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 14% pregnant women smoke cigarettes (SAMHSA, 
2015)

 2 out of 5 children exposed to second hand smoke 
(CDC, 2015)

 Increases the risks of:
Miscarriage, low birth weight, preterm delivery, and 

NICU admission (Bailey et al., 2012)

Adverse infant outcomes including SIDS (Treyster & 
Gitterman, 2011)

Prenatal Smoking



Substance Use during Pregnancy
 ~30% of prenatal substance use among 

socioeconomically disadvantaged women (Beatty et al., 
2012)

 Up to 80% of substance-using women able to abstain 
from at least one substance during pregnancy (Forray et 
al., 2014)

 Cigarette smoking, as the most common substance 
used, with the poorest short and long-term cessation 
rates (Forray et al., 2014)



Prenatal Substance Use (N = 11494; 
2014-2015)

Self-reported Tobacco 12%
Self-reported Marijuana 4%
Self-reported Alcohol 3%
Self-reported Other 
Drugs

2%

Self-reported Cocaine <1%
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Self-reported Substance Use 
on Neonatal Outcomes

Preterm Birth Low Birthweight NICU Admission
Variable AOR 95%CI AOR 95%CI AOR 95%CI
Cigarette smoking (No as ref)

Yes 1.83*** [1.46,2.30] 2.23*** [1.77,2.80] 1.33** [1.08,1.64]
No response 4.16* [1.27,14.71] 3.5* [1.04,12.61] 2.91 [0.92,9.83]

Alcohol (No as ref)
Yes 0.62 [0.36,1.00] 0.86 [0.53,1.34] 0.93 [0.63,1.35]
No response 0.75 [0.21,2.41] 0.49 [0.13,1.70] 0.60 [0.18,1.88]

Marijuana (No as ref)
Yes 1.25 [0.87,1.77] 1.05 [0.72,1.49] 1.19 [0.86,1.64]
No response 0.30 [0.08,1.08] 0.53 [0.14,1.87] 1.06 [0.32,3.31]

Other illicit drug (No as ref)
Yes 2.48*** [1.56,3.89] 2.88*** [1.81,4.49] 3.09***[2.03,4.67]
No response 2.18 [0.64,6.66] 2.13 [0.61,6.71] 0.70 [0.19,2.19]

*: p-value<0.05; **: p-value<0.01; ***: p-value<0.001



Prenatal Smoking & Drinking
 Synergetic adverse effects of smoking and drinking 

during pregnancy (Odendaal et al., 2008; MMWR, 2016)

 Birth weight, pre-term delivery
 Fetal alcohol spectrum disorders (FASDs)
 Smaller head circumference
Maybe worse effect than other illicit drugs (e.g., Jones et al., 2013; 

Slotkin, 1998)

 Pregnant smokers at risk for prenatal drinking (Cannon 
et al., 2012)

 11% pregnant women reported prenatal alcohol use (NSDUH, 2013)



Characteristics of Pregnant Women 
at Risk for Problem Drinking



Alcohol Risk at Philly WIC (N = 225)
Bivariates Multivariates

OR p AOR p
Demographics

Age (M, SD) 1.0 0.996
Race/Ethnicity 0.305

White/Caucasian (reference category) ---
Black/African American 3.4
Hispanic 4.6
Other 1.7

Educational Attaiment 0.097
Non-degreed (reference category) ---
GED/Highschool 0.7
Post-secondary 0.1
Still in highschool 0.5

Weeks Pregant (M, SD) 1.0 0.160
Currently Homeless/Temporarily Housed 1.2 0.618
History of Homelessness 2.4 0.004 1.5 0.255
Currently Living w/Someone who Drinks 1.1 0.848
Current Smoker 4.3 <0.001 3.0 0.010
Currently Living w/Someone who Smokes 1.3 0.466
History of Marijuana or Other Drug Use 4.1 <0.001 3.2 0.001
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 Pharmacological approach 
 Psychosocial approach

