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Abstract
Aims—This study examined whether voucher-based reinforcement therapy (VBRT) contingent on
smoking abstinence during pregnancy is an effective method for decreasing maternal smoking during
pregnancy and improving fetal growth.

Design—A two-condition, parallel groups, randomized controlled trial was conducted.

Setting—The trial was conducted in a university-based research clinic.

Participants—A total of 82 smokers entering prenatal care participated in the trial.

Intervention—Participants were randomly assigned to either contingent or non-contingent voucher
conditions. Vouchers exchangeable for retail items were available during pregnancy and for 12 weeks
postpartum. In the contingent condition, vouchers were earned for biochemically-verified smoking
abstinence; in the non-contingent condition, vouchers were earned independent of smoking status.

Measurements—Smoking outcomes were evaluated using urine-toxicology testing and self-
report. Fetal growth outcomes were evaluated using serial ultrasound examinations performed during
the third trimester.

Findings—Contingent vouchers significantly increased point-prevalence abstinence at the end-of-
pregnancy (41% vs. 10%) and at the 12-week postpartum assessment (24% vs. 3%). Serial ultrasound
examinations indicated significantly greater growth in terms of estimated fetal weight, femur length,
and abdominal circumference in the contingent compared to the non-contingent conditions.

Conclusions—These results provide further evidence that VBRT has a substantive contribution
to make to efforts to decrease maternal smoking during pregnancy and provide new evidence on
positive effects on fetal health.
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Introduction
Maternal smoking is a leading preventable cause of poor pregnancy outcomes and infant
morbidity and mortality 1,2. Effective interventions exist for promoting smoking cessation
during pregnancy, but cessation rates are often low (< 20%), especially among women who
smoke more (> 10 cigarettes/day) and are less educated 3–5.

A small but growing literature suggests that voucher-based reinforcement therapy (VBRT) in
which women earn vouchers exchangeable for retail items contingent on biochemically-
verified abstinence may have particular promise for promoting smoking cessation during
pregnancy and postpartum. VBRT is a form of contingency management that began as a novel
intervention for outpatient treatment of cocaine dependence 6. Results of a recent meta-analysis
of 30 controlled studies support the efficacy of VBRT for treatment of a wide range of substance
use disorders, including cigarette smokers 7,8.

The seminal report on the use of VBRT with pregnant and postpartum smokers was a
randomized trial involving low-income pregnant smokers assigned to VBRT or usual-care
control conditions 9. In the VBRT condition, pregnant smokers received a monthly $50 voucher
contingent on biochemically-verified smoking abstinence throughout pregnancy and for two
months postpartum. Biochemically-confirmed smoking cessation rates at end-of-pregnancy
were 32% vs. 9% in the VBRT and control conditions, respectively, and 21% vs. 6% at the 2-
month postpartum assessment. The magnitude of these treatment effects exceeded results from
several decades of research on this topic and thus warranted further investigation.

In our efforts to further examine the use of VBRT to treat pregnant smokers, a pilot study was
conducted with low-income women who were still smoking upon entering prenatal care 10.
Our research indicates that an initial period of sustained abstinence is important to sustaining
abstinence longer term 11–13. To establish initial abstinence with pregnant smokers, abstinence
monitoring in our voucher-based intervention begins at a relatively high frequency that
gradually tapers downward during the antepartum period. The value of the voucher-based
incentives escalates with successive drug-negative specimens (e.g., $6.25 for the first negative
sample, $7.50 for the second, etc.) and includes a reset contingency wherein drug use following
a period of abstinence resets the monetary value of the voucher back to the initial low level
14. To protect against relapse postpartum 15, the frequency of abstinence monitoring increases
again during the initial postpartum weeks followed by a second tapering downward across 12
weeks of postpartum treatment.

In the initial pilot study by our group, participants were initially assigned to either contingent
or non-contingent voucher conditions as consecutive admissions and later randomly. Vouchers
were available antepartum and for the first 12 weeks postpartum and were earned for
biochemically-verified smoking abstinence in the contingent condition and independent of
smoking status in the non-contingent condition. Biochemically-verified, point-prevalence
abstinence was significantly greater in the contingent than the non-contingent conditions at the
end-of-pregnancy (37% vs. 9%), 12-week postpartum (33% vs. 0%), and 24-week postpartum
(27% vs. 0%) assessments. The results provided further evidence of the efficacy of vouchers
for promoting abstinence in pregnant smokers and suggested that those effects may continue
following discontinuation of VBRT postpartum.

