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Abstract

Introduction: Smoking during pregnancy poses serious risks to baby and mother. Few disseminable 
programs exist to help pregnant women quit or reduce their smoking. We hypothesized that an 
SMS text-delivered scheduled gradual reduction (SGR) program plus support texts would outper-
form SMS support messages alone.
Methods: We recruited 314 pregnant women from 14 prenatal clinics. Half of the women received 
theory-based support messages throughout their pregnancy to promote cessation and prevent 
relapse. The other half received the support messages plus alert texts that gradually reduced their 
smoking more than 3–5 weeks. We conducted surveys at baseline, end of pregnancy, and 3 months 
postpartum. Our primary outcome was biochemically validated 7-day point prevalence abstinence 
at late pregnancy. Our secondary outcome was reduction in cigarettes per day.
Results: Adherence to the SGR was adequate with 70% responding to alert texts to smoke within 
60 minutes. Women in both arms quit smoking at the same rate (9%–12%). Women also signifi-
cantly reduced their smoking from baseline to the end of pregnancy from nine cigarettes to four; 
we found no arm differences in reduction.
Conclusions: Support text messages alone produced significant quit rates above naturally 
occurring quitting. SGR did not add significantly to helping women quit or reduce. Sending sup-
port messages can reach many women and is low-cost. More obstetric providers might consider 
having patients who smoke sign up for free texting programs to help them quit.
Implications: A disseminable texting program helped some pregnant women quit smoking.
Clinical Trial Registration number: NCT01995097.

Introduction

Smoking during pregnancy is associated with a plethora of negative 
effects on the fetus, including preterm birth, low birth weight, fetal 
growth restriction, sudden infant death syndrome, and attention 

deficit disorder.1–6 Despite known evidence of the harms, only half of 
women quit when they learn they are pregnant; most others cannot 
quit on their own.7 Most who continue to smoke do reduce their 
cigarette consumption, however, which has been shown to improve 
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fetal health.6,8,9 Many have designed interventions to help pregnant 
women quit; these interventions either are not easily disseminated or 
have small effect sizes.10–14

People who smoke often smoke in response to internal and ex-
ternal cues. Scheduled gradual reduction (SGR) might help reduce 
cue-dependent smoking among pregnant women15 because they 
smoke their cigarettes based on a predetermined schedule, not when 
they are cued to smoke.15 SGR has been shown to promote cessation 
in nonpregnant populations16,17 with quit rates up to 44%. Given 
most pregnant women's strong desire to quit smoking and pref-
erences for cutting down to quit over abrupt cessation,18 an inter-
vention that uses scheduled gradual reduction could help pregnant 
women quit.6,19,20

Previous SGR studies have used instructions and paper diaries 
or hand-held electronic devices such as Palm pilots.16,21–25 Methods 
tested previously have been subject to difficulties with implementa-
tion and adherence in that they required too much of participants. 
Using SMS texting to deliver the SGR intervention has the potential 
to systematically deliver the reduction intervention and enhance as-
sessment of adherence. Smokers can receive SMS “alert texts” when 
they are asked to smoke and then text back within a limited time 
frame that they have or have not smoked.

SGR helps unlink smoking with cues. People who smoke 
also need help with the psychological and behavioral aspects 
of quitting.15,16,21–26 None has tested whether SGR plus a behav-
ioral intervention outperforms a behavioral intervention alone. 
Interventions based on Social Cognitive Theory27 have addressed 
motivation, self-efficacy, outcome expectations, barriers, and skills. 
Traditionally, the behavior intervention occurs face-to-face, via 
telephone, or a combination of the two. In the last two decades, 
SMS texting has successfully been used to promote many behavior 
changes, including smoking cessation, weight loss, and glycemic con-
trol.14,28–39 SMS texting interventions cost less than other medium 
and should be explored as a way to help pregnant smokers quit.

This randomized controlled trial aimed to test whether an SMS 
text-based scheduled gradual reduction and counseling intervention 
helped more pregnant women quit than an SMS counseling interven-
tion only. A secondary aim was to test the effect of the SGR inter-
vention compared to support messages alone on smoking reduction.

