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Abstract
Background: Approximately 15% of women in Tennessee continue 
to smoke during pregnancy knowing the health risks to themselves 
and their unborn babies. The use of evidence based interventions 
is essential to assist pregnant women who smoke in their cessation 
attempts and in the reduction of adverse effects of smoking during 
pregnancy. 

Objective: This scholarly project aims to determine if the use of 
motivational text messages and a reactive smoking cessation 
quitline influence smoking behaviors (motivation to quit, 
dependence on nicotine and the number of cigarettes smoked per 
day) in a group of pregnant women who smoke in Tennessee. 

Methods: The study sample consisted of pregnant women 
in Tennessee who self-reported smoking. Participants were 
enrolled to receive motivational text messages from Smoke-Free 
Mom, and were given the contact information for the Tennessee 
Tobacco Quitline. Baseline motivation to quit was obtained with the 
Motivation to Stop Scale, dependence on nicotine was measured 
with the Autonomy over Smoking Scale, and self-reported cigarettes 
smoked per day were obtained. Utilization of the interventions was 
assessed during the study, and post-intervention, motivation to quit 
score, dependence on nicotine score, and self-reported cigarettes 
smoked per day were obtained.

Results: 43 participants (87%) completed post-test questionnaires. 
43 participants (87%) completed post-test questionnaires. Wilcoxan 
Signed Ranks test demonstrated an overall increase in self-reported 
motivation to quit, decrease in dependence, and cigarettes smoked 
per day. Linear regression demonstrated a correlation between 
utilization of the text messages and decrease in dependence, 
however, the effect was small. No significant relationship was 
found between utilization of text messages and motivation to quit or 
cigarettes smoked per day. This study provided inconclusive results 
supporting the benefit of motivational text messages and a reactive 
quitline in pregnant women who smoke. The Wilcoxan Signed 
Ranks test demonstrated an overall increase in self-reported 
motivation to quit, decrease in dependence, and cigarettes smoked 
per day. Linear regression demonstrated a correlation between 
utilization of the text messages and decrease in dependence, 
however, the effect was small. No significant relationship was 

Introduction
Approximately 8.4% of pregnant women in the United States 

continue to smoke during pregnancy despite warnings about health 
risks to themselves and their unborn babies [1]. The use of evidence-
based interventions are essential to assist pregnant women who smoke 
in their cessation attempts, while reducing the adverse effects of 
smoking during pregnancy to mother and baby. Healthcare providers 
have a unique opportunity to deliver interventions to assist pregnant 
women in smoking cessation efforts. 

Background
Risks of smoking in pregnancy

When a pregnant woman smoke, the oxygen carrying capacity 
of maternal blood is decreased, which results in fetal hypoxia [2]. 
Placental development and function are compromised and placental 
calcification and necrosis can occur [2]. These changes can lead to 
intrauterine growth restriction, low birth weight, premature rupture 
of membranes, and premature delivery [2]. Smoking is also known 
to affect children later in life with cognitive development, behavioral 
health problems such as ADHD, [3] and chronic health problems 
including impaired lung function, middle ear disease, and respiratory 
illness [4]. Medical costs for a baby born to a mother who smoked 
during pregnancy are approximately 66% higher than for a baby 
born to a non-smoker [5]. A reduction in smoking prevalence of 1% 
would result in a $21 million medical cost savings due to decreased 
incidence of low birth weight and preterm birth [5]. The issues related 
to smoking are especially relevant in the South, where the low birth 
weight and preterm birth rates are well above the national average, as 
is the smoking rate during pregnancy [6]. 

Smoking in Tennessee

The State of Tennessee currently offers pregnancy specific smoking 
cessation programs, including free smoking cessation counseling via 
county health departments, a free tobacco quitline, and Baby and Me, 
a program in which $25 diaper vouchers are given to those women 
who have validated smoking cessation [7]. Despite these interventions, 
approximately 15% of pregnant women in Tennessee smoke, as 
compared to the national prevalence of smoking during pregnancy of 
8.9% [1]. Additionally, some areas in Tennessee report a smoking rate 

found between utilization of text messages and motivation to quit or 
cigarettes smoked per day. This study provided inconclusive results 
supporting the benefit of motivational text messages and a reactive 
quitline in pregnant women who smoke. 

