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Abstract: Women who are generally part of socially disadvantaged and economically marginalized
groups are especially susceptible to smoking during pregnancy but smoking rates are underreported
in both research and interventions. While there is evidence to support the short-term efficacy of
nicotine replacement therapy (NRT) use in pregnancy, long-term abstinence rates are modest. Current
health strategies and interventions designed to diminish smoking in pregnancy have adopted a
simplified approach to maternal smoking—one that suggests that they have a similar degree of
choice to non-pregnant smokers regarding the avoidance of risk factors, and overlooks individual
predictors of non-adherence. As a result, interventions have been ineffective among this high-risk
group. For this reason, this paper addresses the multiple and interacting determinants that must be
considered when developing and implementing effective strategies that lead to successful smoking
cessation: socioeconomic status (SES), nicotine dependence, social support, culture, mental health,
and health services. Based on our review of the literature, we conclude that tailoring cessation
programs for pregnant smokers may ultimately optimize NRT efficacy and reduce the prevalence of
maternal smoking.
Keywords: smoking cessation; pregnancy; socioeconomic status; dependence; social support; culture;
mental health; health services

1. Introduction
Although the proportion of women who smoke during pregnancy in high-income countries has
declined, it remains an international public health priority. The economic burden of tobacco-related
morbidity and mortality is substantial [1,2], contributing significantly to socioeconomic inequalities
in stillbirths and infant deaths (38% and 31% respectively), as shown in a retrospective cohort study
of mothers with varying degrees of socioeconomic deprivation [3]. This is in accordance with
an observational study by Bauld, Judge and Platt [4], whereby despite low overall efficacy, smoking
cessation services have had a disproportionate effect in the most disadvantaged groups, possibly
reducing the social gradient. Unfortunately, there is little information available regarding smoking
cessation treatment efficacy in pregnancy and the few relevant studies provide conflicting results [5].
According to the Smoking and Nicotine in Pregnancy (SNAP) trial, the largest nicotine
replacement therapy (NRT) randomized control trial conducted in pregnancy thus far, smoking
cessation treatment failure in pregnancy may stem from a low adherence rate [6]. Of the 981 participants
followed up at delivery, only 7.2% (35/485) of women assigned to receive NRT and 2.8% (14/496)
assigned to receive placebo, reported using trial medications for more than one month. This outcome
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has been corroborated in numerous smaller studies, where mean duration of NRT use rarely exceeded
one month [5,7,8].
Experts agree that the increased nicotine clearance from the body experienced during pregnancy
is partly to blame for lack of compliance to an NRT regime and higher doses of nicotine may be
required to optimize efficacy [9].
Nevertheless, promising results were reported in a randomized trial in which a combination of
cognitive behavioural therapy (CBT) and NRT increased cessation rates nearly threefold compared to
CBT alone [8]. However, recruitment was stopped early due to higher risk of negative birth outcomes
in the CBT + NRT group, which was later reported to have resulted from a greater history of preterm
births in the CBT + NRT group.
In spite of this, many research trials and treatment interventions disregard the complex reasons
for women’s smoking patterns that warrant the use of CBT and tailored interventions. Barriers to
quitting are multiple and interacting psychosocial, cultural, economic, and biological influences,
further accentuated in pregnancy and postpartum, that factor into the behaviour that goes beyond
physiological dependence. Unlike persistent smokers, spontaneous quitters tend to be more highly
educated, less addicted, and less likely to have partners who smoke [10]. Yet, interventions tend to
focus on individual behaviour change [11], overlooking important predictors of non-adherence such as
the level of education, baseline cotinine levels [12], psychosocial barriers [13], culture [14], and more.
The purpose of the present article is to explore overall patterns of results across studies of
maternal smoking and smoking cessation, thus isolating the determinants of health that affect the
likelihood of quitting during pregnancy. This is not a systematic literature review, but rather a
summary of peer-reviewed publications highlighting the disparities of maternal smoking in Canada
and other high-income countries. We focus on six key factors that are predictive of maternal
smoking: socioeconomic status (SES), nicotine dependence, social support, culture, mental health, and
health services.
2. Determinants of Health
2.1. Socioeconomic Status
High-income countries have seen a significant decline in maternal smoking rates since the
1980s [15,16]. Unfortunately, this is not uniform across all sectors of society. Low socioeconomic
groups have experienced a much slower rate of decline relative to those of higher socioeconomic
standing [16]. In Canada, smoking prevalence is higher among pregnant women with low household
income, who are less than university educated, and who have not recently held a job [17]. While all
three of these variables are not always represented, there is a clear pattern arising from Canadian
studies [18–20]. Regardless of how social status is operationalized (low income, low educational
attainment, low occupational status), these findings are also consistent with those documented in
other developed countries including Australia [21,22], Iceland [23], USA [24–26], Scotland [27], and
Finland [28].
Cigarette smoking is a marker of social disadvantage in high-income countries and has been
cited as one of the most important contributing factors of health inequality between the rich and
poor [29]. Lower-SES women tend to have more psychological and emotional problems, less social
support, fewer financial resources, and less residential stability [30,31]. Pregnancy also brings about
added stress and smoking is a perceived stress reducer. The World Health Organization’s report Social
Determinants of Health acknowledges that disadvantaged people are more likely to use substances
in response to their circumstances [32] and yet, up until recently, smoking-cessation strategies and
interventions failed to address the social barriers to participation among these high-risk groups.
For example, a Canadian study conducted by Stewart and colleagues [33] found that only 23% of
treatment programs geared towards women were appropriate for, or accessible to, disadvantaged
smokers. Higher cigarette consumption, lower educational level, higher confidence in ability to quit on
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one’s own, and multiparity, are some of the risk factors that have predicted treatment non-adherence
among pregnant women with low SES [13].
This overrepresentation of women with lower SES among pregnant smokers warrants the need
for approaches that address modifiable risk factors of non-adherence. It is imperative that health
professionals acknowledge the difficulties encountered by underserved minority pregnant smokers
when developing and implementing cessation strategies such as lack of childcare, transportation,
psychosocial barriers [13], insufficient knowledge of health risks and cessation methods, and lack of
culturally appropriate quit support [14]. In order to so, anti-smoking interventions will need to adopt
a positive rather than punitive approach and respect individual values, capabilities and circumstances
to achieve compliance in women [13,14]. Short-term strategies may involve, for example, providing
childcare or utilizing telecommunication technologies for intervention delivery, to ensure that women
have access to proper prenatal, perinatal and postnatal care [13]. Healthcare professionals should also
be tasked with increasing knowledge of smoking harms and cessation methods, as well as providing
culturally competent care to low-SES groups. Long-term strategies should aim to de-normalize
smoking, examine causes of resistance to antitobacco messages, and investigate the roles of stress and
depression in maternal smoking behaviour [14].
2.2. Nicotine Dependence
A retrospective study conducted in British-Columbia reported that smoking during pregnancy is
a significant dose-dependent risk factor for adverse birth outcomes including small-for-gestational
age, low birth weight at term, and intra-uterine growth restriction [19].
There appears to be a consensus whereby maternal smoking is more prevalent among women
smoking heavily prior to pregnancy, as measured by nicotine dependence scales as well as the number
of cigarettes smoked in a day [17,21,34]. Johnson et al. [20] found that Canadian women smoked
on average 9.6 cigarettes daily during the first trimester, exceeding the 7.5 cigarettes smoked by
women who quit when they found out they were pregnant. This would suggest that spontaneous
quitters have a lower degree of nicotine dependence and therefore have less difficulty quitting
than heavy smokers [22,35]. However, the reported number of cigarettes smoked across pregnancy,
was lower than the average daily consumption reported by non-pregnant female smokers in Ontario
(15.2 cigarettes) [36]. These data could be skewed due to bias—whether recall or underreporting due to
social stigmatization—or it could be an accurate representation of smoking status among women who,
although unable to quit, reduce tobacco consumption as a precaution while pregnant [20]. Data from
the SNAP trial demonstrated that this association persisted throughout pregnancy [12]. Women with
lower baseline cotinine levels were more likely to achieve cessation 1 month after the quit date and at
delivery, than women with a higher baseline cotinine.
This relationship between heavy smoking and continued smoking during pregnancy has also
been reported across developed countries, in Australia [21,22], Canada [17], USA [26], and France [37].
A review of NRT use in pregnancy suggests that, although behaviour modification therapy should
be the first course of action when addressing maternal smoking, women with moderate to high levels
of dependence who are unable to quit otherwise, should be offered NRT [38]. An observational study
by Brose et al. [39] went even further, suggesting that combination NRT is more effective than single
form NRT at helping women quit smoking during pregnancy. Thus, higher levels of nicotine and faster
acting NRT products may be needed to attain an effect that would be sufficient to help in smoking
cessation. Although it bears mentioning that outcomes were not measured past the 4-week follow-up;
therefore long-term efficacy could not be assessed.
A recent systematic review also showed promising results, with NRT use increasing cessation
rates by approximately 40% in late pregnancy [40]. However, Coleman et al. remarked that non-placebo
RCTs had a higher risk of bias than placebo-controlled trials; therefore efficacy findings should be
interpreted with caution.
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Nevertheless, the evidence is conflicting. The Berlin group [41], who adjusted NRT doses to saliva
cotinine levels to match those obtained when smoking, found that NRT did not increase cessation rates
compared to placebo in pregnant women. This may be explained in part by the fact that researchers
failed to account for the increased nicotine metabolism experienced in pregnancy [42]. Although doses
were adjusted 2 weeks after the scheduled quit date, this delay may have led to NRT underdosing.
It is possible that NRT efficacy varies based on individual differences such as the level of addiction.
Two reviews of NRT during pregnancy agree that pregnant women smoking fewer than five cigarettes
per day would benefit more from behavioural support than NRT, while moderate and heavy smokers
should use NRT [38,43].
While standard NRT use in pregnancy does not lead to either positive or negative birth outcomes
compared to controls, researchers suggest future RCTs investigate the safety of higher NRT doses [40].
Nevertheless, nicotine coupled with the thousands of chemicals present in cigarette smoke is likely
far more harmful than NRT. When used properly, the level of nicotine to which the fetus is exposed
is lower than that of cigarettes [44,45]. The Society of Obstetricians and Gynecologists of Canada
advises using the lowest effective dose of NRT such as in gum or nasal spray, which provide an
intermittent dose of nicotine instead of the transdermal patch, which offers a continuous dose [46].
On the chance that the transdermal patch is used, guidelines advise women to remove it at night to
avoid any unnecessary nicotine exposure. Lastly, NRT should be discontinued if the patient resumes
smoking at the rate of pre-NRT use. Ultimately, complete avoidance of all nicotine products is the