Methods

Sample
We recruited women who were between 10 and 30 weeks preg-
nant, had smoked at least 100 cigarettes in their lifetime, smoked 
three or more cigarettes every day in the prior 7 days, were current 
smokers, were not using NRT in the prior 7 days, willing to try to 
quit smoking, were enrolled in prenatal care, were aged 18 or older, 
and who spoke English. We excluded women with evidence of cog-
nitive or mental health problems who could not reliably provide in-
formed consent.

Recruitment
We recruited women from 14 prenatal clinics in Central North 
Carolina from March 2014 to December 2017. We used two different 
methods. For some clinics, we reviewed all new obstetric patient 
charts weekly. We sent women with a history of tobacco use a letter 
from their provider informing them of the study and asking them to 
call a toll-free number if they prefer not to be contacted about study 
participation. We called women who did not opt-out and screened 

them. At the other clinics, nurses assessed smoking status for all new 
obstetric patients with the one-item measure developed by Mullen 
and colleagues to improve disclosure of smoking among women.40 
Nurses faxed screener forms weekly. We called women who indicated 
they are currently smoking and permitted us to contact them. A staff 
member assessed eligibility and willingness to participate.

Study staff met potential participants at a convenient location 
to obtain written consent and administer the baseline survey, which 
was programmed onto research laptops for direct data entry. Staff 
provided all ineligible women (eg, those who smoked less than 3 
cigarettes per day) with self-help cessation materials and a list of 
local smoking cessation programs. They randomly assigned con-
sented participants to one of the two study arms (support messages 
only [SM] vs. support messages + SGR [SM + SGR]). We stratified 
randomization on the number of cigarettes before pregnancy, prior 
preterm birth, and prenatal care site (private vs. public).

Interventions
Common Elements Among Both Arms: Cell Phones, Support 
Messages, and Self-help Materials
Staff offered cell phones with unlimited texting plans to women who 
did not own their cell phone or had unreliable service. Staff also gave 
all women an educational pamphlet (“It's Time to Quit Smoking”), a 
patient aid developed by the American College of Obstetricians and 
Gynecologists (ACOG) to provide current information about the 
benefits of quitting smoking.41 Our automated system sent support 
messages starting at enrollment and continuing up until 35 weeks 
gestation. We developed and pilot-tested the support messages using 
those from Smokefree.gov. We met with 10 women who smoked 
during pregnancy, did cognitive testing of each message to refine the 
wording, and modified them based on women's feedback.

The support messages addressed key elements from Social 
Cognitive Theory, such as self-efficacy and outcome expectations. 
We also included problem-solving tips to prepare participants for 
their quit date and deal with stressors that might induce relapse 
(see Table 1 for sample texts). Finally, we included facts about the 
impact of smoking on the pregnancy as well as messages dealing 
with the emotional aspects of guilt and shame. In the first 7 weeks, 
messages primarily focused on motivation, outcome expectations, and 
problem-solving. In the later weeks, messages focused on self-efficacy 
and problem-solving. The messages in the late third trimester focused 
on known predictors of postpartum relapse, including partner sup-
port and self-efficacy. The support message library contained 160 
messages, enough to send all women messages through 35 weeks ges-
tation (range 96–160 texts sent). During weeks 1–6, we sent women 
1–2 text messages per day. During week 8 through 35 weeks gestation, 
we sent only three texts per week. Women in the support messages 
only arm were asked to set a quit date within 2–3 weeks. Women in 
the SGR arm had their quit date set for them (please see below).