Conclusion: High levels of intrinsic motivation present in 
pregnancy can influence changes in health behaviors irrespective 
of intervention. Health care providers are encouraged to assess 
smoking status in all pregnant patients, and to provide smoking 
cessation counseling to all patients who self-report as a smoker. 
Further studies are warranted to determine efficacy of motivational 
text messages and smoking cessation quitlines in pregnant women. 
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The Tennessee Tobacco Quitline is a free tobacco cessation 
counseling service available to anyone over the age of 12 in Tennessee 
with active smoking behavior. Counseling sessions are available via 
phone and are designed to individualize interventions related to each 
participant’s tobacco history, setting a quit date, relapse prevention, 
quit plan development, and discussion of withdrawal, weight gain, and 
stress management [19]. Additionally, the quitline targets populations 
with unique risks and/or known disparities in the burden of tobacco 
abuse including pregnant women, racial/ethnic minority groups, and 
populations with low literacy skills and chronic health conditions 
[19]. Currently there are no specialized materials to assist the LGBT 
community, older tobacco users (55 years+), those with multiple 
addictions or with mental health disorders [19]. The Quitline cost 
per smoker in Tennessee is estimated at $0.19 [19]. Individuals can be 
referred to services by their health care provider via fax referral, which 
will prompt a counselor to call the patient, or the client can initiate 
quitline contact independently by calling the quitline [19]. In 2016, 
2,906 people who smoke in Tennessee received phone counseling 
from the Tennessee Tobacco Quitline, including 57 pregnant women 
who were referred via fax by a provider to the quitline, and 23 who 
were self-referred [20]. The majority of the callers (60%) were between 
the ages of 18-34, and were primarily Caucasian (63%) [20]. 49% of 
the pregnant callers reported a high school diploma/GED level of 
education or less [20]. 

Review of Literature
Behavior change in pregnancy 

Behavioral interventions must be tailored to the changes in 
motivation that occur in pregnancy. During pregnancy, the intrinsic 
and extrinsic motivators for smoking cessation are different than in 
non-pregnant women who smoke [21]. In pregnancy the intrinsic 
motivation to quit is related to knowledge that smoking is harmful not 
only to the individual, but also for the baby. Extrinsic motivation may 
also come from shame based on the pregnant woman’s perception of 
disapproval from others [21]. Because of this conflict, smoking during 
pregnancy can create a cognitive dissonance, in which the pregnant 
woman justifies her smoking behavior. Pregnant women tend to 
modify their perception of their behavior, and will alter smoking 
habits, then rationalize their behavior with myths and lay knowledge 
that is not grounded in science or evidence [22]. Knowledge of the 
ideas that develop in pregnant women who smoke can assist the 
provider to adjust their interventions for smoking cessation [22].

Brief, well executed interventions have been demonstrated to 
be both cost effective and to increase smoking cessation. In a 2013 
meta-analysis of smoking interventions in pregnant women, there 
was no significant effect on smoking when frequency of contact 
with the intervention was increased [23]. Intensive, lengthy periods 
of smoking cessation intervention have not been shown to be more 
efficacious than brief targeted interventions in pregnant women. As 
such, providers are urged to focus on the quality of the intervention, 
rather than overburdening the patient with the intervention [23].

Typically, smoking cessation is measured in point prevalence, that 
is, a measurement of how long since the last cigarette smoked by the 
person [24]. The use of point prevalence can lead to falsely pessimistic 
reporting of nonsmoking by exclusion of people who have reduced 
their number of cigarettes per day [24]. The negative characterization 
of a woman who has decreased the number of cigarettes per day, 
but has not quit completely, as not making progress is especially 
important due to the dose dependent relationship in pregnancy 

of up to 25-40% during pregnancy [6]. Smoking prevalence is highest 
in those women who have a low income (less than $25,000/year), are 
between the ages of 20-24, have a high school education or less, and 
for those who have Medicaid insurance [1]. A birth certificate analysis 
of maternal smoking prevalence and cessation 3 months before and 
during pregnancy in the United States revealed that approximately 
20% of women who smoke during pregnancy are successful in their 
quit attempt [1]. In comparison, a 2015 study of 1,486 pregnant 
women in Tennessee who smoke demonstrated a 28% success rate in 
smoking after a brief intervention [6].

Behavior interventions in pregnancy 

Pregnancy and regular prenatal care are ripe opportunities for 
consistent health promotion in which providers have the opportunity 
to offer women non-judgmental, evidence based interventions in 
their cessation efforts. Integration of smoking cessation education 
into prenatal visits has been demonstrated to improve quit rates [8,9], 
however, many providers fail to provide appropriate counseling and 
resources to assist patients with cessation [10,11]. Support from health 
care providers during pregnancy is essential to increase confidence 
and self-efficacy in smoking cessation efforts [12]. The US Preventive 
Task Force currently recommends the use of behavioral interventions 
for smoking cessation in pregnant women [13]. Providers are 
encouraged to ask all pregnant women about tobacco use, and to 
advise them to stop using tobacco. The use of nicotine replacement 
therapy has not been sufficiently assessed for harms or benefit in 
pregnancy [13]. With recent polls revealing that approximately 4.55 
billion people worldwide use cellular phones, the opportunity for 
delivery of healthcare information via mobile technology is growing 
[14]. Behavioral interventions via mobile delivery are increasingly 
appealing to providers as an adjunct to face-to-face patient care 
[15]. Mobile technology, such as web-based applications [15], tablet 
and electronic medical record use in offices, video conferencing, 
and mobile phones have been demonstrated to be cost effective and 
convenient portals to increase access to health communication [16]. 
Digital interventions are especially useful in pregnancy because they 
are easily tailored to deliver pregnancy specific information, and may 
reduce barriers that pregnant women may encounter when attempting 
to receive support for smoking cessation, such as lack of access and 
fear of judgment from their provider [17].

