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Abstract
Aims—This study examined the feasibility and efficacy of behavioral incentives for reducing
cigarette smoking among pregnant methadone-maintained patients.

Methods—Participants (N=102) were randomly assigned to: 1) contingent behavioral incentives
(CBI: n=42); 2) non-contingent behavioral incentives (NCBI: n=28); or 3) treatment as usual
(TAU: n=32). Baseline carbon monoxide (CO) levels were calculated for each participant.
Subsequently, breath samples were tested three times weekly to measure changes in smoking
behavior. CBI participants received incentives for target reductions from baseline: any reduction
(week 1); 10% reduction (weeks 2-4), 25% reduction (weeks 5-7), 50% reduction (weeks 8-9),
75% reduction (week 10-11); abstinence (CO<4ppm) (week 12 until delivery). NCBI participants
received incentives independent of smoking CO measurement results. TAU participants received
no incentives, the standard treatment at the program.

Results—CBI condition participants submitted significantly lower mean CO values than the
NCBI and TAU conditions over the course of the intervention (p<.0001). Nearly half (48%) of the
CBI participants, met the 75% smoking reduction target and one third (31%) met the abstinence
target at week 12. In contrast, none of the NCBI met either the 75% or abstinence target. Only 2%
of the TAU participants met the 75% reduction and none of the TAU participants met the
abstinence target. These smoking behavior reductions did not yield significant differences in birth
outcomes.

Conclusions—Cigarette smoking may be significantly reduced among pregnant, methadone-
maintained women through the use of contingent reinforcement for gradual reductions in breath
carbon monoxide levels.

Introduction
An estimated 16.4% of women in the U.S. smoke cigarettes during pregnancy.1 Prenatal
cigarette smoking is associated with increased rates of ectopic pregnancy, spontaneous
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abortion, placenta previa, placental abruption, premature rupture of membranes, preterm
delivery, low birth weight, intrauterine growth restriction and Sudden Infant Death
Syndrome. 2-8 It is estimated that prenatal cigarette smoking accounts for 10% of all
neonatal deaths, 14% of preterm deliveries and 20-30% of low birth weight babies in the US
annually. 9 Risks associated with prenatal cigarette smoking may be dose-related with higher
smoking rates associated with decreases in gestational age, and increases in incidence of low
birth weight, infant mortality and infant morbidity. 10-14

Cigarette Smoking among Pregnant, Drug-Dependent Women
Cigarette smoking among drug dependent pregnant women is alarmingly high, ranging from
an estimated 77%- 99% of the population.15-19 Unfortunately, programs that treat pregnant
patients for substance use disorders often fail to address cigarette smoking. Thus, a window
of opportunity to impact prenatal smoking is lost. Smoking cessation interventions do not
appear to adversely impact drug abuse treatment outcomes20-21, and may actually improve
drug abstinence rates. 22-25 Simultaneous treatment of drug abuse and cigarette smoking is
fitting because of the similarities between the addictive behaviors in initiation, maintenance
and relapse. 26-27

Contingency Management (CM) for Treating Cigarette Smoking
CM is an effective intervention for cigarette smoking. 28-30 However, few studies have
examined the use of CM for cigarette smoking during pregnancy. In a study of pregnant
cigarette smokers, Higgins et al. 31 showed that end-of-pregnancy abstinence rates were
higher for participants receiving contingent incentives (n=30) versus non-contingent
incentives (n=23). In a later study, Higgins et al. 32 compared the cigarette smoking patterns
and birth outcomes of contingent and non-contingent conditions in a sample of pregnant
smokers from three controlled trials (N=266). Participants assigned to the contingent
condition had significantly greater late pregnancy abstinence rates compared to the non-
contingent condition participants. Additionally, infants born to the contingent incentive
participants had higher mean birth weights and were less likely to be preterm than the
infants born to the mothers in the non-contingent condition.

CM Methods
One particularly effective schedule of reinforcement for maintaining continuous abstinence
is the escalating voucher schedule. 33-37 This schedule provides monetary vouchers that
increase in value as abstinence continues. Relapse results in zero earnings and a return to the
lowest value earned.

