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ABSTRACT

Introduction: Individuals with substance use disorders (SUDs) experience increased smoking-related morbidity and mortality
but severely compromised smoking treatment benefits. Residential SUD treatment settings may be particularly positioned to
target smoking, with ever-increasing smoking bans and culture shifts, but most smokers continue smoking. This study examined
the effects of contingency management (CM) for increasing smoking abstinence in residential patients.

Methods: Smokers interested in quitting were recruited from a residential SUD program for men and were randomized to
frequent smoking monitoring with behavioral support (monitoring; n = 21) or that plus smoking abstinence—contingent (expired
carbon monoxide [CO] < 6 ppm; urinary cotinine < 30ng/ml) incentives (CM, n = 24) for 4 weeks. After setting a quit date, proce-
dures included daily behavioral support and smoking self-reports, 2 CO samples (a.m./p.m.) Monday through Friday, and cotinine
tests on Mondays. CM participants received escalating draws for prizes ($1, $20, and $100 values) for negative tests; positive
and missed samples reset draws. Follow-ups involved samples, self-reported smoking, and self-efficacy (weeks 4, 8, 12, and 24).

Results: Percent days CO-negative was higher with CM (median [interquartile range] 51.7% [62.8%]) compared to monitoring
(0% [32.1%]) (p = .002). Cigarettes per day declined and point-prevalence abstinence increased through follow-up (p < .01),
without significant group by time effects (p > .05). Abstinence self-efficacy increased overall during the intervention and more

with CM compared to monitoring and was associated with abstinence across conditions through follow-up.

Conclusions: CM improved some measures of response to smoking treatment in residential SUD patients.

INTRODUCTION

Cigarette smoking remains a leading cause of preventable
morbidity, mortality, and lost productivity (World Health
Organization, 2011). Individuals with additional non-nicotine
substance use disorders (SUD) are disproportionately affected.
They have higher smoking rates, at about 90% (Kalman, 1998)
compared to 19% of U.S. adults (Schiller, Lucas, & Peregoy,
2012) and 30% (1.2 billion smokers) worldwide (World Health
Organization). They smoke more heavily (Lasser et al., 2000),
are more likely to die from smoking-related complications than
SUD problems (Hurt et al., 1996), and have mortality rates four
times higher than nonsmokers with SUD (Hser, McCarthy, &
Anglin, 1994).

One barrier to treating smoking with SUD is a perceived
lack of demand, but up to about 80% of SUD smokers con-
template quitting smoking (Richter, Gibson, Ahluwalia, &
Schmelze, 2001). Another barrier is concern that treating
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smoking might jeopardize SUD recovery. However, smoking
abstinence is associated with decreased illicit drug and alcohol
use (Baca & Yahne, 2009), and 25% decreased likelihood of
SUD relapse (Prochaska, Delucchi, & Hall, 2004). Currently,
addressing smoking with SUD is prescribed widely and efforts
are on the rise (Guydish et al., 2012; Sherman, 2008; Williams
et al., 2005). Nevertheless, smoking quit rates in SUD smok-
ers are low, with or without behavioral and pharmacological
smoking treatment (Grant, Hasin, Chou, Stinson, & Dawson,
2004; Hays, Croghan, Schroeder, Ebbert, & Hurt, 2011; Lasser
et al., 2000; Richter, McCool, Catley, Hall, & Ahluwalia, 2006;
Stein et al., 2006).

Residential SUD treatment settings may be especially posi-
tioned to address smoking. The context of high-intensity SUD
treatment services may similarly support intensive quit smok-
ing services and may act synergistically with effective smok-
ing interventions to improve smoking outcomes. Further, the
accelerating pace of smoking bans and related policies creates
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a pressing need to identify effective smoking treatments for
these patients.