Smoke free mom 

Smoke Free Mom is a text message service specifically tailored 
for pregnant women who smoke. After completing a questionnaire 
that includes due date and demographic information such as age and 
zip code, the mother is asked about desire and motivation to quit 
smoking. The mother then begins to receive 1-5 daily text messages 
that are concentrated around the quit date that the woman chooses 
at enrollment, as well as the due date. The length of participation is 
based on the participant’s due date, but the messages will be sent for 
no less than 6 weeks [18]. The messages are standardized, and include 
information about quitting smoking and preventing relapse, such as 
“have you smoked today?” and “every cigarette smoked means less 
oxygen for your growing baby. Quitting, or even cutting back, will 
increase baby’s oxygen supply” [18]. The service is free, and is funded 
by the National Cancer Institute [18]. The messages also encourage 
interaction from the participant by giving key words such as DATE 
to reset the planned quit date, and SMOKED to receive extra support 
because the participant smoked a cigarette and feels like they need 
help. 
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between overall tobacco exposure and birth weight [25]. The low self-
confidence of pregnant women in their ability to quit smoking may 
be overcome by introducing interventions that encourage reduction 
of smoking, and then measuring success in cigarettes smoked per day 
rather than a binary measure of successful cessation [25]. Reduction 
in smoking during pregnancy, rather than stopping abruptly, has been 
demonstrated to contribute to higher 6-month smoking abstinence 
rates [25]. The use of the number of cigarettes smoked per day in 
this scholarly project allowed the project leader to obtain an accurate 
report of smoking behavior, and encourage participants to continue 
to decrease smoking per day even if they could not quit completely. 

Impact of text messages on behavior change

The use of mobile technology includes text messages to increase 
healthy behaviors. Health care information delivered by means of text 
message service has been demonstrated to improve physical activity, 
weight loss, glycemic control in diabetics [26] and increase medication 
adherence in HIV positive patients [27]. The use of motivational text 
messages specifically for smoking cessation support has not only 
improved cessation rates in the general population [14,28-30], but has 
also assisted pregnant women who smoke in their cessation attempts 
[31-33]. Although increased cessation attempts were seen with the 
use of text messages in all of the studies in pregnant women, it is 
important to note that the effect was small, especially when the text 
messages were studied as a stand-alone intervention.

Impact of quitlines on behavior change 

Smoking cessation quitlines offer free, confidential, tailored 
counseling for people who request help with quitting smoking [34], 
and have been utilized to increase smoking cessation in multiple 
populations. The success of quitlines has been demonstrated in the 
general population [35,36], in different cultures, including Hispanic, 
Asian and American Indian individuals who smoke [37], in patients 
with medical morbidities, such as diabetes [38], and in patients who 
seek counseling for alcohol and illicit drug abuse [39]. The use of 
quitline services has also been demonstrated to decrease smoking 
in pregnant women [34,40]. Quitlines as a modality of smoking 
cessation intervention have been studied based on proactive services, 
or counselor initiated calls, as well as reactive services, in which 
calls are initiated by the individual seeking support with smoking 
cessation, and have the capability to reach large numbers of people 
who smoke [41].

Problem statement

Despite health risk warnings, some pregnant women continue to 
smoke during pregnancy. Documented rates of temporary smoking 
cessation during pregnancy and high rates of relapse post-partum 
suggest that women need additional support to be successful in 
sustained tobacco cessation. To determine what interventions are 
most efficacious for smoking cessation during pregnancy, different 
methods have been evaluated, including smoking cessation quitlines 
and motivational text messages [26,34]. The Tobacco quitline has 
been active since 2005, and limited research has evaluated the impact 
on smoking behaviors, motivation to quit, and dependence level on 
the 15% of Tennessee women who continue to smoke during and after 
pregnancy.

Objective/Aims
The objective of this study is to determine if the use of motivational 

text messages and the Tennessee Tobacco quitline influence 

motivation to quit, dependence level, and smoking behaviors in 
Tennessee women during their pregnancy.

Theoretical Framework
The Stages of Change Model (SOC) was developed by DiClemente 

et al. [42] as a framework for understanding and describing intentional 
behavior change. This theory was then developed to better understand 
nicotine cessation attempts, and has since been adapted to assist 
with changing other behaviors, including gambling and substance 
abuse [43]. This model is based on the hypothesis that change is a 
progressive process. Three main overarching constructs and five 
stages of change are the basis for the SOC model. These constructs 
refer to the overt and covert processes that guide people through 
the stages of behavior change, and interventions can be designed 
and targeted at moving individuals closer and closer to the desired 
behavior change. Experiential and behavioral processes, the first of 
the constructs, include the emotional reactions to warnings about 
smoking and finding sources of support [44]. This construct changes 
naturally during pregnancy, as someone in early pregnancy may 
not react to warnings about the risks of smoking, and may not seek 
support for cessation. As a woman progresses in her pregnancy, and 
gets closer to delivery, an increased awareness of the risk, influenced 
by an increased awareness of the growing baby, may motivate her 
progress through the stages of change. The next construct, self-
efficacy, is one’s belief in their own ability to accomplish a task, such as 
quitting smoking. Individuals who have higher self-efficacy have been 
found to be the most likely to progress to higher stages in the change 
cycle [44]. The third construct is decisional balance, a person’s ability 
to weigh the pros and cons of their behavior [44]. To move along the 
stages of change, one must be able to effectively recognize the risks of 
smoking, identify the benefits of quitting, believe that they are capable 
of quitting and believe that the risks of not quitting are greater than 
the value or satisfaction they derive from smoking.