While these results were encouraging, they were tempered by the fact that the majority of
participants were assigned as consecutive admissions rather than randomly. The current report
presents the outcomes of a completely randomized clinical trial. In addition to a more rigorous
experimental design, we were also interested in examining effects on fetal growth 16,17 assessed
using serial ultrasound examinations.
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Method
Participants

Participants were recruited from one of four large group obstetric practices and the Women,
Infants, and Children (WIC) program in the greater Burlington, VT area. Study inclusion
criteria were: self-report smoking (even a puff in the past 7 days) at a prenatal visit; self-report
an estimated gestational age of ≤20 weeks; reside within the county in which the study clinic
is located; plan to remain in the geographical area for 6 months following delivery; and speaks
English. Exclusion criteria were: incarceration; having previously participated in the study; or
currently residing with someone who participated in the study. All women receiving prenatal
care at these clinics completed a brief questionnaire regarding basic sociodemographics and
smoking status, including age, race, years of education, estimated gestational age (EGA), and
smoking frequency in the past 7 days. Those who endorsed smoking in the past 7 days were
subsequently contacted by study staff regarding study participation.

A total of 182 women were deemed study eligible and could be contacted. Eighty-two (45%)
of these women agreed to participate and were enrolled; 43 (24%) expressed interest, but failed
to complete the enrollment process; 57 (31%) were contacted and refused participation. When
the characteristics noted above were compared between those who did and did not enroll in
the study, only one significant difference was noted. Mean (±SEM) gestational age was 9.1 ±
0.4 among study participants vs. 10.4 ± 0.5 weeks among non-participants. Of the 82 women
who agreed to participate, 40 were randomly assigned to the contingent vouchers condition
and 42 to the non-contingent condition. Randomization was stratified based on the clinic where
participants received their prenatal care. The only criterion for withdrawing a participant from
the trial following treatment assignment was pregnancy termination/fetal demise; 5 women (3
contingent and 2 non-contingent) were withdrawn from the study based on that criterion,
leaving 77 women whose results were used in analyses of study outcome. The study was
approved by the University of Vermont Institutional Review Board and all participants
provided written informed consent.

Assessments
Participants completed questionnaires examining socio-demographics, current smoking status/
history, smoking environment, and motivation, confidence and intentions to quit smoking, and
provided breath and urine specimens at the study-intake assessment. Appropriately modified
versions of this battery were completed one month after the study-intake assessment, at the
end of pregnancy (≥ 28 weeks gestation), and at 2, 4, 8, 12, and 24 weeks postpartum. At these
assessments and throughout the abstinence-monitoring period (see below), breath specimens
were analyzed using Micro Smokerlyzer carbon monoxide (CO) monitors (Bedfont Scientific
Ltd., Kent, UK). An onsite enzyme immunoassay test (EMIT; Microgenics Corp., Fremont,
CA) run on a Roche Cobas Miras analyzer (distributed by Dade Behring, Inc., Deerfield, IL)
was used to determine urine-cotinine levels. Gas chromatography performed by an outside
laboratory (LabStat, Kitchener, Ontario, Canada) confirmed urine-cotinine levels in urine
specimens collected at the end-of-pregnancy, 12- (end of VBRT) and 24-week postpartum
(end-of-study) assessments.

Treatment Interventions
Abstinence-monitoring schedule—Study participants chose one of the next two
Mondays as their “quit” date. Beginning on the quit date, participants reported to the study
clinic or were met by clinic staff at a site convenient for them to provide breath and urine
samples for abstinence monitoring and to complete a timeline follow-back procedure to assess
smoking frequency since their last visit 18. The monitoring schedule was the same for
participants in the contingent and non-contingent vouchers conditions. In both conditions,
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abstinence monitoring was daily for the initial 5 days (Monday-Friday) of the cessation effort;
beginning in the 2nd week monitoring decreased to twice weekly (Mondays, Thursdays) for
the next 7 weeks, then once a week (Wednesdays) for 4 weeks and then every other Wednesday
until delivery. During the postpartum period, monitoring was increased to once a week
(Wednesdays) for the initial 4 weeks, and then biweekly (every other Wednesday) for the next
8 weeks, with abstinence monitoring ending at the end of week 12. There was no monitoring
between the end of the intervention at week 12 postpartum and the final 24-week postpartum
assessment.

