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Original Investigation

Ultrasound feedback and motivational
interviewing targeting smoking cessation
in the second and third trimesters of

pregnancy

Angela L. Stotts, Janet Y. Groff, Mary M. Velasquez, Ruby Benjamin-Garner, Charles Green, Joseph P. Carbonari, &

Carlo C. DiClemente

Introduction: Cigarette smoking during pregnancy is associat-
ed with poor maternal and child health outcomes. Effective in-
terventions to increase smoking cessation rates are needed
particularly for pregnant women unable to quit in their first tri-
mester. Real-time ultrasound feedback focused on potential ef-
fects of smoking on the fetus may be an effective treatment
adjunct, improving smoking outcomes.

Methods: A prospective randomized trial was conducted to
evaluate the efficacy of a smoking cessation intervention con-
sisting of personalized feedback during ultrasound plus motiva-
tional interviewing-based counseling sessions. Pregnant smokers
(N=360) between 16 and 26 weeks of gestation were randomly
assigned to one of three groups: Best Practice (BP) only, Best
Practice plus ultrasound feedback (BP+US), or Motivational
Interviewing-based counseling plus ultrasound feedback
(MI+US). Assessments were conducted at baseline and end of
pregnancy (EOP).

Results: Analyses of cotinine-verified self-reported smoking
status at EOP indicated that 10.8% of the BP group was not
smoking at EOP; 14.2% in the BP+US condition and 18.3%
who received MI+US were abstinent, but differences were not
statistically significant. Intervention effects were found condi-
tional upon level of baseline smoking, however. Nearly 34% of
light smokers (<10 cigarettes/day) in the MI+US condition were
abstinent at EOP, followed by 25.8% and 15.6% in the BP+US
and BP conditions, respectively. Heavy smokers (>10 cigarettes/
day) were notably unaffected by the intervention.
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Discussion: Future research should confirm benefit of motiva-
tional interviewing plus ultrasound feedback for pregnant light
smokers and explore mechanisms of action. Innovative inter-
ventions for pregnant women smoking at high levels are sorely
needed.

Introduction

Cigarette smoking during pregnancy is one of the leading pre-
ventable causes of low birth weight (U.S. Department of Health
and Human Services, 2001) and is associated with multiple
other adverse outcomes, such as placenta previa, premature
birth, spontaneous abortions, stillbirth, and potential increased
risk of neurodevelopmental disorders (Cnattingius, 2004). De-
spite risks to their babies and to themselves, approximately
11%-22% of U.S. women smoke through pregnancy (Substance
Abuse and Mental Health Services Administration, 2000). An-
nual health care costs due to effects of prenatal smoking on
neonatal outcomes are estimated to be $263-$366 million
(Lightwood, Phibbs, & Glantz, 1999), and with the addition of
first year of life increase to $593—$706 million (D. P. Miller, Villa,
Hogue, & Sivapathasundaram, 2001). Novel behavioral inter-
ventions are needed to improve outcomes and reduce health
care costs.

Estimates are that 20%—40% of women stop smoking dur-
ing pregnancy, with the majority doing so in early pregnancy
(Cnattingius, Lindmark, & Meirik, 1992; Fingerhut, Kleinman, &
Kendrick, 1990; Wisborg, Henriksen, Hedegaard, & Secher,
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1996). Women who are disadvantaged educationally and finan-
cially and those who are heavy smokers or more dependent on
tobacco/nicotine are among the least likely to quit smoking dur-
ing pregnancy (e.g., Cnattingius, 2004). A recent meta-analysis
(Lumley, Oliver, Chamberlain, & Oakley, 2004) of 48 trials indi-
cates a significant reduction in smoking for intervention groups
compared with controls; however, absolute differences indicate
only a 6% reduction in the number of women who continued to
smoke throughout pregnancy. Clearly, more powerful interven-
tions are needed.