objective in pregnancy and while breastfeeding. But in cases where women fail to quit, NRT use is
justifiable in relation to the risk of continued smoking.
In addition, studies suggest that mothers with heavier cigarette consumption are more likely
to be included in the following categories: Aboriginal status, low SES [22], low level of education,
single parent, drug or alcohol use [19], poor antenatal care attendance, and multiparity [19,22], further
supporting the notion of multiple and interacting barriers to smoking cessation.
2.3. Social Support
Numerous studies have highlighted the importance of social support networks in helping
pregnant women reduce or cease smoking. The likelihood of maternal smoking is associated with
the closeness of the tie between parents at the time of the birth [47]. Marital status (an indicator of
social support) is highly predictive of successful smoking cessation during pregnancy. Thus, the
extent of maternal smoking is lowest in married mothers; followed by cohabiting mothers, then solo
mothers. Among non-married women, the closeness of the tie between parents can predict smoking in
pregnancy. Particularly noteworthy is the trend whereby an increasing risk of maternal smoking is
associated with decreasing parental bonding. Solo mothers not in a relationship with the father have
a higher risk of continued smoking compared to those closely involved with the father at the time
of the birth. While it may be a relatively new area of research, a recently published article revealed
that same-sex cohabiters, like their different-sex cohabiting counterparts, also report a higher risk of
smoking prevalence and frequency compared to different-sex married couples [48].
Al-Sahab and colleagues [18] have corroborated the finding that single mothers are at an increased
risk of smoking during pregnancy. The Millennium Cohort Study conducted among 18,225 women
in the UK also came to this conclusion, revealing that married women have much lower rates of
smoking throughout pregnancy compared to cohabitating and single mothers [49]. The presence of
a partner reduces the amount smoked by 36% compared to women who did not report any partner
involvement [50].
In addition to the presence of a partner, the amount of support a woman receives from her
significant other is predictive of her likeliness to quit smoking. A supportive husband or stable partner
will increase the chances of successful smoking cessation for pregnant women [51–54]. Accordingly,
there is evidence that pregnant smokers are more likely to have challenging relationships and that
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this pattern of behaviour may interfere with the effectiveness of current public health cessation
interventions [55].
Pregnant women subjected to physical abuse report a higher use of tobacco, alcohol, and illicit
drugs [56,57], suggesting that heightened conflict in a relationship may intensify the urge to smoke and
hinder cessation attempts. Challenging interpersonal relationships within the family of origin, peers
and neighbours are also more prevalent among smokers compared to quitters and non-smokers [49];
a single problem within interpersonal relationships increases the likelihood of a pregnant woman
becoming a persistent heavy smoker by 67%.
Even among women that experience positive social relationships, living with others who smoke
is one of the primary barriers to smoking cessation in pregnancy [58,59] because the other smokers
provide easy access to cigarettes [60]. Approximately 80% of pregnant smokers are partnered with
an expectant father who continues to smoke [61], 78% have a smoker in the household, and 95% have
a smoker among friends [21]. Similarly, a cohabitating smoking partner is a risk factor for postpartum
relapse [53].
In view of the high smoking rates among other household members and friends, smoking
cessation interventions must include individuals closely associated with the expectant mothers,
particularly partners. Careful consideration must also be given to the power dynamics that exist
within these relationships. In the instance that cessation during pregnancy leads to increased partner
conflict, interventions must ensure that women are not influenced by their partners, but rather, exert
control over their own tobacco reduction experience [62]. A “delinked yet couple-focused” approach
has also been suggested, whereby women and their partners receive care separately and work towards
creating a supportive environment for smoking cessation [63].
For the most part, existing interventions disregard the utility of partner inclusion during research
and intervention development. A systematic review of interventions to enhance partner support as
part of stop-smoking therapies revealed a lack of effective programs that include or target partners.
Nevertheless, the authors have highlighted promising evidence for future intervention avenues that
necessitate further investigation (multicomponent interventions, intensity of intervention, delivery of
intervention by someone other than pregnant spouse, and tailoring of program for specific population
needs) [64].
When developing a partner inclusive program, it is also important to tailor them to gender-specific
perceptions of smoking and smoking cessation. Qualitative studies have shown that men view smoking
as an expression of their masculinity, independence and risk-taking [63]. Consequently, they are
reluctant to utilize cessation resources and unable to view their partner’s tobacco cessation attempts
for pregnancy as an opportunity to quit themselves. With this in mind, cessation interventions should
appeal to expectant fathers by taking into account these social constructs of smoking behaviour. During
the transition to fatherhood, men feel especially uncomfortable with their smoking behaviour, which
provides healthcare workers an opportunity to target them for cessation interventions.
Overall, quit smoking programs do not address the complex psychosocial context of tobacco use
and rely on women having the social resources to independently implement and sustain the necessary
behavioural strategies that lead to quitting [49]. They fail to consider that persistent smokers generally
have fewer social resources on which to draw and those available to them might be inadequate or
themselves be a source of stress and conflict.
2.4. Culture
High maternal smoking rates among Indigenous minority groups are largely patterned by
their social and material deprivation. Numerous qualitative studies recognize this health disparity,
even more so in Canadian [56,65] and Australian [22,66] Indigenous populations.
In Manitoba—a province with one of the highest concentrations of Aboriginal people in
Canada—61.2% of Aboriginal women (First Nations, Métis, and Inuit) reported smoking during
pregnancy, compared to 26.2% of non-Aboriginal women [56]. This coincides with maternal smoking
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rates in Australia where one in two (49.3%) Aboriginal and Torres Strait Islander women smoke while
pregnant [66] compared to non-Indigenous Australian mothers.
Such disparities in maternal smoking rates reflect the importance of culturally appropriate
cessation resources. Culturally competent risk reduction approaches must therefore be adopted when
designing and implementing smoking interventions for these minority populations. To ensure their
effectiveness, they must be tailored to the needs of the group they serve, which in this case, means
taking into consideration the normality of the use of tobacco, the low SES, and the cultural values and
beliefs of Indigenous populations [67].
Although systemic reviews promoting tobacco interventions are readily available, researchers
agree that additional interventions are needed to reduce tobacco-related health disparities between
Indigenous and non-Indigenous groups [14,68,69], even more so in pregnancy [14]. Unfortunately,
interventions designed specifically for pregnant Indigenous women have not been resoundingly
successful over the last few years [70,71].
Borland et al. [72] investigated the adequacy of smoking cessation support available to pregnant
and postpartum women in Ontario, Canada and found that Northern and rural communities
encountered many barriers impeding service availability and utilization. Firstly, inadequate funding
for tobacco control and cessation activities relative to larger urban communities was one of the main
shortcomings as told by key informants. Secondly, the geographical dispersion of residents inhabiting
these remote locations posed a serious threat to the accessibility to resources. Finally, participants
articulated the importance of implementing culturally sensitive practices and tailored interventions.
This would mean adopting a perspective that addresses traditional tobacco use, distinguishing between
typical cigarette smoking and ceremonial or medicinal tobacco use [73], and adopting a holistic
approach to wellbeing inclusive of the family and community [72].
In addition to ensuring accessibility and engagement, it is important to have a clear understanding
of the determinants of health that lead to the initiation and continuation of tobacco use in Indigenous
women of reproductive age. This requires tailoring programs to meet the social and economic
pressures experienced by minority groups. Poverty, social stigma and misconceptions regarding
the safety of stop-smoking aids are only some of the barriers hindering the success of stop-smoking
interventions [72]. Difficult life circumstances and high levels of stress are equally common among
Aboriginal pregnant smokers [14] and take precedence over smoking cessation. Furthermore,
widespread use of tobacco products among Indigenous people makes it particularly difficult for
pregnant women to avoid other smokers and obtain support from family and partners when attempting
to quit [74].
In their smoking cessation guide, Gould et al. [75] suggest that cessation support be available
to partners and family members of Aboriginal and Torres Strait Islander women in order to assuage
these risks. They also urge that pregnant women be routinely asked about their smoking status,
which should be biochemically validated to prevent underreporting. In addition, women should be
educated about NRT, along with its risks and benefits, and allowed to make an informed decision.
They must be consistently encouraged along the way, no matter how successful they are in their
quit attempts and be offered social and community assistance, including Aboriginal specific health
and community services that can assist in addressing culturally specific stressors such as financial
or housing issues, domestic violence and mental health concerns. As for the health professionals
that counsel these women, they require specialized training to teach them about the opportunities
and barriers they are likely to encounter along the way. This, along with other evidence-based and
culturally competent materials, is how cessation programs tailored for Indigenous women are making
strides against maternal smoking [76].
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2.5. Mental Health
A number of studies have compared mental health parameters between pregnant smokers
and non-smokers, and found higher rates of depression [77–80] and a history of mental health
problems [25,81] to be important predictors of maternal smoking.
Pregnant smokers report significantly more symptoms of depression and anxiety than
spontaneous quitters and are more likely to exhibit social withdrawal [78]. Higher scores on a
depression scale are associated with continued smoking during pregnancy, despite controlling for
sociodemographic and smoking variables. This suggests that depressive symptoms might be an
independent contributor of persistent smoking among expectant mothers. A larger, more recent study
of 4295 pregnant women from 15 European countries also reported approximately twice the prevalence
of continued smoking among depressed subjects across all European regions [54].
While some studies suggest that a history of depression is associated with a greater difficulty
quitting smoking [82], others show no such relationship [25,83]. For example, Gyllstrom and
Hellerstedt [24] found that maternal mood did not affect ability to quit, but experiencing stressful life
events was a strong determinant. Pregnant women who reported three or more stressful life events
were only half as likely to quit smoking as women who reported no stressful events in the previous
year. This gives weight to the belief that smoking before pregnancy is a habituated response to the
circumstances of women’s lives, such as: unsupportive partners, caring for young children, unstable
jobs, domestic situation, and economic vulnerability [84]. Smokers report using tobacco to cope with
stress [85–88], relax, enable time out, and reward themselves [88]. Because short-term nicotine has
been shown to alleviate symptoms of ADHD, anxiety, and depression, women may be more likely to
transition into chronic tobacco use as a means to self-medicate with nicotine [89]. Patients with mental