To date, most research on smoking bans in these settings
focuses predominantly on attitudes pre-, post-, or without pol-
icy changes. Reports that do examine smoking behavior indi-
cate most patients continue smoking despite bans (Callaghan
et al., 2007; Guydish et al., 2012). Those who quit, even with
counseling and pharmacotherapy, precipitously return to smok-
ing following SUD treatment (Guydish et al., 2012; Prochaska
et al., 2004). Intensive and multimodal strategies are likely
needed to tackle these disparities in smoking-related harm
and treatment efficacy and to effectively treat smoking in this
population.

Contingency management (CM) is the most effective psy-
chosocial treatment for SUD (Dutra et al., 2008) and may
improve smoking outcomes for SUD smokers. CM involves
identifying a clinically relevant, objectively defined target
behavior (e.g., expired carbon monoxide [CO] reading < 6
ppm, indicating smoking abstinence), frequently monitoring
that behavior, and providing tangible incentives (vouchers and
prizes) when it occurs. CM improves abstinence in alcohol,
cocaine, marijuana, and opioid-maintained treatment patients
(Higgins, Silverman, & Heil, 2008; Petry, 2012). Most evi-
dence supporting CM for smoking comes from tightly con-
trolled quasi-laboratory-based studies, often in nontreatment
seekers (e.g., Roll, Higgins, & Badger, 1996; Stitzer, Bickel,
Bigelow, & Liebson, 1986).

Research on CM for treating smoking in SUD patients
has focused primarily on opioid maintenance settings, in part
because clinic attendance is daily, coinciding with the ability to
assess smoking with CO tests and reinforce abstinence (Dunn
et al., 2010; Dunn, Sigmon, Thomas, Heil, & Higgins, 2008;
Shoptaw et al., 2002; Shoptaw, Jarvik, Ling & Rawson, 1996).
Two demonstration projects examined CM for smoking absti-
nence in nonopioid medication settings. Robles et al. (2005)
invited 16 women in residential SUD treatment who continued
smoking more than 10 cigarettes daily despite smoking cessa-
tion counseling to receive education, brief support, and 4 weeks
of thrice-daily CO tests Monday—Friday and a urinary cotinine
(COT) test each Monday, with abstinent-contingent reinforce-
ment. Abstinence increased during CM compared to pre- and
postintervention. We (Alessi, Petry, & Urso, 2008) recruited
24 men in residential SUD treatment to receive CO monitoring
four times weekly, a random COT test weekly, brief behavioral
support, and abstinence-contingent incentives (n = 12) or the
same without incentives (n = 12) for 4 weeks, with CO test-
ing tapering thereafter. CO-based abstinence increased with
CM relative to the control condition. Overall, these studies are
promising but indicate wide variability in response to CM and
are few in number.

The construct of self-efficacy (Bandura, 1977) may help
explain variability in treatment response. Abstinence self-
efficacy mediates the relation between smoking treatment
and increased abstinence (Hendricks, Delucchi, & Hall,
2010; McCarthy et al., 2010; Stanton, Lloyd-Richardson,
Papandonatos, de Dios, & Niaura, 2009), and abstinence
increases self-efficacy (Perkins, Parzynski, Mercincavage,
Conklin, & Fonte, 2012). In three studies with all partici-
pants receiving CM, smoking abstinence and self-efficacy
were positively related (Amodei & Lamb, 2010; Lamb,
Morral, Galbicka, Kirby, & Iguchi, 2005; Romanowich,
Mintz, & Lamb, 2009), but whether CM differentially impacts
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self-efficacy to affect abstinence could not be evaluated with-
out a non-CM condition.

The purpose of this study was to conduct a randomized
clinical trial of CM for smoking abstinence in residential SUD
treatment patients interested in quitting. This population is
increasingly required to adhere to smoke-free policies but has
very low smoking cessation rates, and the setting may allow
for twice-daily CO testing, a schedule critical to the success of
CM for smoking abstinence. We hypothesized that CM would
increase smoking abstinence compared to behavioral sup-
port and monitoring without CM. We also assessed relations
between during treatment self-efficacy and abstinence.

