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Abstract

Introduction: There is tremendous need for efficacious and accessible interventions for smoking
cessation among American Indians and Alaska Natives. We tested the efficacy of an Acceptance
and Commitment Therapy (ACT)-based smartphone application (iCanQuit) versus US Clinical
Practice Guidelines-based smartphone application (QuitGuide) for smoking cessation among
American Indians and Alaska Natives.

Aims and Methods: We compared cessation, changes in ACT-based processes, engagement and
satisfaction between American Indian and Alaska Native iCanQuit (n = 89) and QuitGuide (n = 80)
participants enrolled in the iCanQuit trial. The primary outcome was self-reported, complete-case,
30-day point-prevalence abstinence. Follow-up timepoints were 12, 6, and 3 months.

Results: Randomized American Indians and Alaska Natives from 31 US states (70% urban, 30%
rural, with 25% of participants residing on tribal land). The outcome data retention rates were
93%, 92%, and 90% at the 12-, 6-, and 3-month follow-ups, respectively, with no differential reten-
tion between arms. The 30-day point-prevalence abstinence for iCanQuit versus QuitGuide was
30% versus 18% at 12 months (odds ratio [OR] = 1.96; 95% confidence interval [CI]: 0.90 to 4.26)
25% versus 11% at 6 months (OR = 2.62; 95% Cl: 1.06 to 6.45), and 15% versus 6% at 3 months
(OR =2.93; 95% CI: 0.90 to 9.59). Increases in acceptance of internal cues to smoke mediated the
effect of treatment on smoking cessation at 12 months. iCanQuit arm participants were also signifi-
cantly more engaged and satisfied with their assigned application.

Conclusions: In a nationwide sample with high data retention and participant engagement, this is
the first study to show that a digital intervention may be efficacious for helping American Indians
and Alaska Natives quit smoking.
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Implications: This is the first study to provide evidence of an efficacious, accessible, and engaging
treatment for helping American Indians and Alaska Natives quit smoking. Compared to a US
Clinical Practice Guidelines-based smartphone application (QuitGuide), an ACT-based smartphone
application (iCanQuit) was more efficacious, engaging, and satisfactory among American Indians
and Alaska Natives nationwide. Our results will inform the tailoring of the iCanQuit smartphone
application for American Indian and Alaska Native tribal communities and organizations with po-

tential for broad dissemination and high impact.

Introduction

American Indians and Alaska Natives in the United States (US) are dis-
proportionally affected by high rates of cigarette smoking (24 %) and
low quit rates (38%)."? Cigarette smoking disparities in this popula-
tion may be due to barriers to smoking cessation at the physiological
(high nicotine dependence), social (eg, discrimination, racism, histor-
ical trauma, and acceptability of smoking), and cultural levels (eg,
ceremonial use of tobacco in certain tribes and cultural insensitivity
in existing smoking cessation programs).”” Furthermore, nicotine
dependence among American Indians and Alaska Natives is associ-
ated with an increased prevalence of comorbid mood and anxiety as
well as alcohol and other substance use disorders.® Lack of medical
care, travel costs, and living in remote areas further contribute to the
disproportionally high rates of cigarette smoking and poor cessation
outcomes among American Indians and Alaska Natives.>”*

Despite these known disparities, only four randomized controlled
trials (RCTs) for smoking cessation with follow-ups at 6 months
or longer have been conducted among American Indians and/or
Alaska Natives, of which only one has demonstrated efficacy.”!?
Most trials have tested culturally tailored smoking cessation inter-
ventions delivered either by community doctors, one-on-one coun-
seling, group-based therapy or a combination thereof. Specifically,
the GAINS Project tested the effect of receiving tailored messages to
quit smoking from doctors among 601 American Indians and Alaska
Natives recruited from health clinics serving urban American Indian
and Alaska Native sites in Seattle, Milwaukee, Minneapolis, and
Spokane. The study found no differences in cessation between treat-
ment and control groups.” Similarly, a study that tested culturally
tailored one-on-one counseling plus nicotine replacement therapy
among 103 American Indians and Alaska Natives recruited from
one tribal community in Wisconsin found no differences in cessa-
tion between treatment and control groups.!® The Walking Forward
study tested 15 combinations of an intervention program among
254 American Indians recruited from three sites in South Dakota,
but results were limited by very low retention (6%) at the 18-month
follow-up.'? Finally, the All Nations Breath of Life trial tested the
efficacy of a culturally tailored group-based program for smoking
cessation among 463 American Indians and Alaska Natives re-
cruited from several tribal urban communities in five states.!" Quit
rates were significantly higher among those receiving the culturally
tailored program (27.9% vs.17.4%) at the 6-month follow-up but
results are limited by differential attrition rates between treatment
arms (57.5% intervention group; 43.6% control group).!!