Providing feedback, particularly about biological markers of
risk or harm, may be useful to motivate or reinforce behavior
change (W. Miller, Zweben, DiClemente, & Rychtarik, 1992;
W. R. Miller & Rollnick, 2002). Objective, normative, and per-
sonalized feedback has been used as a primary intervention as
well as an adjunct to behavioral treatments. In a review of ran-
domized trials of feedback interventions for smokers, McClure
(2004) concludes that there is growing evidence for the efficacy
of biological feedback (e.g., carbon monoxide [CO], cotinine,
genetic testing) as a motivational aid to increase quit attempts
or abstinence from tobacco, particularly when combined with
adjuvant treatments.

In pregnancy, innovative use of high technology physiolog-
ical feedback methods, such as graphical real-time ultrasound,
may enhance smoking cessation outcomes. Early research pro-
vides some support for this notion. Reading, Campbell, Cox,
and Sledmere (1982) compared first-trimester “high feedback”
with “low feedback” ultrasound and found that high-feedback
women were more likely to report decreased smoking and
drinking at 16 weeks of gestation, with a 2.35 (95% confidence
interval (CI) = 1.08-5.15) relative risk of quitting. Another
randomized trial (N = 5,000) evaluating the effects of 15-week
routine ultrasound on pregnancy outcomes (vs. no ultrasound
until after 19 weeks) found higher birth weights in the ultra-
sound group among mothers who reported smoking at the first
prenatal visit (Waldenstrom et al., 1993). Although smoking status
was not confirmed, infants of smokers receiving ultrasound
weighed 75 g more than infants of smokers in the control group.

Two clinical trials using routine prenatal ultrasound alone
found no effect on self-reported smoking rates. In the Routine
Antenatal Diagnostic Imaging with Ultrasound Study, a sub-
study evaluated 1,368 women who reported smoking within
1 year of the pregnancy (LeFevre, Evans, & Ewigman, 1995).
Birth records were reviewed for reports of continued maternal
smoking. Rates of continued smoking were 54% in both ex-
perimental and control groups, with experimental women re-
porting slightly more cigarettes per day (14.5 vs. 13). The
authors concluded that routine ultrasound might have falsely
reassured smokers. Another study evaluating the effect of re-
peated routine ultrasounds (five vs. one) found no differences
in smoking rates, with 27% of the each group reporting some
level of smoking (Newnham, Evans, Michael, Stanley, & Landau,
1993). Smoking status, however, was not validated in either
study.

These findings suggest that ultrasound alone is likely insuf-
ficient to change smoking behavior. However, it is conceivable
that real-time ultrasound bolstered by smoking cessation coun-
seling and feedback may have a significant impact, potentially
motivating cessation attempts.
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Motivational Interviewing (MI; W. R. Miller & Rollnick,
2002) may be an ideal counseling style for persistent late preg-
nancy smokers, as it is designed to increase problem recognition
and the need for change in individuals ambivalent or resistant to
change. Motivational interviewing uses a nonjudgmental style
and has been found to be especially beneficial for individuals
who are ambivalent about changing (Stotts, Schmitz, Rhoades,
& Grabowski, 2001). While some studies have reported negative
findings for the efficacy of MI in smoking populations (Burke,
Arkowitz, & Menchola, 2003), others report reductions in
tobacco use following motivational interventions with smokers,
including one study of pregnant smokers (Colby et al., 1998;
Soria, Legido, Escolano, Lopez Yeste, & Montoya, 2006; Stotts,
Diclemente, & Dolan-Mullen, 2002).

Motivational interviewing may be an ideal platform on
which to implement and deliver physiological feedback. This
prospective randomized trial was conducted to evaluate the
efficacy of a smoking cessation intervention consisting of
personalized feedback during real-time ultrasound and sub-
sequent MI session with a sample of mid- to late-pregnancy
smokers. It was hypothesized that end-of-pregnancy (EOP)
smoking rates would be lower for women in the experimen-
tal group compared with those who received Best Practice
(BP; Windsor et al., 2000) or Best Practice plus ultrasound
(BP+US).