SGR Arm Only: SGR Alerts
Staff explained the following to women randomized to the SGR arm: 
(1) the purpose of the SGR is to gradually reduce from the cigarettes 
they smoked at baseline to 0 cigarettes by the first day of the 4th or 
5th week of their enrollment in the study. (2) They will receive two 
different types of texts: one at the times they are scheduled to smoke 
and one that provides them with supportive messages. (3) During 
the start-up week (week 1), they would be asked to text the letter “s” 
every time they smoked to assess their smoking pattern. We calcu-
lated the average number of cigarettes per day at the end of week 1.
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Using the algorithm used by Cinciripini et  al. and in our pilot 
study,16 we calculated the number of cigarettes per day (CPD) women 
should smoke when they are reducing. The algorithm reduces the 
number of cigarettes smoked per day by 1/3 each week. We adjusted 
the algorithm so women smoking 7 or fewer CPD had a 3-week re-
duction period, and women smoking 8 or more had a 4-week re-
duction period. We asked women to text back within 60 minutes of 
receiving an alert and text “s” indicating she smoked or “ns” if she did 
not. Finally, after the first week, we texted all women to assess their 
perceived difficulty of reduction. Women who reported that it was dif-
ficult were given the option to extend the reduction period by 1 week.

Measures
We paid participants for surveys: $20 for baseline, $25 for end of 
pregnancy, and $30 for postpartum plus a $20 bonus for all sur-
veys. At baseline, we assessed demographics, pregnancy history, and 
smoking history variables (Table 2).42–45

Adherence
We calculated adherence in two ways. First, we measured the time 
to respond to the SGR message. Second, we created a categorical 
variable (0 = respond in more than 60 minutes, 1 = respond in ≤60 
minutes). We told women they could win a raffle for a $25 gift card 
each week in which they responded to 80% or more alert texts. To 
assess the fidelity of the SGR program, we asked women at their 
postpartum survey their agreement with this statement, “I smoked 
when I wanted, not in response to the alert texts” (1 = completely 
disagree to 7 = completely agree) and “How often did you get a text 

but were unable to smoke and you just smoked later” (1 = never, 
2  =  a few times, 3  =  sometimes, 4  =  a lot of times). We assured 
them that their honesty is important to our ability to develop new 
programs in the future.

General Process Measures
At the end of pregnancy and postpartum surveys, we asked women 
to rate the helpfulness of the SGR program and the support messages 
separately (1 = not at all helpful to 5 = very helpful).

Primary Outcome—Smoking Status
At all time-points, we assessed 7-day point-prevalence abstinence and 
biochemically validated the results via saliva samples. We sent saliva 
samples to Dr Jed Rose's lab at Duke for analysis. They analyzed the 
saliva samples for the presence of cotinine using radio-immunoassay 
(RIA).46–48 We used a cut-point of 10 ng/mL48 for saliva cotinine to 
discriminate abstainers and smokers (Table 3).

Secondary Outcome—Smoking Reduction
To assess reduction, we assessed the absolute difference in the 
number of cigarettes smoked from baseline to end of pregnancy, 
50% reduction, which is consistent with other SGR studies,49 and 
the percent of women who smoke five or fewer cigarettes per day.

Process Measures
We assessed women's perceptions of the interventions by asking 
how helpful they found the support messages and SGR messages 

Table 1. Summary of Support Text Message Library and Sample Messages

Construct
Number of 
messages Examples

Greetings 2 Thank you for completing the Baby Steps program. We hope the rest of your pregnancy goes well and that you 
can welcome your newborn baby as a non-smoker

Attributions 2 Message 1 of 2: How you talk to yourself is important. On days you have smoked more than you wanted to, 
notice what you say to yourself. 

Message 2 of 2: Instead of saying, “I'm awful because I smoked so much” say, “Everyone has bad days. Tomorrow 
I will do better.” 

Guilt/shame 6 People might be making you feel ashamed that you're smoking. You're doing your best for your baby. you're a 
good mom for being in the program and trying

Information 16 Smoking fact: Women who smoke less or quit are more likely to keep their baby full term. Full term babies are 
healthier. 