Each of the five stages of change has associated tasks that assist 
the person to move to the next [43]. The five stages of change 
include: precontemplation (when people are not ready for action), 
contemplation (the person is ready to take action to change the 
behavior), preparation (the person is ready to take action and begins 
taking steps to change), action (the behavior has been changed and 
the intent is to continue with that change), and maintenance (when 
the person has sustained their change over time [45] (Figure 1). An 
individual’s stage of change must be assessed to determine how to best 
support their smoking cessation attempt. Interventions that focus on 
an individual’s current stage in the SOC cycle are twice as likely to 
result in a successful quit attempt [46]. To promote an individual’s 
movement from precontemplation to contemplation, the provider 
should tailor the intervention towards developing both knowledge 
and awareness [47]. Increased knowledge is the simple recognition 
of the many health consequences of smoking, while developing 
awareness is the woman’s perception of how taking these risks may 
relate to them personally. The individual must see herself as capable 
of reducing or quitting smoking in order to move from contemplation 
to preparation. Movement from preparation to action then requires 
the individual to identify and plan solutions to obstacles. Planning 
can include determining what to do if faced with a potential smoking 
trigger, such as stress or living in a home with a smoker. Finally, the 
individual moving from action to maintenance requires continued 
reinforcement, including long term positive consequences resulting 
from their behavior change. Positive consequences for smoking 
cessation could include health benefits and saving money. Provider 
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influence can have a critical impact on the reinforcement, support 
and encouragement a patient needs to move between stages, including 
relapse. The provider must maintain awareness of specific needs 
corresponding to the individual’s place in the stages of change for the 
best chances of success [47].

Application of theoretical model 

The use of message framing, or outlining the pros and cons of 
changing a behavior, in smoking cessation has influenced individual’s 
processing of the message based on the stage of change, and has 
previously been applied to text messages for smoking cessation [47]. 
Individuals exposed to gain-framed messages (emphasizing positive 
effects) in the pre-contemplation and contemplation stages had high 
levels of central processing (high involvement and issue relevant 
thinking) of the messages [47]. Those individuals in later stages who 
were planning to quit in the next 30 days found the loss-framed 
(emphasizing negative effects) more effective in their cessation 
efforts [47]. The knowledge of the effect of intervention based on 
the stage of change lends to the need to assess stage of change, and 
to tailor the messages based on the individual’s current stage in the 
cycle. A message that emphasizes the negative effects of smoking on 
pregnancy would not be as effective on a person who is early in the 
stages of change as it would be on a person who is later in the stages of 
change. This is especially important in younger smokers because they 
are not as concerned about the long term effects of smoking [48]. The 
use of message framing is noted in the Smoke Free Mom text message 
service since they provide motivational messages, along with advice 
and tips for healthy pregnancy [18].

Research has demonstrated that part of the self-evaluation that 
takes place in the contemplation and preparation stages contributes to 
long-term cessation success [49]. Often when pregnancy is confirmed, 
early parts of the cycle are omitted, or bypassed, internal motivation 
and self-efficacy are not developed, and return to smoking is more 
likely [49,50]. The risk of relapse due to omission of stages in the 
change cycle is especially relevant in the postpartum period when the 
external motivation, the pregnancy, is removed [49]. 

The Stages of Change Model was applied in this project through 
the measure of motivation to quit. Through the use of the Motivation 
to Stop Scale, the project leader effectively mapped the participant’s 
stage of change to determine if the influence of the intervention was 
affected by the stage of change. 

Design/Procedure
In this purposive sample, all pregnant women presenting 

for care in the clinical setting were screened for smoking status. 
Those patients who self-reported smoking cigarettes were invited 
to participate if they were older than 18 years, pregnant, English 
speaking, with capability to receive text messages and make phone 
calls. The independent variables in this quasi-experimental study 
were self-report utilization of the smoking cessation quitline and the 
Smoke Free Mom text messaging program. The dependent variables 
were self-reported motivation to quit (assessed by the Motivation 
to Stop Scale), dependence on nicotine (assessed by the Autonomy 
over Smoking Scale), and self-reported number of cigarettes per day. 
Outcome measures included: differences in pre and post intervention 
motivation to quit, dependence summed scores, and number of 
cigarettes smoked per day, and effect of utilization of the text messages 
and tobacco quitline on these measures. This project was approved 
by the Belmont University Institutional Review Board, and after 
obtaining approvals to recruit participants at each of three clinic 
locations, recruitment flyers were posted in the waiting room, exam 
rooms, and patient restroom. Individuals presenting to any of the 
three clinics between August 2016 and December 2016 who met the 
inclusion criteria were informed by clinic staff of the opportunity to 
participate, and those willing were included by convenience sampling. 
The project leader was present to consent all participants after which 
the intake questionnaire was completed (Annexure 4). Upon obtaining 
consent, the questionnaires were coded with a number to correspond 
with their place in the enrollment process (the first patient being 
assigned the number one, the second, number two). Clinic location of 
enrollment was recorded to detect any differences in the sample that 
might be explained by site. 