Study design

Pregnant smokers in their second or third trimester who volun-
teered and completed a baseline assessment were randomly as-
signed to one of three groups: BP only, BP+US, or an MI-based
intervention plus ultrasound feedback (MI+US). Assessments
were conducted at baseline and EOP. The primary outcome was
self-reported smoking status with saliva cotinine validation mea-
sured at EOP, that is, the eighth month of gestation. The study
protocol was approved by the Committee for the Protection of
Human Subjects, University of Texas—Houston Health Science
Center’s Institutional Review Board. The study was conducted at
the University Clinical Research Center (UCRC), located at Me-
morial Hermann Hospital.

Screening and recruitment

Pregnant smokers (N = 360) were recruited using two methods:
(a) site-based screening in Houston and Harris County—area
Women, Infants, and Children centers and the University of Texas—
Houston Medical School obstetric clinics and (b) advertise-
ment. Clinic staff routinely administered a screening form to all
English-speaking clients. Completed forms were collected by study
staff, and women who met eligibility criteria were contacted and
invited to participate. A 2-inch ad addressing pregnant smokers in
a widely distributed advertisement circular ran continuously
throughout the study. Women who responded to the ad were
screened via telephone and invited to participate when eligi-
ble. Eligibility criteria for this study included current smoking, that
is, report of having smoked a cigarette in the past 7 days; age 16 years
and older; gestational age between 16 and 26 weeks; and English
speaking. Eligibility criteria were selected to recruit later-pregnancy
continuing smokers who have had the most difficulty stopping
smoking for the pregnancy (DiClemente, Dolan-Mullen, &
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4258 Assessed for Eligibility

3898 Excluded

3122 Ineligible

417 Eligible but not included
53 Declined Participation
167 Did Not Show for Intake
6 Fetal Demise

154 Not able to contact

360 Randomized

120 Received BP | |

120 Received BP+ US

120 Received M| + US

End of Pregnancy Assessment
6 Lost to Follow-up
114 Completed

End of Pregnancy Assessment
5 Lost to Follow-up
115 Completed

End of Pregnancy Assessment
5 Lost to Follow-up
115 Completed

Figure 1. CONSORT diagram indicating randomization and retention.

Windsor, 2000a; R. Windsor, 2003; Windsor, Boyd, & Orleans,
1998). Ineligible smokers were offered the toll-free number to the
American Cancer Society’s quit smoking hotline.

The Robert Wood Johnson Foundation’s Smoke-Free Fami-
lies Core Screening Form was used to identify eligible smokers.
This form includes a multicategorical response question specifi-
cally designed to increase reliability of self-reported smoking sta-
tus among pregnant women, who are often reluctant to disclose
the fact that they smoke. Such multicategorical response ques-
tions have been found to have higher agreement with biochemi-
cal measures of exposure to nicotine (Campbell, Sanson-Fisher,
& Walsh, 2001; Mullen, Carbonari, Tabak, & Glenday, 1991).

A total of 4,258 women were screened, of which 725 (17%)
were found to be eligible, including the 360 (49.6%) who were
randomly assigned to the three conditions, 120 per group
(Figure 1). Eligible women who did not participate included
those who declined enrollment, did not show for their appoint-
ments, or could not be contacted. Analyses of demographic in-
formation collected on screening forms indicated that eligible
women who were not enrolled were similar to those who par-
ticipated in the study with regard to age, race/ethnicity, gesta-
tional age at screening, and marital status.

Randomization

Eligible women who agreed to participate were scheduled for an
appointment at the UCRC. A block randomization method, us-
ing blocks of six (two per condition), was used to generate 360
slots, 120 per intervention group (Graziano & Raulin, 1989).
Women were not randomized to the study until they presented
for the initial assessment. In the case of a missed intake appoint-
ment (see Figure 1), the randomized slot was filled by the next
woman recruited.