METHODS

Participants and Setting

Participants (N = 45) were men entering long-term (>6 months)
adult (age 18 minimum) residential SUD treatment in southern
Connecticut. Inclusion criteria were smoking 10 cigarettes per
day minimum, study intake CO 28 ppm (biochemical confir-
mation of smoking status), and self-reported interest in quitting
smoking. Individuals receiving or expecting outside smoking
treatment, with serious and uncontrolled psychiatric illness
(e.g., acute schizophrenia, suicide risk) or with substantial cog-
nitive impairment (<23 on the Mini-Mental State Examination
[MMSE]; Folstein, Folstein, & McHugh, 1975), were excluded.
Pathological gamblers in recovery were also excluded because
of concern that prize CM might jeopardize gambling recovery
(but see Petry & Alessi, 2010; Petry et al., 2006). Research staff
referred ineligible patients to Connecticut’s QuitLine.

Residential treatment services included individual and
group therapy, psychoeducational groups, self-help and
12-step meetings, and other resources as needed. Treatment did
not include opiate substitution or other medications for treating
SUD. Substance use was monitored using urine tests, instant
swabs, and breathalyzers, with positive tests typically handled
clinically by staff. Study participation did not affect stand-
ard treatment services. Smoking was prohibited indoors, and
smoking breaks occurred about every other hour during treat-
ment programming. This residential program did not include
any smoking cessation treatment; neither the program nor
study provided smoking cessation medication. A bachelor’s-
level trained research assistant administered all study proce-
dures following completion of a University of Massachusetts
online workshop on basic skills for working with smokers and
with direct supervision by the principal investigator (SMA).
The University Institutional Review Board approved this study.
Recruitment and follow-up occurred from June 2008 through
October 2010, through funding cycle.

Procedures

Baseline

Following written informed consent and determining eligibility,
participants completed two quit smoking preparation sessions.
Study visit Day 1 involved submitting two CO samples (5hr
apart minimum) and completing a 30-min counseling session
based on clinical practice guidelines and a consumer guide on
quitting (Agency for Health Care Policy and Research, 1996).
A quit plan was developed, including anticipating potential
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challenges and identifying emotional, environmental, social
support, and other coping strategies. 4.8 (3.9) days later on visit
Day 2, progress and obstacles were discussed, the quit plan
updated, and a target quit date scheduled for within 1 week.

Intervention

Following baseline, randomization to one of two conditions
occurred using an urn procedure (Stout, Wirtz, Carbonari, & Del
Boca, 1994) and stratifying on at least one CO < 6 ppm during
baseline (yes/no) (73.3% submitted no baseline CO < 6 ppm).
Monitoring (n = 21). Starting on the quit date, CO samples
were collected twice-daily (Shr apart minimum) Monday
through Friday during Weeks 1-4. Research staff discussed
test results with participants. Brief (about Smin) behavioral
support was delivered to encourage achieving and maintain-
ing smoking abstinence. Topics discussed included personal
reasons for quitting, skill-based items, and craving control
tips. Individualized discussion occurred about challenges and
successes.

Cigarettes smoked and use of alcohol, drugs, and medica-

tion were tracked at every session. COT tests occurred each
Monday. Breath alcohol and urinary cocaine, marijuana, and
opiate tests occurred weekly, on a random day.
Monitoring Plus CM (CM; n = 24). For CM participants, in
addition to the procedures above, abstinence-contingent incen-
tives were available Weeks 1—4 for CO tests < 6 ppm and COT
< 30ng/ml.

