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Introduction

Reinforcement interventions motivate behavior change through 
systematic reinforcement of objectively verified target behaviors 
like abstinence.1,2 Abstinence reinforcement is highly efficacious 
for improving substance use treatment outcomes.3–6 Applying 

reinforcement interventions to the treatment of cigarette smoking 

has received less attention than that for illicit drug use disorders. 

One obstacle has been the logistical problems arising from the 

relatively short half-life of breath carbon monoxide (CO) (approxi-

mately 4 hours in adults7) which necessitates multiple breath CO 
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Abstract

Introduction: Abstinence reinforcement is efficacious for improving smoking treatment outcomes, 
but practical constraints related to the need for multiple in-person carbon monoxide (CO) breath 
tests daily to verify smoking abstinence have limited its use. This study tested an mHealth proce-
dure to remotely monitor and reinforce smoking abstinence in individuals’ natural environment.
Methods: Eligible treatment-seeking smokers (N  =  90) were randomized to (1) usual care and 
ecological monitoring with abstinence reinforcement (mHealth reinforcement) or (2) without 
reinforcement (mHealth monitoring). Usual care was 8 weeks of transdermal nicotine and twice-
weekly telephone counseling. Following training, an interactive voice response system prompted 
participants to conduct CO tests 1–3 daily at pseudorandom times (7 am to 10 pm) for 4 weeks. When 
prompted, participants used a study cell phone and CO monitor to complete a CO self-test, video 
record the process, and submit videos using multimedia messaging. mHealth reinforcement par-
ticipants could earn prizes for smoking-negative on-time CO tests. The interactive voice response 
generated preliminary earnings immediately. Earnings were finalized by comparing video records 
against participants’ self-reports. 
Results: mHealth reinforcement was associated with a greater proportion of smoking-negative 
CO tests, longest duration of prolonged abstinence, and point-prevalence abstinence during the 
monitoring/reinforcement phase compared to mHealth monitoring (p < .01, d = 0.8–1.3). Follow-up 
(weeks 4–24) analyses indicated main effects of reinforcement on point-prevalence abstinence and 
proportion of days smoked (p ≤ .05); values were comparable by week 24.
Conclusions: mHealth reinforcement has short-term efficacy. Research on methods to enhance and 
sustain benefits is needed.
Implications: This study suggests that mHealth abstinence reinforcement is efficacious and may 
present temporal and spatial opportunities to research, engage, and support smokers trying to quit 
that do not exist with conventional (not technology-based) reinforcement interventions.
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tests daily to objectively verify smoking status in the context of rein-
forcement programs. An additional complication is the predictability 
that occurs with scheduled visits for breath tests, as smokers may 
adjust their smoking behavior to avoid detection. One alternative 
to multiple tests daily is to monitor smoking with CO tests during 
the initial days of the quitting process while abstinence is established 
and then transition to cotinine testing. Cotinine is a major metabo-
lite of nicotine with a half-life of about 19 hours,7 making it possible 
to limit testing to about twice weekly. Establishing initial abstinence 
with frequent breath tests and then transitioning to visits 2 to 3 
times weekly for cotinine-based reinforcement can be efficacious,8,9 
but cotinine-based reinforcement cannot be used concurrently with 
nicotine replacement pharmacotherapy.

Another option is to use Internet-based services to monitor 
and reinforce smoking abstinence multiple times daily in individu-
als’ natural environment.10–16 Using basic cell phone functions (not 
requiring a smartphone and without Internet or data plan) to moni-
tor and reinforce smoking abstinence has even greater potential 
than requiring smart phone Internet services in terms of increased 
reach at lower costs,17,18 if efficacious. Importantly, basic cell phone 
multimedia strategies generally can improve treatment response, fol-
low-up, and reach,19 and monitoring substance use with automated 
data capture (i.e., interactive voice response technology [IVR]) on 
such phones is feasible and cost-effective.20–22 Patients also find it an 
acceptable form of communication with treatment providers in the 
context of reporting smoking status and healthcare-related needs.23 
Notably, combining automated services with human interaction may 
be important.24