More recently, CM shaping procedures have been employed to intervene with populations
who have not responded to other treatments. Shaping allows for intermediate behavioral
targets for incentive delivery. 38 A series of studies support the efficacy of shaping
procedures in reducing CO levels among non-treatment seeking cigarette smokers. 38-40 In a
recent study, Lamb et al.38 randomized cigarette smokers identified as hard to treat (HTT
n=96) versus easier to treat (ETT: n=50) to receive CM or CM shaping (CMS). The CM
condition provided incentives for breath CO levels <4 ppm (i.e., smoking abstinence). The
CMS condition participants received incentives for intermediate CO targets (lower than 7th
lowest of the participant’s last 9 samples) or <4 ppm. Based on cluster analysis of smoking
outcomes, 4 groups were identified: stable successes, improving, deteriorating, and poor
outcomes. HTT participants were significantly more likely to belong to one of the
unsuccessful clusters compared to ETT participants. However, HTT assigned to the CMS
versus the CM condition were significantly more likely to belong to one of the successful
clusters. These findings suggest that the shaping procedures are particularly effective for
increasing smoking cessation efforts among HTT participants. Studies of CM shaping
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suggest that less demanding behavioral targets may be more effective than abstinence
criteria in hard to treat populations.38, 41-42

CM among Pregnant Women with Substance use Disorders
No studies to date have compared the efficacy of CM shaping procedures among pregnant,
drug-dependent cigarette smokers. The primary aim of the current study was to evaluate the
feasibility and efficacy of a CBI shaping schedule compared to NCBI and TAU for reducing
cigarette smoking in this population. A secondary aim was to examine birth outcomes
among the three conditions. It was hypothesized that the CBI condition would be associated
with higher smoking reduction rates and improved birth outcomes compared to the NCBI
and the TAU conditions.

Methods
Participants and Setting

Figure 1. illustrates participant flow into the study. Participants (N=102) were patients who
entered treatment at the Center for Addiction and Pregnancy (CAP) between 05/20/2005 to
01/09/2009. The study was approved by the Johns Hopkins Institutional Review Board
(IRB). Individuals eligible for the study were: pregnant, age 18 or older, ≤30 weeks of
gestation, nicotine dependent or smoked 10 or more cigarettes daily, and capable of
providing informed consent.

Center for Addiction and Pregnancy (CAP)
CAP is a comprehensive drug and alcohol treatment program for pregnant women located
on the Johns Hopkins Bayview Medical Campus (JHBMC) in Baltimore, MD. Obstetrical
care, pediatric services, psychiatric treatment, and methadone medication, when warranted,
are provided on site. 43-44 CAP patients first complete an initial 8 day residential stay on an
assisted living unit (ALU), and then progress to outpatient treatment.

Study Procedures
Participants were randomly assigned to one of three conditions: 1) contingent behavioral
incentives for cigarette smoking reductions (CBI: n=42); 2) behavioral incentives that were
not contingent on cigarette smoking reduction (NCBI: n=28); or 3) treatment as usual (TAU:
n=32). Participants who provided informed consent provided baseline biological samples
and completed an initial assessment battery.

Baseline Biological Samples
Carbon Monoxide—A baseline carbon monoxide (CO) breath sample was collected from
participants using a Smokerlyzer® monitor (Bedfont Scientifics, Inc.), which provides
carbon monoxide levels from inhaled tobacco smoke in parts per million (ppm). This
baseline CO level was used to evaluate changes in CO level during the inpatient treatment
phase. A second baseline CO level was determined fro the outpatient treatment phase.

Urinalysis—A baseline urine sample was collected and tested for the metabolites of
cocaine (cut-off: 300 ng/ml), opiates (cut-off 300 ng/ml), and cotinine (cut-off 200 ng/ml).