Baseline motivation to quit and dependence level were assessed 

Stages of
Change

Pre-
Contemplation

Contemplation

PreparationAction

Maintenance

Figure 1: Stages of Change Model.
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at enrollment using the Autonomy over Smoking scale (AUTOS) 
(Annexure 2) and Motivation to Stop Scale (MTSS) (Annexure 1), and 
number of cigarettes smoked per day was recorded. The participants 
were provided the phone number for the quitline via text message, 
and the project leader registered all participants to receive daily text 
messages from Smoke Free Mom at the time of enrollment. The project 
leader was present for all interviews to determine eligibility and 
request participation. For protection of the patient’s confidentiality, 
the questionnaires were completed privately. 

Utilization of the intervention was measured every two weeks with 
the utilization survey via phone call from the project leader (Annexure 
3). If the participant answered yes, the utilization questionnaire was 
completed. The participants were reminded of the availability of the 
quitline during follow up calls, and the project leader verified that 
the participant was still in possession of the contact number. If the 
project leader was unsuccessful in the follow up attempt at two weeks, 
a call was made weekly thereafter until the participant was reached, or 
until the conclusion of the study (Annexure 5). Motivation to quit and 
dependence level were reassessed at the conclusion of the study using 
the MTSS and AUTOS scale (respectively), and number of cigarettes 
smoked per day was recorded via phone call to the participant from 
the project leader. At the conclusion of the study, participants were 
also asked if they received enough text messages, too many, or not 
enough, and what they thought of the text messages. If the participant 
did not call the quitline, they were asked about barriers to calling, as 
well as what would motivate them to call. If the participant did call 
the quitline, they were asked about their perception of the counseling 
they received (Appendix 1). 

Clinical Setting
The clinical settings included three, privately owned, hospital-

based OB/GYN clinics in the Nashville, Tennessee area. The 
population serviced by these clinics is primarily covered by TNCare 
/Medicaid insurance. All of the practices are managed by physicians, 
and offer both obstetrical and non-obstetrical services. The combined, 
active OB population of these clinics was 367, with 17% self-reporting 
current tobacco use. None of the clinics have a standardized smoking 
cessation protocol, and no specific tracking is in place for identification 
of smoking status in the pregnant population of these clinics. 

Materials
The Autonomy over Smoking Scale (AUTOS) has been validated 

as a tool for measure of addiction, and this 12 item instrument 
was designed to measure withdrawal symptoms, psychological 
dependence, and cue-induced urges to use tobacco [51]. These 
measures of dependency, as obtained from study participants using the 
AUTOS scale, have been inversely correlated with latency to wanting 
a cigarette, i.e. the higher the dependence, the shorter the latency to 
wanting a cigarette [52]. The AUTOS scale has been validated across 
demographic groups, as well as in different age groups [51,52]. For the 
AUTOS scale, Cronbach’s Alpha was .94 [51].

If a smokers’ motivation to quit is high prior to a smoking cessation 
attempt, it is likely to stay high, even if the person is not successful 
in quitting. High motivation does, however, increase the cessation 
success rates [53,54]. The motivation to quit has to be autonomous 
to result in an increase in cessation success [55] and intention to quit 
has also been correlated with smoking cessation success [32]. Based 
on these findings, the project leader determined that motivation was 
a key element of baseline assessment. The Motivation to Stop Scale 

(MTSS) is a one question tool for assessment of desire, intention, and 
belief that one should quit smoking [56]. The participant is asked 
“Which of the following describes you?” The answers include: “I don’t 
want to stop smoking”; “I think I should stop smoking but don’t really 
want to”; “I want to stop smoking but haven’t thought about when”; 
“I REALLY want to stop smoking but I don’t know when I will”; “I 
want to stop smoking and hope to soon”; “I REALLY want to stop 
smoking and intend to in the next 3 months”; “I REALLY want to stop 
smoking and intend to in the next month”. These answers correlate 
with: 1, absence of any belief, desire or intention; 2, belief only; 3, 
moderate desire but no intention; 4, strong desire but no intention; 
5, moderate desire and intention; 6, strong desire and medium-term 
intention; and 7, strong desire and short-term intention [56]. As 
an index of desire, the Motivation to Stop Scale has been shown to 
linearly predict the number of quit attempts [56]. For the purposes 
of this project, the project leader classified anyone who answers at 
level four or less as “low motivation” and at five or greater as “high 
motivation.” Motivation was mapped to the stages of change model 
after determining the presence of intent to quit in levels five and 
greater [56]. Participants who self-reported active tobacco use were 
classified as “precontemplators” if they were in an early stage of 
readiness to quit (low motivation), and “contemplators” if they were 
in the later stages of readiness to quit (high motivation). 

The utilization tool was developed to determine 

1) If the participant used the interventions, 

2) How frequently the intervention was used, and 

3) If the participant perceived the intervention as helpful. 