In this study, we built on our initial work developing a mobile 
health (mHealth) system of using mobile devices to monitor and rein-
force pro-health behaviors ecologically.25,26 According to the World 
Health Organization, mHealth, for example, involves the provision 
of health services and information via mobile technologies such as 
mobile phones, tablet computers, and personal digital assistants.27 
The purpose of the current study was to use mHealth reinforcement 
to target smoking abstinence and examine outcomes compared to 
mHealth monitoring without reinforcement. Starting on the tar-
get quit date, 8 weeks of transdermal nicotine began, as well as 4 
weeks of twice-weekly, telephone-based practical counseling along 
with daily monitoring of smoking status via IVR, cell phone, and 
CO monitor. Those in the mHealth reinforcement condition received 
vouchers for 4 weeks based on CO readings. We hypothesized that 
mHealth reinforcement would improve smoking outcomes during 
the 4-week daily monitoring/reinforcement period, and examined 
outcomes through week 24 (a 20-week follow-up period).

Methods

Participants and Setting
Participants (N = 90) were recruited for a study including transder-
mal nicotine and counseling through E-mail, flyers, and print adver-
tisements. Participants attended an in-person baseline interview in 
which eligibility was established. Inclusion criteria were (1) at least 
10 cigarettes daily verified by CO ≥ 8 parts per million (ppm), (2) no 
past-year abstinence exceeding 3 months, (3) intent to quit within 3 
weeks (score ≥ 7 out of 10, “How much do you want to quit smok-
ing within the next 3 weeks?”15, (4) aged 18 years or older, and (5) 
mailing address and valid photo ID. Exclusion criteria were (1) past 
month behavioral or pharmacotherapy for smoking, (2) serious 
and unstable psychiatric illness (e.g., schizophrenia, non-nicotine 

substance use disorder) or medical disease, or contraindication for 
transdermal nicotine, (3) pregnant, nursing a child, or not using 
effective contraceptive if female, (4) ongoing use of monoamine 
oxidase inhibitors, antipsychotics, mood stabilizers, bupropion, or 
naltrexone, and (5) not English speaking.

Participants provided written informed consent for study proce-
dures and a second optional consent for audiotaping for staff over-
sight purposes only (none declined). A Masters-level licensed research 
therapist completed the UMASS Center for Tobacco Treatment and 
Control online course on working with smokers prior to provid-
ing telephone counseling. Physician and nursing staff completed 
medical procedures, and a Baccalaureate-level research assistant 
completed remaining assessments. Procedures were approved by 
an Institutional Review Board and occurred at a university health 
center between January 2012 and December 2014. See Figure 1 for 
participant flow. The trial ended when the target sample size was 
reached. Follow-up rates did not differ between conditions (p > .05).

Assessments
A patient form captured gender, ethnicity, race, smoking history, and 
eligibility criteria. Additional measures completed at intake were 
the Fagerström Test of Nicotine Dependence28 and the Readiness 
to Change Questionnaire29. The presence of past-year and past 
6-month substance use disorder was determined using checklists 
based on Diagnostic and Statistical Manual of Mental Disorders-
IV-TR criteria.30

At intake, baseline, and each counseling session, the timeline fol-
lowback procedure31,32 captured frequency and intensity of smok-
ing, other substance use, and medication use in the past 30 days or 
since the last visit. CO breath tests were conducted using a calibrated 
Micro Plus Smokerlyzer (Bedfont Scientific Ltd, Kent, England), 
which stores ID, test time, and up to about 100 tests. The abstinence 
criterion was CO ≤ 6 ppm. These procedures were repeated at the 
follow-up visits at weeks 4, 8, 12, and 24. In addition, urine samples 
were tested for cotinine at intake, week 12, and week 24 using the 
semi-quantitative lateral flow enzyme immunoassay onsite test strip 
Accutest NicAlert (JANT Pharmacal Corporation, Encino, CA), with 
values ≤ level 1 (0–30 mg/mL) coded smoking-abstinent. Patient sat-
isfaction was assessed at the end of the monitoring/reinforcement 
phase with an in-house form.

Procedures
Following intake, participants completed two quit preparation 
behavioral counseling in-person sessions, submitted a CO and coti-
nine sample, and set a target quit date for within 2 weeks. Telephone 
counseling, transdermal nicotine, and daily monitoring of smoking 
status with or without abstinence-contingent reinforcement started 
on the quit date.