Not smoking helps after you have your baby too. Babies not around smoke r less likely to have breathing 
problems like asthma or ear infections

Motivation 16 Say to yourself all the reasons you're quitting. The more you say it, the more real it will be for you 
Quitting is not just good foryouand your baby. It's good for everyone around u. Quitting is a way you can protect 

all those you care about
Problem solving 38 Message 1 or 2: For lots of people, smoking goes hand in hand with parts of the day. Think about what habits are 

tied to your smoking. 
Message 2 of 2: What can you do instead of smoke when you do those habits Example: if you smoke after meals, 

try going for a walk, brushing your teeth, or washing the dishes
Self-efficacy 50 Think about other hard things you have done in your life. You have the strength to try to quit just like you have 

done other hard things. 
Quitting smoking is a process that includes ups and downs. Don't let the downs stop you. Learn from bumps and 

keep moving towards your goal
Outcome 

expectations
15 Every cigarette you do not smoke is more oxygen your baby gets. Congrats on working to make your baby 

healthy and strong. 
Quitting smoking helps your baby's health right away. Quitting in the next few weeks will make a difference.

Stress 7 You might feel that you have too much going on in your life to quit. Take things one day at a time. Every cigarette 
you don't smoke helps your baby.

Support 8 If friends and family are doing things that make it harder not to smoke, let them know what they can do that is 
more helpful.
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(SGR arm only) (1  =  not at all helpful to 5  =  extremely helpful) 
as well as the likelihood they would recommend the program to a 
friend (1 = definitely would not recommend to 5 = definitely would 
recommend).

We used chi-square test and logistic regression to test for a dif-
ference between arms on smoking cessation rate at end of pregnancy 
(1-sided alpha of 0.025), controlling for two of the strongest covariates 

known to be related to smoking during pregnancy: education and 
partner smoking50,51 to remove any by-chance variance that random-
ization missed. All covariates remained in the model, regardless of 
their statistical significance. We included lost-to-follow-up participants 
in the analysis by assuming that they were still smoking. We present 
cessation rates within each arm and the covariate-adjusted rates with 
95% confidence intervals. To assess the impact of the lost-to-follow-up 

Table 3. Seven-Day Point Prevalence Abstinence Rates With 95% Confidence Intervals (CI) by Arma

Assessment

Intent to treat (N = 314) Observed (N = 254)b

SM only (N = 160) SM + SGR (N = 154) SM only (N = 132/119) SM + SGR (N = 122)

Percent (95% CI) Percent (95% CI) Percent (95% CI) Percent (95% CI)

End of pregnancy 9 (5 to 13) 9 (5 to 14) 11 (6 to 16) 12 (7 to 17)
3-month postpartum 5 (2 to 8) 5 (2 to 8) 7 (2 to 8) 6 (2 to 8)

aPercents (95% CI controlled for baseline education and partner smoking status).
bN = 254 at end of pregnancy and N = 234 at 3 months postpartum.

Table 2. Participant Characteristics

Characteristics

Total
Support messages  

(SM)
Smoking gradual  
reduction + SM

(N = 314) (N = 163) (N = 154)

   
Age (M, SD) 28 (5) 28 (6) 27 (5)
Partnered (%) 55 54 57
Education (%)    
 Less than high school 26 26 26
 High school/GED 31 33 28
 Vocational school 6 4 7
 Some college 32 30 34
 College graduate or higher 6 7 5
Race (%)    
 White 39 38 40
 Black 53 54 52
 Other (14 reported more than one race) 8 8 8
Employment (%)    
 Employed 34 28 40
 Not employed 66 72 60
Financial security (%) (missing n = 10)    
 Enough money for special things 19 20 18
 Little spare money for extra things 40 31 51
 Have money only to pay bills 16 18 13
 Difficulty paying the bills 22 28 16
Site (%)    
 Durham 85 85 85
 Fayetteville 15 15 15
 Took study cell phone 46 54 38
 First pregnancy (%) 12 11 14
Wantedness of this pregnancy (missing n = 3)    
 Wanted to be pregnant now 32 31 33
 Wanted to be pregnant later 46 47 44
 Not sure if wanted to be pregnant 6 4 8
 Did not want to be pregnant 16 17 14
Partner smokes (%) 73 71 75
Number of other household smokers (Median, IQR) (range 0–10) (missing n = 2) 1 (2) 1 (2) 1 (1)
Cigarettes per day before this pregnancy (M, SD) 17 (9) 17 (10) 17 (7)
Cigarettes per day in this pregnancy (M, SD) 9 (5) 9 (5) 9 (5)
Nicotine dependence (FTND) (0–9) (M, SD) 4 (2) 4 (2) 4 (2)
Withdrawal symptoms (M, SD) 2 (1) 2 (1) 2 (1)
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participants in the analysis, only those participants who provided 
follow-up data were analyzed and compared with results with imput-
ation. We also compared the two arms on the percentage of women 
lost-to-follow-up and describe the potential effect of any obtained 
differences on the generalizability of our results. We were powered at 
80% to detect arm differences of 0.10 versus 0.185.16,24,52