The combination of both higher efficacy and reach has the greatest
potential for making a high population-level impact for American
Indians and Alaska Natives. Regarding the need for more efficacious
cessation interventions among American Indians and Alaska Natives
who smoke, a newer theory-based behavioral intervention holds
promise. Specifically, Acceptance and Commitment Therapy (ACT)
is a behavioral change approach that addresses internal cues to

smoke with acceptance rather than avoidance and uses life values ra-
ther than expectations as motivation to quit smoking.'>'* ACT could
be particularly helpful to American Indians and Alaska Natives who
smoke by targeting physiological barriers through acceptance of
internal cues to smoke (eg, cravings) and cultural barriers through
living consistently with one’s values such as spirituality, self-reliance,
and honoring life events as lessons.'>!'¢ There is congruity between
ACT core processes and several American Indian and Alaska Native
cultural principles.” For example, acceptance in ACT is culturally
congruent with the American Indian and Alaska Native principle of
“events in life can best be understood as lessons,” while commit-
ment in ACT aligns with “actions having broad consequences, so
we should act deliberately and thoughtfully.” Furthermore, the com-
mitment component of ACT can prompt the American Indian and
Alaska Native value of relationship-oriented interdependence (eg,
family, clanship) as a motivation to quit smoking.'

The emergence of accessible and affordable digital interven-
tions for smoking cessation has strong potential for greater reach to
American Indians and Alaska Natives.! For example, smartphone
applications can be used to deliver smoking cessation interventions
while providing more direct access to otherwise hard-to-reach popu-
lations. Recent reports show that at least 86% of American Indians
and Alaska Natives living in rural communities owned cell phones and
68%-78% of these had smartphones with Internet access.”"" Given
this widespread availability, there are about 500 available smartphone
applications for smoking cessation** but only one has been shown ef-
ficacious in a full-scale RCT with long-term follow-up.

In a recent RCT, the use of an ACT-based smartphone appli-
cation (iCanQuit) compared to a US Clinical Practice Guidelines
(USCPG)-based smartphone application (QuitGuide) resulted in
1.5 times higher odds of quitting smoking (28% vs. 21%) at the
12-month follow-up among a racially diverse sample of 2415
smokers, including American Indians and Alaska Natives, from all
50 US states.?! To date, the efficacy of iCanQuit among American
Indian and Alaska Native trial participants remains unknown as the
topic was not the focus of the main trial. To address this gap, we
conducted a secondary analysis of this RCT to determine the effi-
cacy of iCanQuit versus QuitGuide for smoking cessation among
American Indians and Alaska Natives enrolled in the parent trial.
We hypothesized that compared to the QuitGuide arm, American
Indians and Alaska Natives in the iCanQuit arm would have higher
quit rates, engagement and satisfaction, and greater changes in meas-
ures of ACT-based processes.

Methods

Overview

The iCanQuit trial was a 12-month blinded, parallel, 2-arm RCT
testing the efficacy of iCanQuit versus QuitGuide for smoking cessa-
tion. Interested and eligible adults who smoke were recruited online
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and randomized 1:1 to receive either iCanQuit or QuitGuide for a
period of 12 months. Randomization was stratified by daily smoking
frequency (<20 vs. >21 cigarettes per day), minority race or ethnicity
(non-Hispanic White race vs. any other race or Hispanic ethnicity),
education level (<high school vs. some college or more), and posi-
tive screening for depression (CESD-20 scale,? score <15 vs. 216).
All trial activities were approved by the Fred Hutchinson Cancer
Research Center Institutional Review Board. All participants pro-
vided informed consent online. Full details of the parent trial have
been previously published.?!

Population and Recruitment

The parent trial enrolled a total of 2415 adults who smoke daily from
all 50 US states between May 2017 and September 2018. Of those,
169 (7%) self-identified as American Indians or Alaska Natives either
alone or in combination with other races or ethnicities. The primary
sources of recruitment for the 169 American Indians and Alaska
Natives enrolled in the trial were Facebook ads (155/169, 92%), a
survey sampling company (8/169, 5%), search engine results (4/169,
2%), and referrals from friends and family (2/169, 1%). A donation
from the Snoqualmie Tribe in Washington State funded Facebook ads
specifically tailored to American Indians and Alaska Natives who
smoke. Tribal oversight was not required for the design and imple-
mentation of the parent trial since it was designed for the general
US population. These ads were tailored in two ways. First, three dif-
ferent images from American Indian and Alaska Native community
members were used in each of the tailored ads. Recruitment ads were
closely monitored and modified as needed based on recruitment suc-
cess. For example, an ad portraying a young man led to 539 com-
ments and 828 shares compared to eight comments and 11 shares
for an ad portraying a young woman and one comment and two
shares for an ad portraying an older woman with a child. Therefore,
the ad of the young man was posted more frequently than the other
two. To ensure representation of men, enrollment was limited to no
more than 70% women. Second, in addition to using interests among
Facebook users associated with commercial cigarette smoking (eg,
Marlboro, e-cigarette) and tobacco control (eg, smoking ban, health
effects of tobacco), an array of interests thought to be associated with
American Indian and/or Alaska Native communities were selected.
These included native languages, news, magazines, national health,
and religious organizations (eg, Native American Times, National
Congress of American Indians, Native American Church). For the
American Indian and Alaska Native tailored recruitment campaign,
the Facebook ad cost per click was $0.36 and cost per randomized
participant was $25.73. The total impressions were 494 837. The ad
language was the same for all participants, regardless of race/ethni-
city: “Quit now with a free study from the Fred Hutchinson Cancer
Research Center! Earn up to $105 to quit smoking! You’re ready to
quit smoking.”