During Week 1, each smoking-negative CO test was rein-

forced to encourage even short periods of abstinence during
the critical initial days (e.g., Romanowich & Lamb, 2010).
A “Guaranteed Prize” bowl contained 70 cards, with 64 worth
a prize about $1 in value (e.g., toiletries, sports drink, and
gum), 5 worth a $20 prize (exercise weights, portable games,
Barnes, and Noble gift cards), and 1 worth a $100 prize (linens,
TV, and DVD player). Draws for CO-negative tests started at
one and increased by one for each consecutive negative test,
capping at five (40 draws maximum in Week 1). A positive test
(or unexcused missed sample) reset draws to one for the next
negative test, and missed samples cleared in advance (court
appearance, doctor appointment) did not reset draws. Each ses-
sion, participants received prizes earned and a written reminder
about draws available next time.
Standard Prize Bowl. During Weeks 2-4, the bowl for
CO-negative tests contained 500 cards, 50% worth a prize.
Of those, 219 were $1 prizes, thirty $20 prizes, and one $100
prize. Five bonus draws were available per COT-negative test.
In total, patients could earn 150 draws from this prize bowl
in Weeks 2—4 for all CO samples submitted and negative, and
15 draws for three COT-negative tests. Transition from the
Guaranteed to Standard Prize Bowl did not affect the number
of draws available, so that patients at the cap of five draws per
CO-negative test continued drawing five times per negative test
when they proceeded to Week 2.

Follow-up
Follow-up interviews occurred at Weeks 4, 8, 12, and 24 rela-
tive to the quit date. Assessments of smoking, self-efficacy,
substance use, and medications were completed, and CO, COT,
breath alcohol, and urine drug tests conducted.

See Figure 1 for the Consolidating Standards of
Reporting Trials (CONSORT) diagram of participant flow
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recruitment through follow-up and Supplementary Table 1 for
the CONSORT checklist.

Assessments

At intake, a case report form captured sociodemographic and
smoking history. The MMSE (Folstein et al., 1975) evalu-
ated cognitive impairment. Diagnostic and Statistical Manual
of Mental Disorders, fourth edition TR criteria (American
Psychological Association, 2000) determined alcohol, cocaine,
marijuana, and opiate abuse/dependence. The NORC DSM
Screen for Gambling Problems (NODS; Gerstein et al., 1999;
National Opinion Research Center, 1999) identified pathologi-
cal gambling, with a question about recovery status (no/yes).
The Fagerstrom Test of Nicotine Dependence (Heatherton,
Kozlowski, Frecker, & Fagerstrom, 1991) was also completed,
with scores ranging 0 (none) to 10 (most severe).

The Relapse Situation Efficacy Questionnaire (RSEQ;
Gwaltney et al., 2001) and timeline followback (Sobell &
Sobell, 1992) were administered at intake and each follow-up.
The RSEQ asks about confidence in ability to abstain in spe-
cific contexts, with items rated 1-4 (“Not at all confident” to
“Extremely confident”); total scores range 1-4. The timeline
followback captured daily frequency and intensity of ciga-
rette smoking and use of alcohol, cocaine, marijuana, opiates,
sedatives/benzodiazepines, and smoking cessation and other
medication use.

CO was tested with a calibrated PicoSmokerlyzer® CO
monitor (Bedfont Scientific Ltd.) and urinary COT via the
on-site immediate-results Accutest® NicAlert™ (JANT
Pharmacal Corporation). Urinary cocaine, opiate, and mari-
juana tests were conducted with OnTrak TesTsticks (Varian),
and breath alcohol tested with an Alco-Sensor® IV Altometer
(Intoximeters).

Compensation

Participants received $15 for the intake, $25 per follow-up, and
a $1 gift certificate or item (snacks and gum) per CO and COT
sample, independent of results. CM participants could earn
up to 190 draws for CO-negative tests, with average expected
maximum earnings of $426.56 in prizes, and 15 draws for
COT-negative tests, for an expected additional $46.43 in prizes
on average.

Data Analysis

Intent-to-treat analyses (N = 45) were conducted for primary
and secondary outcomes, except 43 cases contributed to the
self-efficacy over time analysis due to two missed Week 4
follow-ups. Initially, baseline data were examined for differ-
ences between conditions (none found). For effects of CM
on smoking during the intervention, outcomes were percent
of days CO-negative and self-reported cigarettes per day.
Percent of days CO-negative was computed with the numera-
tor as number of days with at least one CO test and all CO <
6 ppm and analyzed twice, first with days of no CO samples
coded positive (denominator: 20 days) and again with no-
sample days omitted from the denominator. Seven-day point-
prevalence abstinence (PPA; defined as CO- and COT-verified
self-reported no smoking) and self-reported cigarettes per day
were examined through follow-up. Associations between self-
efficacy and abstinence outcomes were also examined (but
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Figure 1.

mediation tests were not possible due to the distribution of
abstinence outcomes). Secondary outcomes were frequency
of drug/alcohol-positive tests, self-reported non-nicotine sub-
stance use, study attendance, and treatment retention.

