B, Hickie 1B, Glozier N. A systematic review of the
impact of adherence on the effectiveness of e-therapies. J Med Internet Res. 2011; 13(3):1-16.
DOI: 10.2196/jmir.1772

19. Balmford J, Borland R, Benda P. Patterns of use of an automated interactive personalized coaching
program for smoking cessation. J Med Internet Res. 2008; 10(5)doi: 10.2196/jmir.1016

20. Feil EG, Noell J, Lichtenstein E, Boles SM, McKay HG. Evaluation of an Internet-based smoking
cessation program: lessons learned from a pilot study. Nicotine Tob Res. 2003; 5:189-194. DOI:
10.1080/1462220031000073694 [PubMed: 12745491]

21. Patten CA, Rock E, Meis TM, et al. Frequency and Type of Use of a Home-Based, Internet
Intervention for Adolescent Smoking Cessation. J Adolesc Heal. 2007; 41(5):437-443. DOI:
10.1016/j.jadohealth.2007.05.016

22. Wangberg SC, Bergmo TS, Johnsen JAK. Adherence in Internet-based interventions. Patient Prefer
Adherence. 2008; 2:57-65. DOI: 10.2147/PPA.S [PubMed: 19920945]

23. Japuntich SJ, Zehner ME, Smith SS, et al. Smoking cessation via the internet: a randomized
clinical trial of an internet intervention as adjuvant treatment in a smoking cessation intervention.
Nicotine Tob Res. 2006 Dec; 8(Suppl 1):S59-S67. DOI: 10.1080/14622200601047900 [PubMed:
17491172]

24. Zbikowski SM, Hapgood J, Smucker Barnwell S, McAfee T. Phone and web-based tobacco
cessation treatment: real-world utilization patterns and outcomes for 11,000 tobacco users. J Med
Internet Res. 2008; 10(5):e41.doi: 10.2196/jmir.999 [PubMed: 19017583]

25. Zeng, EY., Vilardaga, R., Heffner, JL., Mull, KE., Bricker, JB. Predictors of Utilization of a Novel
Smoking Cessation Smartphone App. Telemed J E Health. 2015. http://www.ncbi.nlm.nih.gov/
pubmed/26171733

26. Bricker JB, Bush T, Zbikowski SM, Mercer LD, Heffner JL. Randomized Trial of Telephone-
Delivered Acceptance and Commitment Therapy Versus Cognitive Behavioral Therapy for
Smoking Cessation: A Pilot Study. Nicotine Tob Res. 2014; 16(11):1-9. DOI: 10.1093/ntr/ntu102
[PubMed: 23873981]

27. Bricker JB, Mull KE, Kientz JA, et al. Randomized, Controlled Pilot Trial of a Smartphone App
for Smoking Cessation using Acceptance and Commitment Therapy. Drug Alcohol Depend. 2014;
143(1):87-94. DOI: 10.1016/j.drugalcdep.2014.07.006 [PubMed: 25085225]

28. Bricker J, Wyszynski C, Comstock B, Heffner JL. Pilot randomized controlled trial of web-based
acceptance and commitment therapy for smoking cessation. Nicotine Tob Res. 2013; 15(10):1756—
1764. DOI: 10.1093/ntr/ntt056 [PubMed: 23703730]

29. Gifford EV, Kohlenberg BS, Hayes SC, et al. Acceptance-based treatment for smoking cessation.
Behav Ther. 2004; 35(4):689-705. DOI: 10.1016/S0005-7894(04)80015-7

30. Schuck K, Otten R, Kleinjan M, Bricker JB, Engels RCME. Self-efficacy and acceptance of
cravings to smoke underlie the effectiveness of quitline counseling for smoking cessation. Drug
Alcohol Depend. 2014; 142:269-276. DOI: 10.1016/j.drugalcdep.2014.06.033 [PubMed:
25042212]

31. Heffner JL, Vilardaga R, Mercer LD, Kientz JA, Bricker JB. Feature-Level Analysis of a Novel
Smartphone Application for Smoking Cessation. Am J Drug Alcohol Abuse. 2014; 41(1):68-73.
DOI: 10.3109/00952990.2014.977486 [PubMed: 25397860]

32. Benowitz NL, Jacob P, Hall S, et al. Biochemical verification of tobacco use and cessation.
Nicotine Tob Res. 2002; 4(2):149-159. DOI: 10.1080/14622200210123581 [PubMed: 12028847]

Addict Behav. Author manuscript; available in PMC 2017 December 01.


http://www.ncbi.nlm.nih.gov/pubmed/26171733
http://www.ncbi.nlm.nih.gov/pubmed/26171733

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zeng et al.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 9

Tindle HA, Shiffman S. Smoking cessation behavior among intermittent smokers versus daily
smokers. Am J Public Health. 2011; 101(7):7-9. DOI: 10.2105/AJPH.2011.300186 [PubMed:
21148708]

Dube S, Asman K, Malarcher A, Carabollo R. Cigarette smoking among adults and trends in
smoking cessation — United States, 2008. Morb Mortal Wkly Rep. 2009; 58(44):1227-1232. http://
www.cdc.gov/mmwr/PDF/wk/mm5844.pdf.