Eligibility Criteria

Interested participants were directed to the study website to provide
consent to complete the screening questionnaire to assess eligibility
(see the Supplementary Material for more details). Eligibility criteria
included: (1) 18 years old or older, (2) smokes five or more cigarettes
per day for the past year, (3) wants to quit smoking within the next
30 days, (4) if concurrently using other tobacco products, wants to
quit all tobacco products within 30 days, (5) wants to learn skills
to quit smoking and is willing to be randomized to either treatment
condition, (6) has daily access to their own smartphone, (7) knows

how to download smartphone applications, (8) can read English,
(9) has never used QuitGuide and is not currently using another
smoking cessation treatment, (10) has never participated in our prior
studies, (11) has no household members enrolled in the study, (12) is
willing to complete outcome surveys, and (13) can provide contact
information for themselves and two relatives.

Interventions

iCanQuit

The iCanQuit smartphone application (version 1.2.1) teaches
ACT skills for coping with smoking urges, staying motivated,
and preventing relapse.?! The content is delivered in eight levels,
including on-demand help in coping with smoking urges, tracking
daily number of cigarettes smoked, and urges passed without
smoking. The program is self-paced, and content is unlocked in a se-
quential manner. If a participant lapses, the program encourages (but
does not require) them to set a new quit date and return to the first
five levels for preparation (see the Supplementary Material for more
details). iCanQuit targeted two core processes of ACT: acceptance
and values. The acceptance component of the application teaches
skills to accept sensations, emotions, and thoughts that trigger
smoking via distancing from thoughts about smoking, mindfulness
skills, and flexible perspective taking. This teaching of acceptance is
conceptually distinct from USCPG-based standard approaches that
teach avoidance of internal cues to smoke. The values component of
the application teaches skills for determining the core life domains
that motivate quitting smoking (eg, family, health, spirituality) and
taking repeated small actions within these domains (eg, playing with
grandchildren) to develop a smoke-free life. This focus on motiv-
ation by appealing to values is conceptually distinct from USCPG-
based standard approaches that motivate by focusing on reasons for

change.?!

iCanQuit did not contain content specifically tailored to
American Indians and Alaska Natives, nor was it previously tested

for acceptability in this group.

QuitGuide

Participants randomized to the QuitGuide treatment arm received
access to download the USCPG-based QuitGuide smartphone appli-
cation (version 1.2.2). QuitGuide content is delivered in four main
sections: (1) “Thinking about quitting,” which focuses on motiv-
ations to quit by using reason and logic and providing information
on the health consequences of smoking and quitting; (2) “Preparing
to Quit,” which helps users develop a quit plan, identify smoking
behaviors, triggers, and reasons for being smoke-free, and social sup-
port for quitting; (3) “Quitting,” which teaches skills for avoiding
cravings to smoke; and (4) “Staying Quit,” which presents tips, mo-
tivations, and actions to stay smoke-free and skills for coping with
slips. Full details on both interventions have been previously pub-
lished.?! No quit smoking medications or coaching was provided in
either intervention arm.

Measures

Socio-Demographic Characteristics

Data collected at baseline included age, gender, ethnicity, education,
employment, income, zip code, marital status, and sexual orienta-
tion. Zip codes were tied to geographic location using the R library
“zipcode”? and categorized as urban or rural using sub-county level
Rural-Urban Commuting Area (RUCA) codes.”* Guided by litera-
ture, RUCA codes of 1-3 were considered urban, while RUCA codes
of 4-10 were considered rural.>° Zip codes were also categorized
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as tribal lands using US Environmental Protection Agency data.®
Study participants completed validated positive screening tools to
assess depression, panic, and posttraumatic stress disorders.?3132

Smoking Behaviors and Alcohol Use

Participants were queried on the frequency of smoking cigarettes,
the number of cigarettes, the timing of their first cigarette, and the
last time they smoked any tobacco products, including e-cigarettes
and vaping. Participants were not specifically asked about the use
of ceremonial tobacco. Nicotine dependence was assessed with the
Fagerstrom Test for Nicotine Dependence.’* Alcohol consumption
was assessed via the Quick Drinking Screen.?*

Smoking Cessation Outcomes

The primary smoking cessation outcome was self-reported complete-
case 30-day point prevalence abstinence (PPA) at the 12-month
follow-up. Secondary smoking cessation outcomes were: 7- and
30-day PPA at the 3-, 6-, and 12-month follow-up, and intent-to-
treat missing as smoking 30-day PPA, prolonged abstinence, and ces-
sation of all nicotine/tobacco products at the 12-month follow-up.