Study procedures and measures

Women enrolled in the study completed baseline and EOP as-
sessments. At the baseline visit, prior to the conduct of study
activities, the women gave informed consent, submitted a saliva
sample, and completed the intake questionnaire. After the as-
sessment, women were escorted to their ultrasound appoint-
ment, with the exception of the BP-only group who went
directly to the nurse for the BP session. Following the ultra-
sound, women then attended their MI or BP session. The EOP
assessment was conducted in person in the UCRC during the
eighth month of pregnancy and consisted of the self-report
questionnaire and saliva sample.

In addition to demographic and smoking variables, other
predictors of smoking cessation were included in the question-
naire. Stage of change was measured using an algorithm devel-
oped for pregnancy smoking cessation (Stotts et al., 2002). The
algorithm separates individuals into precontemplation, con-
templation, preparation, and action based on intentions and
behaviors related to quitting smoking during this pregnancy.
Depression was assessed using the Beck Depression Inventory, a
widely used self-report measure of depression (Beck, 1967). The
variable smoking networks was derived from one item on the
baseline questionnaire: “How many family members and friends
whom you see regularly are smokers?” Answers were on a Likert
scale from 1 = none to 4 = most.

Self-reported smoking status was validated by saliva coti-
nine using a cutoff value of 20 ng/ml. The sample was collected
using a cotton dental roll, placed in the mouth for 5-10 min
until saturated. Saliva samples were stored at —70 °C until ship-
ment to the laboratory. J-2 Laboratories, located in Tucson, AZ,
conducted saliva cotinine measurement by method of gas chro-
matographic thermionic specific detector.
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Intervention conditions

BP counseling. “BP” counseling is based on the Agency for
Healthcare Research Quality practice guidelines for identify-
ing patients who smoke and intervening for smoking cessation
(Katz, Muehlenbruch, Brown, Fiore, & Baker, 2004; Windsor et
al.,2000). Best practices is a five-step strategy, referred to as the “5
A’s,” which involves: (a) asking all patients about smoking status,
(b) advising patients to quit, (c) assessing readiness to quit, (d)
assisting through counseling or referral, and (e) arranging for
follow-up. Participants were also given American Cancer Society
literature on prenatal smoking cessation and the toll-free num-
ber for the quit smoking hotline. Nurses at UCRC were trained
by investigators in the use of this counseling strategy. All nurses
attended two training sessions prior to study initiation and a
refresher in-service midstudy. Nurses were instructed to keep
counseling sessions to 10—15 min whenever possible to mimic
what would likely occur in usual practice. All BP counseling ses-
sions were tape-recorded and monitored by investigators.

Ultrasound feedback. In addition to providing routine ultra-
sound results, the ultrasound session was designed to provide
information regarding cigarette smoke’s adverse effects on the
fetus using a motivational style. Four certified sonographers at
the University of Texas Medical School Faculty Obstetrics and
Gynecology clinic were trained to deliver risk messages related
to smoking during the course of a comprehensive real-time fetal
ultrasound with two initial 1-hr training sessions and a subse-
quent booster session. Sonographers were issued a laminated
card containing major intervention messages to carry in their
lab coat pockets for reference. They had the opportunity to
practice and become comfortable with the delivery of the inter-
vention messages via 30 pilot cases. Ultrasound sessions were
tape-recorded for quality control, and sonographers were re-
trained as necessary.

Ultrasound sessions lasted approximately 30 min. Smoking
risk messages were incorporated into discussion of anatomical
features and included mention of the vasoconstricting effects of
nicotine in the umbilical cord and placenta, reducing oxygen
and nutrients to the fetus; accumulation of the poisonous gas
CO in amniotic fluid and ingested by the fetus; possible prema-
ture separation of the placenta from the uterus; and smoking
effects that lead to premature delivery and/or low birth weight.
For the majority of ultrasounds in which no complications were
discovered, sonographers summarized by confirming that the
baby was okay or unaffected at the time, noting, however, that
the third trimester was the most likely time for problems to de-
velop. All messages were delivered using a motivational, non-
alarming, nonjudgmental style. Concerns regarding potential
distress caused by these procedures were alleviated in the initial
pilot study of 30 women in which an anxiety self-report mea-
sure, the State-Trait Anxiety Inventory (Spielberger, Gorsuch, &
Lushene, 1970), indicated no significant increase in anxiety pos-
tultrasound. In fact, there was a slight nonsignificant decrease in
state anxiety immediately following the ultrasound (Groff et al.,
2005). Investigators also met with a subset of these women and
observed no significant distress postultrasound. Relief that their
babies were healthy was most commonly noted.