Results
Baseline characteristics and attrition

 The project sample consisted of an eligible pool of 367 
women. Of this pool of active obstetrical patients, 62 patients 
were recruited based on self-report of smoking, and 50 agreed to 
participate. Of the 50 pregnant women who completed the baseline 
survey, 1 withdrew from the project due to pregnancy loss. Follow 
up questionnaires (MTSS and AUTOS) were completed by 87% 
(n=43) of the participants. The characteristics of the remaining 
participant sample are shown in Table 1. Participants had a median 
age of 24 (mean 25.19 [SD 5.034]), and a median gestational age of 
17 weeks at enrollment (mean 19.19 [SD 11.253]). 18 patients were 
in the first trimester at enrollment (41.9%), 9 were in the second 
trimester (20.9%), and 16 were in the third trimester at enrollment 
(37.2%). The distribution of patients recruited from each clinic 
was: Clinic 1 – 24 (55.8%), Clinic 2 – 17 (39.5%), and Clinic 3 
– 2 (4.7%). 37 patients were Caucasian (86%), five were African 
American (11.6%), and one was mixed race (2.3%). The median 
number of weeks of exposure to the intervention from enrollment 
to post-test was 8 (mean 7.86 [SD 4.853]). Follow up was attempted 
at two week intervals (Annexure 5), with 4 patients completing five 
follow up questionnaires, 6 completing four, 4 completing three, 9 
completing two, and 20 completing one follow up questionnaire. 
A complete description of the patient distribution of weeks of 
exposure to the intervention is listed in Table 1. 

At baseline, median self-reported number of cigarettes smoked 
per day at enrollment was 10 (mean 10.05 [SD 7.868]), median 
motivation to quit score (as assessed by the Motivation to Stop Scale) 
was 5 (mean 4.63 [SD 1.865]), and median baseline dependence (as 
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assessed by the Autonomy over Smoking Scale summed score) was 
17 (mean 19.05 [SD 9.286]). Thirteen participants were determined 
to be in pre-contemplation stage of change (based on MTSS score of 
4 or less), and 30 were in the contemplation stage of change (based on 
MTSS score of 5 or greater) ().

Analysis

Analysis was completed using SPSS v. 23.0. A Wilcoxon Signed 
Ranks test was used to determine change in participant’s self-
reported number of cigarettes per day, motivation to quit smoking, 
and dependence on nicotine at enrollment and post intervention. 
Reported number of cigarettes smoked per day was lower at post-
test administration (mean rank=8.50) of the intervention that at 

enrollment (mean rank=19.60) (p=.000). Motivation to quit increased 
from beginning (mean rank=13.06) to post-test (mean rank=15.08) 
(p=.020). Finally, dependence on cigarettes significantly decreased 
from enrollment to post-test (mean rank=21.29 vs. mean rank=20.10) 
(p=.003) (Table 2).

Linear regression analysis demonstrated that utilization of the text 
messages, measured by self-report with the follow up questionnaire, 
had an effect on change in dependence (p=.021) and motivation 
(p=.034), however, the effect was small. There was no significant 
change in number of cigarettes smoked per day correlated with 
utilization of text messages (.530). Changes in dependence, 
motivation, and number of cigarettes smoked were not found to 
be correlated with length of time of exposure to the intervention. 
Participants recruited from Clinic 1 had a more significant 
change in dependence than Clinic 2 (mean -6.07 and -1.47 from 
pre-test to post test, respectively). Motivation and number of 
cigarettes smoked per day were not influenced by clinic location 
at enrollment. No difference was demonstrated for change in 
dependence, motivation, or number of cigarettes smoked based on 
the participant’s week of gestation at enrollment, or trimester of 
pregnancy at enrollment. Stage of change at enrollment was not 
found to have an effect on change in dependence or cigarettes 
smoked per day, however, those participants who were determined 
to be in the pre-contemplation stage (based on MTSS score of 4 or 
less) had a greater motivation mean change score (1.76) compared 
to the contemplation group (MTSS score of 5 or greater) (mean 
change score=.258) (p=.001) (Table 3). 

Of the 43 participants included in the data analysis, three self-
reported calling the quitline, and those patients each reported 
having called one time. The utilization of the quit line and its effect 
on smoking behaviors was not assessed due to low utilization of the 
intervention (Table 4). Linear regression demonstrated a correlation 
between utilization of the text messages and decrease in dependence, 
as well as an increase in motivation to quit; however, the effect was 
small. No significant relationship was found between utilization of 
text messages and cigarettes smoked per day

N = 43 
Characteristic 

Value

Age (years) 
Median 24
Mean (SD) 25.19, (5.034)
18-25 n (%) 24 (55.8)
26-30 13 (30.2)
31-35 5  (11.6)
36+                                                      1   (2.3)
Gestation at enrollment (weeks) 
Median 17
Mean (SD) 19.19 (11.253)
Trimester at enrollment
1 n (%) 18 (41.9)
2 9 (20.9)
3 16 (37.2)
Clinic location 
 1 n (%) 24 (55.8)
2 17 (39.5)
3 2   (4.7)
Race
Caucasian n (%) 37 (86)
African American 5 (11.6)
Other 1 (2.3)
Weeks exposure to intervention 
Median 8
Mean (SD) 7.86 (4.853)
2 n(%) 6 (14)
3 4 (9.3)
4 6 (14)
5 4 (9.3)
7 1 (2.3)
8 4 (9.3)
9 3 (7)
10 2 (4.7)
12 1 (2.3)
13 5 (11.6)
14 2 (4.7)
15 4 (9.3)
19 1 (2.3)
Number of completed follow up questionnaires Participants
5 4
4 6
3 4
2 9
1 20

Table 1: Participant Demographics.