ACT-Based Processes

Acceptance of internal cues to smoke and valued living were meas-
ured at baseline and 3-month follow-up only since we expected
acceptance and commitment to increase the most by 3 months post-
randomization, consistent with previous ACT-based smoking cessa-
tion studies.?? Acceptance of internal cues to smoke was measured
via a 27-item adaptation of the Avoidance and Inflexibility Scale®”
which assesses one’s willingness to experience physical sensations
(9-items), emotions (9-items), and thoughts (9-items) that cue
smoking. The 27 items are rated on a 5-point scale from (1) “Not
at all” to (5) “Very willing” with higher scores indicating greater ac-
ceptance. Scores were derived by averaging the items. Valued living
was measured via the 10-item Valuing Questionnaire designed to as-
sess the extent of personal values enactment.* Items are intended to
capture the quality of life of valued action in everyday language and
without reference to specific life domains. Each item is rated on a
7-point scale ranging from (0) “Not at all true” to (6) “Completely
true.” Scores were derived by averaging the items in progress and
obstruction subscales with higher scores indicating either greater
progress or greater obstruction toward valued living, respectively.

Engagement and Satisfaction

Engagement data were objectively collected via Google Analytics.
Data included the number of times the application was opened, the
time spent per session, and the number of unique days of use. Data
on satisfaction was self-reported and collected at 3 months via an
11-item treatment satisfaction scale. Each item is rated on a 5-point
scale ranging from (1) “not at all” to (5) “very much.” Satisfaction
scores were dichotomized at a threshold of (3) “somewhat” or higher.

Statistical Analysis

Baseline socio-demographic characteristics, smoking behaviors, and
ACT-based processes were compared between arms using ¢ tests for
continuous variables and Fisher’s exact tests for categorical vari-
ables. To assess study outcomes, we first used logistic regression
models to compare binary cessation and retention measures between
arms. Second, we compared changes in measures of ACT-based pro-
cesses, and treatment engagement and satisfaction between arms.

Generalized linear models were used for continuous outcomes (ie,
changes in ACT-based processes from baseline to 3 months), nega-
tive binomial models were used to compare arms on right-skewed
count outcomes (eg, number of application openings), and logistic
regression models were used for binary satisfaction outcomes. All
regression models were adjusted for the factors used in stratified
randomization to avoid losing power and obtaining incorrect con-
fidence intervals (CIs).* Finally, we used Hayes” PROCESS macro
for SAS* to assess mediation of the primary 12-month 30-day PPA
smoking cessation outcome by changes from baseline to 3 months
in each of the three acceptance subscales and total mean acceptance
scale. We estimated indirect effects with 5000 bootstrapped samples
and bias-corrected 95% ClIs. Mediation effects were considered stat-
istically significant when CIs did not include zero. All statistical tests
were two-sided, with o = .05. Regression analyses were completed
using R version 4.0.3,* and library “MASS”# for negative binomial
regression.

Results

Recruitment and Enroliment

Eight hundred and eight self-identified American Indians and Alaska
Natives were screened for eligibility (Figure 1). The three most
common reasons for ineligibility were not completing the study
consent or baseline questionnaire (35.0%), not being daily smokers
(8.3%) and previously having used a quit-smoking application
(4.2%). A total of 169 (20.9%) American Indian and Alaska Native
adults who smoke were eligible to participate and were randomized
to either the iCanQuit arm (7 = 89) or QuitGuide arm (z = 80). Of
the 169 American Indian and Alaska Native participants random-
ized, four were excluded post-randomization due to living in the
same household as another enrollee. Data retention was high, with
93%, 92%, and 90% of participants retained at the 12-, 6-, and
3-month follow-ups, respectively, and no differential retention rates
between treatment arms (all p > .035).

Baseline Characteristics

Participants’ baseline characteristics were balanced between treat-
ment arms (Table 1). On average, study participants were 38.9 years
old, 26% male, 15% Hispanic or Latino. Most (70%) of partici-
pants resided in an urban area, 30% in a rural area, with 25% of
participants residing on tribal land. More than half (53%) of partici-
pants screened positive for depression, and 14 % were heavy drinkers
(4 or more drinks per typical drinking day for women and 5 or more
drinks per typical drinking day for men within the past 30 days).
The majority (85%) had smoked for a long time (=10 years), and
more than half (59%) had high nicotine dependence. The geographic
representation of participants from 31 US states, is illustrated in
Figure 2. Each point represents one of the 165 participants included
in the analyses. Visual geographic clusters for high concentrations
of participants with residence on tribal land can be seen in Alaska,
Oklahoma, Utah, and Washington.