Telephone Counseling and Transdermal Nicotine
For all participants, brief counseling33 (~10 minutes) was scheduled 
to occur twice weekly for 4 weeks by phone. Discussion included 
personal reasons for quitting, skills-based items, and craving con-
trol strategies. Self-reported smoking status was documented. The 
study also provided 8 weeks of transdermal nicotine (typically 21 mg 
patches for 4 weeks, 14 mg for 2 weeks, and 7 mg for 2 weeks). 
Use was encouraged but not required for continued participation. 
Adverse events and pregnancy status were monitored at each visit. 
Clinical supervision was aided by review of audio recorded coun-
seling sessions.
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On the target quit date, participants (N  =  90) were randomly 
assigned (allocated 1:1) to one of two treatment conditions using an 
urn procedure34 and stratified on (1) at least one smoking-negative 
CO during baseline (Reinforcement/Monitoring n = 3/2, p = .14) and 
(2) at least 20 cigarettes daily at intake (Reinforcement/Monitoring 
n = 15/21, p = .23).

Usual Care With Abstinence Monitoring (mHealth Monitoring)
Following training and independent demonstration of CO and 
video procedures, participants used the study cell phone to complete 
CO tests when prompted by IVR for 4 weeks. Participants were 
instructed that CO test prompts would occur up to 3 times daily 
between 7 am and 10 pm, with the exact number and timing not 
disclosed. In actuality, prompts occurred 3 times daily in week 1 and 
typically 1 but up to 3 times daily in weeks 2–4 (52 tests total), with 
a minimum of 4 hours between prompts.

CO testing was a five-step process requiring about 3 min-
utes to complete. First, at participants’ preferred time (e.g., 7 am), 
they received an IVR reminder to keep study equipment on hand 
throughout the day. Second, when a test came due, the IVR called 

participants to request the submission for a CO test within 2 hours. 
For calls not received, a reminder call occurred 1 hour later. Third, 
the CO self-test was video recorded. To that end, a phone with a 
front-facing lens is held at about arms-length (or placed in a stand 
at about head height) and the video record function is activated. 
The CO monitor is reset to zero (audible beep) and displayed to the 
lens. A deep breath is drawn, and the test button on the monitor is 
pushed. After a 15-second countdown, the breath is exhaled for at 
least 4 seconds, the result is displayed to the lens, and the record-
ing is stopped. The video is reviewed for quality and the process is 
repeated if needed (e.g., too blurry) (anecdotally, rarely occurred). 
Fourth, the date- and time-stamped CO video is submitted within 
the 2-hour window to staff using multimedia messaging. Fifth, the 
participant calls the IVR (or the system calls the participant) to 
report results. If smoking-negative, a congratulatory statement fol-
lows, with a reminder to expect the same procedures throughout 
the day. Staff manually compared video recorded test results against 
IVR reports to confirm accuracy (only one instance of inaccuracy 
occurred in each condition). CO test results were discussed with par-
ticipants during counseling sessions in weeks 1–4.

Figure 1. The flow of participants through the study.
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Usual Care With Abstinence Monitoring Plus Reinforcement 
(mHealth Reinforcement)
For mHealth reinforcement participants, in addition to the above, 
smoking-negative CO tests resulted in chances for prizes. CO moni-
toring steps 4 and 5 (above) were modified as follows. Abstinence-
contingent reinforcement was guaranteed (100% likelihood) in 
weeks 1 and 2 and occurred 50% of the time in weeks 3 and 4. For 
each draw earned in weeks 1 and 2, the computer program selected 
at random 1 of 70 solutions (equivalent to drawing 1 card from a 
70-card bowl in a typical in-person prize reinforcement program). 
Sixty-five solutions were a “small” ~$1 prize (e.g., sugar-free gum, 
mints), four were a “large” ~$20 prize (e.g., target gift card), and 
one was a “jumbo” ~$100 prize (e.g., bluetooth headset). Weeks 3 
through 4, 80 draws were possible for on-time smoking-negative 
tests. For this phase, the computer randomly selected 1 of 280 solu-
tions, 50% of which were worth a prize: 130 small prizes, 9 large, 
and 1 jumbo.