For all analyses, differences between conditions on single
timepoint outcomes were examined with analysis of variance
(ANOVA), Mann—Whitney U, or Pearson chi-square tests,
as appropriate. The variables of past 30-day work income
(U.S. dollars), number of voluntary quit attempts, percent
days CO-negative, and days of self-reported substance use
were examined with nonparametric tests because transfor-
mations did not correct nonnormal distributions. Changes
over time intake-Week 4 were examined with repeated
measures ANOVA (self-reported cigarettes per day, self-
efficacy). Remaining changes over time were modeled with
hierarchical mixed models, specified for dichotomous (PPA)
or continuous (cigarettes per day) outcomes, with subjects
entered as random effects and condition, time (days; nested
within person), and the condition by time interaction as fixed
effects. The sample size was sufficient to detect an effect size
of about d 2 .80 on the primary CO-negative outcome; effect
size estimates or relation magnitude accompany signifi-
cance tests whenever possible. Statistical significance was
determined at a < .05. Hierarchical Linear and Nonlinear
Modeling (HLM) V6.01 was used for hierarchical mixed
models and IBM® SPSS® Statistics V19 for remaining
analyses.

Intent-to-treat analyses
(n=24)

The flow of participants from the point of initial contact through data analysis per Consolidating Standards of Reporting
Trials (CONSORT) guidelines. CM = contingency management.

RESULTS

Demographic and Baseline Characteristics

Demographic and baseline characteristics did not differ sig-
nificantly between conditions (Table 1). Most participants were
cocaine and/or opiate dependent. Overall, participants had about
a 20-year smoking history, most smoked more than 15 cigarettes
daily, and a majority had one previous voluntary quit attempt.

Attendance and Adherence

On average, CM and Monitoring participants attended 27.0
(8.8) and 28.1 (9.3) study sessions in Weeks 1—4 of 40 total,
respectively (F(1,43)=0.17, p =.69, Cohen’s d = .00). There
were no study withdrawals. Three individuals in each condi-
tion were discharged from SUD residential treatment prior
to the end of study participation (}?[df = 1] = 0.03, p = .86).
CM and Monitoring participants did not differ on the num-
ber of CO and COT samples submitted, with on average
(SD) 26.8 (8.2) and 28.1 (8.6) CO samples (F(1, 43) = 0.27,
p=.61,d=.02)and 3.5 (1.0) and 3.6 (1.1) COT samples (F(1,
43) =0.27, p = .61, d = .02), respectively.

Smoking Behavior

Percent of days CO-negative was greater with CM ver-
sus Monitoring, both when days of no samples were coded