disorders also report having difficulty quitting smoking because affective symptoms worsen during
withdrawal, perpetuating tobacco use.
Overall, there appears to be a lack of robust evidence linking depression and difficulty quitting
smoking, warranting the need for further inquiry. Shortcomings in study design have greatly impacted
the quality of the available evidence. The majority of literature investigating mental health in pregnant
smokers has relied on a cross-sectional design that does not allow for conclusions related to temporality
or causality. Methods of data collection are also vulnerable to biases inherent in self-reporting,
including recall and social desirability bias. Measuring the level of cotinine, the major metabolite
of nicotine, or exhaled carbon monoxide, should have been an integral component in all studies to
verify smoking status. Despite being the gold standard, biochemical validation was not included in
all studies, which may have been due, in part, to logistical difficulties such as loss of participants to
follow-up. In addition, relatively small sample sizes make it difficult to extrapolate larger conclusions
regarding the applicability of findings.
Nonetheless, prenatal depression is an important precursor for postnatal depression [90] and
may put the fetus at high risk for prematurity and low birth weight [91,92] in addition to the
many adverse health outcomes of smoking during pregnancy. Knowledge about these high-risk
groups will have meaningful implications for antenatal care improvement. Even though smoking
initiation is multifactorial in origin, several sources point towards negative affect as a vital contributing
factor [93]. These individuals might be more susceptible to nicotine dependence, withdrawal, and
anxiety symptoms because of its mood altering properties caused by excessive stimulation and
reorganization of the brain’s reward circuitry [89,94].
It is becoming increasingly clear that smoking and depression have a complex comorbid
relationship whereby nicotine intake affects mood, which in turn, increases dependence. If this
is indeed the case, then interventions geared towards women of childbearing age should endeavour to
reduce depression rates thereby diminishing smoking prevalence among pregnant women [95–97].
It has been reported that healthcare professionals worry that smoking cessation will worsen
ongoing mental illness, which may adversely affect the fetus and that these patients are less motivated
to quit. This, in turn, has led to the neglect of smoking cessation for people with mental illness [82,98,99].
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On the contrary, women who present with symptoms of severe depression may benefit from
a depression-focused treatment [95]. Women who tried a depression-focused cessation treatment that
specifically targeted interpersonal skills and coping deficits [100], improved in terms of both abstinence
and depression. These findings, along with a growing body of evidence, reveal that mood-focused
or supportive psychosocial treatments may be helpful for smokers with severe depression, although
being of little use to patients with less severe symptoms [101–104]. Taken together, these demonstrate
that incorporating CBT or a more mood-focused approaches as part of smoking cessation strategies,
may serve to address the comorbid relationship between persistent tobacco use and mental illness.
2.6. Health Services
Pregnancy is regarded as a window of opportunity for quitting smoking, and so, prioritizing
successful and enduring tobacco cessation strategies during pregnancy is an ongoing public health
concern. Establishing a balanced approach to tobacco cessation strategies that considers social,
economic and demographic factors, is informative without being punitive, and produces long-term
results with low attrition rates, has proven to be an obstacle for healthcare providers. Health
interventions designed over the last three decades have had a poor success rate partly due to the
fetus-centric perspective they have adopted [11]. Because approaches to smoking cessation have
focused primarily on fetal health, interventions have been confined to the period of pregnancy. For this
reason, less attention has been given to the pre- and post- pregnancy time periods, which are equally
important opportunities for quitting smoking [58,105]. This may have also served to limit the scope
of the interventions, by overlooking important women’s health issues (such as the ones mentioned
here) that may have contributed to pregnant women’s inability to quit smoking [11]. In order to ensure
treatment adherence, a thorough understanding of the barriers in all areas of antenatal care provision
must be addressed: patients, health professionals and health system.
2.6.1. Barriers to Pregnant Smokers
The negative views of women towards healthcare services are an important barrier preventing
women from quitting. The judgmental manner in which healthcare professionals behave makes them
reluctant to discuss their current smoking behaviour [106]. One in two smokers report that their
healthcare providers are either unaware of their smoking or do not discourage smoking during
pregnancy [21]. While their motivation to quit is high, their confidence to quit is low [21,107],
suggesting the need for support from health professionals. An analysis of the New South Wales Data
Collection suggests that delayed attendance for antenatal care is strongly associated with increased
risk of smoking in pregnancy [22]. For this reason, investment into improving health service delivery
is warranted.
2.6.2. Barriers to Health Professionals and Health System
Current US national guidelines recommend that clinicians provide effective smoking cessation
counselling to pregnant women who smoke, utilizing the 5A’s model [108]. This model based on
the Agency for Healthcare Research and Quality (AHRQ) guidelines, follows a manualized protocol
that includes scripted material and the following steps: Ask about smoking status, Advise to quit
smoking, Assess readiness to quit, Assist to quit, and Arrange follow-up. According to a 2013 Cochrane
review, behavioural interventions such as the 5A’s increase the smoking abstinence rate by 5% during
pregnancy [109]. The 5A’s are currently a best practice approach in the USA for all patients, including
pregnant women during prenatal care [110]. Similar approaches have been adopted in Britain [111],
Canada [112], and Australia [113].
Unfortunately, a review of healthcare providers’ engagement in smoking cessation with pregnant
smokers found that although more than 50% ask women about their smoking status and advise them to
quit, fewer than 50% use all components of the 5A’s to address smoking [114]. Factors influencing the
provision of smoking cessation counselling based on the 5As model include time constraints [115,116],
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and inadequate knowledge of cessation interventions and training to implement a brief counselling
intervention during pregnancy [116,117]. In line with this, surveys of midwives and gynecologists
found that their knowledge of NRT use in pregnancy, was insufficient and thus not recommended
to pregnant women [118,119]. “Ask”, “Advise” and to a lesser extent, “Assist” of the 5A’s model,
were implemented in smoking cessation communication between these healthcare providers and their
clients, but there were important barriers to providing counselling which included lack of time, lack of
communication skills in sensitive topics such as smoking cessation and dealing with resistance. When
used properly this systematic approach can increase the likelihood that tobacco use is addressed in
the healthcare system [108]. Active screening of smoking status among pregnant women during each
healthcare visit with accurate methods is crucial to continue and expand efforts. The probability of
quitting and readiness to quit increases significantly when asked about smoking by two or more types
of health professionals [120], lending support to the routine enquiry about smoking status. Fiore [108]
also suggests that such strategies be evaluated and lessons shared, to allow such data to provide
optimal patient care and inform policy decisions.
In addition, health professionals involved in the care of pregnant women must play a more
proactive role when consulted on matters of smoking cessation. By providing them with the knowledge
and tools to aid in smoking cessation, they can better educate smokers and motivate them to quit.
Healthcare workers would therefore benefit from additional University-accredited certificate programs
such as the Training Enhancement in Applied Cessation Counselling and Health (TEACH) Project
funded by Smoke Free Ontario [121]. A significant number of obstetrician-gynecologists feel the need
for additional training on smoking cessation [115], thus, this should be a mandatory part of their
training so that they are better equipped when conducting smoking cessation interventions.
Finally, encouraging collaboration between antenatal care providers and non-medical
professionals is a valuable step in providing salient cessation support in the outpatient settings
of maternity hospitals and other antenatal settings [21].
3. Discussion
In the largest randomized trial of NRT in pregnancy conducted thus far, the rate of smoking
cessation was higher at 1 month in the NRT group compared to the placebo group. This was short-lived
as only 7.2% of women assigned to nicotine replacement therapy and 2.8% assigned to placebo reported
using trial medication for more than 1 month [6]. Although the short-term efficacy of NRT has been
documented in clinical trials, long-term abstinence rates are not promising, as most smokers will
relapse. We, and others [5,7,8], suggest that treatment failure in pregnancy may stem from a substantial
dropout rate. This leads to the inevitable conclusion that before one designs yet another study whereby
the researchers simply require a higher dose schedule of NRT, determinants related to the lack of
adherence to treatment must first be identified and taken into account in the study design.
Maternal smoking rates are much higher for women from lower socioeconomic groups as
depicted by low-income levels, lower education attainment, and low occupation status. Other
determinants of treatment attrition include: nicotine dependence, social support, culture, mental
illness, and health services. Pregnant women who are part of socially disadvantaged and economically
marginalised groups have disproportionally high smoking rates and yet, they are underreported in
cessation research and interventions. To fully capture the effectiveness of interventions initiated during
pregnancy and avoid producing biased estimates of risk, future studies must control for a full range of
psychosocial factors.
Existing studies have adopted a narrow view of what is in fact a complex behaviour. The emphasis
has concentrated primarily on individualistic behaviour, excluding social determinants entirely. If the
majority of pregnant women who quit do so without intervention [122–125], it is evident that the
advice and programming directed at pregnant women should take a different focus. Determinants
such as SES, nicotine dependence, social support, culture, mental illness, and health services should be
considered when developing and implementing effective promotional strategies to prevent smoking
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long before pregnancy all the way through to the postnatal period, thus avoiding potential deleterious
health outcomes to the fetus altogether [12].
This paper summarizes the importance of the determinants of health in developing and
implementing successful smoking cessation programs for pregnant women. Due to the non-systematic
nature of this review, some empirical evidence may have been overlooked, thus conclusions should be
interpreted with caution. Nevertheless, it presents a strong case for future research trials and treatment
interventions that will serve to reduce health disparities of maternal smoking.
4. Conclusions
In conclusion, we believe that identifying and addressing the determinants of health associated
with tobacco use and relapse rates may ultimately improve efficacy of current pharmacology-driven
strategies. Moving forward, it is clear that novel strategies that target the multiple and interacting
psychosocial, cultural, economic, and biological barriers to smoking cessation must be implemented in
research and treatment development to ensure treatment adherence and long-term cessation. Evidently,
strategies may be based on but not limited to those described herein and should be tailored to the
needs of the individual seeking treatment.
Acknowledgments: We are grateful to the thesis examiners who reviewed this manuscript and James Gomes and
Shannon Bainbridge for providing feedback.
Author Contributions: While both authors participated in the conception of the manuscript, Julie Boucher
conducted the literature review and wrote the manuscript with guidance from Anne T. M. Konkle who provided
critical feedback, editing and approved the final manuscript.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