Contingent-voucher condition—Vouchers redeemable for retail items were earned
contingent on submitting breath CO specimens ≤ 6 ppm 19 during the initial five days of the
cessation effort in order to detect and reinforce initial cessation efforts. Beginning in week 2
of abstinence monitoring, vouchers were delivered contingent on urine-cotinine levels ≤ 80
ng/ml 19, a criterion that required a longer duration of smoking abstinence than breath CO.
Voucher delivery was independent of self-reported smoking status and based exclusively on
meeting the biochemical-verification criterion. Vouchers began at $6.25, and escalated by
$1.25 per consecutive negative specimen to a maximum of $45.00, where they remained
barring positive test results or missed abstinence monitoring visits. Positive test results or
missed visits reset the voucher value back to the original low value, but two consecutive
negative tests restored the value to the pre-reset level. No cash was ever given to participants
and all voucher purchases were made by clinic staff.

Non-contingent-voucher condition—In this condition, vouchers were delivered
independent of smoking status. Voucher values were $15.00 per visit antepartum and $20.00
per visit postpartum, which were estimated to be sufficient to sustain participation in abstinence
monitoring and to result in payment amounts that were comparable to the average earnings in
the contingent condition. All else was the same as in the contingent-voucher condition.

Other services—In addition to the monitoring and voucher-based incentives mentioned
above, participants received usual care for smoking cessation provided through their obstetric
clinics, which typically involved provider inquiry regarding smoking status and a discussion
of the advantages of quitting during pregnancy. Study staff did not attempt to influence those
clinic practices. As part of the study intervention, study staff reviewed a smoking cessation
pamphlet with all participants at the initial intake assessment that was designed for pregnant
women 20. Those abstinent at the end-of-pregnancy assessment received a pamphlet
highlighting reasons to remain abstinent postpartum 21. Participants were also informed that
use of nicotine replacement products might cause urine samples to test positive for cotinine.

Ultrasound Examinations and Infant Outcomes at Delivery
Two ultrasound examinations were performed at approximately 30 and 34 weeks gestation for
the purpose of estimating fetal growth. Fifty-seven women (29 contingent, 28 non-contingent)
completed both examinations. Measures of fetal growth included estimates of fetal biparietal
diameter, head circumference, abdominal circumference, and femur length obtained using
standardized techniques by a sonographer who was blind to the participants’ treatment
condition and smoking status. Head circumference, abdominal circumference and femur length
were combined according to the method of Hadlock 22 to calculate estimated fetal weight.
Estimates were also made of lean body mass accretion in the fetal thigh employing previously
reported techniques 23. All fetal measurements were performed in triplicate and the mean value
was assigned as the best estimate of the specific parameter. Serial ultrasound assessment of
fetal size was obtained to generate individualized estimates of fetal growth in the mid third
trimester that were compared between treatment conditions. To examine whether factors
known to influence fetal growth were significantly different between the randomized
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conditions, we recorded maternal age, pre-pregnancy body mass index (BMI), maternal weight
gain in pregnancy, 1-hour glucose screening results, illicit drug exposure, parity, infant gender,
infant birth weight and gestational age at delivery from the obstetrical chart. In utero fetal
growth, particularly fetal femur length and lean body mass, have been shown to be sensitive
markers of the effects of maternal smoking 24–28. More generally, analysis of repeated
measures, such as those generated by serial ultrasounds, provides greater statistical power
relative to related measures collected at a single time point (e.g., birth weight). Much of the
subject-to-subject variability in estimated growth parameters is accounted for by the initial
ultrasound, providing a more sensitive analysis of growth and allowing significant differences
to emerge in smaller samples.