Smoking Cessation Outcomes

As shown in Table 2, participants in the iCanQuit arm had greater
odds of quitting smoking compared with those in the QuitGuide
arm, across all timepoints. The 30-day PPA for iCanQuit versus
QuitGuide was 30% versus 18% at the 12-month follow-up
(odds ratio [OR] = 1.96; 95% CI: 0.90 to 4.26) 25% versus
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808 American Indians and Alaska Natives screened

309 Excluded
67 Not daily smokers
48 Previously used IP address
34 Previously used a quit-smoking application
31 Phone lacks basic requirements
31 Unwilling to receive push notifications
26 Smokes fewer than 5 cigarettes per day
20 Using another quit-smoking treatment
11 Do not want to quit in the next 30 days
7 Women selected to be ineligible®
34 All other reasons

499 Eligible

265 Excluded
247 Did not complete study consent
8  Did not provide email address
5 Insufficient storage on phone
3 CAPTCHA authentication failure
2 Declined main study consent

234 Consented

65 Excluded
36 Did not complete baseline survey
15 Ineligible after baseline survey
6 Did not confirm phone software
5 Did not provide contact information
3 All other reasons

v

169 Randomized

80 In QuitGuide arm ‘

3 Excluded
3 In same household

3-month Follow-up survey
8 Did not repond to follow-up
69  Completed survey; included in primary
complete-case analysis (90% (69/77) retention)
77  Included in missing as smoking analysis

I

6-month Follow-up survey
7 Did not repond to follow-up
70  Completed survey; included in primary
complete-case analysis (91% (70/77) retention)
77  Included in missing as smoking analysis

!

12-month Follow-up survey
6 Did not repond to follow-up
71 Completed survey; included in primary
complete-case analysis (92% (71/77) retention)
77  Included in missing as smoking analysis

Figure 1. CONSORT diagram.

‘ 89 In iCanQuit arm

o| 1 Excluded
1 In same household

3-month Follow-up survey
9 Did not repond to follow-up
79  Completed survey; included in primary
complete-case analysis (90% (79/88) retention)
88  Included in missing as smoking analysis

.

6-month Follow-up survey
7 Did not repond to follow-up
81  Completed survey; included in primary
complete-case analysis (92% (81/88) retention)
88  Included in missing as smoking analysis

'

12-month Follow-up survey
6 Did not repond to follow-up
82  Completed survey; included in primary
complete-case analysis (93% (82/88) retention)
88  Included in missing as smoking analysis

#To increase enrollment of men, some women who were eligible for study enrollment were randomly selected to be excluded.

11% at 6 months (OR = 2.62; 95% CI: 1.06 to 6.45), and 15%
versus 6% at 3 months (OR =2.93;95% CI: 0.90 to 9.59). Other
secondary outcomes followed a similar pattern. The missing as
smoking 30-day PPA at 12 months was 28% for iCanQuit versus
17% for QuitGuide (OR = 1.97; 95% CI: 0.92 to 4.25). The

7-day PPA for iCanQuit versus QuitGuide was 35% versus 21%
at the 12-month follow-up (OR = 2.02; 95% CI: 0.96 to 4.24),
33% versus 19% at 6 months (OR =2.18;95% CI: 1.02 to 4.70),
and 32% versus 10% at 3 months (OR = 4.10; 95% CI: 1.64
to 10.27).
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Table 1. Baseline Characteristics of American Indian and Alaska Native Trial Participants

No. (%) or Mean (SD)

Total QuitGuide iCanQuit
Characteristic (N =165) (n=77) (n = 88) p
Age, mean (SD), years 38.9 (10.4) 39.4 (10.9) 38.4 (10.0) 544
Men 3 (26%) 4 (31%) 9 (22%) 222
Hispanic or Latino ethnicity 5(15%) 1(14%) 4(16%) 942
High school or less education 7 (41%) 4 (44%) 3 (38%) 478
Employment 555
Employed 76 (46%) 39 (51%) 7 (42%)
Unemployed 9 (18%) 13 (17%) 6 (18%)
Homemaker 32 (19%) 12 (16%) 0(23%)
Disabled 9 (12%) 7 (9%) 2 (14%)
Retired 6 (4%) 4(5%) 2(2%)
Other 3(2%) 2(3%) 1(1%)
Income 932
<$20,000/year 72 (44%) 33 (43%) 39 (44%)
$20,000-$54,499/year 67 (41%) 31 (40%) 36 (41%)
2$55,000/year 26 (16%) 13 (17%) 13 (15%)
Geographic location®
Urban 114 (70»“)1, 49 (64%): 5 (74%) 257
Tribal land 1(25%) 18 (23%) 3(26%) 819
Married 6 (28%) 23 (30%) 3 (26%) 719
LGBT 0(18%) 15 (19%) 5(17%) 840
Mental health positive screening results
Depression’ 87 (53%)¢ 42 (55%)¢ 45 (52%)" 768
Panic 59 (36%)" 28 (36%) 31 (36%)° >.99
PTSD" 80 (49%)° 39 (52%) 41 (47%) 595
Alcohol use
No. of daily drinks, mean (SD) 1.8 (3.6)i 1.9 (3.9) 1.6 (3.3)! 634
Heavy drinker, No. (%)™ 23 (14%) 11 (15%) 12 (14%)! >.99
Smoking behavior
FTND score, mean (SD) 6(2.2) 7(2.4) 5(2.0) 659
High nicotine dependence (FTND score > 6) 8 (59%) 8 (62%) 0(57%) 575
Smokes more than one-half pack/day 113 (68%) 5(71%) 8 (66%) 553
Smokes more than 1 pack/day 6 (16%) 3(17%) 3(15%) 875
First cigarette within § min of waking 3 (50%) 0 (52%) 3 (49%) 811
Smoked for 210 years 140 (85%) 4 (84%) 5(85%) >.99
Used e-cigarettes at least once in past month 6 (28%) 4 (31%) (25%) 479
Quit attempts in past 12 months, mean (SD) 3 (8.6) 3.1 (12.2) 6 (3.5) 336
Confidence to quit smoking, mean (SD)" 66 0(27.6) 61.9 (28.8) 69 7(26.1) 071
Friend and partner smoking
No. of close friends who smoke, mean (SD) 2.7 (1.8) 2.8 (1.8) 2.6 (1.8) 403
No. of housemates who smoke, mean (SD) 1.6 (0.8) 1.6 (0.9) 1.6 (0.7) 960
Living with partner who smokes, No (%) 59 (36%) 31 (40%) 28 (32%) 334
ACT-based measures, mean (SD)
Acceptance®
Sensations (0.6) 1(0.7)0 1(0.6)° 927
Emotions 2.9(0.5) 9 (0.5) .9(0.5) 650
Thoughts (0.5) 9(0.5) .9(0.5) 915
Acceptance mean score 0.5) 0 (0.5)0 .0 (0.4)f 981
Valued living'
Progress* 18.5 (7.6)° 18.4 (7.3) 18.5 (8.0)f 4
Obstruction” 12.0 (8.8)° 12.4 (8.6)° 11.7 (8.9)° -625