Measure (self-report) Mean (SD) p<.05 Mean Rank
Cigarettes smoked per day  <.001**  
  Pre-intervention 10.05 (7.868) 19.6
  Post-intervention 4.56   (5.039)  8.5
Motivation to Stop Smoking 
Scale

 .020*  

  Pre-intervention 4.63   (1.865) 13.06
  Post-intervention 5.28   (1.750)  15.08
AUTOS Scale score  0.003*  
  Pre-intervention 19.05 (9.286) 21.29
  Post-intervention 15.14 (10.075)  20.1

*significant at p = .05 **significant at p = .01

Table 2: Pre and Post test scores.

 Cigarettes/Day AUTOS score MTSS score
Utilization of text messages .530  .021* .034*
Weeks exposure to intervention .155 .388 .125
Stage of change at enrollment .596 .984 .001*
Gestational weeks at enrollment .903 .625 .441
Clinic of enrollment .711 .033* .255

*significance at p=.05

Table 3: Linear regression correlation with predictors of change.
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Discussion
Summary of main results

The findings of this scholarly project suggest that self-reported 
cigarettes per day, motivation to quit, and level of dependence 
on nicotine may change in pregnancy irrespective of utilization 
of a pregnancy tailored text message service and reactive quitline 
intervention. The intrinsic motivation present in pregnancy exists 
independent of other influences, including the gestation of pregnancy 
in which a patient is approached about smoking and how long a 
pregnant woman is exposed to an intervention. Thus, it is difficult to 
measure the added effect of motivational text messages during a time 
when motivation to quit smoking is already very high. In previous 
research, text messages have been shown to support cessation efforts 
in pregnant women who smoke [31-33]. However, the small effect 
of the text messages on dependence and motivation, suggests that 
with longer exposure the intervention could have impacted smoking 
behaviors. 

Despite relative lack of influence on behaviors, the readership 
and patient perception of text messages for smoking cessation in this 
study is encouraging. Patients reported that the text messages were 
“helpful”, “supportive”, and “encouraging”. The rate of participants at 
the conclusion of the study who unsubscribed to the messages was low 
(1 participant), and only 4 participants stated that they received too 
many messages. All other participants stated that they had received 
just enough text messages. 

The number of calls to the quitline corresponds with literature 
that describes low efficacy and low utilization of reactive quitlines 
that require initiation by the participant [41]. It also corresponds 
with current quitline utilization by pregnant women in the State of 
Tennessee. However, the use of proactive, or counselor initiated, 
quitline calls has previously been demonstrated to improve smoking 
behaviors in pregnant women, and should be considered as an 
intervention for smoking cessation [41].

Participants were asked at the conclusion of the study about 
barriers to calling the quitline, and many stated that they did not have 
time to call, they did not feel that they needed to call, or that they 
were not ready to quit smoking. The participants were also asked at 
post-test what would motivate them to call. Responses included “if 
I had more time”, “if I felt the urge to smoke’, and “if I did not have 
support”. The participants who called the quitline stated that they felt 
supported and encouraged by the counselor, but they did not feel that 
they would call again. These responses reflect the participant’s low 
level of motivation and lack of desire to quit smoking corresponding 
with pre-contemplation and contemplation stages of change. 
Pregnant women who are in the early stages of change lack the 
experiential process (emotional reaction to warnings) and behavioral 
processes (alternative coping strategies) necessary to initiate action 

[44]. Therefore, the intervention is based on the stages of change and 
motivation level, reactive calls may not be the most effective strategy 
for cessation services for pregnant women, especially those in early 
stages of change [57]. To effectively support a cessation attempt, all 
responses by the quitline counselors should be tailored to the caller’s 
stage in readiness to quit. Customization of cessation interventions 
will likely enhance the impact of the intervention, and encourage 
people to continue to seek support from the quitline counselor. 

Regardless of the intrinsic motivation of pregnancy, the level of 
stress in pregnancy is high, especially for low-income patients with 
poor health literacy [58]. Continuing to smoke, despite intervention, 
can be a coping mechanism for pregnant women and this is especially 
true in those who have not progressed, but have bypassed early 
stages of change in their quit attempt. Their self-efficacy and internal 
motivation have not been developed by the progression in the stages 
of change, and continued intervention and encouragement from 
the provider over the course of their pregnancy can assist in their 
cessation attempt. A short term intervention might not adequately 
influence the patient to change behaviors. Based on the short length of 
time of some of the participants in this study, and the project leader’s 
knowledge of differences in progression through the stages of change 
in pregnancy, the ability to draw a meaningful conclusion regarding 
text messages for smoking cessation in pregnancy is limited. The low 
uptake of a reactive smoking cessation quitline demonstrated that this 
is not appropriate for this population; however, the findings suggest 
that use of pregnancy tailored text messages is an acceptable method 
of intervention for smoking cessation in pregnancy, and may enhance 
readiness to quit in pregnant women who smoke.