Draws escalated for consecutive negative tests and reset with a 
missed or drug-positive test, to promote high rates of abstinence.35 
In this study, the IVR was programmed to “draw” at least one solu-
tion from many possible solutions for each on-time and negative 
test. One “draw” was earned for the first day of all tests submitted 
on-time and reading smoking-negative. To promote sustained absti-
nence, each day with all tests smoking-negative and on-time resulted 
in draws per test increasing by 1 for the following day (one draw per 
test meeting criteria on day 1 and two draws per test on day 2, etc.). 
Draws increased in this manner for the first 4 consecutive days of 
all on-time smoking-negative tests and thereafter remained at four 
draws per consecutive test. A positive or missed test reset draws to 1 
for the next negative test. Transition from the 100% winning prize 
program to the 50% winning prize program did not affect the num-
ber of draws available. Participants were aware of the probabilities 
of winning and of changes in probabilities over time.

Participants received a catalog to take home that contained pho-
tos and listed examples of types of prizes so that prizes could be 
selected when earned. Staff encouraged participants to redeem earn-
ings at least weekly but most elected for one-time redemption at the 
end. mHealth reinforcement participants could earn up to 190 draws 
in total (110 in weeks 1–2) for on-time smoking-negative CO tests, 
with an expected value of about $502.

Compensation
Participants earned $25 for the in-person intake, $35 for each in-
person follow-up (weeks 4, 12, and 24), $10 per cotinine sample 
(intake, week 12, and week 24), and $50 for returning study equip-
ment in good condition (100% done). To promote adherence, par-
ticipants in both treatment conditions also received $1 for each CO 
sample submitted and a $10 bonus for submitting all CO samples 
each week.

Data Analysis
Demographic and baseline data were examined36 prior to proceeding 
with outcome analyses. Transdermal nicotine and counseling services 
received, and adherence with submitting CO tests, were examined 
for differences by condition with analysis of covariance. Variables 
that may affect outcomes were included as covariates, including age, 
gender, days of transdermal nicotine use, and percent of CO tests 
submitted and percent of counseling sessions received. The latter two 
variables were not normally distributed and were therefore coded 
according to whether they met ≥ 80% (no/yes).

To assess effects of mHealth reinforcement compared to mHealth 
monitoring during the 4-week monitoring/reinforcement interven-
tion period, primary outcomes were as follows: (1) percent of 
smoking-negative CO tests, (2) longest duration of prolonged absti-
nence, and (3) 7-day point-prevalence abstinence (PPA; days 22–28). 
Percent of negative CO tests was computed with the number submit-
ted in the denominator. Longest duration of abstinence was defined 
as the greatest number of days of no smoking on self-report and 
all CO tests reading negative, based on all available data. Percent 
negative CO and longest duration of abstinence were examined for 
group differences twice, with the covariates noted above (analysis 
of covariance) and without (analysis of variance). PPA (based on all 
available CO and self-report data) was examined for group differ-
ences using logistic regression, also with and without simultaneous 
entry of the covariates noted above. The study was powered with 
1 − B = .80 and alpha less than .05 to detect about a 10% difference 
between conditions on PPA based on previous smoking abstinence 
reinforcement studies.37–39

Secondary outcomes included 7-day PPA at weeks 8, 12, and 24 
and continuous abstinence between the quit date and each follow-up 
(no/yes). Hierarchical mixed models specified for dichotomous out-
comes examined changes over time and between conditions, using 
Laplace approximation and reporting the unit-specific estimates. 
Changes in timeline followback proportion of days smoked and 
mean cigarettes per day on days smoked week 4 through week 24 
were also examined with hierarchical linear mixed models.

Cohen’s d and odds ratios are presented as effect size estimates. 
Differences between conditions were evaluated at alpha  =  .05. 
Analyses were conducted with IBM SPSS Statistics version 21 and 
SuperMix version 1.2 for hierarchical models.

Results

Demographic and Baseline Characteristics
Demographic and baseline data did not differ significantly between 
conditions (Table 1).