Baseline Assessments
Baseline assessments were typically completed within 7 days of program admission. A
description of the assessments is provided below.
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The Addiction Severity Index (ASI).45—The ASI is a semi-structured interview that
assesses lifetime and past 30 day psychosocial variables in seven domains, including
medical, drug and alcohol, employment/support, legal, family/social and psychiatric
functioning. Quantity and frequency of cigarette smoking during the 30 days prior to CAP
treatment enrollment also was assessed.

The Structured Clinical Interview for DSM-IV Disorders (SCID-I e-module). 46—
The SCID-I (e-module) is a structured interview for determining lifetime and current DSM-
IV substance abuse/dependence diagnoses.

Assessment training—ASI and SCID training and fidelity procedures for the research
team are described elsewhere.47-48

Revised Fagerstrom Test for Nicotine Dependence (FTND).49—The FTND is a
six-item questionnaire that assesses for current nicotine dependence in populations of
cigarette smokers. Scores of 5 or more on the FTND were considered nicotine dependent for
study inclusion purposes.

Weekly Specimen Collection
Carbon Monoxide testing—Breath samples were collected using the Smokerlyzer® CO
monitor for all conditions three times per week on Monday, Wednesday, and Friday.

Urine testing—Observed urine samples were collected for all participants three times per
week on Monday, Wednesday, and Friday for the nicotine metabolite, cotinine.
Additionally, a once per week random urine specimen was tested for cocaine and opiates.
All urine specimens were analyzed by FRIENDS, Inc. using enzyme immunoassay testing
(cocaine cut-off: 300 ng/ml; opiate cut-off 300 ng/ml; cotinine cut-off 200 ng/ml). Samples
testing above the specified cut-off values were also tested using gas chromatography-mass
spectrometry (GCMS).

1 Month, 3 Month, and 6 Week Post-Partum Assessment
The ASI was conducted at 1 and 3 months after study enrollment, and at 6 weeks post-
partum. At each assessment participants were asked to report the frequency (days) and
quantity (daily amount) of cigarettes smoked during the past 30 days. Additionally,
participants provided a breath sample for CO measurement and a urine specimen that was
tested for cocaine, opiates, and cotinine.

Study Conditions
Study Procedures Consistent for All Conditions

All study conditions followed the same urine and breath specimen collection and assessment
schedule. In addition, all conditions received a brief (10 minute) Motivational Interviewing
style feedback session.

Contingent Behavioral Incentives (CBI)—In addition to the CAP usual treatment, CBI
participants were eligible to earn incentives contingent upon cigarette smoking reduction or
abstinence for a period of 12 weeks or until delivery. Smoking targets were minimal during
the initial weeks of intervention and increased gradually to ensure adequate learning and
reinforcement. Incentives could be earned for each sample left on Monday, Wednesday, and
Friday (3 samples per week) if the following reduction and abstinence targets were met:
week 1: any reduction; weeks 2-4: 10% reduction; weeks 5-7: 25% reduction; weeks 8-9:
50% reduction; week 10-11: 75% reduction; week 12 until delivery: abstinence (CO
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<4ppm). Participants had the opportunity to earn a $7.50 voucher for the first smoking
reduction target, and the value of the voucher increased by $1/day for each consecutive
target met throughout the 12 week incentive period to a maximum of $41.50. If a contingent
participant failed to meet the tobacco use reduction target during the 12 week incentive
period, she earned $0 for that sample and the incentive schedule was reset to the original
voucher value of $7.50. If the participant again met the target reduction on five consecutive
occasions, she earned vouchers at the previously attained level.

Separate baseline CO levels were calculated for the inpatient and outpatient phases of
treatment.