MI intervention. The MI intervention consisted of one 45- to
50-min, face-to-face, individual counseling session conducted
immediately after the ultrasound; one personalized feedback
letter mailed 1 week later; and one follow-up counseling session
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conducted via telephone 2 weeks subsequent to the initial ses-
sion. Spacing was based, in part, on observations that typical
1-month intervals (corresponding to regularly scheduled pre-
natal visits) between intervention points may be too lengthy to
have maximum impact (Secker-Walker, Solomon, Flynn, Skelly,
& Mead, 1998).

Master’s-level counselors were trained to deliver the MI in-
tervention designed to promote diminished smoking during
pregnancy, emphasizing cessation. The intervention was based
on a specific therapeutic style of MI (W. Miller & Rollnick,
1991), originally evaluated on individuals with alcohol prob-
lems (W. Miller et al., 1992) and extended to other problem be-
haviors (Colby et al., 1998; Saunders, Wilkinson, & Phillips,
1995). Elements of the Transtheoretical Model were also em-
ployed in this intervention (Prochaska, DiClemente, Velicer, &
Rossi, 1993; Stotts et al., 2002).

More specifically, the first MI counseling session (face-to-
face) consisted of the following components: (a) building rap-
port and gathering information, (b) assessing current
motivation, (c) discussing attempts to quit smoking and the
importance of doing so, (d) identifying barriers to change,
and (e) eliciting a change goal. The second session was con-
ducted by telephone and was 20-30 min in length. Session 2
focused primarily on the personalized feedback letter mailed
to the woman within the previous 2 weeks. Feedback was de-
livered in a nonjudgmental objective manner consistent with
an MI style. Women reviewed the feedback letter with the
counselor, and reactions and comments were elicited. Review-
ing progress and renegotiating the change plan also occurred
in Session 2.

Personalized nonphysiological data based on the intake
questionnaire were compiled for the feedback letter, including
stage of change, pros and cons of quitting (decisional balance),
cognitive/behavioral change strategies (processes of change),
temptations to smoke, and confidence to abstain. Smoking in
the household and social networks were also addressed. Similar
feedback combined with an MI intervention was found to de-
crease smoking cessation by nearly 10% in a previous study of
late-pregnancy smokers (Stotts et al., 2002).

Statistical analyses

Analyses were conducted using an intention-to-treat approach
in SAS version 9.1.3, with missing observations treated as con-
tinued smoking. Evaluation of continuous and count data used
linear and Poisson regression, respectively (SAS version 9.1.3;
Proc GLM and Proc Genmod). Analysis of dichotomous out-
comes included cross-tabulation and logistic regression (SAS
version 9.1.3; Proc Freq and Proc Logistic).

Subject characteristics

Inspection of demographic and smoking history variables
(Table 1) suggested treatment group differences only for gesta-
tional age at baseline. Because inclusion of this variable in sub-
sequent statistical models did not result in any alteration in
substantive conclusions, and differences were not clinically
meaningful (all three groups were in the fifth month of preg-
nancy), unadjusted results are reported.
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Table 1. Demographic and other characteristics

BP only (n = 120)

BP+US (n = 120) MI+US (n = 120)