1439



Smoking reductions and increased self-efficacy

Table 1. Demographic and Baseline Characteristics
Monitoring Monitoring plus CM Significance test
Variables (n=21) (n=24) value (df) p value
Age (average, SD) 37.4(9.8) 38.4(9.9) F(1,43)=0.13 73
Years of education (average, SD) 11.3(2.7) 11.5 2.1 F(1,43)=0.04 .84
Never been married (1) 81.0% (17) 58.3% (14) y2(df=1)=2.67 .10
Employed full-time (1) 66.7% (14) 58.3% (14) yX(df=1)=0.33 57
Income from work past 30 days (median, IQR) $0 ($1060) $0 ($0) U=218.0 .33
Ethnicity (n) ¥2(df=1)=0.50 .83
Hispanic 14.3% (3) 16.7% (4)
Non-Hispanic 85.7% (18) 83.3% (20)
Race (n) y2(df=13)=17.44 .06
Black 42.9% (9) 16.7% (4)
European American 47.6% (10) 79.2% (19)
Native Hawaiian/Pacific Islander 9.5% (2) 0% (0)
More than one race 0% (0) 4.2% (1)
Cigarette smoking
Age first smoked (average, SD) 16.1 (9.0) 14.0 (3.1) F(1,43)=1.23 27
Cigarettes per day (average, SD) 18.1(7.5) 19.2(5.2) F(1,43)=0.65 42
Fagerstrom score (average, SD) 3.7(1.1) 3.9 (.97) F(1,43)=0.68 42
Minnesota Nicotine Withdrawal Scale (average, SD) 8.5 (6.3) 8.3(5.8) F(1,43)=.01 92
At least 1 baseline CO < 6 ppm (n)? 28.6% (6) 25.0% (6) ¥2(df=1)=0.07 .79
CO value (average, SD) 18.3 (6.2) 15.1 (5.0) F(1,43)=3.78 .06
Salivary cotinine® (median, IQR) 6 (0) 6 (0) U =245.00 .81
Quitting
Number of voluntary attempts (median, IQR) 1.0 (0) 1.0 (1) U=251.5 .99
Abstinence self-efficacy (average, SD) 2.1(0.4) 2.0 (0.4) F(1,43)=0.76 .39
Substance dependence (1)
Alcohol only 0.0% (0) 8.3% (2) y2(df=1)=1.83 18
Cocaine only 4.8% (1) 12.5% (4) ¥2(df=1)=0.83 .36
Opiate only 23.8% (5) 12.5% (3) ¥X(df=1)=0.98 32
Marijuana only 0% (0) 0% (0) - -
Poly-dependence 71.4% (15) 58.3% (14) y2(df=1)=0.84 .36

Note. CM = contingency management; CO = carbon monoxide; IQR = interquartile range.

aStratification variable.

Cotinine equivalent of test stick result of 6 is >2,000ng/ml per manufacturer insert.

smoking-positive (U = 137.0, p = .008, 1 = 0.75) and omit-
ting no-sample days from the denominator (U = 119, p = .002,
1 = 0.92) (Figure 2). In the CM and Monitoring condition, the
median (interquartile range [IQR]) percent of days CO-negative
was 32.5% (45%) and 0.0% (25%), respectively, with missed
days coded positive, and 51.7% (55.2%) and 0.0% (30.8%),
respectively, with missed days omitted from the denominator.
Self-reported cigarettes per day decreased from intake through
the 28-day period (F(1, 41) = 54.04, p = .00, d = .32) without
differences by condition (p = .38, d = .0004) or condition by
time (p = .30, d = .0009). COT-negative samples were rare,
with one occurrence in the Monitoring condition and eight
instances across three CM participants (p = .28).

HLM analyses examined changes in smoking outcomes
beyond Week 4, intake through Week 24 follow-up, and by
study condition. There was a significant increase in the odds
of CO- and COT-verified 7-day PPA (slope coefficient = 0.019
[SE = 0.003], T-ratio [approx. df = 43] = 4.95, p = .00, odds
ratio 1.02, CI = 1.012-1.028), such that 15.6% (n = 7) of indi-
viduals were not smoking at Week 24; the condition by time
interaction was not significant (p = .84). Over the same follow-
up period, cigarettes smoked per day decreased (slope coeffi-
cient = -0.017 [SE = 0.007], T-ratio [approx. df = 43] = -2.59,
p =.01), although again there were no differences by condition
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over time (p = .83). Supplementary Figure 1 depicts these tra-
jectories over time and by study condition.

Self-Efficacy

There was a significant interaction between study condition
and time (intake, Week 4) for abstinence self-efficacy (F(1,
41) = 5.70, p = .02, d = .24). Self-efficacy increased pre- to
posttreatment to a greater extent on average (SD) with CM (2.0
[0.39] to 2.59 [0.61]) compared to Monitoring (2.1 [0.4] to 2.3
[0.5]). Week 4 self-efficacy was significantly correlated with
percent of days CO-negative during the intervention (r = .60,
p =.001), and self-efficacy and PPA measured at each follow-
up were significantly correlated (r,, values =.52-.59, p = .001).
PPA was not significantly correlated with changes in cigarettes
smoked per day at follow-ups (p > .05).