Non-Contingent Behavioral Incentives (NCBI)—Prior to the study start, a pilot study
was implemented to generate a pool of CBI schedules (n=15) (as described above) to which
NCBI participants were yoked. These pilot participants were used to generate a yoking
schedule for the NCBI condition only and thus were not included in the study. The
procedures are best described as “pseudo-yoking,” as the CBI pilot schedule and the NCBI
condition did not operate simultaneously (the pilot schedule was previously generated).
Participants in the NCBI condition were yoked to a randomly selected individual in the pilot
CBI condition who had generated a sufficient schedule for yoking (i.e., submitted CO
samples for at least a two week period). Thus, incentives for this condition were not
contingent on the NCBI participant’s own behavior, but rather a previously generated
schedule of incentives. Participants were informed that they had the chance to earn vouchers
but whether they earned a voucher and the amount they earned was determined by an
already generated schedule and thus was not linked to their own cigarette smoking. NCBI
participants were required to leave CO and urine samples to receive any voucher earnings
generated by the yoked schedule. NCBI participants were eligible to receive yoked, non-
contingent earnings for 12 weeks or until delivery.

Treatment as usual (TAU)—As part of standard CAP care, information regarding the
frequency and quantity of cigarette smoking is gathered at the patient’s initial obstetrical
appointment on the first day of treatment. Patients are provided specific information about
the adverse effects associated with cigarette smoking for the mother and the infant. In
addition, patients are provided with educational materials about risks of smoking during
pregnancy. During follow-up obstetrical appointments, patients are routinely asked about
their cigarette smoking and commended on efforts to abstain. TAU participants were
informed that they would be compensated for providing urine and breath samples, but that
they would not earn incentives as part of their study participation.

The CBI, NCBI, and TAU conditions did not differ on inpatient levels of CO or self-
reported cigarette smoking. Although patients received incentives for any reduction from
baseline during the inpatient phase of the intervention (week 1), smoking behaviors during
this period were artificially altered due to the controlled environment of the ALU. Thus, the
results presented herein are for the outpatient phase of treatment (weeks 2-12), during which
behavior was not artificially subscribed due to programming requirements.

Outcomes Assessed and Data Analysis
Primary outcomes

The following primary outcomes were assessed for the study conditions: 1) mean CO values
across the 12 week outpatient intervention period, 2) proportion of participants meeting
behavioral smoking reduction/abstinence targets and 3) self-reported number of cigarettes
smoked at 1 month, 3 months, and 6 weeks post-partum.
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Secondary outcomes
The following secondary outcomes were assessed for the relevant the study conditions: 1)
voucher earnings for the CBI and NCBI conditions, and 2) maternal and neonatal outcomes,
including proportion of illicit-drug positive urine toxicology tests at delivery, proportion of
low birth weight infants, proportion of preterm deliveries, mean infant birth weight, APGAR
scores at 1 and 5 minutes, and length of hospital stay.

Data Analysis
Between study condition comparisons on single measurement variables (e.g., baseline, birth
outcomes) were conducted with Chi-square tests for dichotomous variables and one-way
analysis of variance for continuous variables. Continuous variables assessed repeatedly
throughout the intervention were analyzed with a two-factor analysis of variance (Study
Condition × Time) with an autoregressive covariance structure using SAS Proc Mixed.50

Significant main and interaction effects were further examined with Tukey post-hoc
comparisons.

For dichotomous outcomes assessed repeatedly over the intervention were analyzed with an
exchangeable correlation structure using General Estimating Equations (GEE).51 All
analyses were conducted using SAS 9.1 for Windows with P value of less than 0.05
indicating statistical significance.

Results
Participant Characteristics

The CBI, NCBI, and TAU conditions did not significantly differ on demographic, pre-
treatment or baseline cigarette smoking measures (see table 1). Participants were on average
thirty years old, mostly Caucasian, single, unemployed, and had less than a high school
education. Participants typically entered drug treatment during the second trimester of
pregnancy. In the 30 days before treatment entry, participants averaged 29 days of cigarette
smoking and reported smoking approximately a pack of cigarettes a day.