Age, M (SD) 24.65 (5.69)
Education (years), M (SD) 11.40 (1.99)
Number of cigarettes per day, M (SD) 11.72 (8.73)
Age smoking regularly, M (SD) 15. 78 (3.15)
Number of births, M (SD) 3(1.4)
Gestational age (weeks)?, M (SD) 23. 63 (3.50)
Ethnicity®, n (%)
African American 36 (31.30)
Caucasian 75 (65.22)
Other 4(3.48)
Hispanic 20 (16.67)
Marital status, 7 (%)
Married (living with partner) 26 (21.67)
Not married (living with partner) 39 (32.50)
Widowed/divorced/separated 17 (14.17)
Never married (not living with a partner) 38 (31.67)
Smoking partner, 7 (%) 68 (68)
Income, 7 (%)
<$15,000 per year 9 (49.58)
$15,000-$24,999 per year 4 (28.57)
$25,000-$34,999 per year 14 (11.76)
$35,000-$40,000 per year 2(10.08)
Ultrasound in current pregnancy, n (%) 7 (72.5)
Stage for smoking cessation, 71 (%)
Precontemplation 24 (20.0)
Contemplation 36 (30.0)
Preparation 60 (50.0)
Baseline cotinine (median) 117.0

25.45 (6.45) 25.21 (6.01)
1137 (2.28) 11.63 (1.72)
11.78 (9.47) 11.03 (8.14)
16. 02 (3.720) 16. 19 (4.35)
2(1.4) 5(1.5)
22. 48 (3.64) 21 12 (3.40)
46(40.35) 52 (44.44)
65(57.02) 58 (49.57)
3(2.63) 7(5.98)
25(20.83) 18 (28.57)
18 (15.00) 2(26.67)
52 (43.33) 5(37.50)
11(9.17) 7(14.17)
39 (32.50) 6(21.67)
82(79.6) 6(72.4)
67 (55.83) 68 (56.67)
28(23.33) 33(27.50)
15 (12.50) 7(5.83)
10 (8.33) 12 (10.00)
89 (74.2) 90 (75.0)
9(7.6) 17 (13.9)
37(3L.1) 33(29.5)
73 (61.3) 69 (56.3)
116.0 131.0

Note. BP, Best Practice; BP+US, Best Practice plus ultrasound feedback, MI+US, Motivational Interviewing-based intervention plus ultrasound

feedback.

*All groups differed from each other using Tukey’s correction for Type I error.

bFisher’s Exact Test (1 = 346).

Smoking cessation

Logistic regression analysis indicated that treatment condition
failed to demonstrate a significant effect on smoking cessation
measured dichotomously at EOP. Results indicated that 10.8%
of the BP group, 14.2% in the BP+US condition, and 18.3% who
received MI+US were abstinent at EOP, ¥*(2) = 2.39, p = .30.
Comparison of all women who received an ultrasound (BP+US
and MI+US) with those not receiving an ultrasound (BP) also
did not result in a large enough difference in cessation to pro-
duce a significant effect, y*(1) = 1.87,p = .17.

Exploratory analyses

An exploratory model including two variables hypothesized to
interact with treatment examined responses to treatment of
subgroups based on self-reported baseline smoking (i.e., num-
ber of cigarettes smoked per day) and stage of change. Covari-
ates, chosen based on the existing smoking cessation literature,
were also included to control for these potentially predictive fac-
tors: ethnicity (African American/non—African American; e.g.,
Hahn, Folsom, & Sprafka, 1989), depression (e.g., Ludman et al.,
2000), and smoking networks (e.g., McBride, Pirie, & Curry,
1992). The main effect of treatment, baseline smoking, and stage
of change as well as two-way interactions between treatment

and baseline smoking and between treatment and stage of
change were of particular interest, controlling for ethnicity, de-
pression, and smoking networks. To obtain adequate cell sizes,
the three stage categories for stopping smoking during preg-
nancy (precontemplation, contemplation, and preparation)
were collapsed into two groups: precontemplation/contempla-
tion (n = 186) and preparation (n = 169).

Logistic regression of cotinine-verified smoking status at
EOP onto these variables and the specified interactions demon-
strated that the model fit the data, Hosmer and Lemeshow
goodness-of-fit ¥*(8) = 6.59, p = .58, yielding the results dis-
played in Table 2. The interaction of treatment with baseline
smoking predicted EOP smoking cessation.