Infant outcome measures obtained from the maternal medical record included gestational age
at delivery, birth weight, and nursery admission (newborn vs. neonatal intensive care unit,
NICU).

Statistical Methods
The primary analysis of smoking abstinence was based on all participants randomized with the
exception of the five women who were withdrawn due to pregnancy termination/fetal demise
(n = 77). Contingent and non-contingent treatment conditions were compared on participant
characteristics using chi square tests for categorical measures and t-tests for continuous
measures. Fisher’s Exact tests were used to compare conditions on assessment compliance at
the end-of-pregnancy, 12- and 24-week postpartum assessments. The two treatment conditions
were compared on both point prevalence and continuous abstinence from smoking, with
missing specimens treated as smoking-positive. Point prevalence abstinence was compared
between conditions at the end of pregnancy and at 12- and 24-weeks postpartum using Fisher’s
Exact tests. To be declared abstinent at a given assessment, a participant had to 1) self-report
no smoking, not even a puff, in the past 7 days and 2) have a urine-cotinine level of ≤ 80 ng/
ml. T-tests were used to compare the two conditions on mean weeks of continuous abstinence,
defined as self-report of no smoking between clinic visits and negative biochemical
confirmation test results. The percentage of participants in each condition who were
continuously abstinent through the entire third trimester was compared using Fisher’s Exact
test. Treatment conditions were compared on fetal growth parameters for the subset of
participants in which serial ultrasounds were obtained (n = 57). Growth rates were computed
based on the number of days between ultrasounds and converted to weekly growth rates.
Analyses of covariance were used to evaluate treatment differences in growth rates controlling
for participants’ pre-pregnancy BMI. This variable was significantly different between
treatment conditions and also a significant predictor of growth outcomes. Analyses of
covariance were used in a similar manner to compare fetal growth between abstainers (n = 15)
and smokers (n = 42) independent of treatment conditions. While the study was not powered
to detect differences between treatment conditions on infant outcomes at delivery, contingent
and non-contingent treatment conditions were compared using chi square tests for categorical
measures and t-tests for continuous measures. Analysis of covariance was used for treatment
condition comparisons of birth weight in order to adjust for the group differences in
participants’ pre-pregnancy BMI. Data from two sets of twins born to participants in the
contingent condition and one set of twins born to a participant in the non-contingent condition
were excluded from these analyses because multiple gestation is confounded with these
outcomes; additionally, data from the infant of one participant in the contingent was missing,
leaving 34 and 39 infants born to participants in the contingent and non-contingent conditions,
respectively. All statistical analyses were performed using SAS version 9.1 (SAS Institute,
Cary, NC). Statistical significance was determined based on α =.05.
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Results
Participant Characteristics

No significant differences in socio-demographics or smoking characteristics were noted
between women randomized to the contingent and non-contingent voucher conditions at the
study-intake assessment (Table 1).

Assessment Compliance
Compliance with periodic assessments was relatively high (83%–95%) and not significantly
different between the two treatment conditions at any assessment point.

Smoking Abstinence
Biochemically-confirmed point-prevalence abstinence levels were significantly greater among
women in the contingent than the non-contingent condition at the end of pregnancy assessment
(41% vs. 10%; Fisher’s Exact test, p = .003) and at the 12-week postpartum assessment (24%
vs. 3%; Fisher’s Exact test, p = .006) (Figure 1). Point-prevalence abstinence at the 24-week
postpartum assessment, conducted three months after the discontinuation of the voucher
program, was not significantly different (8% vs. 3%).

Mean weeks (±SEM) of continuous abstinence during the antepartum period was significantly
greater in the contingent than the non-contingent conditions, with those in the contingent
condition achieving 9.7 ± 1.9 weeks compared to 2.0 ± .8 weeks in the non-contingent condition
(t(75)=3.90, p <.001; Figure 2, top panel). Additionally, a greater percentage of women in the
contingent compared to the non-contingent conditions sustained abstinence throughout the
third trimester, with 24% of the contingent condition maintaining abstinence through the third
trimester compared to 3% in the non-contingent condition (Fisher’s Exact test, p=.005; Figure
2, bottom panel).