Non-Nicotine Substance Use

Throughout, days of self-reported substance use were rare
and without differences by condition (U = 192.0-219.5,
p =.17-1.00), as was the number of drug-positive urine tests
(2[df = 1] = 0.06-0.90, p = .34—.81). The number of drug-
positive tests was 3 of 43 tests at Week 4, 6 of 41 tests at Week
8, 8 of 39 at Week 12, and 6 of 32 at Week 24.
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Figure 2. Box and whisker plot of percent of days CO-negative (CO < 6 ppm) in the monitoring (n =21) and CM (n = 24) condi-
tions. In the monitoring condition, the median was zero. The ends of the whiskers are the minimum (bottom) and maximum (top)
values save the outlier, defined as any value more than 1.5 times the length of the box from either end of the box and indicated here
by an open circle for visual purposes only. All data were included in analyses. x indicates the mean; * indicates significant differ-
ences between study conditions at p = .002 for the analysis omitting days of missed samples, and p = .008 for the analysis coding
days with missed samples smoking-positive. CM = contingency management; CO = carbon monoxide.

Intervention and Reinforcement Exposure

CM patients earned a median (IQR) of 28 draws (89.5 draws)
for CO-negative tests, resulting in $96.46 ($162.26) in prizes
and constituting 20.5% (42.4%) of maximum expected earn-
ings. They earned 0.0 (0.0) draws and $0.0 ($0.0) in prizes for
COT-negative tests.

Adverse Events

The one serious adverse event involved a CM participant hos-
pitalized after experiencing alcohol disease-related heart, liver,
and lung problems. This event was deemed unrelated to study
participation.

DISCUSSION

We examined a 4-week abstinence-based reinforcement inter-
vention for reducing smoking in residential SUD treatment
patients. Overall, frequent CO monitoring was feasible, but
not without exception. During the incentive period, smok-
ing abstinence increased with CM; self-efficacy increased in
both groups but more so with CM. When examined through
follow-up, across conditions, observed smoking reductions
were generally on par with effects of psychosocial and phar-
macotherapies for smoking cessation in SUD populations, and
self-efficacy was associated with abstinence status.

This residential SUD treatment program approached smok-
ing like most such settings in the United States and elsewhere.
There was a partial smoking ban, but smoking treatment ser-
vices were not available. Many staff and most residents smoked,
and smoke breaks occurred throughout the day. Nonetheless,
all but two individuals screened and eligible elected to par-
ticipate, completion rates were high, and there were no study
withdrawals. These patterns may reflect increasing acceptance
of treating smoking along with SUD, consistent with current
guidelines.

Achieving a full day of CO-negative tests was relatively
common in CM participants and rare in Monitoring partici-
pants. However, neither condition engendered sustained absti-
nence. Cessation is often the goal, but a history of abstinence
can benefit later attempts to cease smoking (Falba, Jofre-
Bonet, Busch, Duchovny, & Sindelar, 2004; Gourlay, Forbes,
Marriner, Pethica, & McNeil, 1994; Kenford et al., 1994), and
smoking reduction can increase the likelihood of future ces-
sation (Hughes & Carpenter, 2006). Why effects of CM were
modest herein is unclear. One possible explanation relates
to reinforcement exposure, which is critical to effective CM
but was relatively low. Forty percent of CM patients never
earned up to the 5-draw cap, achievable after 2.5 days of all
CO-negative readings, and missed sessions were one reason
for lost reinforcement. Our expectations about the feasibility
of twice-daily sessions exceeded observations. Individual and
programmatic circumstances may restrict in-person monitor-
ing, but technology can also monitor and reinforce smoking
abstinence remotely (Alessi & Petry, 2013; ongoing clinical
trial NCT01484717; Dallery, Glenn, & Raiff, 2007; Glenn &
Dallery, 2007; Stoops et al., 2009).