Examination of the simple effects revealed that within the BP
condition, baseline smoking did not predict cessation, ¥*(1) =
1.09, p = .30. However, baseline smoking did predict cessation in
both the BP+US condition, y*(1) = 9.58, p = .002, and the
MI+US condition, %*(1) = 11.19, p = .001. For every additional
cigarette the participant smoked at baseline, odds of quitting
decreased by a factor of 0.78 (95% CI = 0.66-0.91) and 0.73 (95%
CI = 0.61-0.87) for BP+US and MI+US, respectively. For
meaningful interpretation, baseline smoking was dichotomized
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Table 2. Exploratory variables predicting

smoking abstinence at the end of
pregnancy

df . p value
Smoking networks 1 5.33 .02
Depression 1 278 .10
Ethnicity 1 0.07 .79
Baseline (BL) smoking 1 244 .00
Stage of change 1 0.29 .59
Treatment 2 9.09 .01
Treatment X BL Smoking 2 8.09 .02
Treatment X Stage/Change 2 0.39 .82

into low and high levels. Dichotomization was based on the
natural break in the distribution as well as on clinically relevant
cutoffs where increased risks to the fetus have been found (e.g.,
Guzikowski & Pirogowicz, 2008; Poets et al., 1995): Low level of
smoking was defined as <10 cigarettes/day (n = 217; median
cotinine level = 80.0 ng/ml, 95% CI = 63.99-96.01) and high
level of baseline smoking was defined as >10 cigarettes/day
(n=142; median cotinine levels = 205.0 ng/ml, 95% CI = 181.5—
228.5). As Figure 2 suggests, lower levels of smoking at baseline
were associated with higher rates of cessation at EOP, and this
effect appears to be more pronounced for those receiving the
ultrasound intervention.

An ultrasound feedback with or without an MI intervention deliv-
ered to women who continued to smoke in their second trimester
did not significantly increase smoking cessation rates at EOP rela-
tive to a briefer BP intervention. However, intervention effects
were moderated by amount of smoking, revealing significant ef-
fects for women smoking at lower levels. Specifically, almost 34%
of women smoking 10 or fewer cigarettes per day who received the
MI+US intervention were abstinent at EOP compared with about

| B Light Smoker
70 Heavy Smoker
60 |
% 50
£
@
Qo 40}
< 338
c
Q L
o 30 25.8
(O]
o
20 156
10t 7
2.3 0
0
BP only BP + US Ml + US

Figure 2. Percent smoking abstinent as a function of baseline level of
smoking and treatment condition. Note: BP, Best Practice; BP+US, Best
Practice plus ultrasound feedback, MI+US, Motivational Interviewing-
based intervention plus ultrasound feedback. Light smoker, smoking
<10 cigarettes/day at baseline (n = 217); heavy smoker, smoking >10
cigarettes/day at baseline (n = 142).
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26% and 16% who received BP+US and BP only, respectively.
More than 60% of the sample was in the lighter smoking group,
making this a notable finding in need of prospective replication.

Results of this study are consistent with the negative findings of
a few less methodologically rigorous studies investigating the effects
of routine ultrasound on smoking cessation and add to the mixed
findings regarding the effects of biological feedback to promote
smoking cessation (Bize, Burnand, Mueller, & Cornuz, 2005). Moti-
vational interviewing interventions have also resulted in mixed
findings for smoking cessation (Burke et al., 2003; Dunn, Deroo, &
Rivara, 2001). However, results of this study should be viewed with-
in the context of several relevant factors. First, most smokers who
quit during pregnancy do so in their first trimester (Windsor et al.,
1998). Most pregnancy smoking intervention studies begin in the
first trimester and include women who may have quit smoking
without intervention, thereby inflating smoking cessation rates at-
tributed to the intervention. Rates of cessation in this study of sec-
ond and third trimester smokers, who often are more resistant to
change (DiClemente, Dolan-Mullen, & Windsor, 2000b; R. Wind-
sor, 2003), are comparable to or better than studies that included
first-trimester women. Second, the majority of participants report-
ed having had a previous ultrasound during this pregnancy, perhaps
dampening the impact of the ultrasound intervention. Future re-
search should assess the effects of delivering the smoking interven-
tion earlier during the woman’s first ultrasound of the pregnancy or
with a naive sample of later trimester pregnant smokers. Finally, our
sample comprised woman with lower incomes and lower education
levels who in previous research were much less likely to respond to
smoking cessation interventions (Adams, Melvin, & Raskind-Hood,
2008), making the 34% cessation rate for light smokers in the
MI+US group more salient.