Results

See the CONSORT diagram (Figure 1). No arm differences existed 
on attrition rates at end of pregnancy (SM: 18% vs. SM + SGR: 
21%, p = .46) or 3-months postpartum (SM: 26% vs. 25%, p = .95). 
Of our sample, 53% were African American, 44% had more than 
high school education, 55% were married or living with a partner, 

Figure 1. Study flow diagram. SGR = SMS text-based scheduled gradual reduction and counseling intervention; support only = SMS text-based counseling 
intervention only.
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and 66% were not employed for pay (Table 2). Only 46% chose 
to receive a study phone. Women in the support messages alone 
were more likely to be unemployed (p  =  .03) and have difficulty 
paying the bills (p =  .0003) than women in the scheduled gradual 
reduction arm.

Primary Analyses
Adherence
In the first week when women were asked to text when they smoked 
each cigarette, 95% (145/154) sent their data. Women in that first 
week reported fewer cigarettes (average 7 cigarettes per day) than 
they did at baseline (average 9 cigarettes per day) and confirmed at 
the end of the week that the number was accurate. Thus, women 
were reducing their cigarettes before the SGR program began. When 
calculating data for SGR adherence, we removed data when women 
responded to less than half of smoking prompts in one day (occurred 
for 28% of days). Once the SGR program started in the second week 
and women received alert texts to smoke, they responded within the 
60-minute window 70% of the time. Of those responses, 88% re-
sponded with “S” indicating they smoked. Most (72%) did not re-
port that they smoked when they wanted instead of in response to 
an alert. Further, few (17%) reported that there were “a lot of times” 
that they received an alert text and did not smoke but smoked later.

Cessation
Women in both arms had a similar quit rate: intent-to treat (Support 
messages only: 9%, CI: 5%–13% vs. SM + SGR: 9%, CI: 4% to 
14% p = .94); observed data (Support messages only: 11%, CI: 6% 
to 16% vs. SM + SGR: 12%, CI: 7% to 17% p = .85).

Reduction
We found no arm differences on any of the endpoints or in the re-
duction of smoking (Tables 3 and 4). Similar absolute differences 
of cigarettes smoked were reported (SM: 5.09, CI: 4.24- 5.94 vs. 
SM + SGR: 5.00, CI: 4.08–5.94, p = .90). At the end of pregnancy, 
more than half reported reduction by at least 50%: (SM: 0.57, CI: 
0.48–0.67 vs. SM + SGR: 0.58, CI: 0.48–0.67, p = ..93) At the end of 
pregnancy, 68% of women reported smoking five or fewer cigarettes 
with no arm differences: (SM: 0.64, CI: 0.55–0.73 vs. SM + SGR: 
0.73, CI: 0.64–0.82, p = ..13).

Process Measures
Women did not differ in their perceptions of the intervention in 
terms of helpfulness (SM: M  =  4.83, SD  =  1.80 vs. SM + SGR: 
M = 5.10, SD = 1.93) or in whether they would recommend the pro-
gram to a friend (SM: M = 6.45, SD = 1.17 vs. SM + SGR: M = 6.65, 
SD = 0.89).