Participation and Smoking Reduction
The three conditions did not differ on the mean number of weeks of intervention
participation (CBI= 12.5; SD±8.3), NCBI=12.6±8.6, TAU= 9.5±6.7). Baseline outpatient
CO levels did not differ by study condition. However, as shown in figure 2, there were
significant group differences in CO levels across the 11 week outpatient intervention (weeks
2-12) with the CBI condition submitting lower mean CO values than the NCBI and TAU
conditions (F=18.050, p<.0001). Overall, the pattern of cigarette smoking fluctuated
considerably in the TAU condition from week to week, remained fairly stable for the NCBI
condition (with the exception week 9 decrease) and decreased over time in the CBI
condition. The mean CO level for the CBI condition decreased from 12.1 at baseline to
4.0(±5.5) at the final study week. Additionally, the CO level for participants in the CBI
condition at the final study week (4.0±5.5) was approximately half of the CO levels for the
NCBI (8.7±2.8) and TAU (8.4±4.2) conditions. The conditions also differed on the measure
of mean cotinine levels during the 11 week intervention. Specifically, the CBI condition had
significantly lower mean cotinine values during the intervention than the TAU condition
(M=1592 (1000) versus M=1938 (986), respectively; F=4.620, p=.009).

As can be seen in figure 3, a considerable portion of CBI participants met each of the
behavioral targets. A full 48% of CBI participants met the 75% reduction target and 31% of
the CBI participants met the abstinence target (cotinine <4ppm) at week 12. Only 2% of the
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TAU participants met the 75% reduction and none of the participants met the abstinence
target. None of the NCBI participants met the 75% reduction or the abstinence targets.

Voucher earnings from weeks 2-12 were not significantly different between the voucher
conditions (CBI and NCBI). Total mean (±SEM) vouchers received were $156.85 ±30.7
(range: $0 – $736) and $96.98 ±25.18 (range: $0 – $384) in the CBI and NCBI conditions,
respectively. NCBI participants had the potential to receive the same amount of incentives
received by the CBI participants to whom they were yoked. The lower monetary values
received by the NCBI participants reflect that these participants more frequently failed to
show for study sessions and thus forfeited vouchers that were available to them.

Smoking at 1 Month, 3 Months and 6 Weeks Post-Partum
Consistent with the objective CO smoking measure, self-report of number of cigarettes
smoked during the previous 24 hours significantly differed between the CBI and the TAU
conditions (CBI=9.3±5.5 vs TAU=15.3±7.5, p<.0001). There were no significant
differences in quantity of cigarettes smoked in the past 24 hours between the CBI and NCBI
conditions. Self-reported number of cigarettes smoked also significantly differed between
the CBI and TAU conditions at the 1 month (10.0±5.3 vs 17.0±7.6, p=.016) and 3 month
assessment (8.7±5.6 vs 16.9±5.8, p=.008). However, there were no significant differences in
quantity of cigarettes smoked between the CBI and NCBI conditions at 1 and 3 month
assessment. CBI participants continued to report smoking fewer cigarettes compared to both
the TAU and NCBI participants at six weeks post-partum, well after the intervention was
withdrawn (10.7 cigarettes per day vs 14.0 & 17.8 respectively); however, these differences
were no longer statistically significant. The conditions did not differ on the point prevalence
measure of mean cotinine level at the 1 month, 3 months, or 6 week post-partum assessment.

Maternal and Neonatal Outcomes
Maternal and neonatal outcomes for a subset of the sample for whom delivery data were
available (n=68) are depicted in table 1. The CBI condition had a lower proportion of babies
born pre-term compared to the NCBI and the TAU conditions (17%, 25%, and 29%,
respectively) and a lower proportion of babies born low birth weight (<2500 g) compared to
the NCBI and TAU conditions (20%, 38% and 43% , respectively). These differences on
two key infant outcome variables are clinically relevant and may be related to behavior
changes, specifically smoking reductions in the CBI condition. However, these differences
did not reach statistical significance. Since there were non-significant results for the primary
birth outcomes of gestation at delivery and birth weight we conducted post hoc power
analysis with power (1 - β) at 0.80, α = 0.05, and observed small effect size, Cohen’s f =
0.13. This analysis showed us that sample sizes would have to increase up to 280 per group
for group differences to reach statistical significance at the .05 level (Cohen, 1988).