The effects of the MI and ultrasound intervention were mod-
erated by level of smoking at baseline, which can be interpreted
as a marker of addiction level or dependence severity. Light
smokers quit at significantly higher rates, particularly in the
MI+US condition, implying that at lower levels of dependence,
women are able to benefit more fully from risk messages and
motivational enhancement strategies. This finding is consistent
with several other studies of pregnant and nonpregnant smokers,
suggesting that those who smoke fewer cigarettes per day are
more responsive and likely to quit (Rigotti et al., 2006). Fortu-
nately, in the pregnant smoker population, the majority smoke
fewer than 10 cigarettes/day, indicating potential for developing
and disseminating effective interventions for this group.

Perhaps even more striking are the extremely low cessation
rates among the heavier smokers. Rigotti et al. (2006) also re-
ported no effect of their telephone counseling intervention for
pregnant women smoking 10 or more cigarettes per day. Among
heavy smokers in our study, cessation rates were highest in the
BP group at 7%, followed by BP+US (2%). None of the heavy
smokers receiving the MI plus ultrasound intervention stopped
smoking by EOP. Although not statistically significant and coun-
terintuitive, it may be clinically meaningful that ultrasound con-
ditions had poorer cessation rates with heavy smokers. As
concluded in a previous study (LeFevre et al., 1995) and anecdot-
ally from our observations, heavier smokers appeared notably
relieved after receiving the ultrasound feedback, which most of-
ten indicated a healthy fetus. We realized that most ultrasounds
would result in normal findings and scripted phrases such as “so
far ...” and “smoking effects usually don’t show up until later in
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the third trimester.” Regardless, these heavy-smoking pregnant
women are highly unlikely to achieve smoking abstinence during
pregnancy. Often, they do reduce the number of cigarettes
smoked and may believe that this will protect their baby from
harm. The ultrasound may help confirm this belief.

Several study limitations should be considered. Conclusions
regarding each element of the intervention (i.e., MI vs. ultra-
sound feedback) are limited by the lack of a fully factorial de-
sign. Although the design was intended to be additive, the
MI+US condition best practice was not performed in exactly
the manner as the other groups, making comparisons between
the conditions less clear. Another weakness is the lack of infant
outcome data. Tracking infant data would require significant
resources because Medicaid-eligible pregnant women have op-
tions to receive care in a large number of practices in the area.
Also, only half of the eligible participants were contacted and
agreed to participate, limiting generalizability to the entire preg-
nant smoker population. Finally, subgroup analyses were not
determined a priori, and therefore results could be capitalizing
on chance variability. Prospective replication is recommended.

Given the differential effects found between lighter and heavi-
er smokers, future research should investigate this distinction. The
differential response may have been due to physical dependence,
perhaps heavier smokers were less motivated/more resistant, or
possibly the explanation may be social in nature, that is, smoking
saturated environments. Undoubtedly, there is a complex interac-
tion among nicotine dependence, motivation, and social factors.
Research on such factors would be useful in directing treatment.
Greater attention to the characteristics of treatment failures could
lead to significant enhancements in current treatment strategies
for women who continue to smoke while pregnant, with the ulti-
mate goal of improving infant morbidity and mortality. Clearly,
there is a continued need for development and testing of innova-
tive smoking cessation interventions for pregnant women.
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