Smoking-positive tests were another reason for missed rein-
forcement. The escalating reinforcement schedule (Roll et al.,
1996), reset condition (Roll & Higgins, 2000), and higher
reinforcement density during the critical first week (Ferguson,
Gitchell, Shiffman, & Sembower, 2009; Kenford et al., 1994;
Romanowich & Lamb, 2010) were parameters included
because they are important in improving CM outcomes. Higher
magnitude reinforcement also improves outcomes with CM
across substances of abuse in meta-analysis (Lussier, Heil,
Mongeon, Badger, & Higgins, 2006) and with CM for smok-
ing abstinence (Stitzer & Bigelow, 1983, 1984). Incentives for
each smoking-negative test were substantially reduced com-
pared to reports in the literature (Alessi, Badger, & Higgins,
2004; Donatelle, Prows, Champeau, & Hudson, 2000; Higgins
et al., 2004; Robles et al., 2005; Shoptaw et al., 2002); higher
reinforcement magnitude may have increased response to CM.
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Understanding the process variables underlying effects of
CM may point to other modifiable targets to improve treatment
response. Previous work demonstrates mediation effects of
self-efficacy on the relation between traditional smoking ces-
sation counseling and pharmacotherapy and abstinence. To our
knowledge, this is the first randomized controlled trial on CM
for smoking abstinence to examine these relations, and results
support previous findings. Also consistent with prior work,
self-efficacy assessed prequit date did not predict abstinence
(Gwaltney, Metrik, Kahler, & Shiffman, 2009; Romanowich,
Mintz, & Lamb, 2009). Importantly, there was no evidence that
external reinforcers for abstinence jeopardized self-efficacy.
Thus, additional methods to enhance self-efficacy during the
quit attempt may further improve outcomes with CM and other
treatments.

Interestingly and contrary to expectations, reductions in
smoking during intervention and follow-up occurred across
conditions, amounting to 15.6% of participants abstinent
at month 6. This is in direct contrast with observations of
increased smoking during residential SUD treatment (Kelly
et al., 2012). Moreover, this level of abstinence, even in our
control condition, is on par with abstinence rates achieved in
other SUD smokers with smoking cessation pharmacotherapy
(Kalman et al. 2011; Kalman, Kahler, Garvey, & Monti, 2006;
Poling, Rounsaville, Gonsai, Severino, & Sofuoglu, 2010), even
though the present study included no medications. Unlike other
studies, we also observed increases in smoking abstinence over
time. Why is uncertain. Smoking restrictions were not placed in
effect, and no changes in smoking policies occurred. The extent
to which the frequent CO monitoring, behavioral support, or
both were active ingredients requires further investigation.

In this study, there was no nontreatment control condition,
restricting our ability to attribute changes in abstinence over time
to the monitoring condition, as well as detect group differences.
The relatively small sample size, though appropriate for test-
ing feasibility, can limit ability to detect effects. Furthermore,
the sample was limited to men. Although no outcome differ-
ences by sex have been reported with CM, differences in smok-
ing (Becker & Hu, 2008), smoking-related morbidity (Mucha,
Stephenson, Morandi, & Dirani, 2006), and response to at least
some smoking treatments (Perkins & Scott, 2008) exist.

Strengths of this study are that it is the first randomized clinical
trial of CM for smoking abstinence in residential SUD treatment
patients. Eligibility criteria were relatively liberal, increasing the
generalizability of results. Further, collecting both self-reports and
biochemical tests of smoking status allowed more comprehensive
analysis of smoking than would fewer measures. Measurement
of COT at follow-up, as done here, is especially important given
limitations of self-report and CO testing.

Overall, SUD treatment programs have increasing demands
to address cigarette smoking and interventions that enhance
smoking treatment response rates are needed. Our results sug-
gest that intensive monitoring and brief, standard smoking ces-
sation counseling alone or in conjunction with CM for smoking
abstinence may reduce smoking in at least a subset of residen-
tial SUD treatment patients.

SUPPLEMENTARY MATERIAL

Supplementary Table 1 and Figure 1 can be found online at
http://www.ntr.oxfordjournals.org
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