Fiore MC, Jaén CR, Baker TB, et al. A Clinical Practice Guideline for Treating Tobacco Use and
Dependence: 2008 Update. Am J Prev Med. 2008 May.35:158-176. DOI: 10.1016/j.amepre.
2008.04.009 [PubMed: 18617085]

Bullen C, Howe C, Laugesen M, et al. Electronic cigarettes for smoking cessation: a randomised
controlled trial. Lancet. 2013; 382(9905):1629-1637. DOI: 10.1016/S0140-6736(13)61842-5
[PubMed: 24029165]

International Agency for Research on Cancer. Methods for Evaluating Tobacco Control Policies.
2008; 12 http://www.iarc.fr/en/publications/pdfs-online/prev/handbook12/
Tobacco_vol12_appendices.pdf.

Hayes SC, Luoma JB, Bond FW, Masuda A, Lillis J. Acceptance and commitment therapy: model,
processes and outcomes. Behav Res Ther. 2006; 44(1):1-25. DOI: 10.1016/j.brat.2005.06.006
[PubMed: 16300724]

Zvolensky MJ, Farris SG, Schmidt NB, Smits JAJ. The role of smoking inflexibility/avoidance in
the relation between anxiety sensitivity and tobacco use and beliefs among treatment-seeking
smokers. Exp Clin Psychopharmacol. 2014; 22(3):229-237. doi:http://dx.doi.org/10.1037/
a0035306. [PubMed: 24490706]

Farris SG, Zvolensky MJ, Schmidt NB. Smoking-specific experiential avoidance cognition:
Explanatory relevance to pre- and post-cessation nicotine withdrawal, craving, and negative affect.
Addict Behav. 2014; 44:58-64. DOI: 10.1016/j.addbeh.2014.07.026 [PubMed: 25146128]

Buller DB, Borland R, Bettinghaus EP, Shane JH, Zimmerman DE. Randomized trial of a
smartphone mobile application compared to text messaging to support smoking cessation. Telemed
e-Health. 2014; 20(3):206-214. DOI: 10.1089/tmj.2013.0169

BinDhim NF, McGeechan K, Trevena L. Who uses smoking cessation apps? A feasibility study
across three countries via smartphones. J Med Internet Res. 2014; 16(2)doi: 10.2196/mhealth.2841

Addict Behav. Author manuscript; available in PMC 2017 December 01.


http://www.cdc.gov/mmwr/PDF/wk/mm5844.pdf
http://www.cdc.gov/mmwr/PDF/wk/mm5844.pdf
http://www.iarc.fr/en/publications/pdfs-online/prev/handbook12/Tobacco_vol12_appendices.pdf
http://www.iarc.fr/en/publications/pdfs-online/prev/handbook12/Tobacco_vol12_appendices.pdf
http://dx.doi.org/10.1037/a0035306
http://dx.doi.org/10.1037/a0035306

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Zeng et al.

Page 10

Highlights

. Study identified empirically and theoretically-informed measures of
engagement in a smoking cessation app based on Acceptance and
Commitment Therapy (ACT).

. Fully adherent users (24%) to the smoking cessation app program were over
four times more likely to quit smoking.

. Lower acceptance of cravings to smoke was a predictor of full adherence to
the app program.

. Research is needed on methods to promote engagement with app components
predictive of desired smoking cessation outcomes.
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Table 1

User characteristics of participants from a single-arm smoking cessation app study (n=99)

Demographics Value

Age, mean (SD) 38.4 (8.9)
Male, n (%) 22 (22.2)
White 96 (97.0)
HS or less education, n (%) 25 (25.3)
Smokes more than half a pack (>10 cigs) a day, n (%) 82 (82.8)
Smoked 10 years or more, n (%) 80 (80.8)
Working, n (%) 69 (69.7)
Living with partner who smokes n (%) 24 (24.2)
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Table 2

App adherence indicators as predictors of smoking cessation and smoking reduction

Adherence Measure 7-day PPA  Smoking Reduction
Model 1. Full Adherence OR 4.45 2.59
95% Cl 1.13,17.45 0.76,8.83
p-value (g32* 0.127
Model 2. Partial Adherence OR 1.53 1.33
95% Cl 091,258  0.86,2.05
p-value 0.113 0.205
Depth of Adherence
Model 3. Number of Quit Plan views OR 2.00 1.86
95% Cl 0.92,4.34  0.93,3.71
p-value 0.078 0.077
Model 4. Number of ACT® Modules Completed ~ OR 1.27 1.17
95% Cl 1.01,1.60 0.98,1.40
p-value (og2* 0.088
Model 5. Number of times Tracked Urges Passed OR 1.02 1.02
95% Cl 1.00,1.03  1.00,1.03
p-value 043" 0.027"
Model 6. Number of Anytime Coaching uses OR 0.97 0.93
95% Cl 0.87,1.09  0.83,1.04
p-value 0.624 0.219
Model 7. Four-component Model
Number of Quit Plan Views OR 1.84 177
95% Cl 0.76,4.45  0.78,4.04
p-value 0.174 0.172
Number of ACT? Modules Completed OR 1.28 1.17
95% Cl 0.94,1.74  0.89,1.53
p-value 0.122 0.262
Number of times Tracked Urges Passed OR 1.01 1.02
95% Cl 0.99,1.03  1.00,1.04
p-value  0.303 0.077
Number of Anytime Coaching uses OR 0.87 0.79
95% Cl 0.73,1.05  0.62,1.00
p-value  0.159 0.047%

Page 12

Note: Analysis adjusted for education, exposure to other smokers, heaviness of smoking index (HSI), quit medication use, and electronic cigarette

use. ACT = Acceptance and Commitment Therapy.

*
=p<0.05
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