2.
3.

4.
5.

6.

7.
8.

9.
10.

Green, N.S.; Damus, K.; Simpson, J.L.; Iams, J.; Reece, E.A.; Hobel, C.J.; Merkatz, I.R.; Greene, M.F.;
Schwarz, R.H. March of Dimes Scientific Advisory Committee on Prematurity. Research agenda for preterm
birth: Recommendations from the march of dimes. Am. J. Obstet. Gynecol. 2005, 193, 626–635. [CrossRef]
[PubMed]
Miller, D.P.; Villa, K.F.; Hogue, S.L.; Sivapathasundaram, D. Birth and first-year costs for mothers and infants
attributable to maternal smoking. Nicotine Tob. Res. 2001, 3, 25–35. [CrossRef] [PubMed]
Gray, R.; Bonellie, S.R.; Chalmers, J.; Greer, I.; Jarvis, S.; Kurinczuk, J.J.; Williams, C. Contribution of
smoking during pregnancy to inequalities in stillbirth and infant death in scotland 1994–2003: Retrospective
population based study using hospital maternity records. BMJ 2009, 339, b3754. [CrossRef] [PubMed]
Bauld, L.; Judge, K.; Platt, S. Assessing the impact of smoking cessation services on reducing health
inequalities in england: Observational study. Tob. Control 2007, 16, 400–404. [CrossRef] [PubMed]
Coleman, T.; Chamberlain, C.; Cooper, S.; Leonardi-Bee, J. Efficacy and safety of nicotine replacement
therapy for smoking cessation in pregnancy: Systematic review and meta-analysis. Addiction 2011, 106,
52–61. [CrossRef] [PubMed]
Coleman, T.; Cooper, S.; Thornton, J.G.; Grainge, M.J.; Watts, K.; Britton, J. A randomized trial of
nicotine-replacement therapy patches in pregnancy. N. Engl. J. Med. 2012, 366, 808–818. [CrossRef]
[PubMed]
Wisborg, K.; Henriksen, T.B.; Jespersen, L.B.; Secher, N.J. Nicotine patches for pregnant smokers:
A randomized controlled study. Obstet. Gynecol. 2000, 96, 967–971. [CrossRef]
Pollak, K.I.; Oncken, C.A.; Lipkus, I.M.; Lyna, P.; Swamy, G.K.; Pletsch, P.K.; Peterson, B.L.; Heine, R.P.;
Brouwer, R.J.N.; Fish, L.; et al. Nicotine replacement and behavioral therapy for smoking cessation in
pregnancy. Am. J. Prev. Med. 2007, 33, 297–305. [CrossRef] [PubMed]
Dempsey, D.; Jacob, P.; Benowitz, N.L. Accelerated metabolism of nicotine and cotinine in pregnant smokers.
J. Pharmacol. Exp. Therap. 2002, 301, 594–598. [CrossRef]
Klesges, L.M.; Johnson, K.C.; Ward, K.D.; Barnard, M. Smoking cessation in pregnant women. Obstet. Gynecol.
Clin. N. Am. 2001, 28, 269–282. [CrossRef]

Int. J. Environ. Res. Public Health 2016, 13, 282

11.