Treatment Exposure and Adherence
Mean (SD) percent of days of transdermal nicotine use was 59.9% 
(2.7%) in the mHealth reinforcement condition and 53.2% (28.0%) 
in mHealth monitoring, F(1, 88) = 1.49, p =  .23 (mean (SD) days 
of use was 33.6 (13.3) days and 29.8 (15.7) days, respectively). 
Three mHealth monitoring participants elected not to use the study-
provided transdermal nicotine at all compared to no participants 
in the mHealth reinforcement condition. Conditions did differ on 
the mean (SD) percent of counseling sessions received, at 82.2% 
(27.5%) and 68.6% (34.6%), respectively, F(1, 88) = 4.27, p = .04, 
and mean (SD) percent of CO tests submitted, at 84.5% (19.6%) 
and 63.6% (33.2%), respectively, F(1, 88) = 13.29, p = .00. All par-
ticipants returned study equipment in good working order. mHealth 
reinforcement condition participants earned a mean (SD) $344.18 
($187.87) for on-time smoking-negative CO tests.

Smoking Outcomes
4-Week Monitoring/Reinforcement Period
Abstinence during the monitoring/reinforcement phase was greater 
with mHealth reinforcement compared to mHealth monitoring on 
percent of negative CO tests, longest duration of abstinence, and 
week 4 PPA, with effect sizes ranging d = 0.8 to 1.3. Conclusions 
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were similar when analyses included baseline and demographic 
covariates. See Table 2.

Follow-up
Raw descriptive statistics for PPA, continuous abstinence since the 
quit date, timeline followback proportion of days on which smoking 
occurred, and mean number of cigarettes on days smoked at weeks 
4, 8, 12, and 24 by study condition are in Table 3. Results of hier-
archical mixed model analyses are in Table 4. There was an over-
all increased likelihood of PPA with mHealth reinforcement (main 
effect). The likelihood of PPA decreased over time (main effect), 
and the rate of change was steeper in the mHealth reinforcement 
condition (interaction effect). Proportion of days on which smoking 
occurred was lower overall with mHealth reinforcement (main effect) 
and increased over time (main effect), with no interaction effect. In 
both cases, abstinence was comparable between study conditions 
by the final follow-up. For remaining outcomes, the likelihood of 
continuous abstinence decreased over time and mean cigarettes on 
days smoked increased (main effects of time and condition), with no 
interaction effects. Other effects were nonsignificant (p > .05).

Safety and Tolerability
No study withdrawals occurred. One serious adverse event was for 
an overnight hospitalization for food poisoning. Adverse events 
were primarily for minor physical complaints related to transdermal 

nicotine (primarily dermatologic irritation; 34 events) and sleep dis-
turbance possibly or probably related to transdermal nicotine (25 
events). Other adverse events were for emergency room visits and 
physical complaints unrelated to study participation and not unex-
pected (27 events).

Discussion

This study examined effects of a novel strategy to ecologically moni-
tor and reinforce objective evidence of cigarette smoking abstinence 
using mobile devices and common telephone functions. Results indi-
cate increased abstinence with mHealth reinforcement during the 
period of contingencies, with notable treatment effect sizes. These 
results are particularly noteworthy given the active and intensive 
control condition which itself yielded relatively high rates of smok-
ing abstinence, consistent with expectations.40,41 Increased PPA 
and lower proportion of days smoked in the mHealth reinforce-
ment compared to monitoring condition persisted as a main effect 
through follow-up; relapse was not uncommon and no strong ben-
efits of mHealth reinforcement remained at the most distal follow-
up. Overall, the results of this first study support the feasibility and 
efficacy of our mHealth smoking abstinence reinforcement proce-
dures for increasing abstinence during active treatment and indicate 
the need for research on methods to sustain benefits following active 
treatment.

Table 1. Demographic and Baseline Characteristics

Variables

mHealth reinforcement mHealth monitoring

p(n = 45) (n = 45)