Implications for practice

The lack of correlation between duration of exposure to the 
intervention and change in smoking behaviors in this study reinforces 
the recommendations from the American College of Obstetricians 
and Gynecologists that every patient should be asked accomplished 
at every subsequent visit [59]. Although most patients stated at 
enrollment that their provider had talked to them about smoking 
during their pregnancy, it is important to note that none of the 
clinical settings for this study had a protocol to identify patients 
who smoke, or to provide intervention for those patients who self-
reported smoking. The project leader recommends implementation 
of a protocol that would initiate smoking cessation counseling during 
the initial pregnancy office visit for anyone who self-reports smoking. 
The provider would then be prompted at subsequent prenatal visits 
to continue to counsel the patient about smoking cessation. The 
counseling should start at the initial prenatal visit since evidence 
demonstrates that if a pregnant woman quits smoking within the 
first three months, the baby has an equal risk of low birth weight 
as a baby born to a non-smoker [60]. Counseling should continue 
even if the patient self-reports quitting due to high rates of relapse 
during pregnancy and postpartum [59]. The use of motivational text 
messages and a proactive quit line will serve to support the patient in 
their cessation attempt, and can enhance the relationship between the 
provider and patient. The interventions will reinforce the counseling 
that the provider is offering in the cessation attempt, and may increase 
motivation to quit in pregnant women [61-70].

Strengths and Limitations
Strength of this study is the low attrition rate. The project 

leader received post-test follow up from 87% of the participant 
population. A second strength is the 17% self-report rate of smoking 

 Cigarettes 
smoked per day

Dependence on 
nicotine score

Motivation to 
quit score

Utilization of text messages -.022 -.321 .255
Weeks exposure to 
intervention

-.203 .081 .077

Stage of change at 
enrollment

.081 .001 -.464

Gestational weeks at 
enrollment

.012 -.061 -.052

Clinic of enrollment -.013 .304 -.063

Table 4: Linear regression of predictors of change.
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in this particular sample population is proportionate with the current 
smoking prevalence of pregnant women in Tennessee. However, the 
project leader recognizes the following limitations of the study. The 
pure effect of the intervention is difficult to determine due to small 
sample size, differences in exposure time in the participants, varying 
gestational age at enrollment, and differences in provider for prenatal 
care. The small sample size could be attributed to short recruitment 
time, relatively small patient population for recruitment, and false 
self-reporting of smoking status. Differences in exposure time, and 
varying gestational age is due variation in enrollment date in the 
study. This limitation could be addressed in future studies by allowing 
increased study duration with a specific enrollment and exposure 
time. A limitation on inclusion criteria could exclude participants 
who are not in the first trimester of pregnancy to facilitate evaluation 
of intervention at set points in the pregnancy. The project leader chose 
to utilize three clinics for recruitment, and this allowed for differences 
in the participant’s prenatal care. Future studies could determine 
possible efficacy in a group of participants who receive prenatal care 
from the same provider at every visit to decrease risk of bias in the 
changes in smoking behaviors. 

Conclusion
The adverse effects of smoking during pregnancy are well 

documented. With high rates of smoking during pregnancy in 
Tennessee, the need for appropriate interventions is critical, especially 
true in women who have a low education level and low income. The 
high level of intrinsic motivation present in pregnancy makes that 
time a prime opportunity for smoking cessation, however, many 
pregnant women find it difficult to quit regardless of motivation 
due to increased amounts of stress during pregnancy. Counseling 
should be offered to every patient who self-reports as a smoker with 
subsequent counseling at every prenatal visit during the care of all 
pregnant patients who smoke. Assessment of the patient’s current 
stage in the stages of change process can assist the provider in offering 
an appropriate level of intervention that is tailored to the patient’s 
readiness to quit. Continued reinforcement of intentional behavior 
change can support the pregnant woman in her progress through the 
stages of change, and effectively influence health behaviors. 

The trends noted in this scholarly project suggest the use of 
motivational text messages is an acceptable method of intervention 
for smoking cessation in pregnancy, however, the ability to draw a 
meaningful conclusion about the effect on smoking behaviors was 
limited. Despite inconclusive results from this scholarly project, the 
use of mobile technology is becoming increasingly popular and more 
relevant, and given this emerging trend, the application of mobile 
technology should continue to be evaluated in pregnant women 
who smoke. The low uptake of a reactive quitline is consistent with 
previous research, and should not dissuade providers from offering 
a proactive quitline to pregnant women who self-report as smoking. 
Future research should include a larger sample size, allow for a longer 
exposure time to the intervention, include a proactive quitline, and 
should limit sourcing of prenatal care to one provider. 
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