There was no evidence that contingent participants who continued to smoke reduced their level
of smoking. Mean decreases in urine cotinine levels from the intake assessment to the end-of-
pregnancy assessment were 39 and 33 ng/ml in the contingent and non-contingent conditions,
respectively.

Voucher earnings through 12 weeks postpartum, at which time the voucher program ended,
was not significantly different between the two treatment conditions. Total mean (±SD)
voucher earnings were $461 ± 456 (range: $0 – $1,180) and $413 ± 163 (range: $75 $670) in
the contingent and non-contingent conditions, respectively.

The only report of the use of nicotine replacement products during the study was by one
participant in the contingent condition who reported two days of gum use in the first week of
the study when abstinence was determined by CO level.

Fetal Growth and Infant Outcomes at Delivery
Demographic characteristics and smoking status at the end-of-pregnancy assessment were
compared between those participants who did (n=57) and did not (n = 20) complete both
ultrasound examinations and no significant differences were noted. Among those who
completed both ultrasound examinations, the percentage of women in each treatment condition
abstinent at the end-of-pregnancy assessment was strikingly consistent with the abstinence
differences observed in the total sample. In the contingent condition, 12/29 (41%) of the subset
were abstinent compared to 15/37 (41%) in the total sample of women treated in that condition.
In the non-contingent condition, 3/28 (11%) of the subset were abstinent compared to 4/40
(10%) in the total sample of women treated in that condition.
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There was a significantly greater increase in estimated fetal weight in the contingent compared
to the non-contingent conditions (F(1,55) = 8.4, p = .006; Table 2 & Figure 3, top panel). In
addition, estimated growth rates of two of the three individual parameters used to compute
estimated fetal weight, fetal femur length and fetal abdominal circumference, were also
significantly greater in the contingent compared to the non-contingent conditions (F(1,54) =
4.4 and 4.1, respectively, ps ≤ .05, Table 2 & Figure 3, bottom panels). A trend towards greater
growth in the contingent vs. the non-contingent condition was noted for lean thigh area (Table
2), but was not statistically different. There were no differences in head circumference or
biparietal diameter (Table 2).

When fetal growth measures were compared between abstainers and smokers independent of
treatment condition, there was a significantly greater increase in estimated fetal weight (214.9
± 13.0 vs. 190.3 ± 8.2; F(1,54) = 6.54, p = .01). A trend towards greater growth in abstainers
vs. smokers was noted for abdominal circumference, but was not statistically different. There
were no differences in head circumference, femur length, lean thigh area, or biparietal diameter.

Though mean birth weight was not significantly different between the two treatment conditions
(Table 3), the mean difference (253 g) was greater than that estimated at either of the ultrasound
examinations, supporting the pattern of divergent growth rates between conditions. Trends
towards better outcomes in the contingent as compared to the non-contingent condition were
also noted for the percentages of low birth weight infants and preterm births as well as mean
gestational age at delivery (Table 3), but as expected, were not statistically different. There
were no differences in the percentage of NICU admissions.

Discussion
The antepartum abstinence levels observed in the contingent condition in the present study
were more than double the abstinence rates typically reported when using efficacious
interventions with lower-income pregnant smokers 3–5. These results, coupled with those from
prior trials 9,10 provide compelling evidence supporting the efficacy of VBRT for promoting
smoking cessation among pregnant women.

Contingent incentives were effective in establishing biochemically-verified periods of
continuous smoking abstinence during the antepartum period that averaged nearly 10 weeks
in duration compared to 2 weeks in the non-contingent condition. The timing of these
abstinence differences are also important in that 24% of the women treated in the contingent
condition abstained throughout the third trimester compared to 3% of those treated in the non-
contingent condition. Previous research by us and others underscores the importance of
smoking status during the third trimester to fetal growth 16,17,29.