Treatment Approaches



 Pharmacological approach
Substitution therapy 
Bupropion
Exogenous progesterone

 Psychosocial approach

Treatment Approaches



 Pharmacological approach 
 Psychosocial approach
Cognitive behavioral therapy
Brief intervention
Counseling
Motivational interviewing
Contingency management/Conditional cash 

transfer – Health Incentive use
Peer support

Treatment Approaches



High Impulsivity among Smokers              
(Bickel et al., 1999)

Impulsive





Increase Focus on Target Behavior by 
Increasing Saliency



Health Incentives for Pregnant 
Populations

 Smoking cessation (Higgins et al., 2012)

Smoking abstinence (Lumley et al., 2009)

Fetal growth, birth weight, % low birth weight (Higgins et 
al., 2012)

Breastfeeding duration (Higgins et al., 2010)

 Cocaine abstinence (Schottenfeld et al., 2011)



Incentive Use for Pregnant Smokers
Vermont clinical trials for pregnant smokers

(Higgins, Washio, et al., 2012)

Incentives on attendance only vs. smoking abstinence 
(i.e., cotinine)

Escalating incentive amount ($6.25+$1.25; 
max:$1,000; average:$500) 

Incentives contingent on carbon monoxide levels in 
breath samples (<6ppm) in the first week

Incentives contingent on cotinine levels in urine 
samples (<80ng/ml)



Incentive Effects on Smoking Abstinence
(Heil et al., 2008; N = 73) 
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Incentive Effects on Fetal Weight
(Heil et al., 2008) 



Incentive Effects on Fetal Femur Length
(Heil et al., 2008) 



Incentive Effects on Abdominal 
Circumference (Heil et al., 2008) 



Incentive Effects on Birth Weight 
(Higgins et al., 2010a; N = 166)
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Incentive Effects on Birth Weight 
(Higgins et al., 2010a; N = 166)



Incentive Side Effects on Maternal Weight 
Gain (Washio et al., 2011; N = 154)
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Incentive Effects on Breastfeeding 
(Higgins et al., 2010b; N = 158)
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Compensating Mothers’ Hard Work



Future of Pregnant Smoker Incentive
Cost-effectiveness (Boyd et al., 2016)

Combined pharmacological and behavioral 
approach (NCI R01: PI Kranzler)

Implementation in healthcare system



Stakeholders on incentive and mobile tech
Healthcare providers/leaders
Health insurance companies
Community advisory boards/Task force

Use of existing infrastructure
Prenatal care visits in Outpatient setting
Home visitation programs
Social services

Important Aspects in Implementation



Socio Ecological Model 



Adjunct to each prenatal care visit
5 minutes
Collection of breath and urine samples
By medical assistants
NicAlert for urine testing
Carbon monoxide breathalyzer for breath samples

Implementation of pregnant smoking 
incentive at Christiana Care



$10 for sample provision
Additional $$ for 
Reduction in breath CO levels
Abstinence of cotinine in urine samples

Escalating amounts of incentives by $5
Continuous reduction in breath sample CO levels
Stayed low in breath CO between 0 and 2
Abstinence of cotinine in urine samples

Implementation of pregnant smoking 
incentive at Christiana Care



Incentive group (n = 14) vs                 
Sample provision only group (n = 17)

No significant differences in 
sociodemographic characteristics and 
smoking history

Program Development Grant



Program Development Grant
Control 
(n=17)

Incentive 
(n=14)

P 
values

Maternal age 29.00(1.31) 28.71(0.98) 0.91
Married/Partnered (%) 52.94 42.86 0.58
Employed (%) 35.29 21.43 0.46
Ethnicity (%) 5.88 14.29 0.58
Race (%) 1

White 23.53 28.57
Black 52.94 57.14

Others 23.53 85.71
Education (# yrs) 12.47(0.39) 12.64(0.51) 0.92
# Gravida 3.88(0.73) 4.64(0.91) 0.4
# Parity 1.65(0.45) 2.07(0.37) 0.2



Program Development Grant
Control 
(n=17)

Incentive 
(n=14)

P values

# Cigs per Day Past 30 
Days

8.88(1.67) 10.14(1.60) 0.47

Age Started Smoking 16.06(1.03) 14.93(1.25) 0.26
# Yrs Smoking 11.94(1.26) 13.00(1.33) 0.51
# Cigs per Day Bfr Preg 17.82(2.06) 18.00(1.72) 0.84
# Quit Attempt Bfr Preg 1.71(0.63) 1.71(0.77) 0.9
# Cigs per Day Sinc
Preg