12.

13.

14.

15.
16.
17.
18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

11 of 16

Greaves, L.; Poole, N.; Okoli, C.T.C.; Hemsing, N.; Qu, A.; Bialystok, L.; O’Leary, R. Expecting to Quit:
A Best-Practices Review of Smoking Cessation Interventions for Pregnant and Post-Partum Women; British Columbia
Centre of Excellence for Women’s Health: Vancouver, BC, Canada, 2011; pp. 1–104.
Vaz, L.R.; Leonardi-Bee, J.; Aveyard, P.; Cooper, S.; Grainge, M.; Coleman, T. SNAP trial team. Factors
associated with smoking cessation in early and late pregnancy in the smoking, nicotine, and pregnancy trial:
A trial of nicotine replacement therapy. Nicotine Tob. Res. 2014, 16, 381–389. [CrossRef] [PubMed]
Wen, K.-Y.; Miller, S.M.; Lazev, A.; Fang, Z.; Hernandez, E. Predictors of smoking cessation counseling
adherence in a socioeconomically disadvantaged sample of pregnant women. J. Health Care Poor Underserv.
2012, 23, 1222–1238. [CrossRef] [PubMed]
Gould, G.S.; Munn, J.; Watters, T.; McEwen, A.; Clough, A.R. Knowledge and views about maternal tobacco
smoking and barriers for cessation in aboriginal and torres strait islanders: A systematic review and
meta-ethnography. Nicotine Tob. Res. 2013, 15, 863–874. [CrossRef] [PubMed]
Cnattingius, S. The epidemiology of smoking during pregnancy: Smoking prevalence, maternal
characteristics, and pregnancy outcomes. Nicotine Tob. Res. 2004, 6, S125–S140. [CrossRef] [PubMed]
U.S. Department of Health and Human Services. The Health Consequences of Smoking: A Report of the Surgeon
General; Centers for Disease Control and Prevention: Atlanta, GA, USA, 2004; pp. 1–921.
Cui, Y.; Shooshtari, S.; Forget, E.L.; Clara, I.; Cheung, K.F. Smoking during pregnancy: Findings from the
2009–2010 canadian community health survey. PLoS ONE 2014, 9, e84640. [CrossRef] [PubMed]
Al-Sahab, B.; Saqib, M.; Hauser, G.; Tamim, H. Prevalence of smoking during pregnancy and associated risk
factors among canadian women: A national survey. BMC Preg. Childbirth 2010, 10, 24. [CrossRef] [PubMed]
Erickson, A.C.; Arbour, L.T. Heavy smoking during pregnancy as a marker for other risk factors of adverse
birth outcomes: A population-based study in British Columbia, Canada. BMC Public Health 2012, 12, 102.
[CrossRef] [PubMed]
Johnson, I.L.; Ashley, M.J.; Reynolds, D.; Goettler, F.; Lee, H.; Canadian, S.; Health, P.; Canadienne, R.;
Sante, D.; Goetder, F.; et al. Prevalence of smoking associated with pregnancy in three southern ontario
health units. Can. J. Public Health 2004, 95, 209–213. [PubMed]
Hoekzema, L.; Werumeus, B.A.; Bonevski, B.; Wolke, L.; Wong, S.; Drinkwater, P.; Stewart, K.; George, J.
Smoking rates and smoking cessation preferences of pregnant women attending antenatal clinics of two
large australian maternity hospitals. Aust. N.Z. J. Obstet. Gynaecol. 2014, 54, 53–58. [CrossRef] [PubMed]
Mohsin, M.; Bauman, A.E. Socio-demographic factors associated with smoking and smoking cessation
among 426,344 pregnant women in New South Wales, Australia. BMC Public Health 2005, 5, 138. [CrossRef]
[PubMed]
Erlingsdottir, A.; Sigurdsson, E.L.; Jonsson, J.S.; Kristjansdottir, H.; Sigurdsson, J.A. Smoking during
pregnancy: Childbirth and health study in primary care in Iceland. Scand. J. Prim. Health Care 2014,
32, 11–16. [CrossRef] [PubMed]
Gyllstrom, M.E.; Hellerstedt, W.L.; Hennrikus, D. The association of maternal mental health with prenatal
smoking cessation and postpartum relapse in a population-based sample. Matern. Child Health J. 2012, 16,
685–693. [CrossRef] [PubMed]
Holtrop, J.S.; Meghea, C.; Raffo, J.E.; Biery, L.; Chartkoff, S.B.; Roman, L. Smoking among pregnant women
with medicaid insurance: Are mental health factors related? Matern. Child Health J. 2010, 14, 971–977.
[CrossRef] [PubMed]
Ockene, J.K.; Ma, Y.; Zapka, J.G.; Pbert, L.A.; Valentine Goins, K.; Stoddard, A.M. Spontaneous cessation
of smoking and alcohol use among low-income pregnant women. Am. J. Prev. Med. 2002, 23, 150–159.
[CrossRef]
Tappin, D.M.; MacAskill, S.; Bauld, L.; Eadie, D.; Shipton, D.; Galbraith, L. Smoking prevalence and smoking
cessation services for pregnant women in scotland. Subst. Abuse Treat. Prev. Policy 2010, 5, 1–10. [CrossRef]
[PubMed]
Räisänen, S.; Kramer, M.R.; Gissler, M.; Saari, J.; Hakulinen-Viitanen, T.; Heinonen, S. Smoking during
pregnancy was up to 70% more common in the most deprived municipalities—A multilevel analysis of all
singleton births during 2005–2010 in Finland. Prev. Med. 2014, 67, 6–11. [CrossRef] [PubMed]
Wanless, D. Securing Good Health for the Whole Population: Final Report; HM Treasury: London, UK, 2004;
pp. 1–222.

Int. J. Environ. Res. Public Health 2016, 13, 282

30.
31.
32.

33.

34.
35.
36.
37.
38.
39.
40.
41.
42.

43.
44.

45.
46.
47.
48.
49.
50.
51.
52.
53.