Age (mean, SD) 44.4 (10.3) 45.5 (11.6) .64
Female (n) 55.6% (25) 60.0% (27) .67
Ethnicity (n)
 Not Hispanic 88.9% (40) 91.1% (41) .34
 Hispanic 6.7% (3) 8.9% (4)
 Not reported 4.4% (2) 0.0% (0)
 Race (n) .54
 European American 71.1% (32) 77.8% (35)
 African American 15.6% (7) 11.1% (5)
 Asian/More than one/not reported 13.3% (6) 11.1% (5)
Cigarette smoking characteristics
 Age first smoked (mean, SD) 16.7 (4.2) 16.5 (3.6) .81
 Past 30 days cigarettes per day (mean, SD) 17.6 (9.5) 20.0 (8.4) .23
 Packyearsa (mean, SD) 358.6 (302.2) 466.1 (385.6) .15
 Fagerström score (mean, SD) 3.5 (1.4) 2.9 (1.5) .71
 First cigarette within 5 minutes of waking (n) 37.8% (17) 35.6% (16) .83
 Intake CO value (mean, SD) 16.0 (8.3) 16.4 (7.3) .84
 Intake cotinine levelb (mean, SD) 5.8 (0.4) 5.9 (0.5) .81
 Lives with smoker(s) (n) 53.3% (24) 35.6% (16) .09
 At least 1 baseline CO ≤ 6 ppm (n)c 6.7% (3) 4.4% (2) .65
Prior quit history
 ≥24-hour voluntary quit attempts (mean, SD) 6.9 (20.4) 6.9 (11.6) .99
 Longest quit attempt (months; median, IQR) 3.3 (8.3) 1.6 (8.2) .18
 Previous use of nicotine replacement (%, n) 48.9% (22) 55.6% (25) .53
 Previous use non-nicotine medication (%, n) 24.4% (11) 33.3% (15) .35
Readiness to change (mean, SD) 6.2 (1.8) 6.0 (1.9) .61

Readiness to Change scores range from 2 to 14.
CO = carbon monoxide; IQR = interquartile range; SD = standard deviation.
aPack years is defined as (Current cigarettes smoked per day) / (Years smoked that amount).
bThe highest salivary cotinine test result possible was 6, equivalent to >2000 ng/mL cotinine equivalents per the manufacturer. 
cStratification variable obtained during the baseline period.
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This study is one of two randomized trials on smoking absti-
nence reinforcement delivered using mobile devices in the literature 
to date. In a study by Hertzberg et al.,42 veterans (N = 22) with post-
traumatic stress disorder received two counseling sessions, switched 
to a low-nicotine cigarette prior to quitting, and received bupropion 
and nicotine replacement (transdermal form and choice of an acute 
“rescue” form). Participants were randomized to 4 weeks of absti-
nence-contingent payments for CO ≤ 8 ppm or noncontingent yoked 
payments for submitting samples twice per day (up to $690 avail-
able). Cell phone-based video clips of the CO testing process were 
submitted through a web portal, with the timing of tests at least par-
tially at participants’ discretion (unprompted, and, what minimum 
time between samples was required is unclear in the report). Week 4 
PPA was 82% in the reinforcement condition compared to 45% in 
the control condition. The current study builds on that study by sup-
porting the feasibility and initial efficacy of mHealth reinforcement 
procedures (1) in general population smokers, and that (2) use basic 
phone features (i.e., not requiring internet or computers), (3) involve 
up to three tests daily to verify abstinence, and (4) request tests on an 
unpredictable pseudorandom schedule. This study also adds to the 
growing literatures on web-based abstinence reinforcement interven-
tions10–16 and mobile phone-based smoking cessation interventions 
more generally (not reinforcement-based).43–47 Importantly, the large 
during-treatment effect sizes observed in the current study are gener-
ally on par with recent studies similarly involving frequent bio-ver-
ification and conventional (not technology-based) monitoring and 
reinforcement of smoking abstinence9,37,39,48 but carry with them the 
advantages discussed herein.

In the current study, CO test submission rates differed between 
the reinforcement and control conditions. Such differences were not 
observed in the study by Herzberg et al.42 Response effort require-
ments can influence response rates. Although these two studies did 
not differ substantially on the total number of CO tests requested 
(48 and 52 samples), they did differ on how test requests were 
distributed throughout the day and over the 4-week monitoring 
period. Other possible factors include participants’ agency versus 
study-determined structure around submitting tests and the amount 
of compensation for submitting CO tests in the control condition 
($92 possible herein versus $314 earned on average in the study by 
Hertzberg et al.). We previously used a similar compensation struc-
ture for submitting alcohol breath tests in a study with frequent 
drinkers not seeking treatment and observed good adherence, at 
a mean (SD) 88.6% (10.4%), without differences between condi-
tions.25 In the absence of substantial methodological differences 
between that and this study, it may be that differences in outcome 
expectations and/or efficacy expectations related to treatment- ver-
sus not-treatment-seeking relate to the differences in adherence. 
Nevertheless, relatively few tests were missed in the reinforcement 
condition, allowing for rigorous measurement of abstinence status.