Consistent with the results on smoking abstinence, results from the present study documented
greater fetal growth in the third trimester among women in the contingent compared to the non-
contingent condition. The growth effects observed in the present study are consistent with both
the overall effects of smoking on fetal growth as well as evidence that smoking
disproportionately affects femur length 26–28. These results also underscore the benefits of
using measures of fetal growth collected by serial ultrasound examination as outcome measures
in this type of research. As noted earlier, the opportunity for repeated measures afforded by
the ultrasound examinations provides greater statistical power with smaller samples sizes.
While we were not powered to detect differences in outcomes measured at single time points,
most of the infant outcomes at delivery, especially birth weight, showed trends toward better
outcomes in the contingent as compared to the non-contingent condition, but were not
statistically different.
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While there is relatively extensive correlational evidence showing that smoking abstinence has
significant benefits on fetal growth and neonatal birth weight, there is limited experimental
evidence. In a seminal experimental study on smoking cessation among pregnant women,
Sexton and Hebel 30 reported significantly greater maternal smoking abstinence and neonatal
birth weight in the experimental compared to the control condition. In that study,
biochemically-confirmed smoking abstinence was 43% vs. 20% at the end of pregnancy and
neonatal birth weight was 3,278 g vs. 3,186 g. This 92-g mean difference is consistent with
the 253-g mean difference observed in the present study. We are aware of two other
experimental reports in the literature examining effects of smoking cessation on neonatal birth
weight that reported 71 g 31 and 218 g 32 increases in the experimental condition. Future studies
using VBRT to more thoroughly examine effects on fetal growth and neonatal birth weight
may be informative in terms of examining the replicability of the present findings and for
gaining further understanding of how quitting smoking impacts these important outcomes.

Smoking abstinence continued at a high level into the postpartum period and the magnitude of
the effect was again consistent when compared to results from our prior non-randomized trial
10. Both studies further examined abstinence after discontinuation of the voucher program (24
weeks postpartum). Smoking abstinence rates were significantly greater in the contingent
compared to the non-contingent condition in the non-randomized trial, but not in the present
study. While outcomes pointed to greater abstinence in the contingent condition in both studies,
further investigation with a larger sample appears necessary to better estimate the magnitude
of the effect after the discontinuation of incentives. Nevertheless, the results from the
antepartum period are quite promising regarding the potential utility of this type of intervention.
Given the substantive improvements in fetal growth observed in the present study, even short-
term interventions directed at smoking cessation for the duration of the pregnancy may be very
beneficial.

Two potential limitations of this study warrant comment. First, our rate of enrollment in the
study (45%) is lower than that reported with other interventions in this literature 9,33,34. It is
possible that the enrollment rate in the present study is an artifact of our method of recruitment.
In order to enroll enough participants to meet the goals of our research protocol, we recruit in
multiple clinics. Doing so introduces delay, as most potential participants are first contacted a
day or two after their prenatal care appointment, and by a health care professional who is not
a member of the prenatal care practice. Ideally, recruitment would occur as part of the prenatal
visit and by a member of the practice. Thus, the enrollment rates observed in the present study
may not be representative of the rate that could be achieved if a program were implemented
by a single practice. Despite the lower enrollment rate in the present study, comparison of
demographics, smoking characteristics and smoking attitudes with other reports in this
literature suggest that our sample is quite comparable 9,33,34. Second, cost is an obvious
practical issue with regard to incentive-based interventions. We have not yet performed a
formal cost analysis. Nevertheless, the cost of incentives (an average of $334 during the
antepartum period) appears reasonable when considered against the cost of caring for neonates
adversely affected by cigarette smoke exposure. A recent study in the U.S. 35, for example,
estimated that maternal smoking results in additional medical costs during the year after birth
ranging between $1,142 and $1,358 for every woman who smokes during pregnancy. Such
costs dramatically underscore the seriousness of this public health problem. The general lack
of progress in promoting abstinence rates above 20% using low-cost interventions with
relatively broad reach suggests that two treatment approaches may be necessary. To address
this recalcitrant behavior, we may need both interventions of lower intensity and cost that have
greater reach, but also interventions of higher intensity and cost with perhaps less reach such
as the voucher-based intervention investigated in the present study. The latter approach is the
typical approach for addressing illicit drug abuse among pregnant women and it may be more
efficacious among subsets of pregnant women smokers who have typically not fared well with
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the lower-intensity approach. Overall, the present results are encouraging regarding the
potential utility of voucher-based incentives for increasing smoking abstinence and improving
fetal growth among pregnant women.
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Figure 1.
Point-prevalence abstinence at the end of pregnancy, 12, and 24 weeks postpartum. Women
in the contingent condition (n=37) received voucher-based reinforcement therapy contingent
on biochemically-verified smoking abstinence, and those in the non-contingent condition
(n=40), received vouchers independent of smoking status. * indicates a significant difference
between conditions (p < .05).
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Figure 2.
Mean (±SEM) weeks of continuous abstinence antepartum (top panel) and percentage of
participants abstinent throughout the third trimester (bottom panel) in the contingent and non-
contingent conditions. See Figure 1 for description of conditions. * indicates a significant
difference between conditions (p < .05).
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Figure 3.
Mean (±SEM) rates of growth in estimated fetal weight (top panel), fetal femur length (bottom
left panel), and fetal abdominal circumference (bottom right panel) between ultrasound
assessments conducted during the third trimester. See Figure 1 for description of conditions.
* indicates a significant difference between conditions (p < .05).
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Table 1
Participant Characteristics