Discussion
There are several notable findings from this randomized trial examining the feasibility and
efficacy of a CM intervention for shaping smoking reduction in drug-dependent pregnant
women. First, this was a well-accepted intervention with high rates of participation among
all three conditions. Second, the CM procedure demonstrated efficacy in a population not
seeking to reduce or quit cigarette smoking. Nearly half of the participants in the CBI
condition met the 75% smoking reduction target, and 31% were considered abstinent at
some point during the study intervention. The reductions in CO for the CBI group versus
TAU were also supported by participant self report for number of cigarettes smoked at the 1
and 3 month assessment visits. The CBI participants continued to self-report fewer daily
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cigarettes at the 6 week post-partum visit compared to TAU; however, the differences were
no longer statistically significant.

Third, the reductions in cigarette smoking among the CBI condition appear to have some
effect on birth outcomes, although the differences observed did not reach statistical
significance. In a larger study employing CM with non-substance using pregnant cigarette
smokers (N=266), Higgins et al.32 found significant differences for the proportion of low
birth weight and proportion of pre-term deliveries for participants receiving CM versus
control participants. It may be that the small sample size of the current study did not provide
sufficient power to detect birth outcome differences. However, it could also be that the
reductions in smoking started too late in the pregnancy (mid-second trimester) to have an
effect on neonatal outcomes and/or that greater and more rapid smoking reductions are
needed to improve birth outcomes. Future studies of shaping procedures in this population
are needed to evaluate optimal smoking reduction targets to maximize the intervention’s
effect on outcomes. There are several limitations to the study that should be noted. The
study utilized carbon monoxide as a measure of smoking reduction and cessation rather than
cotinine, which has a longer detection window. Though CO measurement provides for a
shorter detection window than cotinine, we feel that CO testing was more consistent with the
goal of the intervention, which was to provide of immediate reinforcement for reductions in
cigarette smoking. It is well established that the immediacy of reinforcement of target
behaviors is critical for effective incentive programs.52 Another study limitation the
relatively brief intervention window. The CM intervention was available until delivery, and
thus did not extend into the post-partum period when relapse frequently occurs. Optimally,
CM interventions should start in the first trimester and extend into the critical post-partum
period to sustain any gains made during the pregnancy.

There are several notable strengths of the study. First, the study was a randomized clinical
trial, allowing for greater attribution of the observed outcomes to the CBI intervention.
Second, the trial is the first to evaluate CM shaping procedures for drug-dependent pregnant
cigarette smokers who are not seeking treatment for smoking cessation. Thus, the study
provides valuable information on methods for shaping quit behavior in a hard to treat and
population. Third, the study intervention employed may be feasible for community
translation given the relatively low cost of the incentives and the use of low cost
measurement of cigarette smoking.

The study’s findings indicate that the CM procedure is effective for shaping smoking
reduction and cessation in drug-dependent pregnant women. It may be that shaping
procedures are particularly effective in hard to treat populations that may have more
difficulty making substantial behavior change.38 Further research is needed to evaluate the
benefits of CM shaping interventions on key maternal and neonatal outcomes. The use of
effective CM procedures pregnant drug dependent women may have particular importance
given the potential for improved outcomes not only for the mother but the infant as well.
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Figure 1.
Number of Patients Screened, Excluded, and Randomized to the TAU, CBI, and NCBI
Study Conditions
1Other exclusion reasons: Benzodiazepine or alcohol use (n=93); Live outside metro area
(n=15); Pregnancy/medical issues (n=40); Psychiatric issues (n=38); In controlled
environment (n=6); Under 18 years of age (n=1); Left treatment AMA (n=11)
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Figure 2.
Mean Carbon Monoxide Levels for the TAU, CBI, and NCBI Conditions by Study Week
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Figure 3.
CO behavioral target results across consecutive days during intervention. Within each panel,
rows of data represent the CO behavioral target result for each individual participant. Dark
filled squares indicate CO targets met and light filled squares indicate CO targets missed.
Missing samples are denoted by empty cells. Within each panel, participants are arranged
from those showing the fewest targets met on the bottom to those with the most targets met
on the top.
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