ACT = Acceptance and Commitment Therapy; FTND = Fagerstrém Test for Nicotine Dependence; LGBT = lesbian, gay, bisexual, or transgender; PTSD = Posttraumatic Stress Disorder.
*Zip codes were tied to geographic location and categorized as urban or rural using Rural-Urban Commuting Area (RUCA) codes. Zip codes were also categorized as tribal lands using US Environmental Protection Agency data.

bn = 164.

‘n=76.

dPositive screening results for depression via the Center for Epidemiological Studies Depression Scale (CESD-20; cutoff > 16).

n=163.

'n=87.

#Panic disorder via the Autonomic Nervous System Questionnaire (ANSQ; reporting 21 panic attack within the past month indicates a positive screen).
"PTSD via the 6-item PTSD Checklist (PCL-6; scores of 214 indicate a positive screen).

n=75.
n=159.
k=73,
'n = 86.

"Heavy drinking is defined as four or more drinks per typical drinking day for women and five or more drinks per typical drinking day for men within the past 30 days.

"Range, 0-100, where 0 indicates not at all confident and 100 indicates extremely confident.
»Avoidance and Inflexibility Scale. Range is 1-5. Higher scores indicate greater acceptance.
=161,

in=74

“Valuing Questionnaire.

*Range is 0-30. Higher scores indicate greater progression toward one’s values.

n=162

“Range is 0-30. Higher scores indicate greater obstruction of one’s values.
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Figure 2. Geographic location of American Indian and Alaska Native trial participants.

ACT-Based Processes as Mediators of iCanQuit

Effects on Quit Rates

Compared to QuitGuide participants, iCanQuit participants had
greater baseline to 3-month increases in acceptance of physical sen-
sations (p < .001), emotions (p < .001), and thoughts (p = .005) that
cue smoking (Table 2). The increase in mean acceptance was greater
for iCanQuit than QuitGuide participants (point estimate: 0.4; 95%
CL: 0.2 to 0.5). Changes from baseline to 3 months in valued living
measures of progress and obstruction were not significantly different
between treatment arms (all p > .035).

In mediation analyses, every acceptance measure was a signifi-
cant mediator of the treatment effect on 12-month 30-day PPA: ac-
ceptance of physical sensations (indirect effect: 0.13; 95% CI: 0.02
to 0.29), emotions (indirect effect: 0.16; 95% CI: 0.04 to 0.34),
thoughts (indirect effect: 0.34; 95% CI: 0.10 to 0.78), and mean ac-
ceptance (indirect effect: 0.57; 95% CI: 0.21 to 1.16).

Engagement and Satisfaction

Engagement with iCanQuit was greater than with QuitGuide
(Supplementary Table S1). On average, iCanQuit participants
opened the application 32.4 times compared to 8.5 times among
QuitGuide participants (p < .001). Time spent per session was sig-
nificantly higher among iCanQuit participants (3.5 vs. 2.1 min per
session; p < .001). Compared to QuitGuide participants, iCanQuit
participants reported greater overall satisfaction with their assigned
application (92% vs. 65%, p < .001), were much more likely to rec-
ommend the assigned application (88 % vs. 63%, p =.001), and were
more likely to report they felt the application was made for them
(80% vs. 56%, p < .001).

Discussion

In a nationwide sample with high data retention and participant en-
gagement, this is the first study to show that a digital intervention

may be efficacious for helping American Indian and Alaska Native
adults quit smoking. The 30-day PPA rates were significantly higher
in the iCanQuit arm than the QuitGuide arm at the 6-month
follow-up. There were suggestive higher cessation rates at the 3- and
12-month follow-ups with ORs ranging from 1.96 to 2.93 across
all timepoints. Greater acceptance of internal cues to smoke medi-
ated the effect of treatment on smoking cessation among iCanQuit
participants. iCanQuit arm participants were also significantly more
engaged and satisfied with the assigned application.