6.94(1.54) 10.00(1.64) 0.12

# Quit Attempt Sinc Preg 2.12(0.74) 1.50(1.05) 0.38
Fagerstrom Score 6.35(0.37) 6.79(0.58) 0.7



Generally reduced CO levels at all follow-
ups in Incentive group compared to 
Sample provision only

Significant average CO level in Incentive (p 
= 0.01) compared to Sample provision only

Improved birth outcomes in Incentive 
compared to Sample provision only

Program Development Grant



Program Development Grant
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Program Development Grant
Control 
(n=10)

Incentive (n=7) P values

Gestational weeks at 
birth

37.47(0.78) 38.36(0.38) 1

Birth Weight (g) 2768(161.83) 2957.86(162.99) 0.47
Head Circumference 
(cm)

32.8(0.53) 33(0.73) 0.88

Apgar score 1 min 7.3(0.72) 7.86(0.34) 0.76
Apgar score 5 min 8.7(0.21) 9(0) 0.26
Size for gestational age 
(%)

29(5.91) 32.37(8.51) 0.66

NICU Admission (%) 17.65 6.67 0.7
If Yes, how many days? 33.33(22.83) 7(0) 0.5
C-Section (%) 11.76 13.33 0.79



High risk pregnant smokers due to 
ongoing NCI bupropion trial

Contingent incentives on smoking 
reduction for contingency experience

Clear instruction on incentive 
contingencies 

Program Development Grant



Compared to Vermont trials
Dedicated space for clinical trials
Active outreach for follow-ups
Frequent monitoring schedules
Inclusion of low level pregnant smokers
Caucasian dominant population

Program Development Grant



Effectiveness trial in England by Tappins
Reinforcement on CO level <10ppm
4-week, 12-week, and 34-38 ges weeks
>600 participants
Significant increase in cessation rates (22.5% vs. 

8.6%) in Incentive compared to Control
Slightly higher birth weight in Incentive

Program Development Grant



American Association of Pediatrics 
Awareness on Prenatal Drinking and FASD



CDC VitalSigns
Awareness on Prenatal Drinking and FASD



Washington Post
Awareness on Prenatal Drinking and FASD



Incentivized Alcohol Monitoring



Incentivized Alcohol Monitoring 
Potential tool to reinforce alcohol abstinence 

among pregnant women
Real-time monitoring allows flexible monitoring 

schedule and an immediate assistance
Allows immediate reinforcement or immediate 

assistance in case of alcohol-positive samples



Incentivized Alcohol Monitoring
Minnesota Healthy Brains for Children
4 pregnant women reported to DHS for prenatal 

drinking in Crow Wing County, MN
Participant # days 

monitored
# tests 
scheduled

# tests 
submitte
d later 
than 1hr

# tests 
missed 
completely

# tests 
showing 
alcohol‐
positive 

$ 
earned

1 134 268 108 12 0 $595.0
0

2 118 354 10 2 0 $530.0
0

3 56 112 23 7 0 $60.00
4 31 62 23 9 0 $60.00



Hate for Incentive Use 
(Stakeholder Issues)



Who Gets Financial Benefits? 
(Infrastructural Issues) 

Breastfeeding/Prenatal Smoking 
Insurance/Healthcare system
Medical cost comparisons with and without incentives
 Insurance reimbursement
Hospital-based fundraising

Fetal Alcohol Spectrum Disorder Prevention 
Community services/School/Criminal justice 
system
State-funded social services (w/ criminal justice)
Public/private treatment and health services
ACA: Insurance reimbursement on alcohol monitoring



Transtheoretical Model for FASD 
Prevention



Indicated FASD Prevention 

Collaboration with South Africa
Canada FASD Research Network 
Nancy Poole, Ph.D

Parent-Child Assistance Program (Dr. Grant 
at University of Washington)

Collaboration with Christiana Care/DE



SAMHSA
Future Development



Any Questions/Comments?