12 of 16

Panjari, M.; Bell, R.J.; Astbury, J.; Bishop, S.M.; Dalais, F.; Rice, G.E. Women who spontaneously quit smoking
in early pregnancy. Aust. N.Z. J. Obstet. Gynecol. 1997, 37, 271–278. [CrossRef]
Woodby, L.L.; Windsor, R.A.; Snyder, S.W.; Kohler, C.L.; Diclemente, C.C. Predictors of smoking cessation
during pregnancy. Addiction 1999, 94, 283–292. [CrossRef] [PubMed]
Commision on Social Determinants of Health. Closing the Gap in a Generation: Health Equity through Action on
the Social Determinants of Health; Commission on Social Determinants of Health, World Health Organization:
Geneva, Switzerland, 2008; pp. 1–248.
Stewart, M.J.; Gillis, A.; Brosky, G.; Johnston, G.; Kirkland, S.; Leigh, G.; Persaud, V.; Rootman, I.; Jackson, S.;
Pawliw-Fry, B.A. Smoking among disadvantaged women: Causes and cessation. Can. J. Nurs.Res. 1996, 28,
41–60. [PubMed]
Schneider, S.; Huy, C.; Schütz, J.; Diehl, K. Smoking cessation during pregnancy: A systematic literature
review. Drug Alcohol Rev. 2010, 29, 81–90. [CrossRef] [PubMed]
Solomon, L.; Quinn, V. Spontaneous quitting: Self-initiated smoking cessation in early pregnancy.
Nicotine Tob. Res. 2004, 6, S203–S216. [CrossRef] [PubMed]
Ontario Tobacco Research Unit. OTS Progress and Implications Special Reports: Monitoring the Ontario Tobacco
Strategy, 2001/2002; Ontario Tobacco Research Unit: Toronto, AB, Canada, 2002; pp. 1–26.
Baha, M.Y.; Le Faou, A.L. Attitute towards cessation among French pregnant smokers: Explaining the poor
uptake of specialised support. Eur. J. Obstet. Gynecol. Reprod. Biol. 2009, 147, 46–51. [CrossRef] [PubMed]
Forinash, A.B.; Pitlick, J.M.; Clark, K.; Alstat, V. Nicotine replacement therapy effect on pregnancy outcomes.
Ann. Pharmacother. 2010, 44, 1817–1821. [CrossRef] [PubMed]
Brose, L.S.; McEwen, A.; West, R. Association between nicotine replacement therapy use in pregnancy and
smoking cessation. Drug Alcohol Depend. 2013, 132, 660–664. [CrossRef] [PubMed]
Coleman, T.; Chamberlain, C.; Davey, M.A.; Cooper, S.E.; Leonardi-Bee, J. Pharmacological interventions for
promoting smoking cessation during pregnancy. Cochrane Database Syst. Rev. 2015, 12, CD010078. [PubMed]
Berlin, I.; Grangé, G.; Jacob, N.; Tanguy, M.L. Nicotine patches in pregnant smokers: Randomised, placebo
controlled, multicentre trial of efficacy. BMJ 2014, 348, 1–16. [CrossRef] [PubMed]
Mendelsohn, C.P.; Gould, G.S. Unadjusted conversion ration underestimates nicotine dose. Rapide response
letter about “Nicotine patches in pregnant smokers: Randomised, placebo controlled, multicentre trial of
efficacy”. BMJ 2014, 348, g1622.
Osadchy, A.; Kazmin, A.; Koren, G. Nicotine replacement therapy during pregnancy: Recommended or not
recommended? J. Obstet. Gynaecol. Can. 2009, 31, 744–747. [CrossRef]
Benowitz, N.; Dempsey, D.; Goldenberg, R.; Hughes, J.; Dolan-Mullen, P.; Ogburn, P.L.; Oncken, C.;
Orleans, C.T.; Slotkin, T.A.; Pennington, H.; et al. The use of pharmacotherapies for smoking cessation during
pregnancy. Tob. Control 2000, 9, 91–94.
Oncken, C.; Dornelas, E.; Greene, J.; Sankey, H.; Glasmann, A.; Feinn, R.; Kranzler, H.R. Nicotine gum for
pregnant smokers: A randomized controlled trial. Obstet. Gynecol. 2008, 112, 859–867. [CrossRef] [PubMed]
Wong, S.; Ordean, A.; Kahan, M. Society of Obstetricians and Gynecologists of Canada. SOGC clinical
practice guideline: Substance use in pregnancy. J. Obstet. Gynaecol. Can. 2011, 33, 367–384.
Kiernan, K.; Pickett, K.E. Marital status disparities in maternal smoking during pregnancy, breastfeeding
and maternal depression. Soc. Sci. Med. 2006, 63, 335–346. [CrossRef] [PubMed]
Reczek, C.; Liu, H.; Brown, D. Cigarette smoking in same-sex and different-sex unions: The role of
socioeconomic and psychological factors. Popul. Res. Policy Rev. 2014, 33, 527–551. [CrossRef] [PubMed]
Pickett, K.E.; Wilkinson, R.G.; Wakschlag, L.S. The psychosocial context of pregnancy smoking and quitting
in the millennium cohort study. J. Epidemiol. Community Health 2009, 63, 474–480. [CrossRef] [PubMed]
Martin, L.T.; McNamara, M.; Milot, A.; Bloch, M.; Hair, E.; Halle, T. Correlates of smoking before, during
and after pregnancy. Am. J. Health Behav. 2008, 32, 272–282. [CrossRef] [PubMed]
Fingerhut, L.A.; Kleinman, J.C.; Kendrick, J.S. Smoking before, during, and after pregnancy. Am. J.
Public Health 1990, 80, 541–544. [CrossRef] [PubMed]
Lu, Y.; Tong, S.; Oldenburg, B. Determinants of smoking and cessation during and after pregnancy.
Health Promot. Int. 2001, 16, 355–365. [CrossRef] [PubMed]
Nafstad, P.; Botten, G.; Hagen, J. Partner’s smoking: A major determinant for changes in women’s smoking
behaviour during and after pregnancy. Public Health 1996, 110, 379–385. [CrossRef]

Int. J. Environ. Res. Public Health 2016, 13, 282

54.

55.

56.
57.
58.

59.

60.

61.

62.
63.

64.
65.
66.
67.
68.

69.
70.

71.

72.
73.

13 of 16

Smedberg, J.; Lupattelli, A.; Mårdby, A.-C.; Nordeng, H. Characteristics of women who continue smoking
during pregnancy: A cross-sectional study of pregnant women and new mothers in 15 European countries.
BMC Preg. Childbirth 2014, 14, 16. [CrossRef] [PubMed]
Wakschlag, L.S.; Pickett, K.E.; Middlecamp, M.K.; Walton, L.L.; Tenzer, P.; Leventhal, B.L. Pregnant smokers
who quit, pregnant smokers who don’t: Does history of problem behavior make a difference? Soc. Sci. Med.
2003, 56, 2449–2460. [CrossRef]
Heaman, M.I.; Chalmers, K. Prevalence and correlates of smoking during pregnancy: A comparison of
aboriginal and non-aboriginal women in Manitoba. Birth 2005, 32, 299–305. [CrossRef] [PubMed]
Perreira, K.M.; Cortes, K.E. Race/ethnicity and nativity differences in alcohol and tobacco use during
pregnancy. Am. J. Public Health 2006, 96, 1629–1636. [CrossRef] [PubMed]
Fang, W.L.; Goldstein, A.O.; Butzen, A.Y.; Hartsock, S.A.; Hartmann, K.E.; Helton, M.; Lohr, J.A. Smoking
cessation in pregnancy: A review of postpartum relapse prevention strategies. J. Am. Board Fam. Pract. 2004,
17, 264–275. [CrossRef] [PubMed]
Ward, K.D.; Vander Weg, M.W.; Sell, M.A.; Scarinci, I.C.; Read, M.C. Characteristics and correlates of quitting
among black and white low-income pregnant smokers. Am. J. Health Behav. 2006, 30, 651–662. [CrossRef]
[PubMed]
Thompson, K.A.; Parahoo, K.P.; McCurry, N.; O’Doherty, E.; Doherty, A.M. Women’s perceptions of support
from partners, family members and close friends for smoking cessation during pregnancy—Combining
quantitative and qualitative findings. Health Educ. Res. 2004, 19, 29–39. [CrossRef] [PubMed]
Everett, K.D.; Gage, J.; Bullock, L.; Longo, D.R.; Geden, E.; Madsen, R.W. A pilot study of smoking and
associated behaviors of low-income expectant fathers. Nicotine Tob. Res. 2005, 7, 269–276. [CrossRef]
[PubMed]
Greaves, L.; Kalaw, C.; Bottorff, J.L. Case studies of power and control related to tobacco use during
pregnancy. Women Health Issues 2007, 17, 325–332. [CrossRef] [PubMed]
Bottorf, J.L.; Oliffe, J.; Kalaw, C.; Carey, J.; Mroz, L. Men’s constructions of smoking in the context of women’s
tobacco reduction during pregnancy and postpartum. Soc. Sci. Med. 2006, 62, 3096–3108. [CrossRef]
[PubMed]
Hemsing, N.; Greaves, L.; O'Leary, R.; Chan, K.; Okoli, C. Partner support for smoking cessation during
pregnancy: A systematic review. Nicotine Tob. Res. 2012, 14, 767–776. [CrossRef] [PubMed]
Wenman, W.M.; Joffres, M.R.; Tataryn, I.V.; Perinatal, E. A prospective cohort study of pregnancy risk factors
and birth outcomes in aboriginal women. CMAJ 2004, 171, 585–589. [CrossRef] [PubMed]
Li, Z.; Zeki, R.; Hilder, L.; Sullivan, E.A. Australia’s Mothers and Babies 2010; Australian Institute of Health
and Warfare: Canberra, Australia, 2012; pp. 1–122.
Ivers, R.G. An evidence-based approach to planning tobacco interventions for aboriginal people.
Drug Alcohol Rev. 2004, 23, 5–9. [CrossRef] [PubMed]
DiGiacomo, M.; Davidson, P.M.; Abbott, P.A.; Davidson, J.; Moore, L.; Thompson, S.C. Smoking cessation in
indigenous populations of Australia, New Zealand, Canada, and the United States: Elements of effective
interventions. Int. J. Environ. Res. Public Health 2011, 8, 388–410. [CrossRef] [PubMed]
Carson, K.V.; Brinn, M.P.; Peters, M.; Veale, A.; Esterman, A.J.; Smith, B.J. Interventions for smoking cessation
in indigenous populations. Cochrane Database Syst. Rev. 2012, 18, CD009046.
Eades, S.J.; Sanson-Fisher, R.W.; Wnitong, M.; Panaretto, K.; D’Este, C.; Gilligan, C.; Stewart, J. An intensive
smoking intervention for pregnant aboriginal and torres strait islander women: A randomised controlled
trial. Med. J. Aust. 2012, 197, 42–46. [CrossRef] [PubMed]
Patten, C.A.; Windsor, R.A.; Renner, C.C.; Enoch, C.; Hochreiter, A.; Nevak, C.; Smith, C.A.; Decker, P.A.;
Bonnema, S.; Hughes, C.A.; Brockman, T. Feasibility of a tobacco cessation intervention for pregnant Alaska
native women. Nicotine Tob. Res. 2010, 12, 79–87. [CrossRef] [PubMed]
Borland, T.; Babayan, A.; Irfan, S.; Schwartz, R. Exploring the adequacy of smoking cessation support for
pregnant and postpartum women. BMC Public Health 2013, 13, 472. [CrossRef] [PubMed]
First Nations and Inuit Health. Available online: http://www.hc-sc.gc.ca/fniah-spnia/substan/tobactabac/index-eng.php (accessed on 25 May 2015).