This study addresses several of the methodological con-
cerns of previous trials that were limited by high and differen-
tial attrition rates as well as lack of geographic diversity.”!12
Compared to previous trials with attrition ranging between
20% and 94%, this study had a very low 7% attrition rate at
the 12-month follow-up, with no differential attrition between
arms. Our group’s methods for obtaining high retention rates
are described elsewhere.* Reach of interventions has also been
a limitation of previous trials and a large barrier for treatment
access among American Indians and Alaska Natives. This study
recruited American Indian and Alaska Native adults from 31 US
states (70% urban, 30% rural, with 25% of participants residing
on tribal land), demonstrating accessibility and reach of the trial
among those living in remote areas.

To date, only one trial has demonstrated efficacy for American
Indians who smoke. That study tested a culturally tailored nine-
session group-based program delivered by American Indian coaches
versus a non-tailored current best practices program delivered by
non-American Indian coaches.!! All participants, regardless of inter-
vention assignment, were offered a choice of free medication to aid
cessation. The reported 7-day PPA in the intervention was 27.9%
versus 17.4% in the control group at the 6-month follow-up. By con-
trast, the current study showed a 7-day PPA of 33% in the iCanQuit
versus 19% in the QuitGuide arm without the provision of coaching
or pharmacotherapy.
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Table 2. Smoking Cessation Outcomes by Follow-up Time Point and Change in ACT-Based Processes?
No. (%) or Mean (SD)
Overall QuitGuide iCanQuit
Variable (n=165) (n=77) (n=88) Point estimate or OR (95% CI) p
Smoking cessation outcomes®
12-Month outcomes
30-d PPA 38/153 (25%) 13/71 (18%) 25/82 (30%) 1.96 (0.90 to 4.26) .089
30-d PPA, missing as smoking® 38/165 (23%) 13/77 (17 %) 25/88 (28%) 1.97 (0.92 to 4.25) .083
7-d PPA 44/153 (29%) 15/71 (21%) 29/82 (35%) 2.02 (0.96 to 4.24) .063
Prolonged abstinence? 15/126 (12%) 5159 (8%) 10/67 (15%) 1.89 (0.59 to 6.01) 282
30-d PPA of all tobacco products® 28/153 (18%) 10/71 (14%) 18/82 (22%) 1.66 (0.71 to 3.92) 245
6-Month outcomes
30-d PPA 28/151 (19%) 8/70 (11%) 20/81 (25%) 2.62 (1.06 to 6.45) .036
7-d PPA 40/151 (26%) 13/70 (19%) 27/81 (33%) 2.18 (1.02 to 4.70) .045
3-Month outcomes
30-d PPA 16/148 (11%) 4169 (6%) 12/79 (15%) 2.93 (0.90 to 9.59) 075
7-d PPA 32/148 (22%) 7169 (10%) 25179 (32%) 4.10 (1.64 t0 10.27) .003
Change from baseline to 3-month post-randomization in ACT-based processes’
Acceptance of internal cues to smoke®
Sensations 0.2 (0.8)" -0.1(0.8)! 0.4 (0.8) 0.4 (0.2 t0 0.7) <.001
Emotions 0.2 (0.7)¢ 0.0 (0.5) 0.3 (0.7) 0.4 (0.2 t0 0.6) <.001
Thoughts 0.1 (0.6)* 0.0 (0.5)! 0.2 (0.6)™ 0.3 (0.1t0 0.4) .005
Mean score 0.2 (0.6)" 0.0 (0.5) 0.3 (0.6)! 0.4 (0.2 t0 0.5) <.001
Valued living
Progress? -0.2 (6.9)9 -0.5 (6.9) 0.0 (7.0) 0.5 (-1.5t0 2.6) .599
Obstruction® -0.6 (7.9)d -0.5 (7.0) -0.7 (8.7 -0.7 (-2.9 to 1.4) 510

ACT = Acceptance and Commitment Therapy; CI = confidence interval; OR = odds ratio; PPA = point prevalence abstinence.

*All models include the following covariates: education (high school diploma or less), heavy smoking (>20 cigarettes/day) and depression symptoms (CESD-20 >

16).

PAll outcomes are complete case (ie, exclusion of participants lost to follow-up) was specified a priori as the primary outcome, except where noted.

‘Intent-to-treat missing as smoking analysis was specified a priori as a secondary outcome.

dDefined as no smoking since 3-month post-randomization, using self-reported data of last cigarette.

Including e-cigarettes.

fAll changes in acceptance scores calculated as follow-up minus baseline. Negative score indicates measure was higher at baseline.

tAvoidance and Inflexibility Scale. Range is -4 to 4. Positive scores indicate higher acceptance at follow-up.

b = 139.
n=63.
in=76.
kn = 145.
ln =67.
" =78.
"n=63.