Discussion

This is one of the first studies to test scheduled gradual reduction via 
texting to promote cessation in pregnancy. We compared support 
messages only program to a more intensive program where women 
were asked to follow a program of gradually reducing their cigar-
ettes while receiving support text messages. We expected women 
who received the scheduled gradual reduction intervention to have 
higher quit rates and higher reduction rates than women receiving 
the support messages only. We did not find an added benefit of the 
scheduled gradual reduction on either outcome.

Despite the null trial results, this study provides an important 
contribution to the development of effective cessation support for 
pregnant women. First, women in both arms had clinically signifi-
cant quit rates compared with the 2%–5% of women who can quit 
on their own if they continue to smoke after learning of their preg-
nancy.7,53 Thus, helping 9%–12% of pregnant women quit smoking 
through a low-intensity, scalable intervention shows promise and is 
consistent with other programs that have used SMS texting to pro-
mote cessation among pregnant women.14,28 Previous research sug-
gests that pregnant smokers prefer text-based programs compared 
with face-to-face counseling and a subgroup of women may prefer 
programs designed to reduce to quit rather than abrupt cessation.18 
Further, this study differs from previous SMS texting studies as we 
recruited women proactively from OB clinics, and thus, might be 
more generalizable than studies in which only women who were 
interested in quitting smoking proactively enrolled.

There are several reasons why the scheduled gradual reduction 
did not add above support messages. First, it might have been that 
women did not truly adhere tightly to the schedule. Even though 
70% of women texted back that they smoked in response to the alert 
text, we cannot verify their actual smoking. The recent development 
of mobile devices that measure CO would be an excellent addition 
to text-based cessation studies and enable real-time assessment and 
validation of smoking.54,55 Second, delivery of real-time SMS texting 
programs have many logistical challenges. For example, there might 
have been times when women could not respond to our texts due to 
limited access to a cell phone during work or school. Further, cell 
phone service and reception were limited in some areas that resulted 
in missed texts. Finally, most women had already reduced their cig-
arettes to less than 10 cigarettes a day by the time we started re-
ducing them further. Indeed most pregnant women who continue 
to smoke have already reduced their smoking once they learn they 
are pregnant.49 Further, many women in the SGR group reduced 
even further in the first week of data collection, perhaps due to self-
monitoring. Thus, the SGR might not have been as effective with 
women who have already experienced two phases of reduction in 
their smoking before the SGR program began. Although we do not 
have data on heavier smokers, we believe this method might work 

Table 4. Rate and 95% CI for Cigarettes Per Day and 50% Reduction Among Smokers at Late Pregnancy

Smoking rate 

Intent to treat (N = 283) Observed (N = 222)

SM only (n = 144) SM + SGR (N = 139) SM only (n = 115) SM + SGR (N = 107)

Rate (95% CI) Rate (95% CI) Rate (95% CI) Rate (95% CI)

50% reduction cigs/day (%) 46 (38 to 54) 45 (36 to 53) 57 (48 to 67) 58 (48 to 67)
Smokes ≤5 cigs/daya (%)     

  64 (55 to 73) 73 (64 to 82)

aFor observed data only.
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better for heavier smokers who have not yet reduced. Given the clin-
ically significant quit rate in the SGR group, we recommend further 
exploration and refinement of SGR interventions as a method to 
help pregnant smokers quit.

One promising finding was that just sending support messages 
encouraged 9%–12% of women to quit. Of those still smoking, 
more than half reduced their smoking by at least 50%, cutting 
down to four cigarettes per day on average. This is significant given 
women who smoke ≤5 cigarettes per day have similar birth out-
comes to those who do not smoke.6 This intervention is scalable, 
easy to follow, and can have a great impact on pregnant women 
who smoke.

This study has limitations. Because women enrolled in a trial, 
they might not represent all pregnant smokers. Further, we collected 
data from women in person. Even though we biochemically valid-
ated their smoking status, they might have felt accountable to the 
data collectors. Also, we do not have a true control arm to which to 
compare our interventions.

This study has broad implications for helping pregnant women 
quit. Simply texting support messages throughout their pregnancy 
seems to help some quit and almost all to reduce significantly. Future 
steps include learning ways to facilitate enrollment to the texting 
program.
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