Int. J. Environ. Res. Public Health 2016, 13, 282

74.

75.

76.

77.
78.
79.

80.

81.
82.

83.

84.

85.
86.

87.

88.

89.
90.
91.
92.
93.
94.

14 of 16

Gould, G.S.; Munn, J.; Avuri, S.; Hoff, S.; Cadet-James, Y.; McEwen, A.; Clough, A.R. Nobody smokes in
the house if there’s a new baby in it: Aboriginal perspectives on tobacco smoking in pregnancy and in
the household in regional nsw australia. Women Birth J. Aust. Coll. Midwives 2013, 26, 246–253. [CrossRef]
[PubMed]
Gould, G.S.; Bittoun, R.; Clarke, M.J. A pragmatic guide for smoking cessation counselling and the initiation
of nicotine replacement therapy for pregnant Aboriginal and Strait Islander smokers. J. Smok. Cessat. 2015,
10, 96–105. [CrossRef]
Bar Zeev, Y.; Bovill, M.; Bonevski, B.; Gould, G. Indigenous counselling and nicotine (ICAN) QUIT in
pregnancy—Developping an evidence-based intervention for smoking cessation for Indigenous pregnant
women (published abstract). Asia Pac. J. Clin. Oncol. 2015, 11, 6–19.
Blalock, J.A.; Fouladi, R.T.; Wetter, D.W.; Cinciripini, P.M. Depression in pregnant women seeking smoking
cessation treatment. Addict. Behav. 2005, 30, 1195–1208. [CrossRef] [PubMed]
Linares Scott, T.J.; Heil, S.H.; Higgins, S.T.; Badger, G.J.; Bernstein, I.M. Depressive symptoms predict
smoking status among pregnant women. Addict. Behav. 2009, 34, 705–708. [CrossRef] [PubMed]
Orr, S.T.; Blazer, D.G.; Orr, C.A. Maternal prenatal depressive symptoms, nicotine addiction, and
smoking-related knowledge, attitudes, beliefs, and behaviors. Matern. Child Health J. 2012, 16, 973–978.
[CrossRef] [PubMed]
Smedberg, J.; Lupattelli, A.; Mårdby, A.-C.; Overland, S.; Nordeng, H. The relationship between maternal
depression and smoking cessation during pregnancy-a cross-sectional study of pregnant women from
15 European countries. Arch. Women Ment. Health 2015, 18, 73–84. [CrossRef] [PubMed]
Kodl, M.M.; Wakschlag, L.S. Does a childhood history of externalizing problems predict smoking during
pregnancy? Addict. Behav. 2004, 29, 273–279. [CrossRef] [PubMed]
Howard, L.M.; Bekele, D.; Rowe, M.; Demilew, J.; Bewley, S.; Marteau, T.M. Smoking cessation in pregnant
women with mental disorders: A cohort and nested qualitative study. BJOG Int. J. Obstet. Gynaecol. 2013,
120, 362–370. [CrossRef] [PubMed]
Ludman, E.J.; McBride, C.M.; Nelson, J.C.; Curry, S.J.; Grothaus, L.C.; Lando, H.A.; Pirie, P.L. Stress,
depressive symptoms, and smoking cessation among pregnant women. Health Psychol. 2000, 19, 21–27.
[CrossRef] [PubMed]
Flemming, K.; Graham, H.; Heirs, M.; Fox, D.; Sowden, A. Smoking in pregnancy: A systematic review of
qualitative research of women who commence pregnancy as smokers. J. Adv. Nurs. 2013, 69, 1023–1036.
[CrossRef] [PubMed]
Heath, D.L.; Panaretto, K.; Manessis, V.; Larkins, S.; Malouf, P.; Reilly, E.; Elston, J. Factors to consider in
smoking interventions for indigenous women. Aust. J. Prim. Health 2006, 12, 131–136. [CrossRef]
Passey, M.; Gale, J.; Holt, B.; Leatherday, C.; Roberts, C.; Kay, D.; Rogers, L.; Paden, V. Stop Smoking in Its
Tracks: Understanding Smoking by Rural Aboriginal Women. Available online: http://ruralhealth.org.
au/10thNRHC/10thnrhc.ruralhealth.org.au/papers/docs/Passey_Megan_D9.pdf (accessed on 12 January 2016).
Wilson, G. What do Aboriginal Women Think is Good Antenatal Care? Available online: https://www.
lowitja.org.au/sites/default/files/docs/Antenatal-Care-Consultation-Report-Sept-2009.pdf (accessed on
12 January 2016).
Wood, L.; France, K.; Hunt, K.; Eades, S.; Slack-Smith, L. Indigenous women and smoking during pregnancy:
Knowledge, cultural contexts and barriers to cessation. Soc. Sci. Med. 2008, 66, 2378–2389. [CrossRef]
[PubMed]
Kutlu, M.G.; Parikh, V.; Gould, T.J. Nicotine addiction and psychiatric disorders. Int. Rev. Neurobiol. 2015,
124, 171–208. [PubMed]
Bennett, H.A.; Einarson, A.; Taddio, A.; Koren, G.; Einarson, T.R. Prevalence of depression during pregnancy:
Systematic review. Obstet. Gynecol. 2004, 103, 698–709. [CrossRef] [PubMed]
Marcus, S.M.; Flynn, H.A.; Blow, F.C.; Barry, K.L. Depressive symptoms among pregnant women screened in
obstetrics settings. J. Women Health 2003, 12, 373–380. [CrossRef] [PubMed]
Marcus, S.M. Depression during pregnancy: Rates, risks and consequences—Motherisk update 2008. Can. J.
Clin. Pharmacol. 2009, 16, e15–e22. [PubMed]
Baker, T.B.; Brandon, T.H.; Chassin, L. Motivational influences on cigarette smoking. Annu. Rev. Psychol.
2004, 55, 463–491. [CrossRef] [PubMed]
Benowitz, N. Nicotine addiction. N. Engl. J. Med. 2010, 362, 2295–2303. [CrossRef]

Int. J. Environ. Res. Public Health 2016, 13, 282

95.

96.

97.
98.
99.
100.
101.

102.

103.

104.
105.
106.
107.
108.
109.

110.
111.
112.
113.
114.
115.