°Valuing Questionnaire.
PRange is =30 to 30. Positive scores indicate improvement.

an =142,
n=65.
‘n="77.

‘Range is =30 to 30. Positive scores indicate worse condition.

In line with our hypotheses, mediation analyses confirmed
that changes in acceptance mediated the effect of the treatment on
smoking cessation at the 12-month follow-up. These results sug-
gest that the efficacy of ACT-based iCanQuit for smoking cessation
among American Indians and Alaska Natives may operate, in part,
through improving acceptance of internal cues to smoke. Another
reason why iCanQuit might be efficacious and engaging among
American Indians and Alaska Natives could be the testimonials
and personal stories that are part of the iCanQuit application con-
tent. Storytelling reinforces traditional American Indian and Alaska
Native knowledge systems, promotes cross-generational learning,
and builds social connections.** Therefore, these features may be
more acceptable and culturally congruent with the American Indian

and Alaska Native community (Supplementary Table S2). Finally, as
shown in our past research with the SmartQuit application® that
preceded iCanQuit, it is possible that the high engagement rates due
to the appeal of the ACT skills contributed to increased acceptance
of internal smoking cues, which in turn impacted the high quit rates.

On the other hand, valued living changes from baseline to 3 months
did not differ between arms. There are several potential explanations
for these findings. The Valuing Questionnaire®® used in the study is
not a smoking-specific measure and as such may lack the specificity to
capture changes in values related to quitting smoking. Furthermore,
population-specific values may not be accurately captured by this
scale since it was not designed to be culturally sensitive to American
Indians and Alaska Natives. Another possibility is that this sample of
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American Indians and Alaska Natives may have had strong cultural
values to begin with and not much room for improvement. Future
larger trials should evaluate cultural values with a validated tool that
is specific to both the population and the behaviors evaluated.

There are several strengths of this study. This is the first study, to
our knowledge, that has tested and demonstrated the potential effi-
cacy of a digital intervention for smoking cessation among American
Indians and Alaska Natives. Second, we obtained the highest reten-
tion rates ever reported in this population with no differential rates
between arms. Third, we showed that smartphone applications
for smoking cessation have great potential for high reach, utiliza-
tion, and satisfaction among American Indians and Alaska Natives
nationwide.

The study also has limitations. First, results are based on a sec-
ondary analysis of the parent trial that was not tailored to American
Indians and Alaska Natives, and therefore the results should be in-
terpreted with caution. Second, only 20.9% (169/808) of people
screened were randomized into the trial. This level of selection bias!!
is consistent with prior smartphone application-delivered smoking
cessation trials,*** and more favorable than prior telephone-
delivered cessation trials.*® Third, the cessation outcomes were
self-reported and not biochemically confirmed. However, expert
consensus suggests that biochemical verification of abstinence is im-
practical and unnecessary in population-based studies that do not
involve in-person contact.* Furthermore, previous studies have dem-
onstrated strong agreement between self-reported and biochemically
verified smoking status.’**' Additionally, there is no reason to believe
that the validity of self-reported abstinence would differ by treat-
ment arm. Fourth, we reported engagement data up to 6 months and
not 12 months due to a technical error by Google Analytics. Because
participants were unaware of the error and the majority stopped
using their application by 6 months, the missing data is unlikely to
change the validity of the results.’? Finally, the use of commercial
tobacco products for ceremonial use was not ascertained which can
differ widely across different tribal populations.

Despite these limitations, this study provides necessary prelim-
inary data for the cultural adaptation and testing of smartphone ap-
plications that are evidence-based for American Indians and Alaska
Natives nationwide. Culturally adapted behavioral interventions for
priority populations are four times more efficacious than non-adapted
clinical practice guidelines-based treatments.*® Therefore, to maximize
the effect on cessation outcomes that we observed in this study, a cul-
tural adaptation of the iCanQuit smartphone application for American
Indians and Alaska Natives is the next logical step for broad dissem-
ination and high public health impact. Future larger trials testing the
potential synergistic interaction between cultural adaptation and an
ACT-based smartphone application for American Indians and Alaska
Natives is warranted. Each one of the six ACT core processes taught
in iCanQuit could be tailored to American Indian and Alaska Native
cultural principles (Supplementary Table S2)." For example, the ACT
process of being present, which means being nonjudgmental and fully
aware of the present moment with openness, interest and receptive-
ness, could be tailored to the American Indian and Alaska Native prin-
ciple of “this current moment is part of the lesson of who we were,

who we are, and who we will be become.”"

Finally, to ensure in-
creased enrollment and participation of American Indians and Alaska
Natives nationwide, partnerships with tribes and tribal organizations
would be invaluable for the future cultural adaptation of iCanQuit.
This is the first study to show that a digital intervention may be

efficacious for helping American Indian and Alaska Native adults

quit smoking. The study represents an important step in developing
behavioral interventions that can reach and engage American
Indians and Alaska Natives who smoke nationwide. Our results will
inform the future testing of iCanQuit tailored to American Indians
and Alaska Natives, with potential for broad dissemination and high
public health impact in this population.
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