Characteristics Contingenta (n = 37) Non-contingenta (n = 40) p-value

Demographics:

 Age (years) 25.3 ± 6.1 23.4 ± 4.1 .13

 Education (years) 11.9 ± 2.6 11.8 ± 1.9 .87

 % Caucasian 89 98 .14

 % Married 14 23 .31

 % Private insurance 19 13 .44

 % 1st pregnancy 54 45 .43

 Weeks pregnant at intake 8.9 ± 2.7 9.5 ± 3.6 .41

Smoking Characteristics:

 Cigs/day prepregnancy 18.7 ± 8.9 18.4 ± 6.5 .86

 Cigs/day in past 7 days 7.9 ± 5.6 9.5 ± 5.9 .24

 Age started smoking (years) 13.9 ± 2.4 14.0 ± 2.8 .79

 Intake CO (ppm) 10.1 ± 5.6 11.9 ± 6.6 .20

 Intake urinary cotinine (ng/ml) 943.4 ± 562.3 1000.5 ± 590.4 .67

 % living with other smoker(s) 73 85 .19

Smoking Attitudes:

 Amount want to quitb 3.9 ± 0.4 3.8 ± 0.6 .57

 Confidence to quitb 3.3 ± 0.7 3.2 ± 0.7 .87

 Intend to quit while pregnantc 4.8 ± 0.4 4.8 ± 0.5 .55

Note: Values represent mean ± SD, unless otherwise specified.

a
Treatment conditions are described in the text

b
Assessed by a four-point scale: 1 = none, 4 = a lot

c
Assessed by a five-point scale: 1 = definitely not, 5 = definitely
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Table 2
Change in Estimated Fetal Growth Measures between Serial Ultrasound Examinations

Measure Contingent (n = 29) Non-contingent (n = 28) p-value

Fetal weight (g/week) 215.6 ± 9.1 177.2 ± 9.7 .006

 Head circumference (cm/week) 0.69 ± 0.04 0.67 ± 0.05 .76

 Abdominal circumference (cm/week) 1.15 ± 0.05 0.98 ± 0.06 .05

 Femur length (cm/week) 0.20 ± 0.01 0.17 ± 0.01 .04

Biparietal diameter (cm/week) 0.20 ± 0.01 0.20 ± 0.01 .97

Lean thigh area (cm2/week) 0.77 ± 0.05 0.68 ± 0.05 .24

Note: Values represent least square mean ± SEM, significance based on analysis of covariance.
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Table 3
Infant Outcomes at Delivery

Measure Contingent (n = 34) a,b Non-contingent (n = 39) a p-value

Birth weight (grams) 3355 ± 96 3102 ± 89 .06c

 % Low birth weight 9 21 .16

Gestational age at delivery (weeks) 39.1 ± 0.4 38.5 ± 0.3 .27

 % Preterm birth 9 23 .10

% NICU admissions 12 15 .74

Note: Values represent mean ± SEM, unless otherwise specified.

a
Twin data from two sets of contingent and one set of non-contingent infants were removed from these analyses.

b
Values for the infant of one contingent participant who delivered out-of-state and could not be contacted postpartum are missing.

c
Significance based on analysis of covariance.
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