15 of 16

Cinciripini, P.M.; Blalock, J.A.; Minnix, J.A.; Robinson, J.D.; Brown, V.L.; Lam, C.; Wetter, D.W.;
Schreindorfer, L.; McCullough, J.P., Jr.; Dolan-Mullen, P.; et al. Effects of an intensive depression-focused
intervention for smoking cessation in pregnancy. J. Consul. Clin. Psychol. 2010, 78, 44–54. [CrossRef]
[PubMed]
Katz, K.S.; Blake, S.M.; Milligan, R.A.; Sharps, P.W.; White, D.B.; Rodan, M.F.; Rossi, M.; Murray, K.B.
The design, implementation and acceptability of an integrated intervention to address multiple behavioral
and psychosocial risk factors among pregnant African American women. BMC Pregnancy Childbirth 2008, 8,
1–22. [CrossRef] [PubMed]
Miyazaki, Y.; Kunihiko, H.; Setsuko, I. Smoking cesation in pregnancy: Psychosocial interventions and
patient-focused perspectives. Int. J. Womens Health 2015, 7, 415–427. [CrossRef] [PubMed]
Williams, J.; Ziedonis, D. Addressing tobacco among individuals with a mental illness or an addiction.
Addict. Behav. 2004, 29, 1067–1083. [CrossRef] [PubMed]
Williams, J.M. Eliminating tobacco use in mental health facilities: Patients’ rights, public health, and policy
issues. JAMA 2008, 299, 571–573. [CrossRef] [PubMed]
McCullough, J.P. Treatment for chronic depression: Cognitive behavioral analysis system of psychotherapy.
J. Psychother. Integr. 2000, 13, 241–263. [CrossRef]
Brown, R.A.; Kahler, C.W.; Niaura, R.; Abrams, D.B.; Sales, S.D.; Ramsey, S.E.; Goldstein, M.G.; Burgess, E.S.;
Miller, I.W. Cognitive-behavioral treatment for depression in smoking cessation. J. Consul. Clin. Psychol.
2001, 69, 471–480. [CrossRef]
Haas, A.L.; Munoz, R.F.; Humfleet, G.L.; Reus, V.I.; Hall, S.M. Influences of mood, depression history, and
treatment modality on outcomes in smoking cessation. J. Consul. Clin. Psychol. 2004, 72, 563–570. [CrossRef]
[PubMed]
Patten, C.A.; Drews, A.A.; Myers, M.G.; Martin, J.E.; Wolter, T.D. Effect of depressive symptoms on
smoking abstinence and treatment adherence among smokers with a history of alcohol dependence.
Psychol. Addict. Behav. 2002, 16, 135–142. [CrossRef] [PubMed]
Zelman, D.C.; Brandon, T.H.; Jorenby, D.E.; Baker, T.B. Measures of affect and nicotine dependence predict
differential response to smoking cessation treatments. J. Consul. Clin. Psychol. 1992, 60, 943–952. [CrossRef]
Lassi, Z.S.; Imam, A.M.; Dean, S.V.; Bhutta, Z.A. Preconception care: caffeine, smoking, alcohol, drugs and
other environmental chemical/radiation exposure. Reprod. Health 2014, 11, S6. [CrossRef] [PubMed]
Ingall, G.; Cropley, M. Exploring the barriers of quitting smoking during pregnancy: A systematic review of
qualitative studies. Women Birth J. Aust. Coll. Midwives 2010, 23, 45–52. [CrossRef] [PubMed]
Ussher, M.; Etter, J.-F.; West, R. Perceived barriers to and benefits of attending a stop smoking course during
pregnancy. Patient Educ. Counsel. 2006, 61, 467–472. [CrossRef] [PubMed]
Fiore, M.C.; Keller, P.A.; Curry, S.J. Health system changes to facilitate the delivery of tobacco-dependence
treatment. Am. J. Prev. Med. 2007, 33, S349–S356. [CrossRef] [PubMed]
Chamberlain, C.; O’Mara-Eves, A.; Oliver, S.; Caird, J.R.; Perlen, S.M.; Eades, S.J.; Thomas, J. Psychosocial
interventions for supporting women to stop smoking in pregnancy. Cochrane Database Syst. Rev. 2013, 10,
CD001055. [PubMed]
Dorfman, S.F. Treating tobacco use and dependence: 2008 update U.S. public health service clinical practice
guideline executive summary. Respir. Care 2008, 53, 1217–1222.
Raw, M.; McNeill, A.; West, R. Smoking cessation guidelines for health professionals—A guide to effective
smoking cessation interventions for the health care system. Thorax 1998, 53 (Suppl. 5), S1–S18. [CrossRef]
Ontario Medical Association. vesting in Tobacco Control: Good Health Policy, Good Fiscal Policy; Ontario Medical
Association: Toronto, AB, Canada, 2003; p. 20.
Guidelines for Preventive Activities in General Practice. Available online: http://best-health-guide.at/
zaeg_data/guidelines/Nationalprevent2002.pdf (accessed on 25 May 2015).
Okoli, C.T.C.; Greaves, L.; Bottorff, J.L.; Marcellus, L.M. Health care providers’ engagement in smoking
cessation with pregnant smokers. J. Obstet. Gynecol. Neonatal Nurs. 2010, 39, 64–77. [CrossRef] [PubMed]
Coleman-Cowger, V.H.; Anderson, B.L.; Mahoney, J.; Schulkin, J. Smoking cessation during pregnancy and
postpartum: Practice patterns among obstetrician-gynecologists. J. Addict. Med. 2014, 8, 14–24. [CrossRef]
[PubMed]

Int. J. Environ. Res. Public Health 2016, 13, 282

16 of 16

116. Colomar, M.; Tong, V.T.; Morello, P.; Farr, S.L.; Lawsin, C.; Dietz, P.M.; Aleman, A.; Berrueta, M.; Mazzoni, A.;
Becu, A.; et al. Barriers and promoters of an evidenced-based smoking cessation counseling during prenatal
care in argentina and uruguay. Matern. Child Health J. 2015, 19, 1481–1489. [CrossRef] [PubMed]
117. Price, J.H.; Jordan, T.R.; Dake, J.A. Obstetricians and gynecologists’ perceptions and use of nicotine
replacement therapy. J. Community Health 2006, 31, 160–175. [CrossRef] [PubMed]
118. De Wilde, K.; Tency, I.; Steckel, S.; Temmerman, M.; Boudrez, H.; Maes, L. Which role do midwives
and gynecologists have in smoking cessation in pregnant women? A study in flanders, belgium.
Sex. Reprod. Healthc. 2015, 6, 66–73. [CrossRef] [PubMed]
119. Pullon, S.; Webster, M.; McLeod, D.; Benn, C.; Morgan, S. Smoking cessation and nicotine replacement
therapy in current primary maternity care. Aust. Fam. Phys. 2004, 33, 94–96.
120. An, L.C.; Foldes, S.S.; Alesci, N.L.; Bluhm, J.H.; Bland, P.C.; Davern, M.E.; Schillo, B.A.; Ahluwalia, J.S.;
Manley, M.W. The impact of smoking-cessation intervention by multiple health professionals. Am. J.
Prev. Med. 2008, 34, 54–60. [CrossRef] [PubMed]
121. Training Enhancement in Applied Cessation Counselling and Health (TEACH). Available online:
https://www.nicotinedependenceclinic.com/English/teach/Pages/Home.aspx (accessed on 25 May 2015).
122. Anderka, M.; Romitti, P.A.; Sun, L.; Druschel, C.; Carmichael, S.; Shaw, G. Patterns of tobacco exposure
before and during pregnancy. Acta Obstet. Gynecol. Scand. 2010, 89, 505–514. [CrossRef] [PubMed]
123. Crawford, J.T.; Tolosa, J.E.; Goldenberg, R.L. Smoking cessation in pregnancy: Why, how, and what next.
Clin. Obstet. Gynecol. 2008, 51, 419–435. [CrossRef] [PubMed]
124. DiFranza, J.R.; Aligne, C.A.; Weitzman, M. Prenatal and postnatal environmental tobacco smoke exposure
and children’s health. Pediatrics 2004, 113, 1007–1015. [PubMed]
125. Salmasi, G.; Grady, R.; Jones, J.; McDonald, S.D. Environmental tobacco smoke exposure and perinatal
outcomes: A systematic review and meta-analyses. Acta Obstet. Gynecol. Scand. 2010, 89, 423–441. [CrossRef]
[PubMed]
© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons by Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