During-treatment effects on abstinence are expected with rein-
forcement interventions based on theory and empirical evidence. 
Ultimately, however, long-term improvements are the goal. In this 
study, self-reported proportion of days on which smoking occurred 
remained lower in the reinforcement than control condition 
throughout the most distal follow-up, but other outcomes during 
follow-up were modest or nonsignificant. That there was a signal 
of benefits of reinforcement beyond the period of contingencies in 
the current study is promising, but clearly more work needs to focus 
on extending the benefits of reinforcement interventions. Counseling 
(typically four or more sessions) and transdermal nicotine have 
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independent40,49,50 and additive effects40,41 on the likelihood and odds 
of quitting compared to placebo control conditions. Six-month quit 
rates are about twofold higher with transdermal nicotine compared 
to placebo.33 Adding behavioral support can further increase absti-
nence rates, up to 10% to 25% with increasing intensity of support, 
although effects are weaker when all conditions get behavioral sup-
port as opposed to no contact.41,51 Increased exposure and adherence 
to these treatment components increases long-term outcomes, and 
likely did so in the current study (although that cannot be concluded 
without the appropriate control condition), although there seems to 
be a point of diminishing returns.33 In the current study, effects of 
reinforcement, perhaps in both the short- and long-term, were likely 
attenuated by the efficacious background treatment. Other studies 
to compare abstinence reinforcement against usual care smoking 
treatment have sometimes observed persistent benefits of reinforce-
ment at follow-up39,52 and sometimes not observed these effects.9,48,53 
Considerations including reinforcement exposure, transdermal nico-
tine adherence, method of group assignment (not random39 versus 
random9,48), and participant characteristics (general population 
smokers,52 pregnant smokers9,39,48, and methadone patients53) may 
account for differences between studies. The current study was an 
initial investigation with a focus on exploring effects of mHealth 
reinforcement on during-treatment abstinence, and the study was 
appropriately powered for that aim. mHealth reinforcement solu-
tions may also have implications for improving long-term smoking 
cessation outcomes. For example, mHealth technologies may allow 
for reinforcement frequency, timing, and duration options that have 
potential to extend the benefits of reinforcement interventions but 
that are not as easily accomplished with conventional in-person 
procedures.

One limitation of this study is that fewer CO tests were sub-
mitted in the monitoring compared to reinforcement condition. In 
this scenario, coding missed tests as smoking-positive would dif-
ferentially deflate abstinence rates in the monitoring condition and 
inflate differences between conditions. Instead, the proportion of 
negative CO tests outcome was computed with the number of tests 
submitted in the denominator and missed tests omitted (and con-
clusions are unchanged). Engagement in counseling also differed 
between conditions in the current study, and increased counseling 
adherence is associated with improved smoking treatment out-
comes.51 Importantly, differences between conditions on abstinence 
outcomes remained significant when effects of counseling, sample 

submission rates, and other variables were statistically controlled. 
Neither submission of cotinine samples nor submission of self-
reports differed between conditions. Medication adherence rates 
also did not differ between conditions and were not substantially 
different than adherence expectations in relatively naturalistic set-
tings54 or in the context of intensive intervention.55 This is impor-
tant because premature discontinuation and incomplete adherence 
are strong predictors of relapse to smoking.33,56 Still, the results here 
suggest that greater compensation (or other motivation) is needed 
to maximize the submission of CO tests with the procedures inves-
tigated in this study.

There are also several strengths of this study. The background 
and comparison treatment platform was usual smoking cessation 
care consistent with recommended treatment guidelines plus moni-
toring and was not a placebo control condition. Abstinence status 
was biochemically verified throughout the study, consistent with 
expert recommendations.57 Adherence with transdermal nicotine 
and counseling was encouraged but not required for continued par-
ticipation, thus producing conditions typical of pharmacotherapy 
and counseling treatment (i.e., variable adherence rates) and increas-
ing the generalizability of findings. Furthermore, remote monitoring 
of breath tests and smoking status occurred in both conditions, and 
differences that nevertheless occurred were statistically controlled 
in analyses, allowing the effects of reinforcement to be isolated. 
Overall, the results of this study strongly indicate the feasibility and 
initial efficacy of mHealth smoking abstinence reinforcement, with 
implications for research on methods to utilize mobile technology to 
engage and support smokers trying to quit.
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